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DYNAMICS OF «PLATFORM - CIRCLES OF PIPES» SYSTEM
AT IMPACT OF CARS

The device of pipe fastening in two circles on a railway platform is considered. By the
method of mathematical modelling the influence of a preliminary tension of elastic ele-
ments of fastening on the value of longitudinal displacement of pipe circles and dynamic
forces in the elements of fastening of pipes to the platform frame at its impact with a group
of motionless cars is investigated. The comparative analysis of dynamic indicators is given.
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THE INFLUENCE OF COLD AND HOT ROLL DRAWING ON THE
CHANGES IN THE MAIN MECHANICAL PROPERTIES,
MICROSTRUCTURE AND CORROSION RATE OF LOW CARBON
STEEL SHEETS

The steel is the most widely used material for building structures and machines because
it is cheap and extensive. The influences of cold and hot roll drawing processes on the main
mechanical properties, microstructure and corrosion rate are different. During both types of
drawing the material is subjected to very high pressing under both low and high recrystalli-
zation temperature. In the present work the effects of cold and hot roll drawing on the ten-
sile strength, hardness, microstructure and corrosion rate for steel sheets are discussed. In
the experimental work we used specimen of different thickness taken from low carbon steel
sheets formed by cold and hot roll drawing in Libyan Iron and steel Company — Musrata
City. The experimental results indicate the specimen under testing subjected to change in
main mechanical properties during thickness reduction in rolling operation. The cold and
hot roll drawing causes changes in microstructure due to plastic deformation and tempera-
ture effects. Also the influence of cold roll drawing on tensile strength, hardness and corro-
sion rate were found to be increased while the ductility will be decreased. In hot roll draw-
ing the tensile strength and hardness will be decreased due to high temperature while the
ductility and corrosion rate will be increased.

Introduction. Steel is the world’s most important, multi-functional and most

adaptable material. About 5 % of iron element is present in the earth's crust [1]. As
we know without steel the world would not exist: from oil tankers to thumb tacks,
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from trucks to tin cans, from transmission towers to toasters [2]. Or we can say
steel is arguably world’s most “advanced” material. It is very versatile material
with a wide range of attractive properties which can be produced at a very com-
petitive production cost [3].

Carbon steel is by far the most widely used kind of steel. The properties of
carbon steel depend primarily on the amount of carbon it contains. Most carbon
steel has a carbon content of less than 1 % [4]. Low carbon steel is easily available
and cheap having all material properties that are acceptable for many applications
including structural beams, car parts and bodies, kitchen appliances, cans, pipe
lines, railways, tractors, agriculture implements, etc. [1, 5].

Iron has a great importance in human life. Human performance has been de-
veloped in various fields and scopes especially in industrial activities which are
considered a significant turning point for the whole life of the human beings
whereas machinery, civil engineering, etc. have been duly developed [6].

It is of great importance to match and procure the mechanical characteristics of
the required iron for each performance or application, such as reinforced iron steel,
machinery, motors and industrial equipment noting that the main and essential char-
acteristics of the iron are ductility, hardness, stiffness, elasticity as well as flexibility
in addition to facility and simplicity of welding and forming whereas at any load you
can control the iron structure without a curing any change at its internal structure or
mechanical characteristics in order to avoid any collapses or disasters.

Experimental work. In this work a set of standard tests were performed to ob-
tain chemical composition, hardness, microstructure, corrosion rate and full stress-
strain relation for the material of the desired specimen. All specimen were pre-
pared and tested at Libyan Iron & Steel Company in Musrata City. The test
specimen were token from low carbon steel sheets which produced by that com-
pany. The specimen consist of two groups, the first group contains specimen cut
from sheets formed by cold roll drawing with 0,5, 1,5 and 2,0 mm thickness, the
second group of test specimen contain specimen cut from sheets formed by hot
roll drawings with 2,5, 3,0 and 3,2 mm thickness.

Preparation of specimen. Many machining operations were processed on
the specimen to prepare them to fulfill requirements of tensile test, hardness test,
microstructure analysis and corrosion test. The used specimen prepared to ten-
sile test were cut as standard specimen according to (ASTM) with total length of
250 mm. The tensile test was carried out on (MAN) Universal Testing machine
with maximal loading capacity 300 MN, the loading rate on the specimen was
22 kN/min at room temperature.

The specimen prepared to the hardness test were cut and applied on the
grinding and polishing operations to get smooth surface. The hardness tests
were carried out on the Wilson Rockwell Tester, the hardness number was a
function of the degree of indentation of test specimen by action of diamond
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indenter under a given static load according to (ASTM E18). For microstruc-
ture examination the specimen were prepared by grinding the surface with
different emery papers number on the grinding machine and then polished,
these specimen were immersed in the etching solution. After preparation the
specimen were placed under the microscope and captures were taken at 100x
times magnification.

Finally, for corrosion test the specimen were figuratively cut, grinded and pol-
ished to be smooth, then all the specimen were marked to distinguish them after
their exposition in a corrosive environment, all the specimen were weighted after
polishing with laboratory balance with 0,01 g sensitivity. The corrosion test was
designed to obtain more general information by exposure a number of specimen in
natural water and then hanged to plastic rope, all specimen were separated from
each other and immersed in container with 40 cm depth to make sure that all the
specimen dealt with the environment. The exposure time was 50 days. Before the
extent of corrosion on the specimen they must have been cleaned by one of me-
chanical, chemical or electromechanical method. In this work the cleaning method
used was mechanical one. For the cleaning a polymer to polish the specimen was
used to avoid any surface scratches, after removing the oxide film from the speci-
men, surface was cleaned by acetone using a piece of cotton and after that the
specimen were weighted using the balance.

RESULTS AND DISCUSSIONS. The results obtained in this work from the
different tests are divided into five groups according to the type of test.

The first group of the results represents the chemical composition analysis of
the cold and hot roll drawing specimen carried out in the laboratory of the com-
pany mentioned before. Tables 1,2 indicate chemical composition analyses for
cold and hot roll drawing specimen respectively.

Table 1 — Chemical composition analysis for cold roll drawing specimen

Specimen CHEMICAL COMPOSITION o
Number C Si Mn P S Al ’

1 0,076 | 0,12 | 1,75 | 0,09 |007 |087 |05

2 0,102 | 0,19 | 2.6 0,12 | 005 |062 |12

3 0,104 | 0,19 | 233 | 0,16 | 055 | 055 |2

Table 2 — Chemical composition analysis for hot roll drawing specimen

Specimen CHEMICAL COMPOSITION ;
, mm
Number | ¢ Si Mn P S Al
1 0,173 | 0,24 0,44 0,14 0,03 0,39 2,5
2 0,162 | 0,23 0,39 0,09 0,05 0,51 3,0
3 0,143 | 0,15 0,44 0,11 0,55 0,51 3,2
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As shown in table 1 and 2 there are differences between the values of the all
elements of the chemical composition for the cold and hot roll drawing specimen.
The contain values of carbon (C), silicon (Si) and phosphors (P) in hot roll drawing
are more than in cold roll drawing specimen by 1,5 times approximately but the con-
tain values of aluminum (Al) in the hot roll drawing specimen are twice less than in
cold roll drawing, the contain values of the sulpher (S) are practically constant.
These differences appeared during recrystalization in hot roll drawing specimen.

The second group of the results is the tensile tests. The full stress-strain dia-
grams were taken from the typical curves printed on papers of the machine graph
meter. These diagrams for cold and hot roll drawing specimen are shown in
Figs (1, 2) respectively. The values of the yield stress (o,), ultimate strength (c,)
and elongation percentage (EL %) are presented in the tables 3, 4

Table 3 — Tensile test results for cold roll drawing specimen

Specimen Thickness, Areaz, Gy, G EL, %
mm mm N/mm’ N/mm®

1 0,5 10,25 253,77 326,10 14,97

1,5 29,14 212,29 324,61 28,10

3 2,0 41,25 198,55 312,79 32,78

Table 4 — Tensile test results for hot roll drawing specimen

Specimen Thickness, Area, Gy, G EL, %
mm mm?® N/mm? N/mm?

1 2,5 52,33 265,50 382,01 33,68

2 3,0 58,07 288,61 386,88 31,26

3 3,2 67,51 312,51 408,93 30,01

The stress-strain diagrams indicate the values of the yield stress and ultimate
strength are decreasing for cold roll drawing specimen with the increasing of
thickness but for hot roll drawing specimen the values of the yield stress and ulti-
mate strength are increasing with the increasing of thickness of the specimen. The
elongation percentage for the cold roll drawing increased with increasing the
thickness, but for the hot roll drawing is decreased. The relation between thickness
versus yield stress and ultimate strength for cold and hot roll drawing specimen
are shown in figure 3, 4.

Referring to the test results, the grains of the material are in a complete distor-
tion condition after plastic deformation caused formed by cold roll drawing. All
the properties of a metal dependent on the lattice structure are affected by type of
drawing. Yield stress, tensile strength, hardness and ductility are affected by cold
roll drawing. The results indicate the increase in the values of yield strength, ten-
sile and hardness while ductility decreases. The yield stress generally increases
more rapidly than the tensile strength in such a way that the amount of plastic de-
formation increases.
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Figure 1- Stress-strain diagram for cold roll
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Figure 2 — Stress-strain diagram for hot roll
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Figure 4 — Relation between thickness versus yield stress (y)
and ultimate strength (u) for hot drawing

For hot roll drawing specimen, the tensile strength and hardness decrease due
to effect of high temperature exposure.

The third group of the results is the average of Rockwell hardness. Figure 5
represents the results of hardness test for cold and hot roll drawing specimen. The
hardness numbers approximately do not change with the change of thickness for
both cold and hot roll drawing specimen. Also the values of the hardness number
for the hot roll drawing specimen are higher than for cold roll drawing specimen,
generally the percentage of increase in hardness numbers is more than 25 %.

The fourth group of the results is the microstructure analysis, this analysis ap-
plied on the specimen taken from cold and hot roll drawing sheets content carbon
with 0,1 % and 0,2 % respectively. Figure 6 shows the microstructure for cold roll
drawing specimen with 0,5 and 1,5 mm thickness, and figure 7 shows the micro-
structure for hot roll drawing specimen with 2,5 and 3,0 mm thickness.
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Figure 6 — The microstructure for cold roll drawing specimen

Thickness 3,0 mm Thickness 2,5 mm

Figure 7 — The microstructure for hot roll drawing specimen

Referring to figure 6 there are indicated some grains elongated due to plastic
deformation even after release process. Figure 7 shows more equiaxed grains
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which have been recrystalised from the deformed grains due to the very high tem-
perature of rolling.

The fifth group of results is corrosion rate analysis. Summary of the results of
the performed tests which measure the corrosion rate and expressed as weight loss
are shown in table 5. Figure 8 shows the relation between the corrosion rate for the
cold and hot roll drawing specimen and thickness of the specimen.

Table 7 — Corrosion rate expressed as weight loss

Specimen Average Average Average Area Time c. rate
SPECIFICATION weight weight weight (cm?) (day) cm/year
before (g) after (g) loss (g)

Cold rolling 2 mm 15,537 15,357 0,180 22,4992 50 0,00742
Cold rolling 1,5 mm | 10,912 10,642 0,178 21,8672 50 0,00755
Cold rolling 0,5 mm | 03,647 03,456 0,191 20,6032 50 0,00859
Hot rolling 3,2 mm 24,630 24,443 0,187 24,0160 50 0,00722
Hot rolling 3 mm 21,163 20,968 0,195 23,7632 50 0,00870
Hot rolling 2,5 mm 19,393 19,176 0,217 23,1312 50 0,00870
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Figure 8 — The relation between the corrosion rate expressed as weight loss and
the thickness of the specimen

It can observed that there is an visible effect of different thickness of specimen
for steel sheets formed by cold and hot roll drawing, so it could be said that the
sheets of 2 and 1 mm thick have lower corrosion rate compare to the ones of
0,5 mm thick due to dislocation and residual stresses, as well as the rate of corro-
sion in hot work specimen increases due to higher stored stresses in the material
due to very high temperature and oxidation.
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CONCLUSIONS

The results of this work representing the experimental investigation are the
following:

1 The tensile strength, hardness and yield stress will be increased with cold roll
drawing and as well as the ductility will be decreased due to plastic deformation
effect.

2 Although both the tensile strength and hardness of the sheets formed by cold
roll drawing are increasing, the rate of the increase is the same.

3 The tensile strength and hardness in hot roll drawing process will decrease
due to effect of high temperature exposed.

4 The metal sheets performed by cold roll drawing will be more susceptible to
corrosion than the ones by hot work.

5 The corrosion rate in metal sheets performed by cold roll drawing is higher
than performed by hot roll drawing due to the dislocation of density and residual
stresses.
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M. A. TEBPHIT

BJIMSIHUE XOJIOJHOM U T'OPSIYEM IMPOKATKHA

HA UBMEHEHHUE OCHOBHBIX MEXAHUUYECKHUX CBOMCTB,
MHUKPOCTPYKTYPBI U CKOPOCTHU KOPPO3HUHU JIUCTOB

M3 HU3KOYIJIEPOJUCTOM CTAJIU

JlucroBas cranbp — mMarepual, yaile BCEro MCIOJIb3YEeMbIil B CTPOUTENIBHBIX KOHCTPYK-
LMSX ¥ MallMHaxX M3-3a JEUIEBU3HBI U PACIpPOCTPAHEHHOCTH. BiusHue X0nonHOH U ropsi-
Yyeil IPOKAaTKU Ha OCHOBHBIE MEXaHMYECKUE CBOMCTBA, MUKPOCTPYKTYPY U CKOPOCTb KOPpPO-
3ud pa3nuuHbl. [Ipy 000MX THMAX MPOKATKH MAaTepHal IOJIBEPracTCsi OYCHb BBICOKOMY
CKaTHIO IPH HU3KMX M BBICOKHX TEMIIEpPaTypax pEeKpHCTaUIM3aliH. B mpencTaBieHHOH
paboTe M3yyaeTcsl BIUSHHE XOJIOAHOW M ropsdeil MPOKAaTKH Ha MPOYHOCTH IPH PACTSKe-

32



HHUH, TBEPIOCTb, MHKPOCTPYKTYPY M CKOPOCTh KOPPO3HH CTaJbHBIX JUCTOB. B skcmepu-
MEHTAJIbHOM HCCJICIOBAaHUU HCIOJIB30BANNCH OOpA3Mbl JIMCTOB PAa3MYHON TONIIMHBI H3
HU3KOYTJIEPOJAUCTON CTallu, MOJydyEeHHbIE XOJOJHON M ropsyei nmpokartkoil B JluBuiickoit
METaJUTYpri4ecKoil KoMmauuu (ropox Mmucypata). DKCIIepUMEHTaIbHBIE PE3yabTaThl I0-
Ka3blBalOT M3MEHEHUE OCHOBHBIX MEXaHHYECKUX CBOWCTB IIPH ONEpalMu IPOKATKU IS
YMEHBILICHUST TOJILIMHBI JINCTA. XOJOAHAs WU ropsyasl MpPOKAaTKa BHI3bIBAIOT W3MEHEHHUS B
MHKPOCTPYKTYpE H3-32 IUIACTUYCCKON IedopMaluu U TeMIEepaTypHbIX Bo3aciicTBuid. Tak-
)K€ MPHU XOJOAHOM NpOKATKE YyBEIMYMBAIOTCS MPOYHOCTHb NPH PACTSHKEHUM, TBEPAOCTb U
CKOPOCTH KOPpPO3WH, B TO BpeMsI KaK IJIACTHYHOCTh yMEHbIIaeTcs. [Ipu ropsuell mpokaTke
M3-32 BBICOKOH TeMIIepaTypbl MPOYHOCTh MPU PACTSHKEHUHW U TBEPAOCTb YMEHBILAIOTCS, a
IJIACTUYHOCTh U CKOPOCTh KOPPO3UH YBEIHYMBAIOTCS.
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3AJJAYA OBHAPYKEHUSA ABUKYIIUXCA NPEJMETOB
B KOHTYPAX ATOMHBIX DJIEKTPOCTAHIIUI (A2C)

PaspaboTran Meroj ompeneieHHs MecTa U IapaMeTpoB HOPMAaJbHOTO K 00pasyroimel
yAapa MaTepHaJbHONH TOYKOHW MO LMJIMHAPUYECKOW oOonouke. J[aHHOE MCCleoBaHUE He-
00X0auUMO JuIsi oOecriedeHns: 0e30MacHOCTH aTOMHBIX AekTpoctaniuii (ADC) mpu oOHa-
PY’KEHUH OTOPBAaBILMXCSl MM NONyoTOpBaBLmXcs Ten. Panee [1, 2] Obuto HaiineHo aHamu-
THYECKOE pelIeHHe 3aJjauu 00 yJape TOYKOH 110 IMINHAPUYECKOH 000JI0UKe M CO3/1aH Me-
TOJ pacuera paJHalbHbIX YCKOPEHUH TOUEK 00O0IOUKH.

B HacTosimell cTaTbe IPEeIokKeHo perieHre IpoOIeMbl 10 OIPEIEIeHNI0 MecTa yaapa,
a TaK)Ke MAacChl M CKOPOCTH yJIapsIomiel TOYKH (Tesa). AHAJIN3 pacyeToB KoneOaHui 000-
JIOYKU TIOKa3al, YTO HEOOXOIMMO 3a MapaMeTp OIEHKH YpPOBHS 3HEPIeTHKH yaapa BBIOH-
paTh BEIMYMHY CPEOHEr0 YCKOPEHUS B CIIEKTPE YCKOPEHHUIl 32 ONpENeNCHHBIH OTPE30K
BpeMEHH. MHOTOYHCIIEHHBIE PACYETHl MO3BOIMIN MOTYYUTh 3aBUCHMOCTH CPEIHEr0 yCKO-
PEHUS OT PACCTOSHUS 0 MECTa yaapa, CKOPOCTH TOUKH ONpeeTIeHHOH MacChl. 3aBHCUMO-
CTH TOATBEPKACHBI 3KCIEPHMEHTANBHO M MCHOJIB30BAaHBI JUIS PEATBHBIX PEIICHUH MHOTO-
KpUTEPUAITBHOHN 3aJ1a4H.

OpnHa u3 npoGnem obecnieuenus 6ezonacHocTd ADC cocTOUT B 0OHAPYKEHUU
HNOJBMKHBIX IIPEAMETOB BHYTPH KOHTYypa 3JI€KTPOCTaHLMM. BbIXon U3 co31aB-
mieficst CUTyallud BKIIIOYAeT PEeIIeHUe ABYX 3a1ad: 00 yAape TeloM MO LHUIHHAPH-
geckoi obonouke [1, 2] u o6paTHOI — onpeneneHus mapaMeTpoB yaapa.
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