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The theoretical estimation and experimental results for strength of plastic moldings ob-
tained by running casting method research have been presented.
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THE MATHEMATICAL MODEL FOR CONTROLLING THE COILING
MACHINE FOR METAL STRIPS

The work is a contribution to solving the problems of the process of coiling the metal
strip. The whole process of coiling on the model of the coiling machine is divided into five
subsequent time periods. Experimental works are included in all the periods and are de-
scribed by created mathematical models that were verified by means of experimental measur-
ing. Achieved results of the experimental works prove theoretical assumptions for the crea-
tion of mathematical models and document that the faultless adjustment of coiling and feed-
ing rollers is the necessary and most important condition for obtaining a tight coil with the
required inner diameter.

The whole model of the coiling machine has 9 basic functions at its disposal that partici-
pate in the creation of the coil. Experiments prove that the synchronization of all the func-
tions with the model requires the automatic control of at least some mechanisms.
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1 Introduction. Problems of the process of coiling the metal strip are under solv-
ing. The main requirements for the coil of metal strip are connected with the subse-
quent cold rolling, with which the technology of rolling with tension is used and
drums of uncoiling machines are usually able to implement a change in the inner di-
ameter by 30 mm.

2 Coiling machines for strip coiling. The coiling machines form a coil by bending
the metal strip between rollers. The coiling machines can be used for hot and cold coil-
ing the strips, namely also for the strip thickness of more than 1,5 mm. What is a basic
preference of coiling the strip over strip winding is a possibility of feeding the machine
with the strip at its full speed; the angular velocity of the coil does not need to be regu-
lated depending upon its increasing diameter. The machines are of rather simple con-
struction and are, altogether, less demanding when used in the rolling mills in compari-
son with downcoilers [1]. In the efficient rolling mills, however, the downcoilers are
utilized because the coiling machines do not enable perfectly tight winding of the coil, if
increased attention is not paid to this requirement when designing the machine.

What is an important parameter of the coiling machine is its ability to form a
tightly wound coil. The tight coil depends on the resultant movement of the coil
during coiling, which is dependent upon a suitably chosen kinematic principle as
described in [2, 3, 6].

By making the analysis of energo-force parameters of coiling, we shall obtain
the equation of plastic bend (determination of the bending moment M) for metallic
materials that is derived for the rectangular section (bx#), symmetrical to the neutral
axis in the form:

M=%WR{3(I—nu)+27n+(nu3 —l)kz] (M)

In the equation (1), the section modulus at elastic bend is given by the relation:
W = bh’/6, R, is the limit of material elasticity, | means the coefficient of material
hardening, £ is the relative dimension of the ordinate (see Figure 2.18 in [6]), 1] ex-
presses the character of material hardening.

To determine the needed radius of coiling p depending upon the required radius
of the coil r,, the limit of elasticity R,, the modulus of elastictity £ and the thickness
h of the coiled strip, the following equation can be written:

L_1, MR
p ry Eh

2

The expression of the relative bending moment M = —— for not harden materials,
k

harden behind the limit of elasticity or behind the area of the yield point is given in [1].

3 Time periods of the coiling process of strips on the model of the coiling
machine. On the basis of the constructional design and after elaborating the graphi-
cal documentation by the staff of the Department 340 a model of the testing coiling
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machine was built in the Skoda Plzen plant. The testing model enables the coiling
of coils having the size at the scale 1:3 to 1:4 to the size of real coils in the rolling
mill. The material under coiling can be lead, aluminium alloys and steel of the
thickness of 2-7 mm and the width of up to 100 mm.

One of basic requirements for the constructional design of the model, and thus
of the real machine, was to secure the coiling of strips to coils of the predetermined
inner diameter in the given tolerances.

The course of coiling the metal strips on the testing model of the coiling ma-
chine was divided into the following time periods:

1) putting the testing coiling machine into the starting position;

2) coiling to the required radius of coiling 7.;

3) transfer of the roller D to the position D,;

4) proper coiling of the metal strip;

5) completion of the coiling process.

4 Mathematical models for the control of mechanisms. For the automatic
control of the testing model of the coiling machine, it was necessary to build up
mathematical models for the adjustment of rollers A, B, D, E, [, K, L, F, G, H, J in
the course of the whole process of coiling the strip depending upon the length of the
coiled strip. The rollers are adjusted into appropriate positions during the whole
coiling by means of move mechanisms W; to Wge, whose designations and func-
tions are clear in Figure 1.

5 Measuring on the experimental model of the coiling machine. Experimen-
tal measuring on the model of the coiling machine was directed towards the testing
of the mathematical model for the purpose of verifying the functions of mechanisms
W,, Wi and Wy, then the adjustment of the bending rollers D, E and feeding rollers
A, B by means of checking distances vp, vy and d 3 into relevant positions. For
various thicknesses of aluminium and steel strips and required radius of coiling 7.,
corresponding values vy, vg, d4p and p were determined; for the calculation of them
a program for the PC was written [6].

All measurements were taken for the constant adjustment of feeding rollers A, B.
The constant adjustment had been chosen with the goal to verify the necessity of set-
ting continuously the feeding rollers under changing conditions, always for another
radius of coiling. This fact means the worsening of conditions for the operational use
of the real machine and requires a design more complicated as for construction.

The requirements related to the needed inner diameter of the coil (for
D =200 mm the tolerance is up to 15 mm, which amounts to 7,5 %), were fulfilled
with the exception of one case given in [6]. From this point of view, it is then pos-
sible to state that, in virtue of measurements, the mathematical model for the func-
tion W, has been verified.

It has followed from the evaluation of measuring that it is necessary to set accu-
rately the position of feeding rollers AB. It was derived in [6] that for the angle
¢ = 0 of the turning of the triple of feeding rollers E, D, I any shift of these rollers
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would not have been needed. This knowledge leads to the simplification of the con-
structional solving of the real machine. It is supposed that the turning of the system
by the angle ¢ will enable a simpler introduction of the front end of the strip be-
tween the coiling (bending) rollers. On the model of the coiling machine, a possibil-
ity of the turn through the angle ¢ = 0 was verified. At the faultless setting of the
rollers into appropriate positions, it was verified that at the correct application of the
theory of creation of the first turn it was not necessary to turn the coiling rollers.

m

Figure 1 — The designations and functions of move mechanisms on the model
of the coiling machine

If it is necessary, for constructional reasons, to change the setting-up of feed-
ing rollers in relation to the axis of the strip, it is necessary to carry out the turn-
ing of the whole system towards the axis of rotation. This conception scheme was
used in [4].
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6 Conclusion. The mathematical model that solves the adjustment of all the
rollers of the model of the coiling machine to the starting position was verified by
means of experimental measurements. Results of the experimental measurements to
verification of the principle of the formation of the first turn of the coil explained in
chapter 4 in [6] prove that it is very important and necessary to adjust accurately the
coiling rollers E, D, I and feeding rollers A, B, which is the most important condi-
tion for the formation of the coil with the required inner diameter and given toler-
ances. It is possible to state that the demand made on the inner diameter of the first
turn of the coil of the metal strip has been met.

The tight winding of the coil without any spaces between particular turns is
conditioned by the utilization of the suitable kinematic principle for strip coiling.
The principle b) was used, described and theoretically justified in chapter 3 [6].

The model of the coiling machine must, equally to the real machine, enable the
coiling of the strip into the coil with a flat front — i. e. non-telescopic coil. In the
course of the experiment, it was found out that at non-corresponding ratio of the
coil diameter to the strip width (D, >> b), the instability of the coiling process oc-
curred. For these reasons, guide rollers were placed on the loading table with the
rollers F, G, H and J. They contributed to the stabilization of the process of coiling
and secured the formation of the non-telescopic coil mainly during the first phases
of the coiling process.

The constructional design of the model of the coiling machine makes it possible
to unfinish the coiling of the end of the turn owing to the easy bending of the end
away at the next potential technological treatment with the real operating machine.
The incomplete coiling of the coil end can be solved with the model of the coiling
machine in two ways.

The construction of the model of the coiling machine should have enabled the
hot and cold coiling of the strip. Experimental works were done to simulate the hot
coiling of the strip. Lead was chosen as a suitable model material, because its me-
chanical values approached the mechanical values of metals hot coiled. In the labo-
ratory of the Department, coils are available that confirm the ability of the device to
fulfill this requirement too [4-6].

The whole model of the coiling machine disposes of 9 basic functions that par-
ticipate in the formation of the coil. Experiments confirm that the synchronization
of all the functions with the model requires the automatic control of at least some
mechanisms. The real machine, however, must be fully automated with reference to
the connection with the rolling mill and incomparably higher velocities of coiling.

The knowledge obtained in the course of solving the problems is employed in
the design of the real machine [6].

It has been theoretically verified and with the model of the coiling machine it
has also been practically tested that the number of functions can be decreased to 5,
designated u, to us, and thus the constructional demandingness of the real machine
can be diminished, as documented in the conceptual scheme in Figure 2.
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Figure 2 — Conceptual scheme for the real coiling machine

In the future the results of the work can be utilized for variant solving of the for-
mation of the coil from steel strips hot rolled in the rolling mills of the type Steckel.

REFERENCES

1 Pokorny, A. Tvafeci stroje, navijecky, rozvijecky, svinovacky, znackovaci, vazaci
stroje : teaching text / A. Pokorny. — Ostrava : VSB, 1993. — 152 s.

2 Pokorny, A. Zatfizeni ke svinovani za tepla valcovanych kovovych past / A. Pokorny,
A. Plchova, J. Velecky. — Czech patent Ne 253615, 1990. — 7 s.

3 Pokorny, A. Ovéteni matematického modelu tizeni svinovani svitku na zkuSebnim
modelu svinovacky MAS / A. Pokorny, A. Plchova, J. Velecky // Partial report on IV re-
search task I1I-4-1/06-01 Vliv dynamiky technologickych procesii na vybrana zatizeni valco-
vacich trati. — Ostrava : VSB, 1990. — 43 s.

4 Sokol, K. Tvarovani svitkil z ocelovych pasii valcovanych za tepla : diploma thesis /
VSB TUO. — Ostrava, 1998. - 50 s.

5 Matematicky model, fizeni svinovani svitku na zkuSebnim modelu svinovacky /
A. Pokorny [et al.] // Partial report on III research task I1I-4-1/06-01 Vliv dynamiky tech-
nologickych procesti na vybrana zatizeni valcovacich trait. — Ostrava : VSB, 1989. — 28 s.

90



AHHA IIJIXOBA
MATEMATHYECKASI MOJIEJIb YIIPABJIEHUS MAIUMHOMN
JJI1 HAMOTKHA METAJIVIMYECKHUX MMOJOC

B pabore nccnenyercs mpomecc HAMOTKH METaJUIMYECKOW MOJOCH B pyJoH. Beck mpo-
11€CC HAMOTKH B MOJICJIM HAMATBIBAIOLIEH MallIMHbI pa3/iesieH Ha NsaTh craauid. Jlns onucanus
KaXI0H CTaguu co3/1aHa MaTeMaTHyecKasi MOJIellb, IPOBEPEHHAs dKcIIepuMeHTalbHO. [loy-
YEHHBIE IKCIIEPUMEHTAIIbHBIE PE3yJIbTaThl OATBEPAUIN UCXOAHbIE TEOPETUUECKUE MPEAIIO-
JIOXKEHUSI, KOTOPBIE JIETJIM B OCHOBY CO3JIaHMsI MAaTEMaTHUECKUX MOJIEINIEH, a TakKe MOKa3ajH,
YTO TOYHAsl YCTAHOBKA PYJIOHA M IOJAIOUINX POJIUKOB SBISCTCS HEOOXOAMMBIM M CaMBIM
B)XHBIM YCJIOBHEM IMOJYYCHHS TYrOro PYJIOHA ¢ TPEOYEMBIM BHYTPCHHHM IHaMeTpoM. Bcest
MO/JIe]Ib HAMOTOYHON MAIMHBI UMEET 9 OCHOBHBIX (DYHKIUi, OMPEACISIONINX MPOIECC Ha-
MOTKHU. DKCIIEPHUMEHTBI JIOKA3bIBAIOT, YTO CHHXPOHHM3ALUS BCEX QYHKIMU ¢ MOJCIbIO TpeOy-
€T aBTOMaTHUYECKOI0 YIpaBJIECHHUs WIH, 110 KpalHell Mepe, YaCTUYHON MEeXaHU3aluu.
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HCCJIEJOBAHUE YCTOMYUBOCTH JIBUKEHUS
MHOT'OOCHOI'O ABTOMOBWJIA B CJIYUAE
BBICOKOM PASMEPHOCTH BEKTOPA EI'O COCTOSITHUS

OnucaH OOWH W3 BOSMOXHBIX IOJXOJ0B K HCCIEIOBAHUIO YCTOWYHBOCTH CHCTEM BBICO-
KOro mopsijka. PaccMoTpeHa 3a/1aya HErOJIOHOMHOW MEXaHMKH 00 YCTOMYMBOCTH MPSIMOJIH-
HEIHOIO JIBHXKCHHSI MHOTOOCHOT'O aBTOMOOWJISL C TIEPEAHEH U 3a/IHEH YIPABIIEMBIMH OCSIMH.
BsaumopneiicTBue nHeBMaTHKa C JIOPOrOi OMKMcaHa B COOTBETCTBUH ¢ runore3oi Kemnnpima.

JanpHeiiee yBenMYEeHHE MPOM3BOJUTENFHOCTH ABTOMOOMIBHBIX TPAHCIIOPT-
HBIX CPEJCTB HEBO3MOXKHO 0€3 MPEOMOJECHUsI HU3KOTO ypPOBHS YCTOWYHMBOCTH HX
JBIDKCHUS. OKCIUTyaTal[MOHHBIE CBOMCTBA MHOTOOCHBIX aBTOMOOWIEH H3ydeHBI
JlalieKo0 He CTOJIb MOJAPOOHO, Kak IPOCTHIX JBYXOCHBIX. Bemymue 3apyOexHble
(GupMBI penaloT npodiaeMy CO3AaHHs MHOTOOCHBIX MallMH Ka4eCTBEHHO HOBOTO
YPOBHSI B OCHOBHOM C IIOMOIIBIO MHTYUTHBHON 3MIHMPHKH, TpeOyromeil O0ombmmx
3aTpaT A1 KakAod Mopaenu. Pemrenuwe 3ToW 3agauM Ha CTaguM NMPOEKTHPOBAHHS
IpPEAIoaraeT UCIOIb30BaHNUE BAKHEHIINX TOCTIDKCHNH (yHIaMEHTaIBHBIX HAyK.
PacnpocTpanenne knacCH4eCKHX MPUHIMIIOB MEXaHUKH Ha CHCTEMBI C HETOJIOHOM-
HBIMHU CBSI3MH ¥ paclpe/ieIeHHBIMU ITapaMeTpaMH SIBISIETCS. Ha CEroHs Hanbouee
pe3yIbTaTUBHBIM. DTU METOJBI IIUPOKO UCIONB3YIOTCA B MAITMHOCTPOCHUH.
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