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Summary

In “Steelworks Split” failures of the rolls with grooves on the 3-high-roughing mill stand occurred four times. One part of the failure analysis is an investigation of the service load and corresponding stresses. Numerical analysis of the local stresses revealed maximum stresses on the caliber 7a and on the roll neck. In this paper is presented determination of stress time history and stress spectrum for two critical points of the roll. Stress time histories and stress spectra are obtained from the experimental determined rolling forces, stress numerical analysis and pass schedule. Stress spectra comparison shown that caliber 7a is more sensitive on the fatigue stress and possible fatigue cracks then roll neck what is corresponding with occurred failures.
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SPEKTAR NAPREZANJA KALIBRIRANIH VALJAKA
Sažetak

U “Željezari Split“ četiri puta se dogodio lom valjaka trio stana predpruge. U okviru istraživanja uzroka loma valjaka, izvršena je detaljna analiza svih utjecajnih faktora na lom i njihova međusobna ovisnost. Numerička analiza naprezanja pokazala je da se maksimalna naprezanja pojavljuju na kalibru 7a i na rukavcu valjku. U ovom radu prikazano je određivanje vremenske promjene naprezanja i spektra naprezanja na mjestima maksimalnih lokalnih naprezanja valjaoničkog valjka s kalibrima. Vremenska promjena naprezanja i spektar naprezanja određene su iz eksperimentalno određenih sila valjanja, numeričke analize naprezanja i redoslijeda valjanja. Usporedbom spektara naprezanja pokazano je da je kalibar 7a osjetljiviji na zamor materijala u odnosu na rukavac valjka.
Ključne riječi:
valjanje, kalibrirani valjci, vremenska promjena naprezanja
1. Introduction

In “Steelworks Split” failures of the rolls with grooves on the 1.stand of the 3-high-roughing mill stand (Fig. 1) occurred four times. The 3-high-roughing mill stand was suitable for the hot rolling of the billets with initial cross-section 100 mm square and 3 m initial lenght in 8 passes. The mass of one billet was 230 kg.
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Fig. 1 3-high-roughing stand

Slika 1. Trio stan predpruge 

Figure 2 shows the position of the 1.fracture and the fracture surfaces of the broken roll with the position of the stocks in time of the fracture. Figure 4 shows the position of the 2., 3. and 4. fracture. 
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Fig. 2 Position of 1.fracture and fracture surfaces of the broken roll with the position of the stocks in time of the fracture.
Slika 2. Mjesto loma i izgled površine loma valjka s položajem valjanog komada u trenutku loma 
Total length of the roll is 2300 mm, roll barrel length is 1400 mm and roll barrel diametar is 450 mm. (Fig. 3) Roll speed is 120 rpm. The material used for the rolls is nodular graphite cast iron with the pearlitic base with hardness on the roll surface 380 HB. 
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Fig. 3 Roll dimension
Slika 3. Dimenzije valjka
Important part of the failure analysis is to determine the service load and corresponding stresses. In this case, a service load and corresponding stresses resulting from the technological process of rolling. During the rolling, the roll is subjected to rolling forces which cause compressive stresses on the billet side and tensile stresses on the opposite side. The stress distribution changes during the each rotation of the roll according to the technological pass schedule and groove distribution. 
The pass schedule and corresponding dimensions are shown in Table 1. Figure 4 shows the roll design and groove distribution. 
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Fig. 4 Roll design and groove distribution
Slika 4. Nacrt kalibracije predpruge
Table 1 Pass schedule 
Tablica 1. Plan provlaka predpruge 
	Pass No.
	
	1
	2
	3
	4
	5
	6
	7
	8

	Pass shape
	
	box
	box
	box
	box
	box
	oval
	square
	oval

	Groove dimensions [mm]
	
	100x82
	100x66
	67x80
	67x59
	66x52
	80x34
	40
	58x20

	Cross-section [mm2]
	9850
	8015
	6474
	5398
	4032
	3280
	2286
	1578
	1075

	Width [mm]
	100
	104
	108
	71
	76
	65
	82,5
	53,5
	60,5

	Initial height [mm]
	
	100,0
	82,0
	108,0
	80,0
	76,0
	52,0
	82,5
	40,0

	Height after pass [mm]
	
	82,0
	66,0
	80,0
	59,0
	52,0
	34,0
	51,0
	20,5

	Absolute draught [mm]
	
	18,0
	16,0
	28,0
	21,0
	24,0
	18,0
	31,5
	19,5

	Absolute reduction [mm2]
	
	1835
	1541
	1076
	1366
	752
	994
	708
	503

	Coefficient of elongation
	
	1,23
	1,24
	1,20
	1,34
	1,23
	1,43
	1,45
	1,47

	Working diameter [mm]
	
	372,5
	393,5
	372,5
	398,5
	396,5
	419,5
	397,25
	433

	Length [m]
	3
	3,69
	4,56
	5,47
	7,33
	9,01
	12,93
	18,73
	27,49

	Projected length of arc of contact [mm]
	
	57,84
	56,10
	72,08
	64,68
	68,97
	61,44
	79,10
	64,97

	Projected area of contact [mm2]
	
	5900
	5947
	4938
	4754
	4276
	4531
	3461
	3265

	Rolling time [sec]
	
	1,58
	1,74
	2,26
	2,65
	3,53
	4,65
	6,92
	9,52

	Gap [sec]
	
	3
	3
	3
	3
	3
	3
	3
	3

	Rolling temperature [°C]
	1200
	1198
	1194
	1188
	1183
	1176
	1169
	1159
	1146


Four measuring devices, with three strain gauges on each, were designed for experimental determining of the rolling force. The measuring devices were mounted on both sides of the stand, instead of safety parts against the breakage of rolls (Fig. 5).
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Fig. 5 Measurement system and measuring devices
Slika 5. Način mjerenja i mjerne doze
Table 2 Experimental determined rolling forces
Tablica 2. Eksperimentalno određene sile

	Pass No.
	1
	2
	3
	4
	5
	6
	7
	8

	Experimental determined rolling forces [kN]
	356,1
	494,6
	356,1
	524,2
	346,2
	544,0
	286,8
	445,1


2. Technological parameters of the 3-high-roughing mill stand

3-high-roughing mill stand rolling diagram according to time is constructed from the mill production and pass schedule, (Fig. 6).
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Fig. 6 Rolling according to time
Slika 6. Redoslijed valjanja u kalibrima predpruge
3. Stress-time history

The obtained experimental results of the rolling forces are used for numerical analysis of the local stresses by finite element method. The linear elastic model with 3D solid elements with eight DOF per nodes were used, (Fig. 7). The complete numerical analysis of local stresses was done included 30 cases of service loads according to the rolling schedule. 
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Fig. 7 Linear elastic model with 3D solid elements
Slika 7. Linearno-elastični model sa 3D solid elementima
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Fig. 8 Numerical analysis of lokal stresses

Slika 8. Numerička analiza naprezanja valjka
The FEM revealed that the most critical areas of the roll are the 7.a pass and roll neck,(Fig. 9).
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Fig. 9 Maximum local stresses on the caliber 7a and roll neck
Slika 9. Maksimalno lokalno naprezanje na kalibru 7a i rukavcu valjka
Stress time history of the individual local stress and stress spectrum are obtained from numerical analysis and pass schedule, (Table 3 and 4) Fig. 7 shows stress time history of the local stress on the caliber 7a for the rolling of one billet. Fig. 8 shows stress time history of the local stress on the roll neck for the rolling of one billet.
Table 3 Stress history for caliber 7a for rolling one billet

Tablica 3. Vremenska promjena naprezanja na kalibru 7a za vrijeme valjanja jedne gredice

	Stress level
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Caliber in service
	4 i 8a
	2 i 6a
	6a
	3 i 7a
	8a
	1 i 5a
	7a
	5a
	4
	3
	2
	1
	1,5a i8a

	Stress amplitude 

[MPa]
	84,9
	80,1
	64,2
	58,6
	53,1
	43,4
	37,0
	32,0
	31,8
	21,6
	15,9
	11,4
	9,6

	 Time[sek]
	2,65
	1,74
	2,91
	2,26
	5,87
	1,58
	4,66
	1,95
	2,65
	2,26
	1,74
	1,58
	1

	Number of cycles for one billet
	5,3
	3,5
	5,8
	4,5
	11,7
	3,2
	9,3
	3,9
	5,3
	4,5
	3,5
	3,2
	2,0

	Number of billet for  4000 ton [x104]
	9,2
	6,1
	10,1
	7,9
	20,4
	5,5
	16,2
	6,8
	2,8
	2,4
	1,8
	1,6
	3,5


Table 4 Stress history for roll neck for rolling one billet

Tablica 4. Vremenska promjena naprezanja na rukavcu za vrijeme valjanja jedne gredice

	Stress level
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Caliber in service
	2 i 6a
	4 i 8a
	1 i 5a
	1,5a i8a
	2
	4
	3 i 7a
	1
	3
	6a
	5a
	8a
	7a

	Stress amplitude 

[MPa]
	90,0
	69,6
	67,6
	67,6
	56,5
	51,8
	48,3
	42,9
	35,2
	33,5
	26,9
	17,8
	13,1

	 Time[sek]
	1,74
	2,65
	1,58
	1
	1,74
	2,65
	2,26
	1,58
	2,26
	2,91
	1,95
	5,87
	4,66

	Number of cycles for one billet
	3,5
	5,3
	3,2
	2,0
	3,5
	5,3
	4,5
	3,2
	4,5
	5,8
	3,9
	11,7
	9,3

	Number of billet for  4000 ton [x104]
	6,1
	9,2
	5,5
	3,5
	1,8
	2,8
	7,9
	1,6
	2,4
	10,1
	6,8
	20,4
	16,2
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Fig. 10 Stress history for caliber 7a for rolling one billet
Slika 10. Vremenska promjena naprezanja na kalibru 7a za vrijeme valjanja jedne gredice
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Fig. 11 Stress history for roll neck for rolling one billet
Slika 11. Vremenska promjena naprezanja na rukavcu valjka za vrijeme valjanja jedne gredice

Stress history for the caliber 7a and roll neck for 4000 billets is shown in Fig.11.

[image: image17.jpg]Stress Amplitude - caliber 7a

Stress Amplitude - roll neck

100.0

[ed] apryidury ssans

200000 300000 400000 500000 600000 700000 800000 900000 1000000

100000

Number of cycles - N





Fig. 11 Stress spectra for caliber 7a and roll neck for rolling 4000 tons
Slika 11. Vremenska promjena naprezanja na kalibru 7a i rukavcu valjka za vrijeme valjanja 4000 tona
4. Conclusions

From the comparison of the stress time history for caliber 7a and roll neck it is visible that caliber 7a is more sensitive on the fatigue stress and possible fatigue cracks then roll neck. Because of this fact, during the design phase of the rolling schedule it is necessary to make stress analysis of all calibers and influences of one caliber to another in order to avoid possible fractures during the service.
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