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Cold rolling can be described as a processing method that is often used for
materials with a small thickness or cross-section, or for finishing work to obtain
products with accurate dimensions and clean surfaces. However, as the speed of
this process increases to improve productivity, chatter vibration occurs due to the
imbalance and eccentricity of the rolling roll, damaging the gear drive unit and
the bearing. Therefore, in this study, to analyze the main cause of chatter
vibration in the cold rolling system, chatter vibration phenomena according to
various rolling conditions were calculated using a multi-body dynamics model.
In addition, the experimental design method was used to statistically analyze the
calculated data and the interaction effects that could correlate with the main
factors causing chatter vibration were investigated. Finally, a simple regression

equation model is presented.
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Fig. 1 Cold rolling mill schematic
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Table 1 List of factors and level values (5 factors, 3 levels)
- { 1190 Hz
\ Factor Initial Level | Lower Level | Upper Level
| Working Roll (WR) | 7 MN/mm | 3.5 MN/mm |10.5 MN/mm
Spindle (SP) 6 MN/mm 3 MN/mm | 9 MN/mm
. 32.79825 98.39475
Gear Velocity (Vel) |65.5965 mm/s s s
Plate Force (F) 104 MN 5.1 MN 15.3 MN
Contact Stiffness
Fig. 3 Multi-body dynamics analysis results (Con) I MN/mm | 0.5 MN/mm | 1.5 MN/mm
Intermediate & Backup Roll Stifthess :
£ o830} AEY Futp Yol BMo] 7hssittar o 4= Qo Constant 7 MN/mm
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Table 2 Non-repeating experiment data

Table 3 Full factorial results (5 Factor and 3 level )

WR Sp Con Vel F Acc Source DF SS Adj MS F
1| 35 3 05 | 32798 | 51 | 5582 WR 2 212585 106292 | *
2 35 3 0.5 32798 | 102 524.8 SP 2 529010 264505 | *
3 35 3 05 | 32798 | 153 | 5358 CON 2 183692415 | 91846207 | *
2 | 3s 3 05 | 65597 | 51 | 11979 Vel 2 776565553 | 388282777| *
5 35 3 05 | 65597 | 102 | 9377 F 2 629128 314564 | *
6 | 35 3 05 | 65597 | 153 | 10932 WRY*SP 4 178273 44568 | *
7 | 35 3 05 | 65597 | 5.1 | 24968 WR*CON 4 161818 40455 | *
8 | 35 3 05 | 98395 | 102 | 2190.6 VzvRR**Vsl j fgi;g; ;2;23
9 | 35 3 05 | 98395 | 153 | 23115
SP*CON 4 556855 139214 | *
10| 35 3 1 98395 | 5.1 | 2313
: - : - - . . SP*Vel 4 720927 180232 | *
: : : : : : : SP*F 4 117202 29301 | *
241 105 9 15 | 98395 | 51 | 67334 CoNTVal " g5l [ o1z00s |
242 105 9 15 | 98395 | 102 | 64434 CON'E 2 S15526 s |
243 | 105 15 | 98395 | 153 | 6626.4 Vel 2 meser | 3566 |+
WR*SP*CON 8 377043 47130 | *
Normal Plot of the Standardized Effects WR*SP*Vel 8 314587 39323 *
(response is Acceleration, Alpha = 0.05) WR*CON*VCI 8 841930 105241 *
N = 8 WR*SP*F 8 927300 115913 | *
mESignlficunt WR*CON*F 8 202224 25278 *
- Pactor Tame WR*Vel*F 8 294282 36785 | *
5l SP*CON*Vel 8 597765 74721 | *
e P e SP*CON*F 8 292871 36609 | *
o SP*Vel*F 8 334706 41838 | *
CON*Vel*F 8 2166629 | 270829 | *
; s » ® » WR*SP*CON*Vel 16 882960 55185 | *
Standardized Fect WR*SP*CON*F 16 2186067 136629 | *
Fig. 4 Normal probability distribution of the standardized effect WR*SP*Vel*F 16 2520974 157561 | *
of FFT transformed chattering acceleration WR*CON*Vel*F 16 788590 49287 *
SP*CON*Vel*F 16 646554 40409 | *
5.2 047 Qol M 9l AlS| SA WR*SP*]‘ECrr(zIr\I*Vel*F 302 3132994 98(:31 :
3¢ZUolEE 24F HolE = WHEksty] ¢Jsto] Table 49+ 2 Total 242 | 1139335530 * *
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Table 4 List of factors and level values (5 factors, 2 levels)

Factor Lower Level Upper Level
Working Roll (WR) 3.5 MN/mm 10.5 MN/mm
Spindle (SP) 3 MN/mm 9 MN/mm
Gear Velocity (Vel) 32.79825 mmy/s 98.39475 mm/s
Plate Force (F) 5.1 MN 15.3 MN
Contact Stiffness (Con) 0.5 MN/mm 1.5 MN/mm
Intermediate & Backup Roll Stiffness :
Constant 7 MN/mm
Coefficient of friction : 0.3 etc.
Main Effects Plot for Acceleration
Data Means
4800
— (a) Work Roll | (b) Spindle (c) Contact
2400 //
1200
£ o0
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1200 Gear
Velocity Force
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Fig. 6 Main effect diagram of FFT transformed chattering
acceleration
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Fig. 7 Interaction effect diagram of FFT transformed chattering
acceleration

Residual Plots for Acceleration
(a) Normal Probability Plot (b) Versus Fits
§5.5 N
2000 [ 4
= 7L 1
= S 1000
[ S b4 2
5 g o *Tl—*—f
a & | 3 ‘
-2000 =1000 o 1000 000 0 50 00 4500 000
Residual Fltted Value
(c) Histogram (d) Versus Order
20 2001
T & 100
= =
“g’_:c g
ol €
o
S &S0 ..;P & & eé’ R \c".\m‘?\?\v"@",&".\,«?m?
5 Residual Observation Order

Fig. 8 Residual plot of FFT transformed chattering acceleration
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Table 5 Full factorial results (5 Factor and 2 level)

Term Effect Coef | SE Coef T P

Constant 2499.52 | 44.42 56.27 0.000

WR -27.26 | -13.63 54.41 -0.25 0.802

SP 4.43 222 54.41 0.04 0.968

CON 1928.53 | 964.11 54.41 17.72 0.000

Vel 432822 | 2164.11 | 54.41 39.78 0.000

F 121.29 | 60.65 54.41 1.11 0.266

WR*SP -68.47 | -34.23 66.64 -0.51 0.608

WR*CON -6.88 -3.44 66.64 -0.05 0.959

WR*Vel 7.46 3.73 66.64 0.06 0.955

WR*F 5.50 2.75 66.64 0.04 0.967

SP*CON 36.08 18.04 66.64 0.27 0.787

SP*Vel 2.74 1.37 66.64 0.02 0.984
SP*F -8.74 -4.38 66.64 -0.07 0.948
CON*Vel | 2100.39 | 1050.19 | 66.64 15.76 0.000
CON*F 81.20 40.60 66.64 0.61 0.543
Vel*F -197.88 | -98.94 66.64 -1.48 0.139
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Nomenclature

wg  : Gear mesh frequency [Hz]

z : Number of toothed wheel

w : Rotational velocity of gear [rpm]

Jenawer + Chatter frequency [Hz]

: Feed rate of strip [m/min]

: Chatter mark pitch spacing [mm]

: Factor number

: Experiment level of the analysis model
: Repeated number of the analysis model
: Number of the analysis model

: ith analysis results of the model

: Main effect results

I . Normalized value between -1 and 1 to the level
k- of jth factor

mxR I I NS
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