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Optimization and Experiment on Straw Multi-stage Continuous
Cold Roll Forming for Molding Parameters
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Abstract: Aiming to obtain the optimal molding parameters of the straw multi-stage roll forming machine
when compressing corn stalks with lower moisture content, and explore the influence of molding
parameters on molding results, based on the Design-Expert Box — Behnken Design ( BBD) experimental
design method and principle. Taking the moisture content, crushing length and the final roller speed of
the forming machine as experimental factors, and the rebound rate, density and the molding energy
consumption as the test indicators, using the three-factor and three-level response surface analysis
method, the mathematical models between each factor and the rebound rate, density and the molding
energy consumption were established respectively. The influence of the significant interaction of various
factors on the test indicators was analyzed. The results showed that when the forming machine compressed
corn stalks, the contribution rate of each test factor to the rebound rate from large to small was; the final
roller speed, the crushing length, and the moisture content; the contribution rate of each test factor to the
density from large to small was: the crushing length, the final roller speed, and the moisture content; the
contribution rate of each test factor to the molding energy consumption from large to small was: the final
roller speed, the crushing length, and the moisture content. When the final roller speed was 1. 07 r/min,
the moisture content was 21. 5% ~25.0% , and the crushing length was 64 ~108 mm, the rebound rate
was less than 7. 0% , the density was greater than 350 kg/m’, and the molding energy consumption was
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less than 16. 0 kW +h/t; the optimal molding parameters obtained by parameter optimization were: the

moisture content was 24.26% , the crushing length was 73.25 mm, the final roller speed was
1. 07 t/min, at this time, the rebound rate was 6. 32% , and the density was 375. 6 kg/m’, the molding
energy consumption was 15.89 kW - h/t. This research can provide a theoretical basis and technical

support for multi-stage continuous cold roll forming of straw.

Key words: corn stalk; multi-stage roller forming machine; multi-stage continuous cold roll forming;

parameter optimization
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Tab.1 Parameters of multi-stage roller forming

machine for straw
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Tab.2 Experimental factors and codes
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Tab.3 Experimental design and results

v S Y,/ Y,/ Y,/

Fe o X X X5 % (kgrm?) (kWehet™!)
1 0 0 5.88  364.01 16. 41
2 0 0 0 571  365.55 16.26
3 1 0 -1 598  379.65 16.95
4 -1 1 0 9.42  350.13 16.01
5 -1 -1 0 9.11  379.05 17.30
6 0 -1 1 731 37L.72 15.83
7 1 0 1 7.46  364.69 13. 00
8 1 1 0 9.06 35896 13. 69
9 -1 0 1 852 36311 14.96
10 0 -1 -1 5.8  38.23 19. 84
11 0 0 5.61  366.78 16. 41
12 0 0 5.29  368.59 16.00
13 0 0 0 575  365.45 16. 45
4 -1 0 -1 6.36  377.83 17. 49
15 0 1 -1 6.11  350.83 17.24
16 1 -1 0 894 38414 15.85
17 0 1 1 8.94  343.37 14.31

F4 FERESEERTESH
Tab.4 Variance analysis of regression equation

for rebound rate

Aol FamM AWME B F P
LAY 36. 61 9 4.07 47.07  <0.0001*
X, 0. 49 1 0.49 5.61  0.0496"
X, 0. 66 1 0. 66 7.59  0.0283"
X, 7.80 1 7. 80 90.28  <0.0001*
XX, 9.03x107* 1 9.03x107% 0.10 0.756
XX, 0.12 1 0.12 1.34 0.2854
X, X5 0. 49 1 0.49 5.67  0.0488"
X2 12.93 1 12.93 149.62  <0.000 1 **
X3 12.63 1 12.63 146.22  <0.000 1 **
X3 0.43 1 0.43 5 0.060 5
hkZE 0. 60 7 0. 086

KA 0.41 3 0.14 2.75 0.176 9
TR 0.20 4 0. 049

pEvill 37.21 16

T s+ FREFWEE(p<0.01); + FREFPE(0.01<
p<0.05), K,

Ty FE A AR R A B 2 A B A EOE R R
Tip=0.176 9( KT 0.05) , A%, HiZkR R &
1B 0.983 7( KT 0.8)  MKRELH |15 7 72 5156
(ERC R 300 B Ay, Ut A 0 358 ) %o i 284
By Il st A r (A2 X, X, X, X, XS W p A
PR T 0. 05, 15 B H: XoF 1l 78 B[] 535055 (14 52 K il
# , K Design-Expert 10 Z /4% 50 505 #5171 £ 00
LS FBLA , [ S 590 o AS S 3 005 ) 4 3] i 80 e (1]
PR Y, 54 R A (A [ ARy



200 | A 1 R A= S ¢

2021 4

Y, =5.51 —=0.25X, +0.29X, +0. 99X, +
0.35X,X, +1. 74X +1. 72X> (4)

3.1.2 AR R R AR A A N S A IS
IRINH T 2 T R S i, i3k S
R BERL F =39, 16, p < 0. 01, 2 WA R [a] 19 7 74
] A5t T DR AR S 2 [ B ARG OC R R =
0.108 6( KT 0.05) , A3, HizfiA RMEIEMH N
0.980 5( KT 0.8) , B H [m] 15 5 2 5K 00 (5 3% 1K
A TR B R, B2 AS AE F T X6 R AR B %
HEATIO, XHR e B AT 2 0T mURAULA AR5
BRAS IS A B BB B Y, 54 I R i (E

) [l S 750 Sy
Y, =364.95 +2. 17X, - 14. 98X, -

6. 71X, +4.75X; (5)

K5 HMBERZEEAESN

Tab.5 Variance analysis of regression equation for density
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