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Experiment on Multi-stage Continuous Cold Roll Forming of Straw

DING Ning' LI Haitao'> YAN An' LI Shouzhong' HAN Lujia' WEI Wenjun'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Key Laboraiory of Modern Agricultural Equipment Optimization, China Agricultural University, Beijing 100083, China)

Abstract. In order to explore the feasibility of the straw multi-stage continuous cold roll forming method,
a prototype was designed and tested. Orthogonal test method was used to test the four-factor three-level
orthogonal test with the moisture content, crushing method, crushing length and feeding method of corn
straw as the test factors, and the rebound rate, density and firmness of the formed blocks as the test
indicators. The influence of experimental factors on experimental indicators was researched. The test
results showed that the cross-riveted feeding method can most restrict the rebound of the shaped block;
the density of the shaped block was mainly affected by the crushing method, followed by the length of the
crushing; the solidity of the shaped block was mainly affected by the crushing method, and the moisture
content was the second of it. Comprehensive analysis determined that the preferred forming parameters of
the molding machine were : moisture content of 20% , crushing method by rubbing and crushing, crushing
length of 80 mm, feeding method by cross riveting. The experiment was carried out under the conditions
of better molding parameters, and the performance indicators of the molding machine were tested. The
results showed that the rebound rate of corn straw molding block produced by the molding machine was
7.26% , the molding density was 363.28 kg/m’, and the firmness was 90.23% . The research results
provided a reference for the research and development of biomass compression molding technology and
equipment at normal temperature.

Key words: corn straw; multi-stage roller forming machine; cold press forming; orthogonal test
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multi-stage roller forming for straw
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Tab.1 Parameter of multi-stage roller forming

machine for straw
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Tab.2 Experimental factors and levels
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Tab.4 Results of range analysis
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Tab.3 Test results of orthogonal experiment
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(1 4 o[ 303 £ 22 T DL A TRy 2%
T4 P ] 325 0 2 00 5 5 P 0 4 K 2 £
SR 3 AR U 0 B K ¢ e 7 2 O I
Ao AR I R A T2 4l A4, B, C,D,

i 4 B 22 T L BT SN R
4 TP A5 10 O 05 R B K BE 1
W2 3 KR R IR 2t s B ARSI B . 2 B
BRI T2 4R ALBLC,D,

1 4 R S B A 42 1T LR L By 2R
T4 0P U S B 0 56 W 5 5 PP 0 4 K 2 1)
IR Z IR J5 R IR 7 20 e K R R de /D 36
IR RSB I T 2 4 I ALBLC,D, .

3.3.3  Befoom S B

a5 i T2 R R R BB 4000 P 05 7 48 AL 6
S A FF 2 G T T L, 7 B W T gk B B 4
Th AR | PR 7 R W R
BB, SR 2B A L W K I A
S AL o o e TR R K R L 7 4



284 &l #Hl

L

2021 4

g R WA AN 2 2k ) Rk AR R R U ER T B
G WL A B R R R R B RE TR R )
JE 45 0 22 ) /) < HE R AR R R B S T 24 R AR
A SE A 1 OB R 1 4 80 mm, B C,

U S i 2 2 A AT R 4 R 11 T AR AR, B
T8 T 1 5 A A T 0 A i v 1 108 S R A b A R
3R R IKF 1 52 R AR R, B By, [R) B 55 KR X
IR SRR B K, & K i E o 20% , B A, it
S5O IR K B, R O\ G HE A OKR A AT ORI
246 WU I R v ) R S R M T

[u] 33 S5 F8 A R 0 R KRS AT B A8 AR
22 S0 [ 1 TR T X e Bk 7R e ] B PR R
U A Ak B 7 2R LRl G R A R 22 T A ) B 4 21
i, R B B I IR S, PR I PR O Xk Bk 28
X, BY D, .

g5 b RS 2 GUR R R B PLTE B AR 0E R R
Y2 T2 40 A, B, C, D, B S 80k - 7 K
R 20% R 7 XA R R, B AR 80 mm, IR
w72 R 28 U

3.4 BRAMBESHETHERE IR

R T g R A3 AT 25 R A AT S AR R R 2
FMAA T AT AL, HARBEBURE T &N
50. 15 kg/m*, B AU J5 [ 3 K O 7.26% , % E N
363.28 kg/m’ |, IR SZFF 7 90. 23%

4 i

()BTt T 85 FF 2 908 R B RE L, iF
G T REFF 22 9% S v 1 R Ty I T AT, o AR
W o SO R R R L A R R T
2%,

(2) 5 2% B, 38 L4 & Ay Rt Oy X d i B il
UG R e T 55 ol % 2 A7 A Ty 2 R
2 BRI S i 58 /0N 5 S R B 1 S R 3 A7 i
Jr REE 0, 2 FEFF S AR R A

)RR A S BT, B E K& KE
20% R PEWE R 7 3, B R K 80 mm, SR I A8 A
[ 1 MR 2, ok AR e [ B R T K 7. 26 %, B R
J& ik 363. 28 kg/m’ |, [A] I} 18 52 1 5K 90. 23% |,

2 £ x W

[1] TANFR, HEL, ZHU Q L, et al. Characterization of different types of agricultural biomass and assessment of their potential for
energy production in China[ J]. BioResources, 2019, 14(3) :6447 - 6464.

(2] Pz, Wi oLk, 5. T ERIEWARFR G IR A0 SO AR R SR AR T]. 4l TAR %4 ,2019,35(22) 132 - 140.
CONG Hongbin, YAO Zonglu, ZHAO Lixin, et al. Distribution of crop straw resources and its industrial system and utilization
path in China[ J]. Transactions of the CSAE, 2019,35(22) :132 - 140. (in Chinese)

[3] KALIYAN N, MOREY R V. Factors affecting strength and durability of densified biomass products[ J].

2009, 33(3) :337 - 359.

Biomass & Bioenergy,

SEURIR AW, BENL K, A R OR A FF 4 Ak K I AT S (] b B AR BLIE 2 41k ,2016,37 (11) 73 - 77.

WU Juanjuan, HUO Lili, ZHAO Lixin, et al. Experiment research on maize straw equilibrium moisture for secure storage[ J].
GUO L, WANG D C, TABIL L G, et al. Compression and relaxation properties of selected biomass for briquetting [ J].

SR AR, SO A SR R4 L AT I 8] R KA AT DR AR R M REATT 58 [ 1/ OL]. R AL 2741 ,2020,51(7 ) :338 —345.

SHENG Kai, RAN Yi, Al Ping, et al. Anaerobic digestion performance of corn stalk under different compression ratio and
silage time[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(7) :338 - 345. http: / www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20200738&flag = 1&journal_id = jesam. DOI.10.6041/j. issn. 1000-

GRANADA E, GONZALEZ L M L, MIGUEZ J L, et al. Fuel lignocellulosic briquettes, die design and products study[J].
JOHNSON P, CENKOWSKI S, PALIWAL J. Compaction and relaxation characteristics of single compacts produced from
Effects of compressive force, particle size and moisture content on mechanical
Biomass & Bioenergy, 2005, 30(7) ; 648 —654.

WhoEm, ay A, 55, 5 i PR AW ORI L B 5 [T ] Aol TR 4R ,2015,31(19) :31 - 38.

CHEN Zhongjia, YU Guosheng, WANG Qingyu, et al. Design and experiment of flat die pellet mill with plunge [ J].

BioResources, 2014,9(4) .

[4]

Journal of Chinese Agricultural Mechanization, 2016, 37(11) : 73 —=77. (in Chinese)
[5]

Biosystems Engineering, 2016, 148 101 - 110.
[6]

1298.2020.07.038. (in Chinese)
[7]

Renewable Energy, 2002, 27(4) . 561 —573.
[8]

distiller’s spent grain[ J]. Journal of Food Engineering, 2013, 116(2) : 260 - 266.
[9] MANIS, TABIL L G, SOKHANSANJ S.

properties of biomass pellets from grasses[J].
[10]

Transactions of the CSAE, 2015, 31(19) : 31 —38. (in Chinese)
[11] XIA Xianfei, SUN Yu, WU Kai, et al. Modeling of a straw ring-die briquetting process|[]J].

6316 — 6328.
[12]

TREMN A RS, A X AR AL R U BAAL I 5 R [ /0L ] el ALk 2= i ,2016,47(5) 203 - 210.
NING Tingzhou, YU Guosheng, CHEN Zhongjia, et al. Design and experiment of roller briquetting machine with plungers[ J/



553 T A FEAT 2 905 208 1R TR B 56 5 285

OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(5): 203 -210. http: / www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20160528 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2016.05.028. (in Chinese)

(13]G, & k. A= ) B [ i 2 35 4 B p B s e DR 32 4 i [0 ] Al FR AR BB, 2017 ,35 (1) 135 - 140.

NING Tingzhou, LIU Peng, HOU Shulin. The biomass curing equipment and the analysis of its forming influence factors[J].
Renewable Energy Resources, 2017, 35(1) : 135 — 140. (in Chinese)

[14]  SFP, BUACR , FAEAL, 55 FEAF ST PLAT S AR Mk S a3 [ 1] RALLWFSE ,2018,40( 1) :264 - 268.

GUO Bo, HE Jingliang, WANG Decheng, et al. The research situation and development tendency of straw baling machine
[J]. Journal of Agricultural Mechanization Research, 2018, 40(1) : 264 —268. (in Chinese)

[15] 8k, 2908, Uy &M, 5 KRB AP IEE 5 2 TR R U R L e i [T ] Aol #2244 ,2019,35(11) : 19 - 25.

XIE Wei, LI Xu, FANG Zhichao, et al. Design of compound machine for rice straw collecting and continuous baling[ J].
Transactions of the CSAE, 2019, 35(11) : 19 —=25. (in Chinese)

[16] B PR, PMak A FLAALAR B THI M. JE 5T 06 4 Tl th hidt: ,2007.

[17] 8% FEAFRHURBIR R 5 EBREAMRARIEID]. Jua .t ELOl K4 2016.

GUO Lei. Effects of straw characteristics and research of compression die on briquetting[ D ]. Beijing: China Agricultural
University, 2016. (in Chinese)

(18] #R&. W AWEMB I FEER TZSHR[D]. MR W IRIE Tk K% ,2017.

HUANG Wuliang. Research on mechanical properties and technologic parameters of enclosed biomass briquetting [ D ].
Harbin: Harbin Institute of Technology, 2017. (in Chinese)

(197 XU SC, 9% Ju i, 20 3, 55 A FF 2 G4 e i AL i 380 5 4% B8 11 [ J/OL . A0 WL 2 41,2016 ,47 (#)) :317 - 323.
LIU Pingyi, LUO Longmin, LI Haitao, et al. Theory and device design of multi-stage roller forming for straw [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (Supp. ): 317 — 323. http: // www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20165049 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298.
2016.S0.049. (in Chinese)

[20] T 7. FEAF R4 B R 5ECE S D] b at: shE Rl K% ,2018.

DING Ning. Research of compression molding technology and equipment for straw[ D |. Beijing: China Agricultural University,
2018. (in Chinese)

[21] Befll. MFFZIAREMAIEMIRID]. dba. P ER LK ,2016.

LUO Longmin. Research of multistage roll molding device for straw[ D ]. Beijing: China Agricultural University, 2016. (in
Chinese )

[22] XIEsR, M, KA & NI ERTT RS RO (1] RIS ,2019,41(1) :169 - 173,179,

LIU Fugiang, LI Jingbin, KAN Za, et al. Experimental study on compression characteristics of corn straw smashed [ J].
Journal of Agricultural Mechanization Research, 2019, 41(1) : 169 - 173,179. (iin Chinese)

(23] Eminn, BRI, 45 kRS AT 22 b 2 R4 iR T 228 [ 1] 4Rl T AR %4 ,2016,32(21) ;277 - 281.
WANG Ruili, WEI Kaifeng, LIU Yang, et al. Optimization of process parameters for multi-frequency rapid compression
molding of corn stalk silk used for forage[ J]. Transactions of the CSAE, 2016, 32(21) ; 277 - 281. (in Chinese)

[24]  Edhsi, 20, 20,55 LT RL Ik iy KRR AR AR T 200 [T ] 4ol TR %4z ,2016,32(13) ;223 -227.

WANG Gongliang, JIANG Yang, LI Weizhen, et al. Process optimization of corn stover compression molding experiments
based on response surface method[ J]. Transactions of the CSAE, 2016, 32(13) : 223 —227. (in Chinese)

[25] TEAET , M weid, 546,55, AW BT R BB A = R (M) Je st Ak Tl i it ,2020.

[26] wER K. 2B KRR B LADEHLAY :201810069398. 2[ P]. 2018 —09 —28.

[27] w2 — RIS FF 2 8] 58 SCH0 [ R 7 5 KR AR 45449 : 200910088114 5[ P . 2009 — 12 - 09.

(28]  EF. =% 5 TR AR R4 B pL AR5 [ D). dEot . b B ARl K% ,2012.

WANG Lei. A study on compression formation mechanism of high-density corn straw bundle[ D]. Beijing: China Agricultural
University, 2012. (in Chinese)



