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1.1 REMPEREE

AR T8 K FH (1) TR A 5 PR K 2 S 6 1 1) T K T
(EARANFRE 898) , 1EIRIGH, R HITHLE Y
RO RE IR FEFFEAT U0, DIRERE AN KR, KB N
10~100 mm, HEFRZEPE R 40.75 kg/m®, EKEHN 16.5%.
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(B 16y 1) R 2 ANHALIKS), @i vt b & &, ff
{ERETI AL bR, [y LB T 5 R AT 2 ) 1 R 4 A FH s e i A
[l 7EFE AR I — 4% (A1 BR 0y 8 mm S%F, Wl {#
PRI e 3, H 2 AR J) A% A8 KL 78
PR A b, AT TR B MR N 775 4Rt T
FEAT 4 B SR I HERR o SOV LA% 1) Fe 7 B0 3 g iR
WU BEEAES) 77, [RIB v 46 F2 P4 o 75 R 48 K [
AR, R I R AR AR A, R 4 B[R]
PR 8 I S RO B AR R IR, R B B i
W EHEREFRIE, N Labview 2018 BT 1A
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a. FEFT R4 S &R 4t

a. Straw compression and test system

N

. AR RO

c. Local enlarged of compression mold

b. AR
b. Compression mold

LEIEREREE 2 AR E SRS 45k S 6fik
WA 7RER SHRBRIR  9CHEER  10.3RZhA:  1LaEdlE 124560
AU 13T 148580 ISNERE 16 AMIRYERE 175 MRl
I8AMERKR 194 MAEHL 20.4%

1.Data acquisition device 2.Compression control device 3.Displacement
sensor  4.Pressure head  5.Support  6.Displacement test sheet 7.Data
acquisition card 8.Circuit board  9.Support wheel 10.Driver 11.Controller
12.Controller power 13.Switching power 14.Fissure 15.Small gear 16.Left
big gear 17.Left motor 18.Right big gear 19.Right motor 20.Rack

B 1 ARG BNR £ 4

Fig.1 Stalk compression and test system
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AHIF OB KR L e K B 7 RN & 5 i [R]
RIS FEFFAE T S KR AN 17%, IR A KR
FIZK TN 12% 15%F0 18%; I i TR 36 0 1% I K Joi
FII7KF N 60.4. 120.8 A1 181.2 kPa, MEANEKIKFN
2.5, 3.0 Al 3.5 kgo SKHAHFEFFE S & 7K B e Ax
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TRIE N 52%MFREE T 447 48 h J5IRI6ET, f KRR /38
TR I WL AU B . R I T 2 A AR 2 g ]
A, TEIVASCHERF, CRIERTAESE 100 200 60 120
H1 300 P18 Rt A HCOR A 300 604 1504 200
i1 240 s 30302 R S I 1AL S A AR AT () TR 48 RERE . 2K
RE, FETSPREDR, ARICIEPER I N 150 s. F
RERNEZMSFERR (RIEMERD R, SKH A
HEIRY, BEBR R A, HALK B KT
I AT RIS R I, e S R AT 32 B (R R ) R 4 T
e N e o AP = N o 5 <3 o N S B
TR EAS Ak, R4 7 1 1913 300 s J5 A TRaE, #ok
AF 50 32 B J5 RS AT 76 FR 46 77 171 300 s 1A [m1 38 o ASHIE ¢
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B 2 AREFF RS LR . REFFRNG, KRS FT
RIEE-FRES)E, BalifeREymiRiss, 7 3 %
TEE: 1) bL 80 mm/min [H3E K45, 45N J1isEI %
SE R AR, =2k PL 300 mm/min [ 35 /5 8 13K [A]
ERUEALE (CC) 5 2) LA 80 mm/min 1HE K4, HJE
N J7IE B W i KRR D G R R, SR JE Sk DA
300 mm/min [¥)38 S 1E R A ERTAGALE (CCP) 5 3) LA
80 mm/min TE 3% K45, 24 5 N 778 3% 5 i N & S8
I REAT AR Y, AR5 1K Sk A 300 mm/min (1) 3 5 48 3 R [0]
BYGAIE (CCS) o RIS R, PR PR B Ak
THT, 57 Lk B T JBE 50T [l St B2 o E AN I I R
PR 4G PRI DR B K B 58 B (1) B2 ) A0 A% 33t 4T B4
KA
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b. JIATEF

b. Test program

a. JR4ifE R

a. Compression program

E: CC MfEHE 5 W5 ; CCP MEE-GRIE /G RI3#; CCS Jyfed-fRAL s w5,
TH.

Note: CC is springback after constant speed compression; CCP is springback
after constant speed and pressure maintenance compression; CCS is springback
after constant speed compression and strain maintenance. The same as below.
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Fig.2 Straw compression and test procedure

PURSF R e R | R FT R 48 AR e R, XTI
Wt 90 AR AR Y R R AR, SR 3 [R]85 S B T 45 67 B8
5 {E s B B 0 Fe 46 067 72 (1) 8 43 be SR AT 8 S RS AT B i AR
ERMR . BN R TR EE AR E (EESEE SR
JE) 5 [nl# 5 REAT R Z HOBE B, AT A A7 RS 2 e A
FFELRI 3 5 3R 2 SEEE SRR Z B R fHE
B B 4 60 B8 2 48 TR R RS AT R 2 S R 5 R R E 1
FEES; RIEALRE ZIe R B E4EFE RS XI T CC M
CCS &, A NEEEA MR, T CCP 1Z,
FE 4 A B 2 45 TE 38 R 48 0 B R G R R i i Fe 2 Fl . RUT
Fasg ZBEIERINI (1) B, RR T 2R (A X [
PR BN R R R AT E I B3 #2 s PR e T2 N A
XoF (B AT A (] A A% 5 R e R 40 O A% 1 224, sk
(2) , RRIETZ PR FRE R WS 3) .

ﬂ:u-%ameG (D
LVS:LS_LCC (2)

¥ @) AR (D 15
ﬁ:{l—(Li;L“)}XIMBG (3

A BARSTRRERE, %; L, NSRBI, mm;
L oNEE LGN, mm;  LoNRIFAAIHE, mm; L, R
AL, mm.
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12%- 15%F1 18%FF, fRJE 150 s il R4 B3 kT 7.4,
6.0 F152 mm, [EIFNEERECNT 7.1, 4.0 f123 mm, R~
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Table 1 Effects of various factors on compression displacement, springback displacement and dimensional stability
coefficient under CC and CC process
RFae 25
[K| % Factors CcC CCP Dimensional stability
coefficient/%
At 1 TR 4 v 7 . YR EFN R E4RAE ,
Conditions . % Constant ’ Constant Total ’
TR Hd . Springback . . Springback
compression . compression compression . CcC CCP
Name Values . displacement/ . displacement/
displacement/ displacement/ displacement/
mm mm
mm mm mm

BKIER 774 120.8 kPa, FEA . 12 338.6£2.26 62.1£3.54 338.141.25 34554265  55.043.40  81.66£0.93  85.92+0.81
BN 3.0ke Sk

Maximum compression stress is  Moisture 15 350.7+1.96 67.9+1.47  347.8+2.11  353.842.00 63.9+1.19  80.64+033  83.35+0.25
! g 0

120.8 kPa agdofifédmg massis - cOMENUYo o 36y 0.577 7264080 35124735 35644688  70.3£0.67  79.94:021 8146024

. s NI 60.4 308.0+2.15 56.042.83  308.0£2.01  316.8+2.59  53.042.32  81.82+0.80  85.65+0.56

B KEEN 15%, A 3.0 kg Elfz(’ﬂ‘m
Moisture content is 15% and aximum =558 350.7+1.96 67.9+147  347.8+2.11  353.8+2.00 63.9+1.19  80.64+0.33  83.35+0.25
feeding mass is 3.0 kg compression

: stress/kPa 1812 363.043.32 73.842.36  363.0£3.42  368.842.61  67.642.75  79.67+0.47  82.98+0.72

FIKEN 15%, HRER TN " 25 295.1+2.85 61.142.59 29524295  300.3+3.03  57.4+2.70  79.30+0.68  82.28+0.76
120.8 kPa LEIN

Moisture content is 15% and Feeding 3.0 350.7£1.96 67.941.47  347.842.11  353.842.00 63.9+1.19  80.64+033  83.35+0.25
X X : T

maximum compression stress is - mass’kg 3 o 39000390 7184400 39104397 39844324 6544297  81.63:085  85.17+0.73

120.8 kPa

EAFRFEFRANRET, RERESKESEMEE, FH
PN S RIS RS, AT 35 4 v 1 Ja R AT B RS AR
JERE (P<0.05) o WENEN 2.5, 3.0 F1 3.5 kg B, fR/E
150 s f# IS4 A1 K 7 5,14 6.0 A1 7.4 mm, [B] 34752 )%
/INT 3.7, 4.0 A1 6.4 mm, RTHGE RE AR T 2.98,
271 F1 3.54 NESF o BEEMRNEI K, K410 & .
[ s A, B e S RS A RO K, RN TE e KR
NIRRT, R FF RN SR, R AT 1 mT R P 386 K,
R EgE A1 Rk, MENER KN, CC M CCP TETF
() 48 5 AN [ g 38 48 K, E H T AS FF 22 10 19 B 4% o F
Kk Ju3g s, A A0 R, ek B O R AT 1 R
it CC 1 CCP L2 PR R REIH K.

LRI R, FEAFERIEGE T, R R
TH I8 46 5 RS A — DR 40, R4 0 B 2 2 1 K
(P<0.05) 5 7EfmH NAEE R e AR Ji i, 28 A~ mf
TR AR, AT S RN [T B (P<0.05)
N R G 57 A% Rk S[R3 RS 2 AT T ) e s RS AT
Bl , OCRGEAS R R ORI =] 53 i 22 4 ] 3
Fim o ORIE 150 s Refd IR o RS ATH ) RS o R A0 KA
1.52~4.26 /NE 43 A, PO S A AT e [m] 3 0 R B 2

il

o
.-

T st ﬁi Sof [B]
|y (T, i TV R
-~ (IR R RS j
e | TR EEYSRRTTD
R — |, N I3 A

i3
T R L = R AL,
T o ARFFRAEIN KIS )], kPa: o WRFFHLOEBN /1, kPa.

Note: o is the stress during straw compression, kPa; o; is the springback stress of
the straw blocks, kPa.

B3 RERINETZTH
Fig.3 Schematic diagram of pressure retaining and stability
mechanism

2.2 RERBENEEZIMEZR
2.2.1 At ERF AR &S

BRI ZX RS R RANER 2 Fion. B3R 2 7]
M, FERRIEN J108 120.8 kPa, MENE N 3.0 kg &1F T,
Bl & S /KRB R, A st RIS 8] J5 1R B 77 FAsth 2R 35 22
LR WK (P<0.05) 5 FES/KEN 12%. 15%A1
18%1) JE G FEAT A i 30 s JS IR JRA ZE N 31.5%.
33.5%AH01 35.8%, FAGH 150 s Jo IR HFATHER Ty 38.4%.
41.0%F1 44.0%; | 30 s IR IFATZ & 150 s B J7FA 5
K 82.0%- 81.7%H 81.4%; AHLLE/KEAN 12%, &K
8% L o RS FT A 30 s J5 BB FIRATH ARG K T 4.3
ANE R, AR 150 s JE RN JJRA 238 K T 5.6 N E
A, %S Tume® RSP R s 458 — 3. 74
IR G IR R R E K EIE K, R, K TEER
Al R BREEIER, A BT kAt

TEREFFEKFEN 15%, BANEN 3.0 kg FIEMET,
i o A K T R g TR DR, 8 st A [0 B i) i 4D 2 s st 28
B R BLR E KRS (P<0.05) 5 TEHRCKIEN /1N 60.4.
120.8 F1 181.2 kPa [P Jo A& FTHAR 5t 30 s J5 B Ty Ha st
A 31.2%- 33.5%A1 35.1%, FA5th 150 s (IR FIRAGER A
38.6%-41.0%F11 43.3%; F 30 s IR /a5t 53 5 5 150 s
N SIFA TR K] 80.8% 81.7%A1 81.1%; #HELf KB F)
N 60.4 kPa, H KJEN 714 181.2 kPa [ JE 5 A FTHLAA it
30 s S HIN FIRASHEIE R T 3.9 ANE AT, FAG 150 s J5
MR RS SR KT 4.7 ANE 7 e

TEFEFTF & KFN 15%, FRERN 7128 120.8 kPa 251
T, BEEMENERIE A, AL A RIS (8] 5 18 )P sth 2R
) B ILE E RN (P<0.05) ; fEMEAEN 2.5, 3.0
3.5 kg B G REFTFELRL J1kASH 30 s J5 (IR IHA sth3e
35.5%- 33.5%F1 32.6%, 150 s J& FIR SIRA R A 43.1%.
41.0%7FH 39.8%; H 30 s IR JJHa =551 5 150 s RSy
FATH A1) 82.4%-81.7%H1 81.9%; AHLLME N &N 2.5,3.5 kg
M AT HORA ot 30 s g R0k T 2.9 N E 438
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150 s J5 IR JIRA SRR/ 1 3.3 NE A . HIERBEIR
P UACSIBE S 1 AN [N 5 (R FF R 45 2 AR ) P
FAGth 800 s Jo HINL /A0, S5 REH], FEAERANRRIN

JIRAS RSN E R, BRAFAE RN T RA S,
FESCHR AFoRs REAT IS AH R OB L, f K R4 ) AR
HWAE, SRR IVEFELER .

R 2 FREMRMEHCT & E RN AR R0

Table 2 Effects of various factors on stress relaxation rate at different relaxation time

# Factors

N SIFARER Stress relaxation rate/%

St _
Conditions 4 FK Name Bt 30s 90s 150's
Values

N s 12 31.5+0.45 36.5+0.52 38.4+0.45

W KIERIF1M 120.8 kPa, MEANEH 3.0 kg
Maximum compression stress is 120.8 kPa and feeding TR /Y% 15 33.5+0.41 39.0+0.46 41.0+0.59
mass is 3.0 ke 18 35.820.66 41.4+0.49 44.0£0.53
60.4 31.2+0.59 36.6+0.44 38.6+0.46

FKFE 15%, AT 3.0kg o ;

Moisture content is 15% and the feeding mass is 3.0 kg BKIERLA/kPa 120.8 33.5:041 39.0+0.46 41.0£0.59
181.2 35.1+0.64 41.1£0.54 43.3£0.54
S KEEH 15%, 5 kTR /0 120.8 kPa 2.5 35.5+0.62 41.0+0.46 43.1+0.61
Moisture content is 15% and maximum compression RN E/kg 3.0 33.5+0.41 39.0+£0.46 41.0+0.59
stress is 120.8 kPa 3.5 32.6:0.51 38.040.58 39.8+0.54

ZE BRI, EUKE S KR R ) AN B B
FIFAB R B E R (P<0.05) , FAdh 30 s JEHIM
FIRA R K TN 30%, AT 150 s BN SFasth R 218 40%
Fo AT, 1T 30 s BN SIHR 520 (5 150 s BT RASHAR 1] 80%.
TSR SR, AERAT 60 s S5 N SIRA TR L) 45%.
B RPN SR WS SIRA S RT 20 s IR P, DKL AR A
N ST Yk, 2 80% FIFR AR N I 7E I HA 1R] % A6 FE 0K
Turner™ 1 Talebi™ B 72 % W], T H AN S ka bR A
27.4%~53.7%, (K& /KE T BT IR 5 RN
33.1%, WERFTEEL SRR IR s AR 33.3%, SEAE A
TEECRIMINRL B 43 501 19 40.0%F1 38.1% . ASHIF 5T 45 5 5 S0k s
HR IR A8, RIORZY RE A 080N I G RS AT Hed 1) 7k R

DA
2.2.2 HRAFEZAIEHR B0 B E o

23 NAFEEGE AT CCS TE GRS Fs . o5
ke RS Rase /3L, 4543 1 FIEE 3 Wk, EAFEK
FRFLEMT, RALGENE B35 R G FI SRS,
JEJE REFFE I R SF R /AL (P<0.05) o FEFFEKE RN
12%- 15%F1 18%M}, FHILARHFE T2 (CC) , &
150 s J5 [l AR T 22,90 20.8 Al 16.7 mm, R~
FasE RE KT 678, 5.84 1436 NEr . BEE
FEFF SRR R, RPRae K308, RAEC #E
WIS, JREDRTERCR EKR T, R, #rEss,
[ 3 7 A ik ik /)

& 3 CCSIZTHERAREMERIFE. EEAMNBRRTIRERKAIZM

Table 3 Effect of various factors on compression displacement, springback displacement and dimensional stability coefficient under CCS

P [AI % Factors EAfR [EIEL Ee:2 e &5
Conditions ZH B d'C(l)mpresmt(/)n . Slpnngba:}( Dlmenstl‘f(')ngl stt/i}nhty
Name Values isplacement/mm  displacement/mm coefficient/%
N N 12 339.2+1.98 39.2+3.28 88.44+0.89
BORIERLF1M 120.8 kPa, MENESA 3.0 kg Sk
Maximum compression stress is 120.8 kPa and feeding mass . 15 348.4+2.09 47.1£2.27 86.48+0.58
is3.0 k Moisture content/%
DK 18 356.2+5.83 55.9+0.96 84.30+0.24
60.4 308.1+2.23 39.1+2.81 87.31+0.83
e 1o I HORTER /)
- X 7J(}:.jj 15%, DR)\Ejj. 30ke . Maximum compression 120.8 348.4+2.09 47.1£2.27 86.48+0.58
Moisture content is 15% and the feeding mass is 3.0 kg stress/kPa
181.2 363.143.29 52.1+2.64 85.65+0.61
25 295.242.96 41.9+1.56 85.81+0.40
ERFEN 15%, HRIERIIN 120.8 kPa R
Moisture content is 15% and maximum compression stress is ey 3.0 348.4+2.09 47.14£2.27 86.48+0.58
120 8 kPa Feeding mass/kg
35 391.2+3.35 48.3+3.30 87.65+0.74
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BHRE KR, ORGP RS e 2800 .

gEAFR MK 3 R, EARKBANET, REGE
ATE A RN A EIE K R N TE S =) 5 =¥ cF A= O AN
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Abstract: Chopped corn straw with a low density needs to be compressed and compacted, thereby improving the utilization
rate of straw for transportation, storage, and subsequent utilization. However, the chopped corn straw is viscoelastic materials
that can rebound to a large extent after compression, which can affect the compression effect. Previous studies reported that the
pressure and strain maintenance can effectively reduce the rebound of straw after compression, but a specific mechanism in
detail is lacking to clarify the confusion in practice. This study aims to reveal the mechanism of pressure and strain
maintenance how to inhibit the rebound of straw after compression, optimize the straw compression process, and further
improve the dimensional stability of straw block after compression. Taking the chopped corn straw as the test material, a
compression test was carried out to investigate the effects of pressure and strain maintenance characteristics on the dimensional
stability of straw blocks under various compression conditions, such as the moisture content, the maximum compression stress,
and feeding mass. The results showed that both pressure and strain maintenance significantly increased the dimensional
stability coefficient of straw after compression, but there were different mechanisms for restraining the rebound of straw. A
mechanism of pressure maintenance resistance to the rebound of straw: The relative rebound displacement was reduced
whether to increase the compression shift or to reduce the rebound displacement, thereby increasing the dimensional stability
coefficient of compressed straw. The essence was to maintain a certain pressure to further compress the straw, where the
viscoelastic strain in the compressed straw was under high pressure. In this situation, the irreversible strain increased in the
compressed straw. The strain maintenance reduced the residual stress in straw after compression, where the relaxation rate
after 30 s of strain maintenance was more than 30%, and the relaxation rate after 150 s of strain maintenance was about 40%,
indicating that the relaxation rate in the first 30 s accounted for 80% of the 150 s relaxation rate in total. A mechanism of strain
maintenance was obtained to inhibit the rebound of straw after compression. It was essential to reduce the viscoelastic stress in
the straw block after compression. Specifically, a feasible way is to relax the viscoelastic resilience for the reduction of strain
in straw, thereby increasing the dimensional stability coefficient of straw after compression. A comparison was made on the
effects of pressure and strain maintenance on the stability under various compression conditions. In the chopped corn straw,
the pressure maintenance for 150 s increased the dimensional stability coefficient of the compressed straw by 1.52 percent
point-4.26 percent point, whereas, the strain maintenance for 150 s increased by 4.36 percent point -6.78 percent point. Both
stabilization processes significantly inhibit the rebound of compressed straw, but under the same compression condition, there
was always a better effect of strain maintenance than pressure maintenance. The finding can provide an sound reference for the
pressing molding for other biomass and straw with small particle size. The results of this study can also offer an essential basis
on the development of technology and equipment for the compression baling and cold pressing molding of chopped corn stalk.

Keywords: test; mechanism; maize stalk; pressure maintenance; strain maintenance; dimensional stability coefficient



