44

E33HE FE2aMW
2017 4 11 A

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.33 No.21
Nov. 2017

BT 5 R AL SNAR B/ E B R BT 14 i

w123 1,2 D, 1,2 2 12 @ o — 1
T, TxEY, FaKk', TEE Y, B
(1. HAbRM K2 TR, FE/RIE 1500305 2. RNV EBA R FR5E Wit TREE A sRIh =, ME/RIE 150030)

O AR RIS G H AR AT B RIS DL, ZSORAEAT SR CHRBR R I FLARCE T Z A1
T ENEE R EBEAT TR IT. R BB ANER T Eh B RO B, R Ly (3% IEASRIG T WAL TR Sk, IE
JERE ) AR E e 2 T8 )58 ELA RO FEAT 55 4N A 2 1) s BEE VR AR B 5 i, 3l 3o R DR 36 20 ol R AR AT 25 7K
H T B AN AR 3 R o i 0 R AR B S M A B [ VA T o IESCIR IR A5 SRR - AT 5 AR < IR A sl B 4
HORREAT B KA IEIRRN MR 2, SR FE R R 25, WD 3R U9 FEAT &5 7K 38> 15 K B 77> 4R

FEAT S5 AR 42 18] (1) h B4R R BB R FT 5 /K R I B I ma 39 s [ IE R S 7 (P B I v k), L0 2 0 P P 48 I g 9 /S 5
TERGFF & KE AN 10%~70% IEEN S8 1~9 kPa FIANFRLIE N 0.2~0.8 m/s B, FEFT-S5 4% 2 [A] ()08 Bl BE 2 R 401
AFE N 0.353~0.612. WF 045 Tl AR R AL BT 72 5 5T H R AL A

KRR AEAT; RALAUR; A4, AR B EE AR
doi: 10.11975/j.issn.1002-6819.2017.21.005

FESES: $2254 YRR : A

FiER, LEE, FEM, TEE, Bk BTSEEREREEERES TR V], R TIEFR, 2017, 3321 :
44—51. doi: 10.11975/j.issn.1002-6819.2017.21.005 http://www.tcsae.org

Wang Defu, Jiang Zhiguo, Li Baiqiu, Wang Guofu, Jiang Yiyuan. Experiment on sliding friction characteristics between rice
straw and baler steel-roll[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2017,

XEH/RS: 1002-6819(2017)-21-0044-08

33(21): 44—51. (in Chinese with English abstract) doi:

0 3 &

i E R AR ol 2 A Y, N E R A A
FURVR, TR AT ARR, Rk BEIR. Lk ERAE
F B SR SR BRI AT, SR,
ERPER, Wz BN, TR T RO MU AL AR
FERART S, = 2 T R A VR BRI A . E
TREAFBGR AT IR 3= Z A /N R A AR <RI L2,
TN BCRAG . FTHR AR 5 TR AR 2855 R, K]
W, TF R AN X AT R A R P S B b 7T, ik
HAHT K IET L.

BHAT, AR AR LA O SE Al 7T 32 2 i A b adk
AT DRI T (B3R AL R o R 4 2R S it M At A
TR [ A2 AT T SO 1 B R B
WF7¢, A Shinners. Joseph Z5! 13 B 7T T AN &K
B\ RT3 AR BRI RIS A0 B AE RS AT B R R AL
DIV B B 2R U 2 R 48 R B R Kakitis 251
WEIE T AN F M B L T TR SR T AR R 77 25 45 B A AR
VIR OV WEREFT B A5 BE S R BN EL s Larsson 25U R0 T
ANFE IR AR H 735060 7 2 Bk R Bl 4 BE 1 AR A R i oK
R, FEESIHRHTHAAE; Phani ST T AR

Wk EH I 2017-05-29  &ITHHI: 2017-06-28

HETH: BREAPETRITE (2016YFD0701300); E 5 [ R Fl 23 4
TiH (51405076); PILAFHLIE (GA16B301)

PER TR B, 2%, FENFEBWURTT T 0T AR,

Email: dfwang640203@sohu.com

10.11975/j.issn.1002-6819.2017.21.005

http://www.tcsae.org

LRI SRR R KE . W=, N R
TEAT EE 2 B AR AL RUARE s T R At 2 AR AE RS AT 1RO AH
KM FTB D o v X [ HA WL F T DA A Ml AT (1 22 56
PEBE VR oy 1020, op [ 2 2 R AT T RSP B
Ja R R AR S B K A R R R T X i Bl B AR A
Wil PR AR SRR FE 12T, e ARk ZE AR PRI 5 T 4 ok A B
BEURLAN R AR FT R T B 0 R T MR 1S B R AR
B BE IS0 50 F BT U1 OO BRI 7E T KA
FPRLEEAE 10~30 mm 13 B A0 AR5 A9 TR S0 BE 4 1 114
AR EK PR IT TS M X R AR P D
TEFF RO B A5 HE A A PSR E R S5 TR AL A . B I 2512
WHTE T 6 ML X FORFEFTAN 5 FhA [ FhRAEAT 8
f A BEE A K S R . ARUBORE ] P e K T R A AR
B b PR AT AN ) K e R b 3 K
FERT 55 AN [RURD R ) 8 3l BE 45 R AU s R 2 2520
WEFC T AN R g KR REAT AR AL AR i
S5 R FR N REAT AN TR REAT B R R . 45 bl
K, REAT 5N TR B BE R R (K SRR FEAR D,
It RE

ARSI ) R AR B B R AR B e L (AR
IS EE 1.5 mm OB A FLBCE BT AR BHx40
PN CLANHN EZE IR B LR R
XEREAT BE #5771 BN P R —— R AT & KR B
JIRVERSREG T, BIF TCH N RE AT 5 AN AR 2 [ 1 Bl R R
PERIFEMERNARE, IR0 SO R RH TR, AR
A ERBLIIBT 7E -5 BETHR SRR -



21

TABARSE: FEAT 5 EHR B LR 7] 3 2 BE SR R R 6 45

1SR

1.1 RXZesrs

RIS R R IRV T A 57 DX i T RN 2K
TN I e B RE AT, HESKER 10%, FFEF
YHEZEN 4.8 mm, FEREFESE N 98 mmx18 mmx60 mm
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a. Picture of device for measuring sliding friction coefficient

W\
s
T 11

b. WS R B B A

b. Schematic of device for measuring sliding friction coefficient
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1. Frame 2. Motor 3. Front coupling 4. Torque sensor 5. Rear coupling 6. Screw
7. Bearing and connector 8. Buffer spring 9. Pressure sensor 10. Pressure plate
11. Material box 12. Steel-roll

B{1 HHEHEAMNKEERAVALTER
Fig.1 Picture and schematic of device for measuring
sliding friction coefficient
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1. Sample of rice straw 2. Steel-roll

W JREATBUREI AN R 1] 77 16] 5 H00 R 4 M B 2 TR 3 s A T 0 o2 PR A A K
BERE, m: ROAIESMNENAR, m: Fy AT sl R4 n i IEE 77,
N F, ARGFERAE X AR AL B B 1) L i EE R, Nom™: Fr oy
FEFTIRPE SR R VR BN R 7, N: 0y NFEFT R AE 4 B TR A7 T
PR 500 2 A I T Xt IS P [0 £, rad s O DA R R 70 000 26 Lo 48P T
P55 B R A I o S B0 — 2 AR RS A, rads T ONANAREC BN OB
H{E, N'm.

Note: ¢ is the width of the rice straw sample corresponding to contact arc length
between the rice straw sample along the steel-roll in the circumferential direction
and the steel-roll outer surface, m; R is the outer radius of the steel-roll, m; Fy is
the positive pressure applied by the rice straw sample to the steel-roll, F, is the
positive pressure stress applied to steel-roll by the rice straw sample in the
vertical direction, N~m’2; Fpis the sliding friction between the rice straw sample
and the steel-roll, N; 6, is the center angle corresponding to the contact arc
length of rice straw and steel-roll in the circular cut plane of the steel-roll, rad;
is the angle in half of the central angle corresponding to the contact arc length of
rice straw and steel-roll in the circular cut plane of the steel-roll, rad; 7 is the
torque value of the rotation of the steel-roll, N-m.

B2 AT XA G AR R Ak A ARA )
Fig.2 Schematic diagram of force contact model of
rice straw and steel-roll surface
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Table 1 Experimental factors and levels

KF TKE IEER AR
Level Moisture Positive compressive  Steel-roll linear speed
content A/% stress B/kPa Cl(ms™)

1 10 1 0.2

2 25 3 0.35

3 40 5 0.5
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S (R 2R 6] ARG T 5 A R 2 (3 Bl JBE 45 2R 500 S i R
AR IUFEAT B KR L 1IE R N A7 R 4R 28 i 43 ) 7F HL
GELIUVE M A T AT R R R R 7 . RIS PR
IKE S IETE N RN AR 2R B o e L 5 ANAKCHE,
R FT S KR AT BUE N 10%- 25%- 40%- 55%- 70%,
1E RN AT KCFEUE A 1.04 3.04 5.05 7.0. 9.0 kPa, 4
AL I /KFEUEN 021 0.35. 0.5, 0.65. 0.8 m/s.
HS AMRKRE, 3815 FiibeE, AR ER 5k, HaR
WE 4 Fron. ARMEENEGE RETE, BRIEEER S
RIGLE R EFEERLT, T T HNAEF 584 2 (8
T B EE IR R BAE AR FEFF S /KR . 1E R N 7 R 4R 28 38
FE RGOl W 3 B AREF SN 2 R E 3l
EEVE R BBERGFT & /K 1E R N 7 RN R 48 34 1 A 1k
M2k, AT RIARGFT 5 ENER 2 18] (1) 0 B R i R LR AR AT 7
IKER S TE N RN 4R 28 5 P (1 7R A0 Ak b 2 3 7 ) A
ik,
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Table 2 Experimental scheme (Ly,(3'?)) and results

Ao~ 2% H oL Jﬁﬁ]lﬁ
s AE Epg R S5 RN

Bxpert: MO Positne 1 ol (4500 ey, BB Stding
ment compressi- ; colu- friction
No. content ve stress B . mn  coeffici-

A speed C .

ent f

1 1 1 1 1 1 1 1 0.391

2 1 1 1 2 2 2 2 0.395

3 1 1 1 3 3 3 3 0.397

4 1 2 2 1 1 2 2 0.382
5 1 2 2 2 2 3 3 0.384

6 1 2 2 3 3 1 1 0.381

7 1 3 3 1 1 3 3 0.365

8 1 3 3 2 2 1 1 0.366

9 1 3 3 3 3 2 2 0.378

10 2 1 1 1 2 1 2 0.419
11 2 1 2 2 3 2 3 0.423
12 2 1 3 3 1 3 1 0.428
13 2 2 1 1 2 2 3 0.401
14 2 2 2 2 3 3 1 0.405
15 2 2 3 3 1 1 2 0.409
16 2 3 1 1 2 3 1 0.416
17 2 3 2 2 3 1 2 0.415
18 2 3 3 3 1 2 3 0.418
19 3 1 3 1 3 1 3 0.478
20 3 1 3 2 1 2 1 0.486
21 3 1 3 3 2 3 2 0.493
22 3 2 1 1 3 2 1 0.482
23 3 2 1 2 1 3 2 0.483
24 3 2 1 3 2 1 3 0.485
25 3 3 2 1 3 3 2 0.468
26 3 3 2 2 1 1 3 0.475
27 3 3 2 3 2 2 1 0.463

K1 3.439 3.910 3.869 3.802 3.837 3.819 3.818
K2 3.734 3.812 3.796 3.832 3.822 3.828 3.842
K3 4313 3.764 3.821 3.852 3.827 3.839 3.826
k1 0.372 0.434 0430 0422 0426 0.424 0.424
k2 0.415 0.424 0422 0.426 0.425 0.425 0.427
k3 0.479 0.418 0.425 0428 0.425 0.427 0425
W% R
Range R

EES
e U>B>C

Order of
factors

0.097 0.016 0.008 0.006 0.001 0.003 0.003

x®3 HESHE

Table 3  Analysis of variance

Sum of squared Degree of Significa

Source deviations froedom Variance Fvalue P value nce level
A 0.044 000 2 0.022 000 871.80 <0.000 1  ***
B 0.001 231 2 0.000 615 2442 <0.0001  ***
AxB 0.000 572 2 0.000286 11.35 0.0012 Hkk
C 0.000 141 2 0.000 070 2.79  0.0953 *
AxC 0.000 013 2 0.000 006 026 0.776 8
BxC 0.000 022 2 0.000011 044  0.6511
Effe 0.000 353 14 0.000 025
S Sum - 0.046 000 26

T CeRn” FORETE (P<0.01) ; “**” FREFE (0.01<P<0.05); “*”

FORBEZE (0.05<P<0.1) .
Note: “***” means extremely significant (P<0.01); “**” means very
significant(0.01 <P<0.05); “*” means significant(0.05<P<0.1).
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Table 4 Results of single factor experiments
S S S S S A ENE WY A HE B
F? AT KT 2 KT 3 KT 4 KT 5 Linear regression Coefficients of
actors Level 1 Level 2 Level 3 Level 4 Level 5 equations determination
47K Moisture content x,/% 10 25 40 55 70 Y=4.791+7.785x; R’=0.976
1EJE N /7 Positive compressive stress x,/kPa 1 3 5 7 9 Y=13.133-11.46x, R*=0.989
AR ZH T Steel-roll linear speed x3/(m's™) 0.2 0.35 0.5 0.65 0.8 Y=-6.307+6.567x3 R*=0.967
! fIsei . I 3c BiR, AVERAGEE N 02~0.8 m/s
et ’///// B, T 5 4042 ] 098 0 4 R M b A
S 0.5F .
Bl P O I B0
s .l PR, 7E — s i Bl PO 2 B AR L, AN
gﬁﬁ; FERT 000 B0 BE H2 R AN, A [FURE 1R 25 0 254 T ] A4
- TRXTREAT I B EE R D13 K, T v /e — e A2 B3
N RSO RRFT B BE AR DB Sk e 0, SR BB AR
002 0 N0 itk 7EAR A BT R R 2 o 0

a. BKERS I Bl BESR R AL R

a. Effect of moisture content on sliding friction coefficient

B AR
Sliding friction coefficient
o © © © o ©
N w ks wn =} =
N
"

o
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0 2 4 6 I 8 I 10
IEFERE /7 Positive compressive stress/kPa
b. TEFE R 770 3 E i 2R B R

b. Effect of positive compressive stress on sliding friction coefficient
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So6l
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S o5t
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Zo1p
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02 03 04 05 06 07 08
LR M Steel-roll linear speed/(m-s™)
c. HNERLH LR B BE AR R U
c. Effect of steel-roll linear speed on sliding friction coefficient
e a: IEHMITA S kPa, WERZGHZN 05 ms™s b BKEN 40%,
HRTEEN 0.5 ms™ s crfKEN 40%, TEFER /T 5 kPa.
Note: a: Positive compressive stress is 5 kPa, steel-roll linear speed is 0.5 m's™,

b: Moisture content is 40%, steel-roll linear speed is 0.5 m's 1; ¢: Moisture
content is 40%, positive compressive stress is 5 kPa.

B3 ABATE SRR R MR X

Fig.3 Variation curves of sliding friction coefficient of rice straw
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Experiment on dliding friction char acteristics between rice straw
and baler steel-roll
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Facilities Engineering, Ministry of Agriculture, Harbin 150030, China)

Abstract: Rice straw resource is abundant in China, and annual output of rice straw has been over 200 million t. In recent
years, as a kind of renewable biomass resource, rice straw is being used widely in new areas. However, because of the
scattered distribution, the loose structure and the large volume of rice straw resource, it is difficult for rice straw to be stored
and transported, which has seriously restricted the large-scale utilization of rice straw resource. It is very important to use the
round baler to harvest rice straw for the comprehensive utilization of rice straw. In view of the fact that the basic research of
the steel-roll round baler is less in China, it is urgent to carry out the basic research on the sliding friction between rice straw
and steel-roll. In order to provide the basis for the design of the steel-roll round baler, the experiments of the sliding friction
characteristics between rice straw and steel-roll (prepared by the rolling of cold rolled plate of carbon steel) were performed in
this paper. Using the self-made device for measuring steel-roll sliding friction coefficient, the effects of moisture content of
rice straw, positive compressive stress, steel-roll linear speed, and the interaction between them on the sliding friction
coefficient between rice straw and steel-roll were studied by L27 (313) orthogonal experiment. Three factors and 3 levels, 3
samples and a total of 18 kinds of treatments were selected and each treatment repeated 5 times, which were used to determine
the significance of the impact of factors and the order of factors. Then 5 levels of moisture content of rice straw, positive
compressive stress and steel-roll linear speed were respectively selected in the single factor experiment, and the influence of
each factor on the experimental index was studied, obtaining the corresponding regression equations and the coefficients of
determination. The results of orthogonal experiment showed that: The sliding friction coefficient between rice straw and
steel-roll was significantly affected by moisture content of rice straw and positive compressive stress, while less significantly
affected by steel-roll linear speed, and the influencing order of factors was moisture content of rice straw > positive
compressive stress > steel-roll linear speed. In the interaction between the factors, the sliding friction coefficient between rice
straw and steel-roll was significantly affected by the interaction between moisture content of rice straw and positive
compressive stress. The results of single factor experiments showed that: The sliding friction coefficient between rice straw
and steel-roll increased with the increasing of moisture content of rice straw, decreased with the increasing of positive
compressive stress, and slowly decreased with the increasing of steel-roll linear speed. When the moisture content of rice straw
was 10%-70%, the positive compressive stress was 1-9 kPa and the steel-roll linear speed was 0.2-0.8 m/s, the range of sliding
friction coefficient between rice straw and steel-roll was 0.353-0.612. Regression models had a good fitting degree with
experimental results, and could be used to analyze the changes of the sliding friction coefficient between rice straw and
steel-roll. The results can provide theoretical basis for the research and design of key components of steel-roll round balers.
Keywords: straw; agricultural machinery; mechanical properties; steel-roll; sliding friction coefficient



