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LA, RS EIEAT, Prilk—
JE AL R BRRL, F0AR = H I e R Rk ] 2 B
s RIS S AEMBERE R s e s R AR T R
14 32 mmx32 mm. ERE IR, TR R
W, PRk Z, WSEEEZE. R W
56 H AL A e A 7= 24 1200~1 500 kg/h,
BLATE Dh #2860 kW, BRI BRI, 3=l
163 t/min, LS 50 Hzo
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Fig.1 Structure diagram of vertical ring mold biomass
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Fig.2 Biomass briquetting fuel

HABRIE B2 SR AT AL BbR . i
FE ORE 10 2) « WnR L 101 1A RLH G KT
B PL2002/01 B HL RSP CRSE 0.01g)
KEW6310 HLHE 4T« BSA223S CW 4434t
FoF (B2 FIT, KRE 0.1 mg) . KER2400 L5,
WIGHL Wibs R, iR, LKk 25.6 mm (18
22 1 P 55
1.3 REHZE
13,1 RE%t

AR BRI S AN, AT 1 iR
RPRLEE . B 7K R AL AIBRE AT e Bl B ML AR 4R
R 3 ML S8, AT IEACRE, I Rk
TIPLIAE =26 BRI R R L 2 L LA
SCE RN = S BERERI ST . AT IR Y L4 PR
MR BB SR PR ZR 0, 183 4
PR 28 IR AR VG L, A5G H 7 T 4R 3 R
FANRV L A4 0 0 I T ML Kl PR R R RE (1) 5
Wi, BT AR AR ) B 1~2 mm, i ik PR 25K
PHRAREM, EANEAE 2mm, —ANMgME
1 mm, [AJfE 0.5 mm, HUHAEME 1.5 mm; [FHE, ki
FEAY 1k 10~20. 20~30 1 30~40 mm, /K%
3R 10%. 15%H1 20%3E1 T IEASTRE:, W& AN [H
LESHA RO F AT AR i
RO HUMIN AMERE - ShEERE, 3 NN
IKPHURE J IEAS IR R L 1. % 2,

x1 BEZEKEXR
Table 1 Factor level table

KT BKHE A B B fgmgCc
Levels Moisture Particle size/mm Clearances between die
content/% and rolls/mm
1 10 10~20 1
2 15 20~30 1.5
3 20 30~40 2
®2 EXREFRL 3H
Table 2 Orthogonal table L9 (3%)
%1% Column number
RS kA mgp DRNRC
Test No. Moisture Particle Clearances Blank
content/% size/mm between die group
and rolls/mm
1 1 (10) 1 (10~20) 1 (D 1
2 1 (10 2 (20~30) 2 (1.5 2
3 1 (10) 3 (30~40) 3(2) 3
4 2 (15) 1 (10~20) 2 (1.5 3
5 2 (15) 2 (20~30) 3(2) 1
6 2 (15) 3 (30~40) 1 (1) 2
7 3 (20) 1 (10~20) 3(2) 2
8 3 (20D 2 (20~30) 1 (D 3
9 3 (20) 3 (30~40) 2 (1.5 1
13,2 KIHEAR AR E T ik
DI
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BB TARRSE I, AERERLHURE D Ak 4% w <1000L (s
HORE L, BRI T AN /D T 1 min, $EHL 0

FES R AT 20 kg, BEFERRE, JRAHB &L
SEFEURE S ). EE ARG 5 Uk, BRI ] ] B AN
AT 5 mine THE/NRA R AKX DR
m(l—-H)
1(1-0.2)
L, O W AR A=K, kghs m ARKEI
WFER R, g5 H A RBURELEIKE, %; ¢ Wi
WCEREURE S ], s

IS RE R P E AR IIE.

2) FEHLR R} R R R

FEFENLHRE AL FH B S H N 2 kg #E 5, R4
HEFESEEA R TR 8°CH, R AR
BHIMS T 2K A 25.6 mm (5 FLIR % 2y, SR )G A
FERR &7 e, TR 3 K. iHHE AKX T

X =22 100% (2)
m,
X, X B, %; mg WV EIRE ST 23 5 i b
YT, g omy AR EIRERIG LB R, g

I 3 RE S ARSI

3) Rk

T AR BT 2R 1 B RS e K, AT B
PR ILARRBURI SR, BT AR SEARPRARAG 5L T LA
DU HH gl 2 15, HAR TS A R R

p=—"1" (3)
a, xa, x1l
b, p WIEBYREIEE, glom’s m A AN R HUA
BHURE, g: aiv a 20508 IRBRRL 7 TE Wi i 2
MEIAKEE, mm; [ EPYRRHC R, mm.

4) FRHWRRIHUBRITT A%

Bl (120.1) kg ARSI LB LA (40£1)
r/min FUIEE ERE (500+1) e, SRJGERE
B0, I FLAR L 5% T R H B (Elont M 26D 16 2/3,
2)4 ®30 mm, HRH#E ISO 3310-1 £ ®16~45 mm fL
PG HIEPE ©30 mm FRI I, N THes)— B[]
AT 4, ARUE BRI 5E Ao s, AN

DU =24x100 (4)
mB
X, DU RoR RBEEIHUERIE, %; mp AL EY
AR FRRT AT 43 RS TR, g5 my RSB 5 0
SrREIiE RS R, .

TR AT 2 YGRS, THE 45 R P .

5) Wlir= 5 HEFE

Fa L A RBREAT B s B LA 77 1 ¢ BRRLBTIN
FemmE, HHAXWT

(D

0 =3600

A, WONMEBRELIRERE, (KW-h)t; P OSBRI AE
(K ELfAE, kKW he

WA 77 H I s B oL AR s, TTIs 80~
120°C, TFEHCE — B a], HEATAHIBRIE, 5
PRBIEJE AN T35 80°C IR, Jy nl s Hek AT &,

2 HRE5HMH

IEAZ IR 45 H 3k 3.
2.1 FEEMETRHFI

SeRErE R, O T ESTRE, AMIAEAE
FE R HURRL I 2 P Tk mik iy . AR T E S G
TEOL R A= RS LR 3, WA= R T 220
WK 4, R 4K, WAL 3 AR EE RN
PR SKER ASBARFFR C> k% B. Hilkk /)
M 3 FROASTR) R 28560 A 7 2 1R R i 1 100 mT DA HE 5
Wi A2 = B AL 5 AsBCss BIET7KEN 20%-
PR 10~20 mm. BEREMIBE N 2 mm B, AR
BRI A 7= A 5 i o
2.2 FBEEMERKPREZENZI

RPN bR P PSR, R HUSRRL R R
30T 90%, R 3 AT, SAlE . RHURE
R R R REIA BURRUE SR, (H R 2R gt ey A ARG
5117 98.29%, HAKARE: 9 1 92.65%, Ui BHANA] L
SSHA A YRR R S K. ik 5 T
A1, M RRR G 3 AN ER RN A B K A>
FEARIE R C>FifE B, HiB M 3 hAFE K &
XoF TR 2R ) 53 i 5 0 T LA 5 il 2R R 1) fe
HAEN ABCs, RIEAKEN 10%, LR N
2 mm, JFURBRLEE XS A IR S AN 3, H(E AT LA
W B2 = 2R U By, BT AR 24 10~20 mm,
RIS e R 3 (R e R 4L 5 AYBICso
2.3 FBREMEHRBREIZERNE

RNVATAEFRAE R, R HOR S A M i 3R
H# =08 g/em’, M 3 W4, AFETE3541
HREUT, HRERE /NN 0.904 g/em®, B3
JE R BRI E AR MEREER, (HIE R 6 W4, AN
T &S HOR B oRL  J5E 52 W0 1) 32 URWUT D 5 7K
HASEHE R C> 5okl B, Hilid ok 3
RS TR] PR 220 s B 2 FEE TR g i vl 4, ANJR) T8
SEN RGN AiBICs, BIEIKEN 10%. FiJE
73 10~20 mm. FEAETA]BE A 2 mmo.
2.4 FZERZEXMERRBHRL A R EZ 0

BRI SEAE g LR ILHUMRI A 1>95%,
HRE, & 3 A, R 8 M LS HUAEN T
SRR A PE R 92.44%, T ot s HUBR A1k
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AJIE 98.78%, UEHHAN L &S50l &0 R ERBRRIHL
BRI AMESE AR, thE 7 W, AR ESH00
FEEARAHT U AN 1R 52 5 VT R 5 KR A>
PR IAIB C> JFURPRLEE B, W 0072 3 h R R
MU A2 AN T &S A 2 s Bl nl 40,

S AR AL A ABCs, RIS /KZEN 10%,
FEFEIAI R A 2 mm,  JURRRE S X6 Al 78S 26 11 52 i AN I
=, PUE T DR A = R EHUE By, AT LUK BN
10~20 mm, BPsZma R mtdl A AiBCs,
52N T2 G e AR A .

#3 EXREER
Table 3  Orthogonal test results

% Factor

K FE4R Test Indicators

B ¢

I it RERE W

R G4 RUEB  Clearances gk kY g, PWHATE S Eney
Test No. Moisture  Particle  between die =51 D Productivity/ Molding ~ Density/ bu. consumption
content/%  size/mm  and rolls Blank (kg'h™) rate/% (grem™) Mechaplcal per ton of
/mm durability/% produc?l
J(kWht")
1 1 1 1 1 852.31 94.74 1.173 97.53 46.53
2 1 2 2 2 875.18 98.02 1.055 98.15 45.72
3 1 3 3 3 940.20 96.70 1.185 98.78 4152
4 2 1 2 3 976.08 95.54 1.021 96.78 42.61
5 2 2 3 1 1060.29 98.29 1.045 97.39 4137
6 2 3 1 2 884.16 95.12 0.947 96.02 4497
7 3 1 3 2 1143.40 95.52 1.137 95.51 35.16
8 3 2 1 3 1016.81 93.48 1.008 92.44 38.74
9 3 3 2 1 1037.05 92.65 0.904 94.60 34.83
kKl 889.23 990.60 917.76 983.22
e K 973.51 984.09 962.77 967.58
Productivity k3 106576 953.80  1047.96  977.70
R 17652 36.79 130.20 15.64
kKl 9649 95.26 94.45 95.22
R KR 9631 96.59 95.40 96.22
Molding rate K3 93.88 94.82 96.84 95.24
R 2.61 1.77 2.39 1.00
Kl 1.14 1.11 1.04 1.04
s K 1.00 1.04 0.99 1.05
Density K3 1.02 1.01 1.12 1.07
R 0.13 0.10 0.13 0.03
kKl 98.15 96.61 95.33 96.51
WU 2N KR 96.73 96.00 96.51 96.56
Mechanical durability 43 94.18 96.47 97.23 96.00
R 3.97 0.61 1.90 0.56
kKl 4459 41.44 43.41 40.91
M= it e AE 2 4298 41.94 41.05 41.95
Energy consumption per
ton of product K 3624 40.44 39.35 40.96
R 8.35 1.50 4.07 1.04

TE: k1 k24 K3 23 IR REg 1 KSR 3 AN BE B AT IS B R: XA k1. k24 k3 PR B S e ME I 7%
Note: k1, k2, k3 is the average of sum which corresponding to one horizontal row of three test data, respectively; R: the difference between the maximum and
minimum values, which corresponding column k1, k2, 3.

x4 AESME EFER)
Table 4 Analysis of variance table (productivity)

71 K L ¥y - . AT IS
Source of variance Freedom Mean square Significance Gifted program
A 2 23386.588 123.9512 F0.05(2,2)=19 ** A
B 2 1156.7324 6.1307 F0.01(2,2)=99 N B,
C 2 13118.581 69.5298 F0.1(2,2)=9 * Cs
e 2 188.67578 F0.2(2,2)=4 N
A 8 N

Ee ORORIER, SRREY, NERRARYE, TR,
Note: ** mean is highly significant, * mean is significant, N mean is not significant, the same as below.
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Table 5 Analysis of variance table (molding rate)

TR e By - o CEAT: R
Source of variance Freedom Mean square Significance Gifted program
A 2 6.3674847 6.5286 F0.05(2,2)=19 N A
B 2 2.552123 2.6167 F0.01(2,2)=99 N
C 2 4.3320562 4.4417 F0.1(2,2)=9 N Cs
e 2 0.9753114 F0.2(2,2)=4 N
LA 8 N
xko6 AENHER CEE
Table 6 Analysis of variance table (density)
TR Al By - o T I3
Source of variance Freedom Mean square Significance Gifted program
A 2 0.0164267 20.3462 F0.05(2,2)=19 * A
B 2 0.0078988 9.78350 F0.01(2,2)=99 N B,
C 2 0.0127011 15.7316 F0.1(2,2)=9 N Cs
e 2 0.0008074 F0.2(2,2)=4 N
Jyill 8
x7 HESHFR IR
Table 7 Analysis of variance table (mechanical durability)
PR FIE By - o WETE e
Source of variance Freedom Mean square Significance Gifted program
A 2 12.12336 42.4747 F0.05(2,2)=19 * Ay
B 2 0.3056068 1.07071 F0.01(2,2)=99 N
C 2 2.7531094 9.6456 F0.1(2,2)=9 N Cs
e 2 0.2854256 F0.2(2,2)=4 N
B 8

2.5 A[EE R E SRR G REFE R 220
XPFIr= A AeRE, HR 3 HH, ARTES
A O = S REREAE ZE R, e AR
1 M 4653 kW-hy/t , & & &R % 9 1
34.83(kW-h)/t, W& A2 33.6%, AR T &2
B AR R BB = 5 B FE SRR, KR 8
LA, AN R T2 S H00 s SRR = i BEFE 1) 52
i) = R 2 5 K3 A>BEAR TR B C > JsURbRL

B, iR 3 hAE T 2S84 6% i
BRI ™ 5 BEFE I S G DL AT %0, AN F T2 S50
B A AsB3Csy RIEIKE R 20%. A5 (] B
2 mm, JROBPRLFE R Hs SR AORE 7 i R 52 i AN
W, WUE T DR A - i U By, it ELBOKE
B4 10~20 mm, B 52 Hs SRBRRFI ™ i GEFE 1
BIRAEGH AsBICy, HAFEZAN T ZSHA
A B 52 W R A A ]

*8 HENMFR (MFmEEF)

Table 8 Analysis of variance table (energy consumption per ton of product)

T R EE By - . BT IS
Source of variance Freedom Mean square Significance Gifted program
A 2 58.88406 57.00936 F0.05(2,2)=19 * As
B 2 1.7542637 1.698413 F0.01(2,2)=99 N
C 2 12.501354 12.10335 F0.1(2,2)=9 N Cs
e 2 1.0328841 F0.2(2,2)=4 N
Syl 8

2.6 RIETIZSHIHBE

TELL B R i LUE 2], BRERNBRIX— T 25
BOCRAT 5 MR AT IIE—AS, #2& Cs i fER
8, FrLMEERRIBR I S AR E 7 2 mm. JEURPRIEE
WHEF= R RS, TR e,
W R BL S 2 S R, BT, JEURRRE S R
Y TP 5, BUEA 10~20 mm.

FOKREXFRIGH 5 MBI AR, B,
BUBRIT APE L W 5 REFE M S #R 21 T R K,
PRI — e, WA RIS RE, SRR

N 20%IN s AR s A BERE S T 5 L8
BIRE 20%I0f, 2B SRR K 20 A1 i 751,
AFRERESAR, FNIXPTIHHRE, FKE 20%K4
Ith, (H2, MIHURELEEE. A HUbn A
VTS, KA 20%00, 23 lias e, it
HUBRIE ANES R, B A HORRL K it 5T Bl
IROIAEM IR 0, AR BRI K, 3k
1M PO FERAC, A U APERAIC. K0
SebrA e, BRI A AR T REREAR, T
XFFEEE . MU AE S BB, wT LR,
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FTLL, {E 5 ANMER A, A SR = 5 R 1)
WE R B~ fe, wf DL AN
PWARHRP T ESHALE, EPEA RS B EYREL,
DUk A T P A I E bR, i, S o - A
F, AT CATE BRI R B 25 5, AERLE S A
Horp zn sy Hopkbe, & mimedi 2, md) i,
AT DUE M8 i R HURRL B B, A RRE L el
Mifke. [FFE, X FAURRIN AP, AT DURYE A [F) 1%
DUEBFAF T ES5ALE, B A RN AT
(O Rk . BRI AP 3= s m kRl s fr, AR
PEAS R FTIEEE 25, B AN [ BB A 84
Kl ISR ST, v LS A S RERERI AR R R,
RN AR — s (0 T ESHA T4,
M, BLIEPEHUMI ANE = 0 L ESHAN T4
F=o FTLA, FEXT BRI B B HLBIRIT 2 1 22k
ANTETRTINE,  Agt R B AL AR F R i BRAE 1)
SR, G/KREUR S 20%, {HE, 7EXF. Bl
BT A SR A B, 3t I BB AR P 2R R 7 i
FELBRMRER, IR A5 7K S8 LR A s IRl 25
FE WU AR R, AHA AR 7= 3 Rl p i
PRGN, OSSR /ME 15%.

T3 DL AR B 20 e SR 25 FiR b 5% 1 (1)
LEE N, AN RE LT A= R e T2
SHANE, WA= R FBFRRERE T R, &
HTESHAE N ABICsr HIEKE 20%. JsUkHRE
FE 10~20 mm. R AIBE 2 mm; SR ALK
W% E, wETZSHAEN ABCy, BIFK
K 15%- JFURPRIE 10~20 mm. FARIAIR 2 mm.
2.7 HHERLE

EERIANEME DL 2 ANt T 2S5 G TRAIE
A, B 20%. SRR 10~20 mm. #5548 R]B
2mm i, 5 AMEbR A3 1 227.57 kg 1k
R 98.86%. B/ 1.159 glem’ s HUHKIT AE 98.26%.
M= (i BEFE 35.97 (KW h)/t; 57K 15%- J5URPRIE 10~
20 mm. AEERIFIER 2 mm B, 355 ANMERR N A2
112635kg/h. BAE 99.02%. % 1.224 g/em’s #l
B AME 99.13%. Wiy FhHEFE 37.14 (kW h)/t, 25770
BT, BAERE T S R AR SR o 4 AR T IR ARG
PRI IZRE AR, MICREHISEr 3, Wi §hE
FERIEHURRL TR CELEG BB R L HL
PR AYE) , BB LSBT 4.

3 & i

DIEASIR K 45 R R W : J5ORPRLEE A 10~20 mm,
AR TE] B50 0 2 mm (K5 100 4 et

2) FIKE I A A R, 15% Bt
B S AR T AT A, BRI, TR,

AT 230 (R e B i BEFERRAIG, (RLIAIST H
Dy SR HRELE L, A HUR LR A
BB ANEAT BT BRAR, MU h 5 KR AR 10%~
20%3E Y, HRYE HURBL AR | BRI LRI A
PRI, AEREIARIME T ZORIOTEOL T, Eitm
FEFATR P AR R AR BE R AE
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Optimization of operating parameters for vertical ring mold straw
briquetting machine

Pang Lisha'?, Meng Haibo®, Zhao Lixin*,Yao Zonglu™*, Tian Yishui', Hou Shulin?
(1. Key Laboratory of the Ministry of Agriculture, Energy Utilization of Agricultural Waste, Chinese Academy of Agricultural
Engineering, Beijing 100125, China; 2. College of Engineer, China Agricultural University, Beijing 100083, China)

Abstract: Corn straw was used as raw material based on the low productivity, low quality of briquette and high
energy consumption due to the operating parameters in the straw briquette production process,, We identified raw
material particle size, moisture content, molding machine clearances between die and rollsas three factors for the
corn straw The impacts of each factor were divided into three levels. Different combinations of the three process
parameters on the productivity, briquetting fuel molding rate, density, mechanical durability and energy
consumption per ton of product were studied in accordance with the biomass solid fuel test method. The test
results were analyzed with variance analysis of orthogonal test. To ensure the test results can be used for real
world production guidance, the orthogonal test results were verified. The results showed that the optimal
combination of process parameters is the raw material particle size of 20-30 mm, the moisture content of 15% and
the clearances between die and rolls of 2 mm for the briquette quality. To increase productivity and reduce energy
consumption per ton of product, the best combinations of process parameters was the raw material particle size of
20-30 mm, the moisture content of 20% and the clearances between die and rolls of 2 mm. Appropriate
combination of process parameters depend on the environment. When forming fuel needs long-range transport, it
requires high mechanical durability. The process parameter combinations were achieved as raw material particle
size of 10-20mm, moisture content of 15% and clearances between die and rolls of 2 mm. When there are no
special requirements, the process parameter combinations were treated with particle size of 10-20mm, moisture
content of 20% and clearances between die and rolls of 2 mm. According to quality requirements of briquetting
fuel molding rate, density and mechanical durability, the moisture content of 10% to 20% range, an appropriate
increase in moisture content, were required to improve productivity and reduce energy consumption per ton of
product.

Key words: straw, fuels, optimization, straw briquetting machine, granularity, moisture content, clearances
between die and rolls
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