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Optimization of Forming Parameters on Roller Briquetting
Machine with Plungers

Ning Tingzhou Yu Guosheng Pi Senmiao Chen Zhongjia Yuan Xiangyue
(School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract; To seek for the optimal forming parameters of the roller briquetting machine with plungers and
explore the influence law of the forming parameters on the forming results, sawdust was used as the raw
material, the moisture content, the length to diameter ratio of the forming mold and the spindle speed
were taken as the experimental factors, while the density of the forming particle and the productivity of
the briquetting machine as the experimental indexes, the experimental data was processed and analyzed
by the experiment design method of Design — Expert BBD ( Box — Behnken Design) , and the regression
equations of the experimental factors on the experimental indexes were established. The results showed
that the optimal results of the moisture content of sawdust, the length to diameter ratio of the forming mold
and the spindle speed were 15.5% , 5.3, 47. 25 r/min respectively. On this condition, the density of the
forming particle and the productivity of the briquetting machine can reach 1.17 g/cm’, 75 kg/h,
respectively. The contribution rate of the experimental factors on the forming particle density in the order
from large to small: the length to diameter ratio of the forming mold, the spindle speed, the moisture
content, while on the density of the forming particle; the moisture content, the length to diameter ratio of
the forming mold, the spindle speed. The maximum relative error is 0. 426% between the experimental
value and the predicted value of the density of the forming particle , while it’s 2. 733% on the productivity
of the briquetting machine, so there’s high consistency.

Key words: biomass; sawdust; roller briquetting machine with plungers; forming parameters;
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Fig. 1 Structure diagram of briquetting machine
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Tab.1 Main design parameters of forming machine

SH ik
MR/ (kgeh ) 50 ~ 100
LB HL I kW 7.5
FEZERL 120
FEAL AL 240
H %€ H A2/ mm 10
FifL B A2/ mm 10
FE AR WA R B A%/ mm 225
PB4 [ B AR/ mm 450
FE AR 15 56 145 45
A % 5 4K 90
Vi 46 B4/ mm 5
JRRL R TE B 42/ mm 10
BH R/ % 90
SMER (K x 58 x &) /(mm x mm x mm) 657 4 x 524 x 863
LR i/ kg 1000

P

2.1 KIEER

IS R 3 AR AT 148 K .
2.2 RIEEESNE

Xof % kE 92 20 B 7 4L . SIEMENS MICROMASTER
440 RIAR AT \SC69 — 02 7K 43R I 52 A% i bs
R .DT300A # i T K57 TCS — 100 #R G MHIT S T
A L 7 B RS I 2 B
2.3 RKWHZE
2.3.1  pUAUAL AR L 45

55 LA SRR [, 32 PR AR FH A A (A A0 i 78 A
HAAA W TR, A T R H R i 5 4, AR K
Bt , 2 T3 AR i RS L LR AR HE A3 ]
$15.0.5.25.5.5,
2.3.2 FAKEMEEH

MR AR R 50 22 HE 8 B AR S 4 AR AR —
Fb ) 0 K 43 AT R L R S K R A ) R AR
10% 15% \20% , il J5 % b i i — .

FIH DT300A #4 1 K7l 5 SC69 — 02 #4 /K
A3 PRH I AL BT R AL FE R A my B Y
Yook, i AL F] i Oy om, o KRR A SC69 —
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Fig.2 Experimental equipment and instruments
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m, —m,

Y =

x 100% (1)

3 R0 A K kD RS B E A Bk
10. 12% ,15.08% .19.94% ., 5 F ¥ 4l i & 7k A
R 1. 2% 5 BRI TR
2.3.3 GG

BB, HL Bl B A R A SIEMENS
MICROMASTER 440 #4725 i g 24 A2 A 22 1) 7 =X
A7 4 HAUR 43 45 I HE 3 S $447:10,20,30 Hz, i
B BB S 4 4 1l 7E 23. 62 47. 25 70. 87 r/min,
2.4 RIEIEHR

BT ATL AR 7 2 2 48 A AR W 5T [ R TR i % A
AR R P, AL () 7 0 A I AR TR K Rt
18 St 5 B TR ROURE 0K ek % 3 2 i A g L R G 2R
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2.4.1  JREIRUR R

MR i P B AL B 5 R, P R RS A A
TOURE B J5T 4, AR R RO L AN JBORL A9 K B R AR
S TR R AR B B p, i O R

p=m7°=i';‘£l (2)

K m——WOR A, g d— R HTE, cm

l— Wik K ,em  V——JF0RL A BL, em®
2.4.2  IALAE PR

A R E OB B S mim 452 HC— ROURL
HEAFFR A BB AL AR 7 o
m(1l -H)
t(1-0.2)
Krp Q—4 "% kg/h

m———F JORE 5 T i kg

H—— R ROk 55 K, %

——FEIORE S BT s
2.5 AEigit

SR =B R = K7 BBD 50 % it 7 i, AR AH
SESCHR T LD AR B 0 AT AT P T R AR R Tk R

0 =3 600 (3)
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Tab.2 Levels of experimental factors

&K % K& F b4 E/ (remin ")
-1 10 5.0 23.62
0 15 5.25 47.25
1 20 5.5 70. 87

3 RBRERSHH

K] Design — Expert 8. 05b i 4fs 43 A 4K 14 % it
W2 R AT AL B> Hr o IR L HE S AR AR 3
No Xo Xy Xyl 3R & KR U B AR L A
R AR AR 5 Y, (Y, 73 ) 2 s R R, 2 J3E A A
BIRLAE = 5

®3 HBRRHEER
Tab.3 Experimental arrangement and results

BERLRRL AL

WK mAKE KRB R WY, E Y,
¥ X, X, X;
(gem ™) (kg-h™')
1 0 0 0 1.163 75.23
2 0 -1 -1 0.979 58.61
3 -1 1 0 1.132 65.36
4 0 0 0 1. 152 74. 64
5 0 0 0 1.174 77.33
6 1 0 1 1. 009 59. 47
7 0 1 1 1. 153 60. 36
8 1 1 0 1. 136 67.93
9 1 0 -1 1. 027 62.35
10 0 -1 1 0.963 61.33
11 -1 0 1 1. 003 55.72
12 -1 0 -1 1. 034 61.78
13 1 -1 0 0.918 70.28
14 -1 -1 0 0.903 68.71
15 0 0 0 1. 168 73.94
16 0 0 0 1. 145 75.08
17 0 1 -1 1. 158 59. 60
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3.1 EFEAAEMNETL
31,1 pRRURE % BE T IH Oy R

R OR8] 7 FE

Y, = —22.75 +0. 12X, +8.23X, +0.015X, —
2.2x107°X, X, +4.33 x10 "X, X, +7.33 x 10 *X, X, -

3.66 x10 °X; -0.75X; =2.25 x107*'X;  (4)

T e RNk 4 s, R 4 LB,
B p /T 0..000 1, 4507 ] 9 J7 R il 8 2, 2R $UA53L p
4F0.2337(KF 0.05) K@, BB R
BEIEAE R 0.977 TCRT 0.8) ™ BEHIIZ 7 2 5
Bl BAF, 1 R 5 00 16 AR 2 A G OC &
F LA TR A, Ul B2 R S S DR ) R A 2E
2RI AL B TR 0K 5 J8E EA T T
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Tab.4 Variance analysis of density of forming particle

) H B
P30 i A . ¥y F P W
A 0.14 9 0.016 76.85  <0.0001 # %
X, 4.05x107° 1 405x10™° 0.19 0.6733
X, 0.083 1 0.083 397.51  <0.0001
X, 6.125x107* 1 6.125x10°* 2.93  0.1309
XX,  3.05x107° 1 3.025x107° 0.14  0.7151
XXy 4.225x107° 1 4.225x107°  0.20  0.6669
X X5 3.025x10° 1 3.025x107°  0.14  0.7151
X 0.035 1 0.035 168.63  <0.000 1
x; 9.134x107° 1 9.134x107° 43.62  0.0003
X 0.011 1 0.011 51.44  0.0002
e 1466 x107° T 2,094 x107*
KA 9.085x10°* 3 3.028x10°*  2.17  0.2337 AEF
W2 5.512x107 4 1.393 %1074
¥l 0.15 16

31,2 pRAUAILAE R (E]H 5
BB A= 7 2 (0] 9 J7 7
Y, = —1607.56 +3.08X, +590. 48X, +5. 18X, +
0.2X,X, +0.010 6X,X, 0. 13X,X, —
0.15X% =56.23X2 —0. 05X’ (5)
T2 RINGE S i, &S ol Hn, B A
p 4T 0.000 4 4557 [i] ) )y A 5L 1 2k AT p 45
0.081 (KT 0.05) , A &3, Al BHZBL R R* & 1E(H Ky
0.9137(KTF0.8) X KHIZB A G FEEE R AT, il
IR 22/ A R A3 1, U B AR R AT L ke X
Xof A 2 X AL A 7 R T
3.2 ERBERMABIERZWEESN
251 B0 R 5 I 48 AR g STk R gk 6
o MR F ORI HR(E mT LA K T 45 56 TR 2R )
FE AR DTRR R o A5 I 5 BRI 28 0 g 78 A0 s 85 BTk
KM K BN MR A - A L AR b 3 il

FK AR AR PR E O R AL AR 7 AR TR R R
BRI = K R BACAR T | F2 Al
x5 BBNEFEFENN
Tab.5 Variance analysis of productivity of

forming machine

kiR PR HHE By F P ITE
[ 760. 39 9 84.49 19.83 0.0004 %
X, 8.95 1 8.95 2.10 0.1906
X, 4.03 1 4.03 0.95 0.3630
X, 3.73 1 3.73 0.87 0.3808
X, X, 0.25 1 0.25  0.059 0.8155
X, X, 2.53 1 2.53 0.59 0.4663
X, X, 0.96 1 0.96 0.23  0.6494
X2 56.39 1 56.39  13.24 0.0083
X2 52.01 1 52.01 12.21 0.0101
X2 581.76 1 581.76 136.57 <0.0001
5% 29. 82 7 4.26
KT 23.38 3 7.79 4.8 0.0810 A
2 6.44 4 1.61

Js¥:ll 790. 21 16

*6 RIWEARIMXWIERATEHE
Tab.6 Contribution rate of experimental factors

on experimental indexes

IR TUER R AT
XI X2 X3

Y, 0.19 397.51 2.93 X, >X; > X,

Y, 2.10 0.95 0.87 X, >X, > X,

3.3 ZEEMAMKEERHNZ D

T Design — Expert 8. 05b %t 45 43 H7 45 12 £ 1
ARl PR 2R (8] 9 22 AR R 6 156 4 BR Y i Lz T
B, 2 T a] DL H A [m] 1t 56 PR 3R ) 9 52 B AR I I
B A8 bR 5 e KA, O X AR A 2E SRR AL R 2
A A BT $ AR 2O B itk
3.3.1  EKERFRKAR L 56 A B 52

t & 3w LU G, 2 3 A [ AR — K,
B A LR AR L Y 398, ol 2R AR 28 A B
B, AR PR R B (H L S A O 27
T, T A B AR R L K A28 Bl XoF B TR T 2 R TR
3 ORI LA P RN 3, X 5 R 4 RS
HIT 22 e B — 8, Bl IE &, B & KR
(A3 TI0 ok 7R ROURE 2% B RS R L AR 7 3 2 5 BT
N3 SR e & S0 PRINE Uk A R N RPN
RUBLAE PR 052 m . B 3 B YA B K2 R
F5.13, 4 KN 11.5% ~ 18.7% W}, Jig 71 55 25
JERT K 1.1 g/em’ , R HLAE 772 AT 3Kk 72 kg/h,
3.3.2 KA LURR 3 Bl 1O i 50 i A Y 52

AR 4 K H A m & LUE I, YRS
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IF T R 5 B Rk 1. 1 g/em’ R ML AR 7 SR )
ik 70 kg/h,
3.3.3 KA 3 b e s ol a0 45 AR 1) 52 )
MR P S e A v 4 B W] DA Y, 2 L A
HACAR Fo [ R TR HE — K, W1k 5 7K 5008 18R 0k
5 T AR e R S Tl e S T e el X B B2
YRR T YR & KA R A U, YRS
TR X JC R RSURE 25 1) 52 ) T X R BILAE 7 41



HTH

THEI A AR A 2E R BB 2 H Al 213

E T/ (r min 1)

10 12 14 16 18 20
K%
() X, X, 0 B TR 25 B

- 53
g, 2 Ei
5.1 K
J%*/r,ml;;mz%z 50 7
70.87 9=
_ 6142
T
g 51.97
&
1
4252
k2
M 3307
23.62
10 12 14 16 18 20
&K%

(b) 2, X 3 A LAE P 22 R R

PS4 K 3 3 i e 3 o 1 8 45 A 19 22 TR

Fig.5 Effects of moisture content and spindle speed on experiment indexes
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Fig. 6 Optimization results
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AR R 5 E 1,174 g/em’, R BL AR 7 R
75. 1434 kg/h.,

5 XIERIE

2 T B I i A] B K A T T S O
HBKF 5. 5% NI R K AR 5.3 F fliE R
47.25 v/min, K UE BB 2 B0 A0 25 SR 0 Al RE
R FH R 3% 2 05 1 B B S 80 AT 5 ALK, I A )
S e i U 0 (= RS I R R (= R S
o

WL 7 AT LAE R REUR B B B R X
22N 0.426% , W B AL AE 77 3 B KA X iR 22 R
2.733% , it W AR 2k 56 Fir A 7. 1 ol 750 07 2 R R ol 7Y
BILAE 7= 28 1 1] 9 Jy R 02 o] 5 1, ) DAGE o [l 09 o 7
X R 45 SR AT A R

6 it

(1) % 41 A 28 50 n Y AL R P B 2R O Ji A )
W A TS K15, 5% L H.

x7 RBRESHMUEILER
Tab.7 Comparison between experimental value

and predicted value

Y,/ (g em*) Yy M Y,/ (keeh 1) ¥, %
W/ % W/ %

REE BINE wEE BWE
1.176 1174 0170 74.32 751434 1.096
1171 1174 0.256  77.05  75.1434  2.537
1.169 1174 0.426  75.36  75.1434  0.288
1.173 1174 0.085  73.09  75.1434 2.733
1.170 1174 0.341  76.84  75.1434  2.258

KARLE 5.3 ML 47. 25 v/min, FERLERAFT K
HURGORE 2% £ A B LA 7= 3243 ) AT AA 5 1017 g/em”
75 kg/ho HESL B[R]0 5 A ET O Ok f A i AT 2E 2R
TRAIL A TR R, 3 J3E A B R L A 7 R AT TN

(2) 2% 1056 DR 308 o 2R J0RE % 2 119 B ik R R
BRI - BB ARAR LG % | KA %%
T8 DR 2R X TR AL A 7 S BT R R R B/ Dy -
KA R HAAR LY R
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