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Abstract: [ Purpose ] To study the compression characteristics of crushed silage corn materials and
solve the problems of high energy consumption and low compression density of silage corn compres-
sion machinery. [ Methods ] Using feeding amount, compression density, and compression speed as
experimental factors, and specific energy consumption, compression time, and maximum compres-
sion force as experimental indicators, a quadratic regression orthogonal experiment was conducted to
analyze the significance of experimental factors, establish a regression model, and optimize the re-
sponse surface of the experimental results. [ Results ] The order of influence on specific energy con-
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sumption among various experimental factors was compression density>feeding amount>compres-

sion speed, the order of influence on compression time was compression speed>compression

density>feeding amount, and the order of influence on maximum compression force was compression

density>compression speed>feeding amount. The optimal factor level combination after response sur-

face optimization was the feeding amount of 0.90 kg, compression density of 550 kg/m’, and com-

pression speed of 245.50 mm/min. [ Conclusion ] The regression model obtained in this study has

small error and high reliability of optimization results, which can be used for selecting process para-

meters for the preparation of silage corn feed and also provide theoretical reference for the design of

silage corn compression equipment.

Keywords: crushed silage corn material; compression characteristics; response surface optimization
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111 R %

FER A N KW CMT6104 112477 Eil 6
BL (& 1) A0 A AT 00 46 %6 8 (K] 2). JTREIR
AL EBETAESECN . TAERE 220V, fikE

J7 10 kN, TJ% 0.4 kW, K5BEiR 2 6 E7E-0.1%~
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Fig. 1 CMT6104 mechanical universal testing machine

TE: LRSREE; 2 W RS, 3. R4 4. B4,
Note: 1. compression base; 2. transparent compression baffle; 3. compres-
sion rod; 4. compression bin.

B2 BHAWNEERE

Fig. 2 Self-made observable compression device
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Fig.3 Crushed silage corn material
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®1 REVFIERIAEERKFR
Tab. 1 Factor level table of quadratic regression
orthogonal test

# factor
7K

level TN /kg FEAR# BE/(kgm”®) R4/ (mm min™)
feeding amount compression density ~ compression speed
-1 0.5 550 100
0 0.7 600 200
1 0.9 650 300

AR AR R AR 0 5 R i 2 AT AR AU AR
g%, MO ST ARED S L REFEY . AR ) R4
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m m

5=

Kb SHEAIFELRERE, Tkg; WRIRAR SR
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W] J37 T8 43 B (Box-Behnken) 42— 25 4 it
BT R A s, SR Z T ROy
FERAUL G DR 22 T W (22 (] A pRAROC R 38 S X
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B B P RAAER R AP A4S, R Box-Behn-  NRUEDLALG SR ZOK A G W ATFEE, %R
ken RS Z IR MU EASIR IG5 BT EE;  BAERZR AP AT 10 IRE IR

%< 2 Box-Behnken X3t A RRLER
Tab.2 Box-Behnken experimental design and results
NSNS

RIS test factors LLAERE/(T kg JEARIN /s KR4 ))/kPa
test serial number 4 3 c specific energy consumption compression time maximum compression force
1 -1 -1 0 30.89 46.10 51.77
2 1 -1 0 27.80 42.00 52.15
3 -1 1 0 44.20 50.70 85.89
4 1 1 0 45.26 49.60 86.04
5 -1 0 -1 37.39 96.90 68.12
6 1 0 -1 31.20 92.30 59.00
7 -1 0 1 41.41 3230 67.74
8 1 0 1 35.65 30.80 72.72
9 0 -1 -1 29.65 87.40 50.33
10 0 1 -1 43.53 99.00 82.66
11 0 -1 1 29.23 29.10 52.32
12 0 1 1 43.79 33.20 87.91
13 0 0 0 32.40 46.90 68.51
14 0 0 0 37.19 46.80 66.61
15 0 0 0 37.09 45.90 68.35
16 0 0 0 37.02 46.70 69.99
17 0 0 0 37.68 46.80 68.66
) RSN TR, A THEM TR 455 B 5 P4 O O Wl B

H(E da), 465 I T RR kL IL ] 4b,

2.1 JEERRME LG 45 R
AT 2.2 SIEATEIE R 57 24

M3 2 mJ1: I TR R R4, L

AEHE . PRSI IR FE 40 1196 L4 51 27,80~ FilJH} Design-Expert 10.0.7 #7113 77
4526 Jkg. 29.10~99.00 5. 50.33~87.91 kPa, £ TEoTAIA:

. g . . S\ . . a. 1t
R R, 5 I TR IR A e 4 B — o § =36.55—1.75A +7.40B+ 1.04C:;

o) FEPEHTIO ; b) R4S ROB IR
Note: a) crushed material juice flows out; b) crushed material after compression.
B4 E4REFERERRLSHEDRHER

Fig. 4 Compression test process and crushed material after compression test
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T =46.53-1.41A+3.49B-31.27C +0.75AB+
0.78AC — 1.87BC +0.68A% + 15.75C*;

P =68.16—0.45A + 16.99B +2.57C — 0.06AB+
3.53AC +0.81BC.

FLRERE . FR4i IR E) AR K R4 1 25 B ae
ZE03 514 0.9090, 0.9997 F10.9910, KIEHE
ZEr 51K 0.8880. 0.9993 F10.9850, 4% [n] )44
A PAEFI/NTF 0.0001, 2231304351 A 0.7247 .

0.1277 F10.2738, FHHAIIRZER /N, L3 A
FRPR A AR 5 SEBR BRARAY , W HEA RG]
SEPE, PR T I0 L REAE . HR AR IS ) R K 4
FihE M EAER R A A .

FH 2% 3 T X L RERERZ M A i 2 i PR R 2
FE4% E (B), MR EMRZ WA 1), %
PRI 20 LU RERE RS2 IR IUY Sl FR 40 % B (B)>MR At
(A> R4 (C)

®3 LEER@AERFESR

Tab. 3 Variance analysis of specific energy consumption regression model

T3 ZEHVR Ji R H 175 % Fld PfH
variance source sum of variances degree of freedom mean square deviation F-value P-value
7 model 471.29 3 157.10 43.26 <0.000 1**
A 24.43 1 24.43 6.73 0.0223*
B 438.23 1 438.23 120.69 <0.000 1**
C 8.63 1 8.63 2.38 0.1471
%% residual error 47.20 13 3.63
SRAUTH misfit term 28.16 9 3.13 0.66 0.7247
4l % pure error 19.05 4 4.76
BAN sum 518.49 16

T ORIREMR R (P<0.01), “* FRIRFENTR 3 (P<0.05); .

Note: “**” indicates an extremely significant impact (P<0.01), “*” indicates a significant impact (P<0.05); the same as below.

15 4 AR . R 4 o) 1) 52 0 A 8 25 g DAL 2R
JEA. B, C. BCHI C, X4} E] R0 2 2% 1

RIZESE AB 1 AC, 45 PRIZE X 15 48 sk 8] (g 52 g it
SR E (C)> B4 (B>MEA R (4),

R4 [ELRTEEVIRE S ES T

Tab.4 Variance analysis of compression time regression model

T3 ZERIR J7 22/ H ¥yJ7 7% FlE PlE
variance source sum of variances degree of freedom mean square deviation F-value P-value
BLA! model 9015.11 8 1126.89 3018.94 <0.000 1**
A 15.96 1 15.96 42.76 0.0002**
B 97.30 1 97.30 260.67 <0.000 1**
C 7825.01 1 7825.01 20963.22 <0.000 1**
AB 2.25 1 2.25 6.03 0.0396*
AC 2.40 1 2.40 6.44 0.0349*
BC 14.06 1 14.06 37.67 0.000 3**
A 1.95 1 1.96 5.21 0.0518
c 1047.90 1 1047.90 2807.33 <0.000 1**
5% % residual error 2.99 8 0.37
SRAUTH misfit term 2.32 4 0.58 3.47 0.1277
4% % pure error 0.67 4 0.17
SR sum 9018.10 16

HIZE 5 Al X KR4 R e AN 2.3 W R A

e B, CHIAC, £ HZEX R AIELE 10052 m i
b 465 5 (B> FR46 S (C>IRAE (4),

P21 ] B A B B T B0, B
SR O T ZENR RN, PR 05 8 0 B8 P
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Tab. 5 Variance analysis of the maximum compressive force regression model
Ti ZERUR Ji A H Hi Yo7 7% Fig PlE
variance source sum of variances degree of freedom mean square deviation F-value P-value
152 model 2416.56 6 402.76 178.22 <0.000 1**
A 1.63 1 1.63 0.72 0.4157
B 2309.62 1 2309.62 1021.99 <0.000 1**
C 52.94 1 52.94 23.43 0.000 7**
AB 0.01 1 0.01 5.83E-003 0.9405
AC 49.70 1 49.70 21.99 0.000 9**
BC 2.66 1 2.66 1.18 0.3037
# 7 residual error 22.60 10 2.66
AT misfit term 16.79 6 2.80 1.93 0.2738
4lii% % pure error 5.81 4 1.45
ST sum 2439.16 16
PR RARFEAR BN SSBEAERI D R Al B b il s Rt rma b mik ik, 2=
N T A7 B A0 S B 0 TR (R 20 M 4 bm i) B 29 SR AR PR WL 36 6.l ad 04
BFE (K 5~6), EABEMESHEERZEEN  BREE IR YRR 00 f R R K4
Xt PRt [a] A2l .28 (K 7). FONMRAL 0.90 kg, [R5 550 kg/m’ . TR 4
M E4E HETE 100~200 mm/min X [E Y, e B 245.50 mm/min, 7ERGE FR KA AT X R
K46 I BER AR RS sl s HIRgid e BRI AR AR o0 ) o LU REFE 27.88 J/kg . R4S
200~300 mm/min X [B] N, 5 KR 46 7 Bl A i 1] 31.67 s, J KR4 T] 53.18 kPa (141 9).
ORI . BEFESEE ORI A 242 BUEIRE
it P 4 0 14 58 AR X B R 44 3 18 52 i HER 7 AT 7RI B AR B R s 46 1 5
B3 (Kl 8), FERZEARFHE R, REFE . TR4AIS A Flfx
2.4 1A RLTE 2 R0 56 E R 5 KRS 1 0 F- 2{E 53 50 g 28.50 J/kg . 32.23 s il
2.4.1 WARIE S HARA 52.32 kPa, XHCOUALASR, FURERE. JEmmtE] Al
MR R, LA 3 MR s bR/ SR OR R AR 1A R AR 22 5000 2.09% . 1.36% FI
JEZEHT [A]/s
compression time
650
. 630 F
o £ ~z
g % if) 610
g2 < =
° ﬁ é 590 |
0.5 =3
=650 570

550 £
0.5

0.6

0.7
WA i /kg
feeding amount

0.8 0.9

El5 RAESEGERENERERENZ BN

%, T 610
% @ i )
€% 08 590 R
%of _' ﬁg&&%&&m
% 097550 AT o
GO«Q
Fig. 5

Interaction effect of feed amount and compression density on the compression time
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Fig. 6 Interaction effect of feed amount and compression speed on the compression time
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Fig. 7 Interaction effect of compression density and compression speed on the compression time
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Fig. 8 Interaction effect of feed amount and compression speed on the maximum compression force

*o6 MUARFMHRE

Tab. 6 Optimization constraint settings

IR % I [ WM R
test factors and indicators optimization objectives minimum value maximum value
MR\ B /kg feeding amount S P in scope 0.50 0.90
JE 459 ¥ /(kg-m ) compression density G P in scope 550 650
JE 483 & /(mm-min~") compression speed JEH K in scope 100 300
L BEHE/(J-kg ") specific energy consumption 5¢/MA minimum value 27.80 45.26
JEZ T [H]/s compression time H/MA minimum value 29.10 99.00
5 K 4 71/kPa maximum compression force t/IME minimum value 50.33 87.91
FEREFE/(T kg ™) JE4fT /s FoK 46 71/kPa
specific energy consumption compression time maximum compression force

Q) 10 p b) 1.0 = ¢) 1.0

0.5 0.5 |

FEA (kg m)
compression density
=)

) 0 ~1.0
-1.0 -05 0 0.5 1.0 -1.0 -05 0 0.5 1.0 -1.0
M Ht/kg
feeding amount

E: a) IWREREDLIL; b) IRAAMIEIEAL; o) oRIR4fifife.

Note: a) optimization of specific energy consumption; b) optimization of compression time; ¢) optimization of maximum compression force.
B9 mESHMMLTIE
Fig. 9 Optimization process for optimal parameters
FURT, XPEFORFEF IO 2 RERETE BRI RS 250 P AP T FOR R
BIZ o BREFSFURS BT ERITE . 5 RREERRZMA TR RE s D5 LT EoK
[T e P 57 R A N 1= % 292 1 | = o ) I (o0 /SR O B S o e & SN S VL I
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Tab. 7 Validation test of optimization results

e . } i B K JE 4 J1/KP
RIE AR ke ) gty POVEAIKP
. . maximum
test specific energy compression .
. . compression
number consumption time
force
1 23.59 32.90 4873
2 24.93 33.63 50.17
3 24.16 32.18 49.75
4 33.97 29.94 58.86
5 3232 30.58 56.42
6 31.95 30.75 57.38
7 25.93 32.23 51.23
8 29.13 35.40 46.82
9 3027 29.88 55.33
10 2834 34.49 48.46
S SSLE
ik 28.50 32.23 52.32

average
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