Modeling and Simulation E# 515K, 2023, 12(1), 534-548 Hans X
Published Online January 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.121050

el Rz T 3 A B UL RS FT AR
EHERBETZEH

T ML A AFHL & FL ZRAT
VLT S B TR B, VTR ha
PRI T BRI RL S TR, YT hi

Wk . 20224F12 300 FHEM: 20234F1H24H; KA H: 20234F1H31H

R

RNRACKEFTRER BB RAL T Z, (REEFHBEMNUFIE, ERTEANE. ACETHERERRBR A RR
HE(ES. BAR. EEEE)TRBRERCEREE. BRN. RELER)NEEAE, HHegRH
RKINEETEE NE /0.1 MPa~0.7 MPa, "B AE225 g~375 g, K4 E50 mm/min~150 mm/min.,
FEMLEEA B, #R#EBox-BenhnkenH WA &R S5 4 H1%, BF RENE R B BAEAXREIER
MM, RNBHEETERNARESR, WA EFRFRER B4 RA T2 24808 R KAE TR
SRNTEE. £RERE: FRENBEPHHERIRFAES > BAR > EAEE, XHaEERm
MERITFAES > BAR > EEEE, ABRKAWEEERINFAIES > EEEE > BAE. R
HRERENSHEHEAN: EF1N0.47 MPa, lBAEN280.98g, E4HEE N91.42 mm/min. HEFREF
5891.60 kg/m3, HAEFEN231.30]/kg, A F140.15 MPa.

X 5in
AR AT, R, TESH

The Response Surface Analysis Method
Optimizes the Process Parameters of Straw
Wall Panel Compression Molding

Hang Yu?, Dongqing Zhong?, Yuxuan Zhu?, Yu GaoZ2, Luming Wang?2"
'School of Mechanical Engineering, Yancheng Institute of Technology, Yancheng Jiangsu

’School of Materials Science and Engineering, Yancheng Institute of Technology, Yancheng Jiangsu

Received: Dec. 30”’, 2022; accepted: Jan. 24th, 2023; published: Jan. 31“, 2023
CEREH .

NEGIH: THL, BRE, KT, mT, B R T L RS AT RS AR A R TSR] RS
2023, 12(1): 534-548. DOI: 10.12677/m0s.2023.121050


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.121050
https://doi.org/10.12677/mos.2023.121050
https://www.hanspub.org/

T %

Abstract

In order to optimize the compression molding process of straw wall panels, promote the utiliza-
tion of building materials of straw, and realize the transformation of waste into treasure. In this
paper, the influence of test factors (pressure, feeding amount, compression speed) on test indica-
tors (wall density, residual force, specific energy consumption) of equipment is explored through
single-factor experiments, and the value range of each factor is determined to be 0.1 MPa~0.7 MPa,
feeding amount 225 g~375 g, and compression speed 50 mm/min~150 mm/min. On this basis,
according to the Box-Benhnken central combinatorial test and response surface analysis method,
the influence of the interaction of various factors on the test index is studied, and the regression
equation prediction model is simulated, so as to optimize and determine the process parameters
of straw wall panel compression molding, and verify the reliability of the optimization results
through experiments. The results show that the primary order of pressure > feeding volume >
compression speed of the influence of each factor on density is pressure feeding volume compres-
sion speed, the primary order of energy consumption is pressure > feeding volume > compression
speed, and the primary and secondary order of influence on residual force is pressure > compres-
sion speed > feeding amount. The optimal combination of parameters was determined by the op-
timum pressure: pressure of 0.47 MPa, feed volume of 280.98 g, and compression speed of 91.42
mm/min. Its density is 891.60 kg/m3, the specific energy consumption is 231.30 J/kg, and the re-
sidual force is 0.15 MPa.
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Hl A AEYIBTREIR . TR EE(1] [2] [3] [4] [5]. (ERSFFRIZEG R 2RV EBUR, BEEAE KRR
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HARBREPIGK, FRAME TEES, REMEFERE L. Costes J.P. [15]. Conti L. [16]. Marques B.5¥
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BRFR R B E =R RS NNET) . BANE, JEFEE ., H8 =R E R bR 5. 5 e i
ANEHN 300 g, E4EH N 100 mm/min, 77475149 0.1 MPa, 0.4 MPa, 0.7 MPa, 1.0 MPa, 1.3 MPa;
SRJGIE € K /7 0.7 MPa, JE4E3E A 100 mm/min, MENE45510 225 ¢, 300, 375g, 450 g, 525g;
J&i [ %€ JE 77 0.7 MPa, M2\ 24 300 g, JE4 3 & 43 )24 50 mm/min, 100 mm/min, 150 mm/min, 200 mm/min,
250 mm/min.

2.3.5. MRz mEisit
DLERL IR 22 5230 N AT H2, 4l Box-Behnken Design WIS I TH IR EE, EHUE 77, MENE, RAAHE —
HEMENRIE AR, B, R/, WREFEME R . W5 Z= 5K ERE w1,

Table 1. Test factors and levels

% 1. RBEERAT

H& E7 BAE E453E

K5 (MPa) (2) (mm/min)
-1 ) 0.1 225 50
0 0.4 300 100
1 0.7 375 150

3. ERESH
3.1. FEFEREER

3.1.1. EAXEIRIRE R

mPE 1 AR, HSMENECN 300 g, JEZEHEE N 100 mm/min, JE 774354 0.1 MPa, 0.4 MPa, 0.7 MPa,
1.0 MPa, 1.3 MPa v}, B 703N, %AW, 7£/&77E%)0.7 MPa 5, MALSE., XZHT
YIRHE R VER T “RAB B B N3 “ R EH B, HoE SRS & b i s kg, A
o By RS B ) S g AR e . BEE R UGN, WS L RRRE ARG I, LURRARER
e (R 2% 2 B A AR 0 R 7, RSRAE R 107 S R A R AR Rk T i, E 1 1 RN R AR Rk
Jii—E, HJJEm, YRR R, KRR IR, PrLA & I ELREFESG N . B JIBEAE
JIRIE N 8 Bk, 1K= KPR 2 A SR 8K, R IR b st TR, PRI 4 R
IRV AR AT, TR D8RO, BRIk . 7R R 46 fa B R 70 SR SR bR SRR FE 0, Rk, BUE J3 K
PR 0.1 MPa~0.7 MPa.

3.1.2. RAEX LI HRIRAYF I
2 /TR, 24K /708 0.7 MPa, JE4RH# N 100 mm/min, FEANE 5N 225 g, 300 g, 375 g, 450
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WA TR, HRR i/ BEERA RN KBS K LR 2 T RS, R AR IS kiR it
RSSO T, BERRANERRR, YWRBREE K, Bk RN, EHLAEFE TR MEERAR
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AR B, DRI P S AT AR 5 AR T AR B o AR RS ZE A, A AT RSB R 0 B AT FA St 3 H A — B (33%
FeAT), ATCMSH, A5 AR RTAR AR A BN RS AT S ACCE DR AR [R] I TR P9 L B 8 o i thiB . fEMR
NEIEF] 375 g Jad AR IR AR EE R, Rk, BORANEIACHER Y 225 g~375 g.
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Figure 1. Effect of pressure on test indicators
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Figure 2. Effect of feeding amount on test indicators
2. IRAEXRXIEHEFREI ST

3.1.3. [E45iRE 3 HA L IR FRAY R0
P 3 BT %0, 24 7778 0.7 MPa, BN &M 300 g, R 4638 % 23 5124 50 mm/min, 100 mm/min, 150 mm/min,
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200 mm/min, 250 mm/min I, B 4558 B AR AN, 5RO B E LI . WAL YRR AS 2 A L
IR AR AZ, FEFT B S IR R VA H R A R rh B A SRR AR, SRR, HAR A
TN B RRIRAS ORI . AEFVEATEARRI R D0 T, BEAE IR 4 S (K, BY DI 3 i (R st 1k
TEAZEWIE KR, T BRI G ORI YR I 4 7 A B A AT RORE PR AR T . DRI, e 4 K
I, SEIS YR TR R 72, ORI R o BEAE TR AR R K,  LUREFERRMR, X8l T IR 4eid
FERGR, VIRHIASIE B, BB Thg b, I LEBEFEFRAR. BEE R4 dE AR, ARt E
BRARA S, 3K Hh T R BROR, WIARBRAR N IR, 2k A (RIS 1] R B,  H 25 OB AR L7 ok
RIS X B 150 mm/min Jai S AR PR O MRE EE R/, BRI, O 26 3 52 1) 90 L A 50 mm/min~150

mm/min.

0.24

2

.1 0.22

;/

7

o
\ 0.20
NN

%

7

471 (MPa)

i

//{// /:

////

S oas

77

7
77

N
N

150 200 = 25(;\
JE4E 3 & (mm/min)

Figure 3. Effect of compression speed on test indicators
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Table 2. Response surface experimental design and results

2. MEEREEITRER
S EAoMmPa)  MAER/(g EHEEE/(mm/min)  FE/(kgm’) HLEEFE/JI/kg) FRARTI/(MPa)

1 0.1 225 100 742.6 185.6 0.046
2 0.4 225 150 894.6 244.1 0.121
3 0.7 300 150 923.4 2423 0.212
4 0.1 300 150 680.6 80.36 0.021
5 0.4 300 100 894.5 150.4 0.126
6 0.4 300 100 857.1 154.3 0.125
7 0.4 300 100 881.6 172.6 0.118
8 0.7 300 50 1112.0 261.6 0.231
9 0.4 375 150 726.3 98.8 0.117

it
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10 0.1 300 50 772.3 153.3 0.041
11 0.4 375 50 890.7 187.3 0.131
12 0.4 300 150 880.6 155.6 0.129
13 0.4 005 50 924.2 265.6 0.14
14 0.4 300 100 874.6 161.3 0.123
15 0.1 375 100 650.2 523 0.033
16 0.7 375 100 901.3 241.3 0.21
17 0.7 225 100 1090 295.5 0.216

3.2.1. BEEEPERNSHESHR
BRI Fn K, B p MDA R & AR RA R, 383 Design Expert 504 4 #8044
HRIE S5 RS TR AR M A T R LA AT BB p [ VABERL b ) - TS B DL RSB (75 2 5y T,
KA 3 fios:
P =877.68+147.624—-60.36B —59.29C —24.084B —24.23AC
—33.70BC —9.26 4% —22.40B* +3.67C>

KQ)H: A NKET], MPa; B AMAE, g5 CHE4THEE, mm/min.

3

Table 3. Analysis of variance for density regression models

3. BERERENBESR

75 ERIR L B hE b2’y F1& P&

it 243 x10° 9 2.70 x 10* 75.97 <0.0001

1.74 x 10° 1 1.74 x 10° 489.73 <0.0001

291 1 291 x 10* 81.87 <0.0001

2.81 x 10* 1 2.81 x 10* 78.99 <0.0001

AB 2.32 % 10° 1 2.32 % 10° 6.51 0.0380

AC 2.35 x 10° 1 2.35 x 10° 6.60 0.0371

BC 4.54 x10° 1 4.54 x10° 12.76 0.0091

A? 360.73 1 360.73 1.01 0.3476

B 211 x10° 1 211 x10° 5.94 0.0450

c 56.60 1 56.60 0.16 0.7020

I 1.75 x 10° 3 583.94 3.16 0.1480
R 740.16 4 185.04

SR 2.46 x 10° 16

¥E: P<0.01 NREZE, P<0.05 ABE.

2 3 el s, A 4. B, C B P EI/NT 0.0001, BIENE A7 W E A 4 38 8 5 RS AT 5 AR
JE 45 R 5 55 FE R N B35, AB. AC. BC [ P EI/NT 0.05, 4014 B2 B9A8 BAE R X A5 FT RS R
JE 45 B 25 B s 2, AR P E R T 0.05, BTN LI R AR RSN 2 .l b
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Figure 4. Relationship curve between actual density value and predicted value under experimental conditions
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Figure 5. Effect of pressure and feed volume interaction on density
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Figure 6. Effect of pressure and compression speed interaction on density

6. ENSELREZEERXNEEBNFE

2% /(kg/m)

949.0
924.6
900.2
875.8
851.4
827.0
802.6
778.2
753.8
729.4
705.0

Figure 7. Effect of feed amount and compression speed interaction on density

7. RANESE4ERE X EERANEERIF M

M 5~[&] 7 PRl LTS AR BT 90 B A [ SRR A A i KB . RN 40k B2 58 LA I S AR
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ZHAFARRZE . 57745 IS a8 B A HA R T SLAR B i 2 e P22, B I S8 AT R i AW

3.2.2. LLEEREIABRBSHENH

FRIG S Fon k0, LURERE o R RNEREANB R & AR RIE 72, 3@ 3T Design Expert 4 43 HT4K
ARG 45 5 R AR B 5 AR (UL A TS B ELRERE o [ IR o 1) % TS R UL KB 1) 7 225047
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0=194.80+71.514-52.11B-46.04C -10.754B-17.54C

4
—21.44BC —23.644%> —3.71B* +24.94C* @

Table 4. Analysis of variance compared to energy regression model

= 4 LLREREARBI HFE D

T3 ZRIR RL! HHE ¥375 F & P1E

R 87,885.71 9 9765.08 172.53 <0.0001
A 40,903.72 1 40,903.72 722.67 <0.0001
B 21,721.53 1 21,721.53 383.77 <0.0001
C 16,955.61 1 16,955.61 299.57 <0.0001
AB 462.25 1 462.25 8.17 0.0244
AC 1225.00 1 1225.00 21.64 0.0023
BC 1837.84 1 1837.84 32.47 0.0007
A? 2352.35 1 2352.35 41.56 0.0004
B? 57.84 1 57.84 1.02 0.3457
(o 396.20 1 2619.70 46.28 0.0003

RAUT 309.95 3 103.32
WRE 86.25 4 21.56 479 0.0821
s ¥l 8828.91 16

¥E: P<0.01 NREZE, P<0.05 ABE.

HE 4 a0 fralsn, A 4. B. C I P HI/NT 0.0001, RIIE /7 MR BRI 4658 5 5 R 48 T2
SER A % LUREREMIRE AR 23, 4B AC. BC ¥ P {E3/NT 0.05, W] %R1%% R 2 1058 BLAE F 6 46 T
SR G A LRERERI R R, R P KT 0.05, RTAIKRHLIUN bR RSN R . B H
BRI 4 B, C 1) FAE P A% XS U REFESZ I 1) F T MR 77 > WRANE > R4iHE .

IR 0L e RBUE E] 0.9955, ARG IR H] 0.9897, A7 REA 3.88%, Ui B AR 51k
WA RS S . I 8 AL, FIME S5 Sl E R A — 8, WA R ZE /)N, RS AT F T Fi0il &
% 5E R SE L2 ELRERE A AL I o

MR 51U 77 R4 e 2T 20 B L, L] 8~ 10,

M O~ 11 Bl DLE Y, A2 BT R 90 L Y [e] DR At AP A e KB o RN R e 4k 52 52 B AR R AL
PR 26 A B0, IX U B 3 B A8 EAR O O R o R D M ON B3 A FH ST AR P il 2 B, 35 B
LHAERA S . 5 He i FE A8 BAR F S AR B 2 b P42, 1l B 25 A8 BLAE R AN A
3.23. RANEEFERSHSESHR

ARG 45 SR v 0, FRAR T F AR B BB R A R R R )9 7 F2, dlid Design Expert £4 3B 44 Hisk
B g 5 2otk B A T R PG rT AR B GRAR ) F DB A (1 % IUSH L AR AL 05 22 3 i, i =(5) ik
5 Ffis:

F=0.13+0.0914-4x10°B-9x10°C 5)

% 5 ol dn, AR 4. C 1 P {EL/NT 0.0001, W] K1 770 46 9 6k R AT 55 AR 48 8L i
P ERER AR JIMRE A oN R 3, B 10 P {E/NT 0.05, AR SRS FT RS AR R4 i I 3R 5R AR T
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Figure 8. Relationship curve between actual value and predicted value of specific energy consumption under test conditions
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Figure 9. Pressure and feed volume interaction compared to the effect of energy consumption
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Figure 10. Pressure and compression speed interaction compared to the effect of energy consumption
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Figure 11. Interaction between feed volume and compression speed compared to the effect of energy consumption

11. RAESEREEZEIERX L aEF A0

Table 5. Analysis of variance for residual force regression model

5. BREANEVAERMHFEN

HERIR F5H EHE HHE F & P1E
R 0.067 3 0.067 1109.54 <0.0001
0.066 1 0.066 3290.07 <0.0001
1.28 x 1074 1 1.28 x 1074 6.36 0.0255
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Figure 12. Relationship curve between actual and predicted residual force under test conditions
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Table 6. Optimizing constraint settings

6. MUARFMHRE

REFERKIER RAASE D B/ME BRE
JE 3/(MPa) Y A 0.1 0.7
N H/(g) Ja P 225 375
JE 4533 5 /(mm/min) Yl 50 150
2 /(kg/m®) =N 850 1112
LLBERE/(J/kg) /M 55.6 324.6
5542 71/(MPa) e/ ME 0.021 0.231
4. &g
RS T B R 2 ARG &G G i N T A A R AT AR RS R R 1 T S B T i, Bk
R

1) BRI, DI RS T e BEREAR IR AR v di by, RV, MRANE . K4
S AR R TR, R A R, BRI AR bR 5 T RO R, BEE PR R AR
TR/, Tl s 246 P PR 38 KT /) o

2) MRAE AR FARI SR, AT WA N M 45 31 1 RS B 2K R e 1 [ S A AR DR 5 PR EON
WIS TEAR AU 5 V. G RRY], S IRIEN S B M BT s T > AR > S48, X
RERESCMA I ERIBF AR > RNE > RATHRE, SRR I ERIRF AE S > B4 E >
A

il

o

3) B SEMAH NS HA SN K18 0.47 MPa, WEAEN 280.98 g, EARHE N 91.42
mm/min. 3N 891.60 kg/m?®, HLAEFE AN 231.30 J/kg, ¥4 /10N 0.15 MPa. BT BAERIE £, 153
(52 B SK F AR ST AR B0 3 2 A B AT Y

SE

[1] Kumar, A., Nayak, A.K., Sharma, S., ef al. (2022) Recycling of Rice Straw—A Sustainable Approach for Ensuring
Environmental Quality and Economic Security: A Review. Pedosphere. https://doi.org/10.1016/j.pedsph.2022.06.036

[2] Yin, P., Zhang, L., Jiang, Y., et al. (2020) Recycling of Waste Straw in Sorghum for Preparation of Biochar/(Fe, Ni)
Hybrid Aimed at Significant Electromagnetic Absorbing of Low-Frequency Band. Journal of Materials Research and
Technology, 9, 14212-14222. https://doi.org/10.1016/j.jmrt.2020.10.034

[31 Zhang, X., Gao, B., Zhao, S., ef al. (2020) Optimization of a “Coal-Like” Pelletization Technique Based on the Sustain-
able Biomass Fuel of Hydrothermal Carbonization of Wheat Straw. Journal of Cleaner Production, 242, Article ID:
118426. https://doi.org/10.1016/j.jclepro.2019.118426

[4] Al-Da’asen, A., Al-Harahsheh, A., Al-Hwaiti, M., ef al. (2022) Biogas Production via Anaerobic Codigestion of Chem-
ically Treated Wheat Straw with Sewage Sludge or Cow Manure. Biomass Conversion and Biorefinery.
https://doi.org/10.1007/s13399-022-02760-2

[S1 Romero, T., Pérez-Baena, 1., Larsen, T., ef al. (2020) Inclusion of Lemon Leaves and Rice Straw into Compound Feed
and Its Effect on Nutrient Balance, Milk Yield, and Methane Emissions in Dairy Goats. Journal of Dairy Science, 103,
6178-6189. https://doi.org/10.3168/jds.2020-18168

N

DOI: 10.12677/m0s.2023.121050 547 e RSE TR


https://doi.org/10.12677/mos.2023.121050
https://doi.org/10.1016/j.pedsph.2022.06.036
https://doi.org/10.1016/j.jmrt.2020.10.034
https://doi.org/10.1016/j.jclepro.2019.118426
https://doi.org/10.1007/s13399-022-02760-2
https://doi.org/10.3168/jds.2020-18168

T E

[6]

(7]

(8]
9]
[10]

[11]

[12]

[13]

[14]
[15]

Wang, S., Feng, H., Zou, B, ef al. (2022) Correlation between Biomass Burning and Air Pollution in China: Spatial He-
terogeneity and Corresponding Factors. Global and Planetary Change, 213, Article ID: 103823.
https://doi.org/10.1016/j.gloplacha.2022.103823

Zhou, Y., Trabelsi, A. and El Mankibi, M. (2022) A Review on the Properties of Straw Insulation for Buildings. Con-
struction and Building Materials, 330, Article ID: 127215. https://doi.org/10.1016/j.conbuildmat.2022.127215

KI5, KR, FKom. WhAEREAT A 4EIREE T A PERERT T[], TR T 5KV, 2012(12): 51-53.

BE, BREN, TAEE, 4. R4 an 28 5 R E LI 2 RERT 7T [T). JREEL, 2015(2): 114-117.
M, XURAE, SRR, 5. IR EIMCEREFT A 4R AR L [0]. P EAR R SR, 2019, 21(6):
117-123.

Wang, J., Wang, S., Zuo, Y., et al. (2021) Construction of Compatible Interface of Straw/Magnesium Oxychloride
Lightweight Composites by Coupling Agents. Construction and Building Materials, 281, Article ID: 122600.
https://doi.org/10.1016/j.conbuildmat.2021.122600

Kozlowski, M., Kadela, M. and Gwozdz-Lason, M. (2016) Numerical Fracture Analysis of Foamed Concrete Beam
Using XFEM Method. 4Applied Mechanics and Materials, Vol. 837, 183-186.
https://doi.org/10.4028/www.scientific.net/ AMM.837.183

XNRAE, Z7%, WP, & ISR K ARG T R E RIS D). W AR K A (H AR B EAR), 2018, 44(3):
330-333.

B e, i, BEE, % BRI EER T[], RS TR 2B 244k, 2008, 25(2): 1-6.

Pereira, P.H.F., Rosa, M.F., Cioffi, M.O.H., et al. (2015) Vegetal Fibers in Polymeric Composites: A Review. Polime-
ros, 25, 9-22. https://doi.org/10.1590/0104-1428.1722

Pickering, K.L. (2008) Properties and Performance of Natural-Fibre Composites. Woodhead Publishing Limited, Boca
Raton. https://doi.org/10.1201/9781439832141

Rowell, R.M. and Stout, H.P. (2007) Jute and Kenaf. In: Handbook of Fiber Chemistry, CRC/Taylor & Francis, Boca
Raton, International Fiber Science and Technology Series No. 16, 409-456.
https://doi.org/10.1201/9781420015270.ch7

Sathishkumar, T.P., Navaneethakrishnan, P., Shankar, S., ef al. (2013) Characterization of Natural Fiber and Compo-
sites—A Review. Journal of Reinforced Plastics and Composites, 32, 1457-1476.
https://doi.org/10.1177/0731684413495322

John, V.M., Cincotto, M.A., Sjostrom, C., et al. (2005) Durability of Slag Mortar Reinforced with Coconut Fibre. Ce-
ment and Concrete Composites, 27, 565-574. https://doi.org/10.1016/j.cemconcomp.2004.09.007

DOI: 10.12677/m0s.2023.121050 548 e RSE TR


https://doi.org/10.12677/mos.2023.121050
https://doi.org/10.1016/j.gloplacha.2022.103823
https://doi.org/10.1016/j.conbuildmat.2022.127215
https://doi.org/10.1016/j.conbuildmat.2021.122600
https://doi.org/10.4028/www.scientific.net/AMM.837.183
https://doi.org/10.1590/0104-1428.1722
https://doi.org/10.1201/9781439832141
https://doi.org/10.1201/9781420015270.ch7
https://doi.org/10.1177/0731684413495322
https://doi.org/10.1016/j.cemconcomp.2004.09.007

	响应面分析法优化秸秆墙板压缩成型工艺参数
	摘  要
	关键词
	The Response Surface Analysis Method Optimizes the Process Parameters of Straw Wall Panel Compression Molding
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 试验材料
	2.2. 试验设备
	2.3. 试验方法
	2.3.1. 样本的制备
	2.3.2. 制板拌合物压缩试验
	2.3.3. 试验指标
	2.3.4. 单因素试验
	2.3.5. 响应面设计


	3. 结果与分析
	3.1. 单因素试验结果
	3.1.1. 压力对试验指标的影响
	3.1.2. 喂入量对实验指标的影响
	3.1.3. 压缩速度对试验指标的影响

	3.2. 响应面分析法优化试验结果及分析
	3.2.1. 密度回归模型与方差分析
	3.2.2. 比能耗回归模型与方差分析
	3.2.3. 残余力回归模型与方差分析

	3.3. 优化工艺参数及试验验证
	3.3.1. 参数优化
	3.3.2. 试验验证


	4. 结论
	参考文献

