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Abstract

In this paper, the structural variables and product properties of intercalated melt-blown nonwo-
vens with different combination of process parameters are studied under the condition of fixed
intercalation rate. The optimized polynomial fitting model was established through the variable
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mode, and the relationship between process parameters and structural variables was obtained by
substituting the preprocessed data. The results were made more intuitive by data visualization
and 3D fitting diagram. The sample Pearson correlation coefficient method, Monte Carlo method
and nonlinear programming model are used to obtain the optimal solution of when filtering effi-
ciency. On the basis of meeting the actual production conditions, by using the data after dimen-
sionality elimination and transformed into maximized variables, and substituting them into the
single objective programming model after dimensionality reduction by weighted combination, the
combination of structural parameters can make the filtering efficiency as large as possible and the
filtering resistance as small as possible.
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Figure 1. Relation curve between thickness and hot air velocity
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Figure 2. Relation curve between thickness and receiving distance
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Figure 3. Relationship between process parameters and thickness
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Figure 4. Relationship between process parameters and porosity
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Figure 5. Relationship between porosity and hot air velocity
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Figure 6. Relationship between porosity and receiving distance
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Figure 7. Relationship between improved process parameters and porosity
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Figure 8. Relationship between compression rebound rate and hot air speed
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Figure 9. Relationship between compression rebound rate and receiving distance
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Figure 10. Relationship between process parameters and compression resilience
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Table 1. Correlation coefficient of each index

1 B EEX MR

BRI R R HL JE g 245 ] 7 2 2R FLERH g IEIERH B
J5 R 1 -0.527 0.897 —0.483 -0.795 0.354

JE4R [ 3 2 -0.527 1 -0.324 -0.010 0.498 -0.165
FLBR A 0.897 -0.324 1 -0.401 -0.737 0.279
ORI &S -0.438 -0.010 -0.401 1 0.374 -0.789
oW} -0.795 0.498 -0.737 0.374 1 -0.410
ZEAE 0.354 -0.165 0.279 -0.789 -0.410 1
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Figure 11. Fitting plot of filtration efficiency to thickness and porosity
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Figure 12. Modified fitting diagram of filtration efficiency with thickness and porosity
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AR S B A 7= PR T RSO 250 10~60 em,  #RUXUE E — KT 400~600 (r/min), &MY KEZ
PR AN B X B Y B, MR SRR RISV AN AR 2RV s O R A 21, IR B 64 om,  FUXUGH
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4. BHTHIEBRBR T RYENSHAE
4.1. I BirRBIER AR

M 2 A HEs, AT LU 2 B bR R BT IR A, AR R B AR, SRR AT A
W2 BAR R B G — A A AT IS, R HARI SN A [F], )55 B Hg AT AR dEAL J5 B INAL .
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SERRELS A TG, 7R A P T A Ty TR . ) ISR 25/ F 100 em, #has SR /T 2000
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B, JERE, RARMISEE, LR T, IERCR, FLBRE, ERED NN 2 2o Xas Xas Xs Xer Koo Xs A
IEIERH B SRR W RN A M AR B, T IE R R AT R R O IR KA B, BT DR DB RE A,
R R AL &, 15210 T RIE:
0< y <100
0< y, <2000
0< ;<3
85< y, <100
max { 75, 7}
7, =—2.965-0.01934 7, +0.008278 7, +0.001119 47 +6.383x10°° y, 7, —3.314x10° 42
7, =44.38+1.146 1, +0.05724 5, —0.02061y7 +2.231x10~ y, 7, —3.033x107° 42
%, =—88.53+11.36 4, + 0.06568 7, —0.2802 77 —0.005672 7, 7, +0.001803 4 +9.531x10™° 42 7,
2 = —4.8868, +0.0876 1, +0.017 +0.08 7 —0.001576 4, , + 292.998
7, =68.58+0.2657 7, +0.04236 y, +0.0005143 7 —0.0002235 1, 7, —3.314x10° 52
X =6178-342.2, —7.209y, +3.313y7 +0.481y, v, +0.04939 1, —0.00779 4} 1,

4.2. EVARBRBRE

KA B AR R BRI ENAE, R B bs o8 B0 T AR AL AL BRI BR 2 N 52w Ja 3EA T AL, 7
I SPSS B AFHIEIAS TS RI a0 2 a3 R EER

Table 2. Filtration efficiency regression analysis results
= 2. WIEMERIASIER

LI RR Coef. Std. Err. t P>t [95% Conf. Interval]
B2 2 (cm) —1.441785 0.4509477 -3.20 0.002 -2.34188 —0.5416892
X JE (r/min) —0.047344 0.0151009 -3.14 0.003 —0.077486 -0.0172032
JE 5 (mm) 5.37696 8.345503 0.64 0.522 -11.28073 22.03465
FLIE (%) 5.12051 1.788323 2.86 0.006 1.551002 8.690017
T4 [ 5 22 (%) —3.564837 0.6161515 -5.79 0.000 —4.794681 —2.334994
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Continued
1 JERE 71 (Pa) -0.245913 0.2325403 -1.06 0.294 -0.710065 0.2182393
%S ME(mm/s) -0.084977 0.0103134 -8.24 0.000 -0.1055633 -0.064392
e —9.6394 150.7628 0.06 0.949 —310.5632 291.2844

H [ A 73 45 R A5 B R ik oK
Zs =—1.4418y, —0.04734 1, +5.3769 y, —3.5648 7, —0.2459 7, +5.1205 7, —0.085 7,
X F AT, 132IR? =0.8148, Prob(F)#ik 0, YWHIILT LR, RIS S HAEA
FAR A A W AR R IR R Hd DR R AT RN R . BRI L2 MM SHA S
N 3 i

Table 3. Specific values of each parameter

F 3 BERAMKE

HWER POURGEE JERE LB FE48 B 5 SuRsA W] PO/ FEAM
(cm) (r/min) (mm) (%) (%) (Pa) (%) (mm/s)
17 1104 2.249 95.8 85.1 31.93 98.88 143.9

5. 451

TR Z B RARAE N ZRE, SRR 2 TG HE . HEIR T R E RS, W
ANFHE 1 BARIARN, REIS T 2SS EWE R ML RN, @l ik B se s i,
FIH matlab (¥ cftool T AL HIHI =4GR, BEREGHREMIIR RN HFHRBILR, UHRGHE
FE SRR P& o — MRS, 75— MY RE, JEREFIFLIRZRIE K, 4 ml st 22 )2 2o Ar
NG RNOPEE R

FEAS e S - DURLAS S0 50 UE 73 28R A & IR 20 A0 J5 S SIAEAS B /R M AF DG R AL . FF matlab
SR 6 MEVR SN Z B BRI R, 454 P EANNEARIHLES R T 0 M4it. H SPSS #ff
AILEVE DA 3BT Dy REIEAT 2 ISR LA BE AT AL, 19 RIS AR . ARIE S0 R D VAR IR PE R
BOR RIS 3 24 U EE B 64 om,  HUXGEE A 1608 (r/min) NFF &b b= T2 S 50u R, o)
R RN 99.98%

FEPR TSI P8RRI AT e K HA SR ) R AT Re NI S B G 0T, FEIE R S AN 520 DA S A A 2 A
i R AL B 5, i IR, K2 B AR LR A B A i B AR . 7EEF SPSS Xt 1 %k
PTG, SE HAAMRIRARIERX . BERAREMEEER O, LT ES8AE N
ZERE Y 17 om, #XGEEDY 1104 r/min B, 45 207 5 25 SHUH A N R FE Y 2.249 mm, LBRZEA
95.8%, Ho [ 3Pty 85.1%, ™ il It BE AL IEFH 777y 31.93 Pa, 1 JIEX#H 0y 98.88%, 1% 143.9 mm/s.
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B 1. AR R BAEE
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JEE mm FLBR (%)
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40 800 2.759 96.016 84.794 25.662 49.778 633.039
40 900 3.048 96.934 85.323 26.334 46.950 534.624
40 1000 3.278 96.994 85.572 21.852 41.555 498.196
40 1100 3.422 96.731 85.033 23.529 42.164 467.471
40 1200 3.518 96.799 83.744 23.946 43.509 439.156
35 800 2.403 96.039 86.810 30.999 51.019 423.224
35 900 2.696 96.316 87.296 27.880 47.077 456.940
35 1000 2.922 96.531 87.167 26.657 46.214 469.289
35 1100 3.066 96.423 87.084 22.489 41.887 510.450
35 1200 3.159 95.999 85.714 23.544 41.644 480.616
30 800 2.116 94.953 87.596 36.475 52.517 410.651
30 900 2.397 95.628 88.253 31.952 51.205 409.088
30 1000 2.617 96.417 88.413 30.004 50.224 408.313
30 1100 2.775 96.366 87.359 28.018 46.425 458.490
30 1200 2.855 96.134 86.375 27.903 49.138 421.810
25 800 1.880 94.165 87.486 32.685 52.511 429.574
25 900 2.159 95.259 87.938 32.279 52.752 400.818
25 1000 2.375 95.978 88.318 31.815 51.036 410.554
25 1100 2.515 96.362 87.517 30.580 50.021 424.415
25 1200 2.610 96.105 86.223 28.921 49.507 439.174
20 800 1.700 93.966 86.179 33.441 50.921 470.217
20 900 1.983 95.045 86.915 33.339 52.537 425.211
20 1000 2.183 95.451 86.752 31.460 72.928 409.449
20 1100 2.331 95.751 86.253 30.660 80.929 215.897
20 1200 2.409 95.850 85.172 28.318 82.975 209.305
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