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An on-line detection method for fluid bed granulation process of Yangwei
Granules based on acoustic emission technology
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Abstract: Objective To establish an on-line detection method for fluid bed granulation process of Yangwei Granules (57 B Ffi)
based on acoustic emission technology. Methods Fluid bed granulation processes of 10 batches of Yangwei Granules were operated
for study. Acoustic emission signals and samples were collected on-line during granulation processes and reference values of moisture
and mean granule size (Dso) were obtained off-line. Partial least-square regression (PLSR) method was used to establish calibration
models between acoustic emission signals and indicators. Results The coefficient of determination (Rp?) for moisture and Dso of
validation set were 0.859 6, 0.834 4 and root mean square error of prediction (RMSEP) were 0.61%, 40.6 pm, respectively. Conclusion
The method using acoustic emission technology can be applied for on-line monitoring of quality indicators in fluid bed granulation
process for Yangwei Granules, which provides technical support for the real-time feedback control of this process.
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acoustic emission signal acquisition system
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Table 1 Analysis results of quality indicators of samples

from different batches

FIKEY% Dso/um
fhix
FEAHL vt ] FEAHL i [
1 22 2.38~11.36 22 16.6~459.2
2 23 2.43~9.29 23 20.8~481.1
3 28 1.98~9.48 28 15.2~450.5
4 26 2.86~10.05 26 16.0~479.7
5 26 2.44~8.42 26 105.6~542.3
6 28 2.08~8.54 28 15.2~425.3
7 27 2.3179.44 25" 86.4~445.5
8 28 2.62~8.65 28 14.3~390.2
9 27 2.10~8.55 27 16.0~495.4
10 28 2.36~7.52 28 19.4~371.5
B ER

*samples are lost
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Fig. 8 Variation trend of Dso and moisture during granulation
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Table 3 Model parameters and performance of each quality indicator
B . RRIESE UraTlE S
B AEbR T TRAE P51
RMSEC R RMSEP Ry
TIKE Y% 10 Center 0.93 0.736 6 0.96 0.648 3
10 SNV +Center 0.50 0.922 8 0.61 0.8596
Dso/pm 6 Center 46.1 0.801 0 40.6 0.8344
6 SNV +Center 45.0 0.8109 72.0 0.478 1




FED 20214E1 8 $52% B2 Chinese Traditional and Herbal Drugs 2021 January Vol. 52 No. 2

= 401 -

AR T S FEA T R ARR I TINE 52 % E W
R 4o ZEE 11 AR, FERRAE TR E R B S
SEAEENEA R, WEE 8 & i EIRIRI
BEH TR, WALMHIFEARG >, FERIESE
FEARIATANLY, SRR TR BE -

N T LA IR, KR 9. 10 REEM
$ 302 AT N E B, SRAFHDRL AN %
RURL & 7K R AT BIRLAR Dso TRINME, W1l 12 Fos
ZE RN, %715 S R R b RORL K

AP BPRAR AR S, (ERR TN E R it —
LTt

B TROIEEPEAACRIEA L, (55 HREM 7S
B RSN P REAF AR RO . H o, REES
FEAIIE P RE  [Fl AR 5 R B SR AR . FESR AL IR
HPRE A P AR o, TR R RS T B
s MECLORIEAR G SRS RO R e — Bk, =
BB R ESE, BEERE. HIK, *HEE
o BOPEI MBS, o BB S OCE B, BULY

*4 WIISEREEFTNESSEE

Table 4 Predicted values and reference values of quality indicators of validation set

Wk e FIKE Y% Dso/pum Wk S FIKE% Dso/pum
RV PV AE RE/% RV PV AE RE/% RV PV AE RE/% RV PV AE RE/%
K9 1 252 1.64 0.88 349 16.0 1024 86.5 542.3[#t¥k10 1 3.8 332 048 127 194 1209 101.5 522.6
2 7.04 5.18 1.86 264 1283 1192 9.1 7.1 2 671 534 137 204 80.4 128.1 47.7 59.4
3 855772083 97 1692 1602 9.0 53 3 7.52 7.08 044 59 160.0 200.6 40.6 254
4 792833041 52 22272212 15 07 4 722770 048 6.6 1602 2124 522 326
5 7.08 7.64 0.56 7.9 237.6 2433 57 24 5 634 6.10 024 3.8 23232359 3.6 1.6
6 6.83 6.54 029 42 247.8 2646 168 6.8 6 61 617 007 1.1 202.9 2234 205 10.1
7 613 644 031 5.1 263.0 2804 174 6.6 7 643 6.76 033 52 21252418 293 138
8 642 631 0.11 1.8 281.5 307.5 260 9.2 8 631 6.87 0.56 8.9 228.8 256.7 27.9 122
9 595572023 3.8 2986 3349 363 122 9 648 575 0.73 112 242.5 279.8 373 154
10 598 579 0.19 3.1 287.8 302.7 149 52 10 635599 036 5.7 2439 273.6 29.7 122
11 6.08 571 037 6.1 3427 3427 0.0 0.0 11 6.07 577 030 5.0 259.3 287.6 283 10.9
12 6.42 696 0.54 8.4 321.5 3543 32.8 102 12 6.46 623 023 3.5 2642 289.9 257 9.7
13 6.47 6.65 0.18 2.9 3212 349.1 279 87 13 6.07 5.68 039 6.4 2654 307.8 424 16.0
14 6.63 6.89 026 3.9 3524 367.5 15.1 43 14 6.84 568 1.16 169 287.0 322.6 356 12.4
15 6.45 721 076 11.8 3213 3264 5.1 1.6 15 6.05 6.58 0.53 8.8 2827 329.6 469 16.6
16 6.65 7.07 0.42 6.4 3669 3662 0.7 0.2 16 6.44 6.09 035 5.4 369.0 348.7 203 5.5
17 624 691 0.67 10.8 388.3 3455 428 11.0 17 634 6.07 027 42 3167 357.7 41.0 129
18 6.94 6.74 020 2.8 4103 3457 64.6 15.7 18 6.4 6250.15 23 305.5 354.6 49.1 16.1
19 6.72 6.54 0.18 2.7 3692 397.5 283 7.7 19 633 620 0.13 2.1 336.1 370.8 347 10.3
20 571 539 032 5.6 413.0 3354 77.6 18.8 20 6.42 6.15 027 42 327.1 3542 27.1 83
21 4.95 442 053 10.6 437.6 360.1 77.5 17.7 21 6.08 625 0.17 2.7 329.1 374.1 450 13.7
22 435 3.88 0.47 109 4239 437.6 13.7 3.2 22 6.055.62 043 7.1 3320 3562 242 7.3
23 325 4.01 0.76 23.4 428.6 456.8 282 6.6 23 4.66 4.15 0.51 109 3448 3467 1.9 0.5
24 258 3.28 0.70 27.1 4092 4562 47.0 11.5 24 42 430 0.10 24 3343 359.8 255 7.6
25 2.1 3.03 0.93 442 3933 496.2 102.9 26.2 25 3.18 3.25 0.07 23 3403 356.6 163 4.8
26 2.66 2.96 030 11.4 4482 464.7 165 3.7 26 272 330 0.58 214 371.5 3583 132 3.6
27 225 3.63 138 61.4 4954 432.5 629 127 27 236 331 095 402 3343 387.0 52.7 15.8
28 254 335 0.81 32.0 3462 358.7 125 3.6

RV. PV. AE. RE M i/"SH Ml TIME . Haxhin 2 FAn iRz

RV, PV, AE and RE represent reference value, predicted value, absolute error and relative error respectively
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Fig. 11 Plots of model predicted values against measured reference values in validation set
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