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Finite element analysis of box grid magnetic iron-separator and its
application in milk powder production
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Abstract: Objective: The optimal design scheme of box grid
magnetic iron-separator in milk powder production process was
explored. Methods: In this study, the working principle of the

box grid magnetic iron-separator was explored by using the finite
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element simulation analysis method under real production
conditions in a fully simulated milk powder plant. Through the
single factor test, the effects of material drop height, the type of
metal foreign matter, the field strength, and the net distance of
the magnetic bar on the effective interception rate of the box grid
magnetic iron-separator were explored, and the design solution
was optimized by using matrix analysis. Results: Assuming that
the minimum acceptable standard is an effective interception rate
greater than 80% for cast iron, 304 stainless steel and 316
stainless steel, the critical design conditions are as follows:
D When the magnetic field strength of the magnetic bar is 1.0 T,
the drop height should be less than 100 mm, the number of
layers of the magnetic bar should be greater than or equal to 6,
and the clearance of the bar magnet is 25 mm. @ When the
magnetic field strength of the magnetic bar is 1.4 T, if the falling
height of the material is less than 100 mm, the number of layers
of the magnetic bar should be greater than or equal to 4, and the
clearance of the bar magnet is 25 mm; If the falling height of the
material is between 100 and 300 mm, then the number of
magnetic rod layers should be greater than 6, and the clearance of
the bar magnet is 25 mm. Conclusion: The research results have
industrial application value for milk powder and other powdered
food materials, such as protein-based raw materials, powdered
fats and oils, starch, food additives, etc.

Keywords: box grid magnetic iron-separator; milk powder; finite

element analysis; design scheme; interception rate
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Figure 1 Minimum complete monomer of the magnetic

iron-separator
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Figure 3 Box grid magnetic iron-separator
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Figure 4 Schematic diagram of bridging test
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Figure 5 Schematic diagram of magnetic bar

clear distance
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Figure 6 Finite element analysis model
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Figure 8 Magnetic flux distribution inside the

magnetic rod
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Figure 9 Magnetic flux distribution vector diagram
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Figure 10  Unilateral saturated adsorption diagram
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Figure 11  The effects of drop height on interception rate
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Figure 12 The effects of metal type on interception rate
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Figure 13 The effects of magnetic field strength on

interception rate
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Figure 14  The effects of clearance of the bar magnet

on interception rate
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Milk powder bridge diagram

A 15
Figure 15
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Table 1 The matrix analysis table of design reference
- PR/ Y
gy o 0T AT
B /mm
1~2 2 1~4 2 1~6 2 1~2 2 1~4 2 1~6 2
100 98.5+0.25  99.340.24  99.54+0.25  99.34+0.22  99.8+0.14  100.040.00
300 94.040.17  97.54+0.21  98.0+0.26  99.24+0.13  99.8+0.19  100.040.00
PR
500 93.540.23  97.040.39  97.54+0.42  97.54+0.19  98.5+0.13  99.040.19
700 93.040.34  97.040.31  97.54+0.46  93.54+0.11  94.5+0.17  95.040.19
100 59.940.28  82.540.24  91.44+0.31  72.54+0.09  85.0+0.25 89.6+0.27
304 F 4 4 300 51.040.29  77.040.30  89.040.34  68.04+0.32  88.9+0.41 96.8+0.47
)8 500 44.0£0.34  75.0+0.42  86.5+0.56  57.040.33  76.0-£0.49 85.540.52
700 42.940.41  66.7+0.47  78.4+0.51  43.240.26  68.6--0.39 82.2+0.46
100 44.0£0.37  68.5+0.39  80.5+0.43  56.5+0.29  80.1+0.37 81.9+0.41
316 F 4 4 300 40.040.55  65.140.61  78.140.66  43.040.34  71.040.51 80.24-0.48
e 500 37.540.64  62.6£0.68  75.14£0.64  39.740.41  64.240.49 76.9740.59
700 36.24:0.81  61.4+0.86  74.140.62  33.54+0.54  63.0%0.68 76.040.71

t BEEE 0.2 mm X< 0.2 mmX<0.2 mm;304 AEMEE)E 0.1 mm X 0.2 mmX0.4 mm;316 ANEEMNHEE 0.1 mm>0.2 mmX0.4 mm,

109



110

RREES5E

314 T B, T 9555 <100 mm, MREHEE$ =4 2
100 m<<¥B T 7% 5 B <<300 mm, M EEHE 2 5=6 2.
3 e

BT A BRIC 0T FL AT BRI LR T AT T A B
BRAR TAE R B A ROt 78 58 AR T B9 A=
ZFTF 3 B N R B e A A L A SRR R
01 452 32 bR R X 85 4k 0304 NGB 316 A4S RR:
BEE =800, WG ST &0 . © Y wi iR u R g
1.0 T B, F @ <100 mm. (EHEER =6 2. 4B
25 mm, @ SRR IE R 1.4 T i, Wy kT %
<100 mm, W @GR 28 =4 2, G BE 25 mm; 40
100 m<<#k} F 7% 5 BE<<300 mm, W REHE 2B =6 2. 15
25 mm,

W FT LA T i 0 32 A o A A M k2
FE RN AT b B 92 B 308 R | 2 3 % ) R A AR 42 D S
Pt O B A TR . ] Ak XoF G A A SRR £ S kL L 9
B ARIER B AR TR LB R IR AL B A Tl
S FH A1

J5 AT 45 B T IR SCHO R BE AL DSC 22 B4 I 4%
4 AR SER R AR R R IR B4R | B4 S B B 55 AR A
X BRI .

5% 3Lk

1] F &K & 0B R R R S E AR PTG B A A
(HACCP) 1k Z 2Ll i A2 7= 4l 2R - GB/T 27342—2009[S]. b
AU o bR S RRAE, 2000: 2.
General Administration of Quality Supervision. Hazard analysis
and critical control point (HACCP) system requirements for dairy
producers: GB/T 27342—2009[S]. Beijing: China Standard Press,
2009: 2.

[2] AN, AR A A R S R I R S B D] Sk Y
Sl R R, 2014 22-25.
ZHOU Y H. Design of metal detector system applied on food
production[D]. Baotou: Inner Mongolia University of Science and
Technology, 2014: 22-25.

[3] 2850, 0 4 1H S BOUR R b BB (UBDR S (0], P e
HAT, 2018(9): 76-77.
LI Y. Hundreds of consumers complained about black particles in
milk powder[J]. China Quality Miles, 2018(9): 76-77.

[4] R YE A . A 5 PR PR 0l R 3 o v B 01 5 W 7l 3 R 1 I e (D). £
i P, 2016(1): 36-38.
CHEN N X. Abbott has been repeatedly exposed to the market sales
of suspected foreign bodies in milk powder, but it is still applauded[J].
Food Industry, 2016(1): 36-38.

5] 1 A 5. G R B R A AR VR B A EE R BB (0] v T
AT, 2013(8): 42.

SU X Q. Intensive complaints about Mead Johnson's milk powder

BE#liE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING BE

(8] 2= k. R k4% 19 70 2 | N

25583 | 2023 1 A | RAEHM

are suspected of having major hidden dangers[J]. China Quality
Miles, 2013(8): 42.

(6] Hh Bt i 7 AT VR IR WhBy BEUR B TH I 2 R L. b R R
73 HAT, 2013(5): 38-39.
China Quality Miles Complaint Department. Rising milk powder
complaints involve multiple brands[J]. China Quality Miles, 2013
(5): 38-39.

(7] [ BT 3 AT VR AR B 0 Wk S8 R AR L £ i AN W )
RA[). v B4 T BLAT, 2013(3): 36-37.
China Quality Miles Complaint Department. The imported milk
powder "Meisuliaer"
China Quality Miles, 2013(3): 36-37.

FHA B0 L B % e J7 1) [J]. B, 2010

has unknown problems in many places[J].

(1D): 40-41.

LI J. Classification, application and development direction of

ironremovers[J]. Ceramics, 2010(11): 40-41.
[9] EARIR, L & B #BR Bk S AR

B, 2021(4): 31-36.

YUH L, XIE Y Z. Application and discussion of self-unloading

T AR (J]. )

iron remover in sugar factory[J]. Guangxi Sugar Industry, 2021(4):
31-36.
[10] Bk, T, oo RE W, 55 . Bk & 78 HUR S ik T 28 i v T (0],
PR A, 2020020): 20-21.
LUO B, WU P, HUANG T F, et al. Application of iron remover in
bulk grain conveying process[J]. Modern Food, 2020(20): 20-21.
[11] 3R WISE, RIGTbK, X3 €, 45, 7 e B Bk 4% 76 22 70 04 BT 3K 44
il & b i R [I] AR AL T, 2021, 50(18): 159-160.
ZHANG P L, SONG S L, LIU Y F, et al. Application of permanent
magnet iron remover in the preparation of multi-material
precursors[J]. Shandong Chemical Industry, 2021, 50(18): 159-160.
[12] FI/NRL, 6558, JKRARIE, 4. PVC W HR A 7 i 22 v Bk B R
BRI J]. RS LA, 2021, 49(6): 11-13.
BAI X L, GUO Z Q, ZHANG Z G, et al. Application of iron
removal technology in PVC resin production process[J]. Polyvinyl
Chloride, 2021, 49(6): 11-13.
[13] 2= SCRE. a0 br 0 %8 IR AL R AT o Bk 0 88 o A9 8 % 5 00 T 4%
T5[1]. % B, 2021(2): 25.
LI W K. Selection and use skills of iron removal equipment in the
recycling of construction waste[J]. Bricks and Tiles, 2021(2): 25.
[14] 2> 22 4 Jm SR ACAE BE T 00 BT [9). W B R, 2019, 25
(SD: 66-69.
ZHAO H L. Application of metal detector in coal preparation plant[J].
Clean Coal Technology, 2019, 25(S1): 66-69.
[15] B3R AR, B T A7 BRI 43 BT (9 8% 2l Il e e Sk A =20 906 L 2 i T
BRIV [I]. LB T, 2021, 38C10): 152
HU Z D. Structural design of main cylinder of mobile slewing
head frame hydraulic press based on finite element analysis[J].

Mechanical Design, 2021, 38(10): 152.
(F#% 145 7



&M | Vol.39, No.1

[71 WAN S, GOUDOS S. Faster R-CNN for multi-class fruit detection
using a robotic vision system [J]. Computer Networks, 2020,
168: 107036.

[8] JEI W WAL, 25 JPERE, 4% 22000, 45 S T4 b 45 B b 28 0 4% 1) 32 Rt
2 T B0 B K 00 9 [0, AT b Tl B, 2021, 38€5): 388-394.
ZHOU Y F, LI S W, YANG K H, et al. A lightweight convolutional
neural network-based method for apple surface defect detection[J].
Hebei Industrial Science and Technology, 2021, 38(5): 388-394.

[91 ZHANG Z, LU Y, LU R. Development and evaluation of an apple
infield grading and sorting system [J]. Postharvest Biology and
Technology, 2021, 180: 111588.

[10] BARGOTI S, UNDERWOOD J. Deep fruit detection in orchards
[C)/ 2017 IEEE International Conference on Robotics and
Automation ( ICRA ). Singapore: Nstitute of Electrical and
Electronics Engineering, 2017: 3 626-3 633.

[11] B, EPCER, 5k T, &5, /) H AR I HOR B 52 458 0], 3L
TR 5%, 2021, 57CD: 17-28.

LIANG H, WANG Q W, ZHANG Q, et al. A review of small target
detection techniques[J]. Computer Engineering and Applications,
2021, 57¢1): 17-28.

[12] LIU Z, WANG S. Broken corn detection based on an adjusted
YOLO with focal loss[J]. IEEE Access, 2019, 7: 68 281-68 289.

[13] GE Z, LIU S, WANG F, et al. Yolox: Exceeding yolo series in 2021
[J]. arXiv preprint arXiv, 2021: 2107.08430.

[14] FU H, SONG G, WANG Y. Improved YOLOv4 marine target
detection combined with CBAM[J]. Symmetry, 2021, 13(4): 623.

[15] By, FE VLR, 4, 45 26 T ik Faster R-CNN A6 B 10 14 bk
BRI ] £ S LA, 2021, 37(10): 98-105, 201.

X% B TR YOLOX #2259 18 Bk iR A & 4> i il

WEI R, PEI Y K, JIANG Y C, et al. Cherry defect detection based
on improved Faster R-CNN model[J]. Food & Machinery, 2021, 37
(10): 98-105, 201.

[I6]LIN T Y, DOLLAR P, GIRSHICK R, et al. Feature pyramid
networks for object detection [C]/ Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition.
Honolulu: Institute of Electrical and Electronics Engineering, 2017:
2 117-2 125.

[17] X SC. B TR % ) B9 5 2443 5 AT AR AT 52 (D], ) M
JUAR Tl K %2, 2020: 33-36.

LIU B W. Research on pedestrian detection in complex scenes
based on deep learning[D]. Guangzhou: Guangdong University of
Technology, 2020: 33-36.

[18] GONG Y, YU X, DING Y, et al. Effective fusion factor in FPN for
tiny object detection[C]/ Proceedings of the IEEE/CVF Winter
Conference on Applications of Computer Vision. Waikoloa:
Institute of Electrical and Electronics Engineering, 2021: 1 160~
1 168.

[19] BOCHKOVSKIY A, WANG C Y, LIAO H Y M. Yolov4: Optimal
speed and accuracy of object detection[J]. arXiv preprint arXiv,
2020: 2004.10934.

[20] REN S Q, HE K M, GIRSHICK R, et al. Faster R-CNN: Towards
real-time object detection with region proposal networks [J].
Advances in Neural Information Processing Systems, 2015, 28:
1506.01497.

[21] LIU W, ANGUELOV D, ERHAN D, et al. SSD: Single shot
multibox detector[C]// European Conference on Computer Vision.

[s.L]: Springer Cham, 2016: 21-37.

(E#% 110 1)

[16] X1, XIEE, MR SE. BT ANSYS 097K fk Bk 2k 2% (9 #3911
B 53[0, &7 LUK, 2010, 38C1): 100-101, 111.
LIU B, LIU Z Z, LIU F L. Calculation and analysis of magnetic
field of permanent magnetic separator based on ANSYS[J]. Mining
Machinery, 2010, 38(1): 100-101, 111.

[17] 43k, ARAES 2 . e T A5 00T At AR 2L /9 AMS 7K % 1 1 37 g #ir
SrAT0]. T E R R, 2009(2): 39-41.
JIN X, LIN H Y. Analytical analysis of AMS permanent magnet
magnetic field based on equivalent surface current model[J]. China
Science and Technology Information, 2009(2): 39-41.

[18) M PE3C, A8 28, J7 4k B TR 3% A FRIT 43 19 7K 1 1% Bk
e [J]. HUBKL TR, 2008(3): 70-71.
QU Q W, FU L J, WAN J X. Permanent magnet iron removal
equipment based on magnetic field finite element analysis [J].
Mechanical Engineer, 2008(3): 70-71.

[19] MOHANRAJ G T, RAHMAN M R, JOLADARASHI S, et al.
Design and fabrication of optimized magnetic roller for permanent

( PRMS ):

roll magnetic separator Finite element method

magnetics (FEMM) approach[J]. Advanced Powder Technology,
2021, 32(2): 31-36.

[20] ¥ & %, WG, 2= = 0, 55, 56347 BRIC 2 Bt i 0 4 18 A T
B A I [J]. TEARAG I, 2021, 43(9): 7-12.

YANG Z J, QU P, LI Y H, et al. Magnetic leakage detection
outside pressure pipeline based on finite element analysis [J].
Nondestructive Testing, 2021, 43(9): 7-12.

[21] SINGH V, NAG S, TRIPATHY S K. Particle flow modeling of dry
induced roll magnetic separator[J]. Powder Technology, 2013, 244:
85-92.

[22] KARBAN P, ULRYCH B, DOLEZEL I. Design of power magnetic
chute separator and minimization of its external magnetic field[C].
2005 IEEE Russia Power Tech. [s.l.]: IEEE, 2008: 213-214.

[23] CIOSK K. Magnetic field and forces in a magnetic separator gap[J].
Przeglad Elektrotechniczny, 2012, 88(12B): 47-49.

[24] BHANDARI B. Introduction to food powders[M]. [s.l.]: Woodhead
Publishing, 2013: 1-25.

[25] BHATIA R. Matrix analysis[M]. [s.1.]: World Book Publishing
Company, 2011: 152-193.

145



