%38 % 5 e
20194 9 H

Bk Wk R

Journal of Huazhong Agricultural University

S N

¥ ¥ Vol.38 No.5

Sep. 2019,159~167

B VAR B YRR B R o th A FMEL

KAN ROk

JAY H Kim* x|

b5 1 EE_ﬁﬁ‘jE]. 2% EEI

ILAFRERFLFR/RERHIFKIZFTHRALES T LB E, KR 4300705
2.College of Engineering and Applied Science, University of Cincinnati, 2901 Woodside Drive, Cincinnati, US

HHES

PAKE R b SCARDRHD R HLI 7 R GE RN B TEXS 4. R ANSYS Workbench B % M Bt A7 1 211

HEBBAHT . 45 R TR SEFR A0 T 2R fe R BB AR B 0.035 mm, Ho& A 7E W I SC#E AR LA 8 etk J
2 AR AR ALAL BRI XY [ Z 07 1 B B RO AR 41510 0.035,0.001 BLK 0.016 mm, 2% A8 i
YR/ B 5 R SEBR 3 I3 BUAR AT 5 2800 B 32 8% K 1 49 165.72 MPa, HL R 3 85K 9 #8432 AL &8 v 43 A 78 Hh 7] 32
BER B 8 Pl i 2 A B Y 22 B AL IR I L SR 2 SR i T Y N T {E 2 7R 36.862 MPa LUTF s AR AR i —
W B A M504 S 339.79 Hz, HLHTZN B [ A7 550 4 24 320 R B B ALY B R 0% 58.33 Hizo (H HAZ TEROR A MR TTAY .
FF I B AR AT F ML T AR A RE 25 B RN 50 %0 AY TR 2 SR SR AR 45 A R AT A AR 38 3T, 4 Ak S B AR Y
Bt th e HI Y 46.66 ke [ A 25.85 kg XORALIE B ZRARBEAT 8 0 22T B SRS M SR R T A R AR Y
SR 5 N B2 3L 65, BLUHLBERL T A B IR AR L 2R TE TAR I R A & R A AL IR
KW BN B BT MU E SR S5 s ANSYS Workbench

FESES TQO051.9 XHkFRIRED A
Bifi 5 T ARl i) R e, R AR R Tl AT
TR R R B, 2017 AF 4 [ DR R T i B Ik )
1.869 42 t, g Ja th 58 — -, ARDRHT L & J K P
e AR R i B IR R O K e AR R 1 AR
AR TR B AL TERE Tl B A O LA R A
Z— TFRA K LS BT 5 0k B BiF 5T X6 T
i — 20 B R DR ATk Y R R K B R
SRl R OB R AL H ARl R e )
20— RO BEALAL Y 3 SR e &R 5 b e
JiE 2 1 i v % ek i) o i | B D 5 4 S A LR
W)L B B 1 o i 4 A% Bl 3% 43 5 U RS & 3
RSB ST A ¢ /SN A K o N U e e
R ABE R 2O REAILTE 1 O B b AT A AR SRR
AEFE R M DR M) 3 KL 3 R 8 5 S 58 4l [ T,
DL L [l @ 7= A — e R B L S L R AW
I I AR B0 85 VAR OG5 T 2R ARAE R By W HLRG 1 R e 1Y)
SNBSS AR RENRS A E
o, HOA WX T BN BT B E P rER
TREE AT B W R U VR i S 0 R B 45 A A

Wi H 47 2018-10-30

NERS

1000-2421(2019>05-0159-09

ST . W EG I R A BRGTE %R R = AL
51 R G R SRS 5 R SF i 1 45 sh A AR 2R AT
THFSE. %Ik HEEN X 6JCF-45B M 5 6JCFD-55
R B RO REAL IR W = AT T e B A B, ST T A%
Tl AS [) T DR A0 25 B 100 3 e 2, I 93 R AL 19 6 R
REHEAT TR . Ak /N 25000 3 T B SURE AL 4 R 5
W1 EE R B 00T AR S R s B, T g
SFEUVE AR B L O 8h ) S 05 B 45 A
D5 WG T R R BLOR R 0 S50 S B UL ey B
PRI IS 194 AT R E X 3 B ML T 43 803 1 R ) L 48 7R
TR TAE L R R B TR L . Farayibit™
FI I SolidWorks 14 H i) 45 BR o6 43 i T 5 X 411 22
2 1B A 7 FE SR IRLISCL v A A0 s 2 A R T o A
YAk AT T 5 B 7. Kshirsagar %5 DLRE S
N AN %, K ] ANSYS Workbench %4
SIMT T I B A A N Fy N AR S A B g
SIMTERAR T Ry REDLIE T I e . Bk E ., B
B X Ry R AL R e B0 25 R T A B 5 A X B D A R
B AR BB S MLF s . SR =,

FEETH . HFEARB RS LT H (518752300 5 g @ 4% JE AR BHIF L 45 9% % 301 (2662019PY082)
SRS, W B 5T A, BFSE 7 1) AR WL £ R B A7 38 PE 40 A 5 F 5T, E-mail: hzauzhangyongjie@126.com
BEMER . M, L BB, W50 1) LR &R B EF 18 M /0 A S %8, E-mail: xhm790912@163.com



160

bl k% R

% 38 &

SRR By R AL BIL IR BE Y 52 0 38 AT TR IR AT SR

A5 LAKE B 7 3O W BILAE 5 28 G AR O T 5
XS o M ik T A5 5 B AR L O X LA AT
M BT ok AL AR B S5 4 B S A e 4R
e S %,

1 MEEFE

1.1 MENEFRGEERERTSMERNES
1) 28 M = 4 JUAT A2 g e vy e e AR 1
PUFL ¥ FR G0 F 20 bR Bk 3250 28 B T B LA
LERHRWE 1 s, A5Eh T 2N HE
% 604 mm., 7] 58 B4 301 mm, F# Sl 3 500

3\

2

1\

r/min, fE F A HES 5 2R X BR324 R BT A R
ol 24 P HR R AOR & Bz il B 5 A E
BT REZ IS BN L M EL
PR A = S PR DU B AL R S5 A XL B AR O 400
mm , #ll [5] 55 BF >4 301 mm. 3 B 57 AR Y JE B 34
15 mm, ZFER EWFE AR 360 mm B[R A9 18 F 7
5 43 A6 4 DA 20 mm B985 FL, F T84 4w
A TSR YRR HL T A i AR R R A2 b A il
SR R B0 1 0 7 A R R T % R R T R il 4
M R A e K AR T o HL AR AR B4 % 3 5 1 %o ) e ML 3 L
(4 2l EL AT HE L5 ) BOAS R 5 2 B R AGE AT
BRIC oM 5 s A Ak 13t .

5 6

1.4k - Hammer; 2. 855l Pin roll; 3.3l Principal axis; 4. 284 Frame plate; 5.JF T &4 Split pin; 6.Ef Sleeve.

B 1
Fig.1
)BT BT/ BB B g i 5. JEF ANSYS
Workbench & , #5705 0 AL 22 A 09 A8 B G 40 B A5
R b B B S = A LA R AL Y S A BRI R 1Y
B SC UL K A% 1 R Jr . A BF 9T b, AR AR BT ORE Ry
Q235, H % B 7.86 X 10° kg/m®, B P 5% & Ry
2.12X 10" N/m”, JA#A bl 0.288, 4% Xl 43 J& I
SLHEAT AR ) 23T 5 S AR A A i S B PR L Rl
3 B I 25 S DO A AR B TE G aE T I . A AR
oA G 02 4 1 43 B 4 R 0 v A 1 (EL[RD B A 2 0
it s, AR AT A 3l RS S o 2k X SR AR = 4
JUAAT A A 147 0 A ) 43 5 Ak A B0 4 SR 4 [
2 TR B BR T A B R AU Y I A% T R R
697 989, A JT K A 459 368, F 4 K K% I B N
0.824 91 g, 7 &R A
12 MBINETFREREBRNBENZTESES
ST
1) ZE AR 1Y # ) 27 B8 A BIF T X8 M R AL 48 Al

MBENREFRE=ZHELAEE

3D model of the rotor system of the hammer feed grinder

Z

0.00 100.00 mm ¥ s
[ S
50.00

B2 HEARTOMEE

Fig.2 Finite element analysis model of the frame plate
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ABRAR 1 B AETE Total deformation of the frame plate; B: 224k X i 77 1] 1925 % Deformation of the frame plate along the X-axis;
C M Y $h 77 0 B9 28 Deformation of the frame plate along the Y-axis; D: 224 HF Z 4175 [0 925 Deformation of the frame plate
along the Z-axis; E:Z24R W) /7 Stress on the frame plate; F:Z24R %875 Strain on the frame plate.
B8 REMBAFEFIRER
Fig.8 Static analysis results of the frame plate
xR 1 FRESMERIREE G

Table 1 Modal frequency and vibration mode description of the frame plate

EY RV A 5%/ Hz .
Model order Natural frequency EHRE Model shape

" 339,70 A S PEMOUE Y Sl RS S5 130 The right support plate twists forward and backward
along the Y axis
LA SRR Y RO BE A2 A 8 OF BA M S AR Y /NI B 22 A 48 The

2 339.85 left support plate twists greatly left and right along the Y axis,and the right sup-
port plate twists slightly left and right along the Y axis
Lo S PEARE Y SN0 B A A A B I B I S EEAR Y Y Sl KR 8 A2 4741 8h The

3 339.85 left support plate twists slightly left and right along the Y axis,and the right sup-
port plate twists greatly left and right along the Y axis

4 339.92 ZE S FEMCE Y JAT S 30 The left support plate twists forward and backward
along the Y axis

5 351.87 thE] MU Y S22 47 H13) The middle support plate twists left and right along
the Y axis

6 351.97 ha] S EEMT Y Bl AT )5 30 The middle support plate twists forward and back-

ward along the Y axis
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AModal. A A:Modal B
eformation Total Deformation

vpe: Total Deformation Type: Total I
Ir\,quu\u 339.79 Hz. Frequency:339.85
Unit:mm Unit:mm
2018/5/5 16:44 2018/5/5 16:45

18.151 Max 18.22 Max
16.135 16.196 0
14.118 14,1710
12.101 12.1470
10.084 10.1220
8.0673 8.097 8
6.0505 6.0734
4.0337 4.048 9
2.0168 2.0245
0 Min 0 Min x
0.00 200.00 mm O ey 200-00
—
100.00 10000
A \/lod al A:Modal
TotalDetormation Total Deformation
" Deto Detormation Iype: Total Deformation
e 350 %% Frequency:339.92 1
Uml mm Unitmm
2018/5/5 16:46 2018/5/5 16:46
18.087 Max 18.28 Max
16.0770 16.2490
14.067 0 14.2180
12.058 0 12,1870
10.048 0 10.1550
5.038 50 8.124 4
16.028 90 6.093 3
4.019 30 4.062 2
2.009 60 2.031 1
0 Min 0 Min
.
0.00 200.00 mm 0.00 200.00 mm \“ y
— —
100.00 100.00
A:Modal A:Modal F
Total Deformation Total Deformation
Type:Total Deformation Type: Total Deformation
Frequency 351 87 1z Frequency:351 97 Hz
Unit:mm Unit:mm
2018/5/5 16:47 2018/5/5 16:47
18.268 Max 18.265 Max
16.238 0 16.236 0
14.2090 14.206 0
12.1790 12,1770
10.1490 10.1470
8.1192 8.1180
6.089 4 6.088 5
4.0596 059 0
2.0298 2.0295
0 Min 0 Min
0.00 200,00 0.00 200.00mm
100.00

100.00
B — BB A The first-order mode of the frame plate; B: 4280 — i #i2 The second-order mode of the frame plate; C.: 424 = firis
 The third-order mode of the frame plate; D: 224z VU B #5175 The fourth-order mode of the frame plate; E: 484 fi i #745 The fifth-order
mode of the frame plate; F: 24N The sixth-order mode of the frame plate.

B9 RERESWER

Fig.9 Modal analysis results of the frame plate

AR BN 20% The target reduction is 20 % 5 B: M B BRFE K 30% The target reduction is 30%; C: M B ZERE N 40% The
target reduction is 40 % ; D: 8 ¥ = ZF N 50% The target reduction is 50%.
10 ZEiEHIMIULER

Fig.10 Topological optimization result of the frame plate
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AARALRT A ZEAR The frame plate before optimization; B:fiftJ5 ZE# The frame plate after optimization.

B 11

ZeR AL L B 5 X4 bE B

Fig.11 Comparison diagram of the frame plate before and after optimization
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Table 2 Characteristics of the frame plate before and after optimization

bR R o BRI /mn — B & 45/ H
L it/ kg o BRI J1/MPa S ONT& o ’
Characteristics Maximum X X . First order natural
Mass i Maximum stress Maximum strain
of the frame plate deformation frequency
CAK i
ﬁEﬂZ‘HJ‘ . 46.66 0.035 165.72 0.000 78 339.79
Before optimization
Uhﬂﬁfﬁ . 25.85 0.036 170.83 0.000 81 446.89
After optimization
Dy A /0
j‘U‘tWJ % —44.59 +2.86 +3.08 +3.85 +31.52
Change ratio
H 3% 2 AP0 DAk 5 2R AR i e AT T ORBR R A, L = e 254, e 2Ok e vl RB 5| R I SRRV B

S INCTIAN SNVPIIPYE SNSRI EE I
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A AE DRAIE Lo 1 5 W B2 A2 4% T FLAS A SR i) 2% 1F
AR M S BT AR R e AR BT SR AR A AL Al AL
R
3 it

i 3 S B S T M AN B B A e X
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B N5 AR . (R S AR AT DA A [ E A
A2 ) A3y A1 R SR Sy e 3 A0 P A o o i) 22 0 Y 8K
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A 110 [ AT AR i B A IR S R L I A

%

G3 BT AT 43 B B2 K A B 1A R Y 1 E RS A A
55 R W5 b SR Sl A 0 29 SRS A A, HL 5
V18 45 7 3T A 400 5 (T i I 450 1) 5 o v 84 KL R AR TP
AR e LA LB B b . AR AF Y B TR R SR
AR BIL AR AR 7E S B 1000 R 1 B sl e 1 IR A A0 T T
AR B HT S B 9 RS

FIH ANSYS Workbench % {4 , % 45 s WL 5 +
RGP SR R AT # A S R
M W A S SRRtk . S5 R 2R TE
N R R BIE AR B 0.035 mm; 4R 5 KR
H >} 165.72 MPa, H N 775 KA AL EE 43 45 78
i) SRR AR A 8 HUER R B i A e 3 L B
T, AR B R I E I AE 36.862 MPa DL F 5 224k
(49— Wy [ A 450 %6k 339.79 Hz, HRT /S W [ A 4 %
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Finite element analyses and topology optimization of
hammer feed grinder frame plate

ZHANG Yongjie! XU Hongmei' JAY H Kim®
LIU Shuang' WANG Chenglong' JIANG Wei'

1.College of Engineering s Huazhong Agricultural University/Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River ,Ministry of Agriculture and Rural Affairs,
Huazhong Agricultural University sWuhan 430070,China ;
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2901 Woodside Drive ,Cincinnati ;,US

Abstract The static calculation and modal analyses of the frame plate of a hammer feed grinder ro-
tor system were performed with ANSYS Workbench software. The results showed that under the actual
working conditions,the maximum total deformation of the frame plate was 0.035 mm,occurring at the
mounting holes of the two pin rolls with eight hammers on the intermediate support plate, and the max-
imum deformation of the frame plate along the X-axis Y-axis and Z-axis was 0.035 mm,0.001 mm and
0.016 mm,respectively. All deformations were small and consistent with the actual load condition of the
frame plate. The maximum stress on the frame plate was 165.72 MPa, and the parts with large stress
were only concentrated near the mounting holes of the two pin rolls with eight hammers on the interme-
diate support plate. The stress values at most other positions on the frame plate were below 36.862 MPa.
The first-order natural frequency of the frame plate was 339.79 Hz,and its first six order natural fre-
quencies are much higher than the excitation frequency of the hammer feed grinder calculated as 58.33
Hz. But there is a serious material redundancy problem. Based on this, the topology optimization of the
frame plate was conducted. The frame plate structure was optimized on the basis of calculating material
removal rate as 50%. The quality of the new frame plate was reduced from the initial 46.66 kg to 25.85
kg after optimization. The results of static calculation and modal analyses of the optimized frame plate
showed that both the strength and stiffness of the new frame plate were sufficient,and its material re-
dundancy was greatly reduced. The frame plate did not resonate during the working process. It is indica-
ted that the optimized design of the frame plate has desirable effects.

Keywords grinder frame plate; static calculation; model analysis; topology optimization; static

and dynamic characteristic; structural optimization; ANSYS Workbench
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