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Lightweight design of wheat peeler rotor

X J 3

ZHAO Zhi-xin

EES

XUE Xu-dong

HIT %
REN Jiang-hao
e 78 38 1 R 2 LA LR 2 e L B P v

EHE

LI Tuo-lei
723000)

K& W

ZHANG Chang-ming

(Department of Mechanical Engineering » Shaanxi University of Technology, Hanzhon, Shaanzi 723000, China)

WE ANPLEME T AT ES TR AHTEH
MABRARNEZT HTEI BT THRXETLZ.
BAHRE RRBEAARSEZ . AETHRITEZAA
AR EB LR AR & kAP B AR T R TR
B2EAsit, Bt ek R 160 MRS (4 0 Sl
HHEBEMAAT INALERELZTHRGEAIEL L,
WA H E L ERIELEHIRE AR ENG SR K
WM T TRRTHE 73.6 kg, 5 R4 M40 LT Z W
YT 35.16% . AR AR A BKAKLT 12 MPa, LA & F 1
Rk T AR R LS MR 6 AT 4R T R AR B R AL #
THRE,

KR LA HT AR K PO LT BN
Abstract; According to the loads characteristics and working re-
quirements of the rotor structure of the wheat peeler, the objec-
tive function, the design weight of the rotor, was solved under
the constraints of input variables and state variables. here the
structural parameters of the rotor were taken as the input varia-
bles, and the maximum deformation, natural frequency and max-
imum stress under the working load were taken as the state varia-
bles. The response surface method and the central composite de-
sign method were employed in the calculation. The numerical cal-
culation experiment involves 150 sample points (groups), and
three candidate points with composite state variable constraints
were obtained. By this method, the maximum weight of the rotor
can be reduced by 73.6 kg, the mass can be reduced by 35.16%
compared with the original structure, and the maximum stress
can be reduced by 12 MPa, meanwhile meeting the requirements
of the structural strength, rigidity and dynamic stability of the

whole machine. It shows that the lightweight design method can
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significantly reduce the quality of the peeling machine rotor on
the premise of satisfying the performance of the machine.
Keywords: rotor of peeler; finite element; central composite de-

sign; lightweight design
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Structure of FBPY wheat peeler
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Table 1 Material properties
AT B %/ (kg e m™3) SRR /GPa JARALL
PG Q235A 7 850 200 0.30
T 40Cr 7 870 211 0.29
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Figure 2 Three dimensional model of rotor
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Figure 3 The contours of rotor deformation
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Figure 4 The contours of stress distribution of the rotor

0.00 400.00
200.00



&M | Vol.36, No.6

R2 BT I~6HESEE
Table 2 1~6 order modal frequency of rotor
Brd  BEASHR/Hz | B BESHER/Hz
1 71.171 4 73.167
2 72.195 5 73.400
3 72.195 6 73.465
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Table 3 Structural dimension parameters before
optimization
S 4 N ey e N
Py 27.500 Py 27.500
P, 27.500 P; 27.500
P, 27.500 Pg 27.500
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Schematic diagram of control parameters
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Figure 6 Correlation histogram of input parameters and
output parameters
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Table 4 Range of design variables of response surface

nm

B E P, P, P, P, P P

THR 20 25 18 6 4 33

I B 34 35 26 8 6 50
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Table 5 Response surface design and results

Y5 Pi/mm Py/mm Ps/mm P,/mm Ps/mm Pg/mm [ /kg

1 27.000 30.000 22.000 7.000 5.000 41.500 188.134

150  31.046 32.890 24.312 7.578 5.578 46.413 199.541
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0.110 951x,x, + 0.005 462x,x5 + 0.111 406x,x5 +
0.111 401lxsxs —
0.110 6592, x5 + 0.003 380x,xs + 0.110 685xsxs —
0.004 61225 +

0.111 211x32x, + 0.006 030xs3x;5 —

0.036 671°x, — 0.002 287x5 —

0.007 41923 4-0.015 354x% — 0.000 334
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Table 6 Variance analysis table of rotor mass analysis model
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A5 5 R 5 A H B ¥or FE P A 2

LR 17 374.990 0 27 643.520 0 5.313 0E+05 <<0.000 1 * %

P, 2 481.510 0 1 2 481.510 0 2.049 OE+06 <0.000 1 % ¥

P, 9 259.870 0 1 9 259.870 0 7.645 0E+06 <0.000 1 * %

P; 2 956.330 0 1 2 956.330 0 2.441 0E+06 <0.000 1 % %

P, 325.120 0 1 325.120 0 2.684 0E+05 <0.000 1 * %

Ps 185.130 0 1 185.130 0 1.528 0E+05 <0.000 1 ® %

Ps 2 024.210 0 1 2 024.210 0 1.671 0E+06 <0.000 1 * %

PP, 6.894 0E—09 1 6.894 0E—09 5.692 0OE—06 0.998 1

PP 3.267 0E—09 1 3.267 0E—09 2.697 0E—06 0.998 7

PPy 0.000 0 1 0.000 0 0.025 1 0.876 0

P, P; 1.100 OE—06 1 1.100 OE—06 0.000 9 0.976 3

P Ps 2.908 0E—07 1 2.908 0E—07 0.000 2 0.987 8

P,P; 0.024 8 1 0.024 8 20.490 0 0.000 3 *

P,P, 1.100 0 1 1.100 0 907.660 0 <0.000 1 * %

P,P; 0.002 7 1 0.002 7 2.200 0 0.156 3

P,Ps 80.080 0 1 80.080 0 66 116.450 0 <0.000 1 * %

P;P, 0.706 9 1 0.706 9 583.630 0 <0.000 1 * %

PP 0.002 1 1 0.002 1 1.720 0 0.207 7
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P,P; 0.043 7 1 0.043 7 36.120 0 <0.000 1 * %

P,Ps 0.002 9 1 0.002 9 2.430 0 0.137 2

PsPs 3.160 0 1 3.160 0 2 610.540 0 <0.000 1 * %

P,? 6.430 0 1 6.430 0 5 311.800 0 <0.000 1 * %

P,? 0.006 5 1 0.006 5 5.380 0 0.033 1 x

P,? 0.010 9 1 0.010 9 8.960 0 0.008 2 *

P,? 0.000 1 1 0.000 1 0.090 5 0.767 1

P52 0.000 5 1 0.000 5 0.387 8 0.541 7

Ps? 0.001 2 1 0.001 2 0.950 1 0.343 4
Tz 0.0227 17 0.0006
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Table 7 Analysis and comparison of finite element calcu-

lation results

e e AL IR MERES 2 fREERT3 R
P, mm  31.207 32,551  33.895  27.500
P, mm  25.191  25.073  25.308  30.000
P, mm  25.613  24.296  23.945  22.570
P, mm 6.037 6.728 7.112  7.000
P; mm 4.667 4.108 5.507  4.900
P; mm  46.292  41.387  36.483  40.000
e KB TY &= mm 1.711 2.140 2.061 2.250
K ) MPa 151.900 156.050 180.270 163.900
J5ig s kg  135.710 135.730 138.220 209.310
— A% Hz o 71.478  71.512  71.503  71.171
ISR Hz o 72.644 72,854 72.704 72,195
=ZWEAHE Hz 72.724 72,960  72.716  72.647
MRS Hz  73.481  73.489  73.833  73.167
H A Hz 73.703  73.911  73.678  73.400
AN EIASHI%E Hz o 73.689  74.015  73.748  73.465
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