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1.Front end cover of hollow shaft 2.Rack 3.Peep cover 4.Big helical gear of
gear reducer 5.Double-row bearing 6.Rear end cover of hollow shaft 7.Hoop
8Ring mold 9.Ring mold cover 10.Roller clearance adjustment device
11.Roller plate 12.Roller 13.Solid axle 14.Double-row bearing 15.Hollow
shaft 16.Front end cover of driving shaft 17.Deep groove ball bearing
18.Sleeve  19.Back end cover of driving shaft 20.Gear shaft of gear reducer
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Fig.1 Overall structure of the Ring Mold Granulator (RMG)
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Table 1 Main performance parameters of the ring mold granulator
T H Items {H Values
745 Model SZLH420
P Ring mold speed/(r-min™) 284
IRENHHLES Drive motor speed/(r-min™) 1480
R Efficiency/(t-h™) 6~12
“E H LI ZE Main motor power /KW 110
RN 42/Ring mold inner diameter/mm 420

2 RMG fHSER A RIEITE

Mo RMG et ah R RN L REAT B2
RS, AT RRA AL S S WIS RkEetesh
HAT PRSI SR I0Rs L R RHAFEIR IR A T (i 2 B
B &AL BRI, W ERRA A AR E R A2 S,
BAEGHERNITEr R, (52 SRR e IR -

W% iz F Meshing position JEi < 1H After the surface

iy

Hij ¢ fiBefore the surface

B2 s E AR = £

Fig.2 Diagram of circler expansion of helical gear

Rk R, MFRsh. RRiRs) EEZH
I A5 Wk A P91 P RTIG E % 22  Bh i BRI o AR BE A REVE,
AT e R 2E B AT 568 Uy 2 AR TE 4 RE U
BIYIRHHE Uss SRR U, . #HATHA IR
iefH B, ARETT AR RO R R . RV %, KR
WRIER T RV o Fr, R EE, k5T
FEEE N LRIV A& 5, RS BEEE.
H AR A AR SRR, TS R S NI ke
STUINIEE kes HNIAARTEWIRE ko FEAASAENIRE kDL
ZEFERRANE ko WIS AEWE S NIRE &

é [ 1 1 1 1 1 1
k= —_—t—t—tF—+—

B/mm

=
17

width

Tooth

i=1 kh,i kbl,i ksl,i kfl,i kal,i kbz,i
. (1
1 1 1
+ + +
ks2,i kaZ,i ku,i J
AR 1R 2 73 AR BRI R SR AR AR

RGHE AN MG & K, 3R 2 NRHARE A S HL.
R2 RMG BHERREREASH

Table 2 RMG basic parameters of helical gear reducer

S F i M FE 71 12 %
Name Number The modulus/ Pressure Spiral Tooth
of teeth z mm angle/(°) angle/(°) width/ mm
%% 1 Gear 1 23 4 20 18 150
WH 2 Gear2 120 4 20 18 150

% RMG 8 28 RHA e I3 A S Bk AR 34 ik AT
T, B2 AN ARNIE W E 3 Fir.

TEH— WG & AT i R A 2, B ARG A A 19195 il
AP, RIPHmG ARIE N K,=5.2x10° N/m, H
Bl 3 AL, WSS RIEEAEAEREN, W RS IRAE N BN o

R AR A 141 52
Time-varying mesh stiffness
N
W
[\ )

-5 6 5‘ IIO 1‘5 2‘0 2I5 3,0 3I5 4‘0 4IS SIO SIS
/NUTEC B ff Pinion shaft angle y1(°)
B 3 RMG #h546 % Hon 60 24 RUE &
Fig.3 RMG time-varying meshing stiffness curve of helical gears
with multiple teeth meshing
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3.1 RMG RHARTNNFES IR
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LL 420 78 RMG GRS RN RS RGO R, Hn
NN RN, ARGEZT R R A NN B S -
RGN AR, i 4 FoR. A5 R EEEEIIRE,
PRIGHES — ST RMG ARSI RIS 17718
ESTILiE

m y+c, J’1+k1yy1 =-F

y

m é;+clz z'1+klzz1 =-F, 2)
LO+Fr =T,
NTIL
m, y,+¢,, y2+k2yy2 = _Fy
m, z,+c,, z,+k, z, = F. (3)
LO,+Fr=T,
ESP7)L

Driving wheel

d: X Y. 2 AERBIS RO RIR . BEA R )y CL il
FEEE Y Z FSHEBLR, N-(ms™) s ks ke BN ESE Y. Z ) SCHERI
B, Nm's Gy Co. MRIAMNENE Yo Z FSCHEBAE, Ne(ms™) s kys ko
SRNMEIE Yo Z R, Nom's G, TR, N-(ms™) s
T P EIMEL R, Nom'

Note: X, Y and Z represent horizontal and vertical radial, and axial direction
respectively; Cj, and C). support damping of main driving wheel in ¥ and Z
direction respectively, N-(m's™) ™ ki, and &y, support stiffness in ¥ and Z direction
of the main driving wheel respectively, N-m™; C,, and Cy; are the support damping
in Y and Z direction of the slave wheel respectively, N'(m's'l) 1 ko and ko are the
supporting stiffness in the Y and Z direction of the driven wheel respectively,
N'm’; C, is the average engagement damping, N-(m‘s™)"; k,, is the average
mesh stiffness, N-m™.

B 4 RMG #5463) 7 F AR
Fig.4 RMG helical gear dynamics model
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Table 3 Parameters of dynamic model

2 Parameters {#i Values 23 Parameters {# Values
mi/kg 14.27 r>/mm 225.40
mylkg 231.54 Ji/(kg'm?) 0.013

kn/(N-m™) 5.2x10° Jfl(kg-m?) 6.989

ky/(N-m™) 1.8x10’ C/(N-(m-s™)™) 88

ko /(N-m™) 6.7x107 C./(N-(m-s™)h 59

ki /(N-m™) 1.3x10’ G/ (N-(m-s™)™) 520

ko /(N-m™) 1.2x10’ G/ (N-(m-s™)h 270
7i/mm 48.75

32,2 RMG AR RS I

§5 RMG RHEHBUH 2508 AR TS, 75
SRR (£ 4) FIEIRAL, JC 6 AN A St bR
RS A, ~Ag:

o ] [0 [~0.036]
-0.785 0.008 0.016

0 0.730 0.721

S BT R N R T PO
0.050 0.031 0.0038

. o0 | | -0.14 | | 0.007 |
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[0 ] [ 0.048 [ 0.0178 ]
0.5795 0.035 ~0.0007
0 -0.927 0.9789
A=l o ST som [P %7 ooon |
0.056 0.01 ~0.0001
0 | 0.009 | | 0.0095 |

I A>=1~6)/ R E 6 AN E BB . &
SRR, AR S AT IR L 2L TR 4
P22, sE i 4 P,

&4 RMG REARAGHIEBME
Table 4 RMG natural frequency of helical gear system

Fir £ GRCEIES 1S wiES
Order number  Calculate the frequency/Hz  Finite element frequency/Hz
1 143.21 152
2 342.42 3343
3 736.07 731.1
4 1481.19 1504.3
5 3326.73 33763
6 11478.63 11 506.1

H 3 4 134 PR CHR S T FAR 5 KR 2N 2.3%,
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Fig.5 6-DOF angular and displacement
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Fig.9 Measurement values of helical gear reducer spindle torque
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Dynamic characteristics analysis of the gear reducer of ring mold
granulators

Na Risu?, Jia Kaifa!, Li Xin!, Li Shuai', Zhang Weiguo®
(1. School of Mechanical Engineering, Inner Mongolia University of Technology, Hohhot 010051, China; 2. Hydraulic Transmission and
Control Engineering Technology Research Center of Inner Mongolia Autonomous Region, Hohhot, 010051, China)

Abstract: Serious vibration in most mechanical equipment has posed a great impact on the production efficiency of
agricultural goods and the service life of key parts. Many efforts have been made on the influence of external excitation on the
vibration generation, transmission, and even reduction at present. However, there are only a few studies on the influence of
internal excitation on vibration in the ring mold granulator, such as the ring mold and pressing roller. Taking the gear reducer
of the 420 ring mold granulator as the research object, this study aims to analyze the dynamic characteristics of the complex
transmission, large vibration, and short service life of key parts. The time-varying meshing stiffness and meshing error of
helical gears were attributed to the internal excitation of transmission system. A cumulative integral potential energy was used
to calculate the time-varying meshing stiffness of gear reducer in a ring mold granulator, thereby determineing the variation of
meshing stiffness. Then, a six degree of freedom (DOF) dynamic model was established to determine some parameters for the
helical gear transmission system in a ring mold granulator. Since the dynamic response clearly reflected the gear vibration, a
modal analysis of transmission was made to effectively avoid the nonlinear dynamic resonance. At the same time, a systematic
evaluation was carried out to explore the effects of meshing stiffness and comprehensive meshing error on the dynamic
response of helical gear transmission. More importantly, the obtained meshing stiffness of helical gear was utilized to optimize
the dynamic response of system for a higher installation accuracy in regular maintenance. Furthermore, a finite element (FE)
software was used to verify the accuracy of natural frequency in the dynamic model. A spindle torque test of granulator was
also carried out to measure the torque time-domain curve. Fourier transform (FT) was then utilized to transformed into the
power spectrum curve. A spectrum analysis demonstrated that there was no resonance of main motor with the transmission
system, although the complex internal excitation of a granulator from the torque fluctuation. Additionally, an acceleration
vibration test was performed on the whole machine and helical gear transmission. The curve of vibration time domain was
measured to transform into the vibration frequency domain. The vibration characteristics of helical gear transmission were
analyzed to verify the internal excitation in the whole granulator. Finally, the curve of vibration time-domain was integrated to
obtain the displacement fluctuation. The test and theoretical calculation of dynamic response indicated that the internal
excitation was an important reason for the vibration of the whole machine.

Keywords: vibration; modal analysis; helical gear; gear dynamics; dynamic response
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