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Study and design of rotary arm of geotechnical centrifuge with high speed

XU Yuan-heng, RAN Guang-bin, CHEN Hong-yong
(Institute of System Engineering, CAEP, Mianyang 621999, China)
Abstract: The rotary arm is the key component of geotechnical centrifuge to support loads. The centrifugal acceleration of the
assembly rotary arm is limited. The high acceleration design of the rotary arm can be realized by using the whole forging
process and carrying loads. According to its structural characteristics, the integral rotary arm is divided into the main arm
section and the pocket section. The main arm section is designed with variable cross-section and equal strength. For the pocket
section, the lightweight design of the fillet at the pocket root and the pocket beam is compared respectively. The finite element
analysis method is used to analyze the design results. The results show that the maximum stress of the rotary arm is less than

450 MPa and the safety factor is greater than 2 at 1700.4g. The acceleration of rotary arm exceeds the level of the existing

centrifuge, which is of reference significance for practical engineering.
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Fig. 1 Structural sketch of centrifuge
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Table 1 Parameters of mechanical performance of 35CrNi3MoV
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Fig. 2 1/8 model of initial structure of rotary arm

2.1 EBRREMR

T BRI IR 2 2 BN A, T2
S5 N 7 1R 5 R LA N 7 T AT T 8 9 [ 45
1y, FERART AR 3 s

WRER  mwm BERR

3 TEMERIHS
Fig. 3 Design and analysis of variable section
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Fig. 4 Curve of variable section profile of rotary arm



64 s+ T OB ¥ #® 2022 4F
2.2 SRmBusit His (8) ~ (11) W45
(1) JERERARAL BT _al*(bhlp+m) (12)
o134 W%Pﬁ&k FEERAA AR m AR°K ’

SEN S EAYEL SR T AR B [

1, WHE A, _Miff\ﬂiﬂf)%ﬁﬁa, 1300g RN [RI R

Wt RNl S Fion, BTG H R 2% 2R

ﬁﬁﬁ%ﬁ PP BTE N R, AEAR T kb b 2%
R0 NI B R AT S R

= 4.0z2ee+b2
3.62B=+02

3.231e+02

2.833c+02

2.436e+02

2.038=+02

1.640e+02

1.243=+B2

g-a0icy 8. 453e+01
<E3AcH 4.477e+01
5.016e+0D

(a) B (13009) (b) MBI F(1300g)

3.B24e+B2

2.8

5 +B2

1. <82

9.133e+81

4.378e+01
. B66e+08

(¢) W4 B ER IR A (1300g)
B 5 FREMRERZIT TR SIELER
Fig. 5 Comparison of stress under design of different roots
(2) e EMABT
FERR I Bt S5 I 6 PR .

o6 KRR
Fig. 6 Pocket beam

BRGS0 5
5max — max , (8)

K Snax W EBRARIE, Minax WR EHBRREH,
USE AT e Ry

12
m=%j, (9)
X, g ARFHBAREN, | RN
_(bhlp+m)a
bl
;_EQEP’ b\‘%ﬁ}g’ hjj E/JI_JFF’ mjjJ\de %
h*b
=== (11)

: (10)

A (12 &KW, REHLEWHRATEIRE K, e
ﬁﬁ%%%k%%UMLFOEE@%W%ﬁﬁN
RigpB B REE, R E R A B AR R
RKIIRZm (L 7). WK 7 7T ELE il )&
B, JEuHIRERE AL, ATESR T B R R A Rk
REE. FEFLAIA BB B rE s R
ﬁ%%ﬁ%,$%ﬁﬁmiﬁw,%

L
S.000e+01
9.412e+008

(b) —AMHBEIR T E N FL(1500g)
7 RRRBRE R IEERN NG AnZE5)
Fig. 7 Examples of influence of lightweight design of pocket
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Fig. 8 Final design results of rotary arm
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Fig. 9 Schematic of constraints and boundary conditions
4.2 SHER:
NPRIETHERGEE, AR RIS AR T 9
E =y WSS, SR P A IR BEAT 155, i B 10 Foss,
WA 2 o SRV AR AL HEAT TN A B

(a) PI#EL (b) M2 (JREmes )
E 10 Mg
Fig. 10 Grid
PP RS LT S SR o B 11, 12 B . A

11, 12 AT LAE Y, ASF S EERIRE T BT JE SR R ZE 01,
TSRS e HoRN 14/ T 450 MPa,
AL A RO 2 I ER B AR 1 BN 2],

1 M4 | FHENEE
Fig. 11 Equivalent stress nephogram of Grid 1

Bfii: Pa

12 48 2 FHN N EE
Fig. 12 Equivalent stress nephogram of Grid 2

5 &% %

A R b TR LR R B AT T 40 B
W, EARBRAREIS, Rtk T/
B LU AR ERAE 7o BT/ DL T 4 155510
(D B — Bl A T S P VT . @ IR
B £ s A A AR S 2 AR ) @RS R R i i
HE A AR S5 7 7 DT+ I 25 MRS AR 3R 1700.4¢

(FrEs AN SE, FIARNSER TREM N 2% .
LT g b, B AR N TXEE TR
TRIISEAS, M i KT 21 Tk — 2 s,

SE -

(1] BT RS s AR v B OG5 B M].
st EEF Tk AR AL, 2013. (JIA Pu-zhao. Steady-State
Acceleration Simulation Test Equipment[M]. Beijing:
National Defense Industry Press, 2013. (in Chinese))

21 2EM, WootE, 2 e Belie B UK R SRR ).
RLINEE TR, 2015, 12(5): 1- 10, 87. (LI Qi-sheng, XU
Yuan-heng, LUO Long. Review on development of
centrifuge for scientific tests[J]. Equipment Environmental
Engineering, 2015, 12(5): 1 - 10, 87. (in Chinese))

31 #& W1 A TR HL R AR ke B R ARt ).
KAITRFZEBeki iR, 2012, 29(4): 80 - 84. (LIN Ming. Progress
of geotechnical centrifuge and specialized test device in
China[J]. Journal of Yangtze River Scientific Research
Institute, 2012, 29(4): 80 - 84. (in Chinese))

[4] LEDBETTER R H, STEEDMAN R S, SCHOFIELD AN, et al.
US Army’s engineering centrifuge: design[C]// Proc
Centrifuge 92, Lisboa, 1992.

(51 Br  7&, SREE, RS, 5 KEE RO E ).
BB IIE TR, 2015(5): 121 - 124, 135. (CHEN Lei, HONG
Jian-zhong, ZHAO Shi-peng, et al. Design of rotating arm of

centrifuge[J].
Engineering, 2015(5): 121 - 124, 135. (in Chinese))

[6] FHOLMK, RAE, X/NNI, & T RN E LU 1
PAFIFFL[0]. TR T2, 2013, 20(1): 70 - 74. (RAN
Guang-bin, YU Shao-rong, LIU Xiao-gang, et al. Research

long-arm Equipment  Environmental

and design of swing arm system of two-dimensional
geotechnical centrifugal shaker[J]. Chinese Journal of
Engineering Design, 2013, 20(1): 70 - 74. (in Chinese))

[7] TERASHI M. Development of PHRI Geotechnical Centrifuge
and Its Application[R]. Tokyo: Port and Harbour Research
Institute, 1985.

[8] K4k, 1% kX, #k J% Pro/ENGINEER Wildfire 454y
HriM]. JEET: MUk kL, 2004. (ZHANG Ji-chun,
XU Bin, LIN Bo. Pro/ENGINEER Wildfire Wildficre
Structure Analysis|[M]. Beijing: China Machine Press, 2004.
(in Chinese))

[91 #OEXK, ZHAT, XN, & TRl A R B A
k5 ¥ 0. HLAR % i, 2009, 26(11): 68 - 70. (RAN
Guang-bin, LUO Zhao-yu, LIU Xiao-gang, et al. Design and
optimization method of the suspended basket of geotechnical
centrifuge[J]. Journal of Machine Design, 2009, 26(11):
68 - 70. (in Chinese))

(AL: PMIRE)





