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Finite element analysis of axial tension and compression
behavior of aluminum alloy hub joints

CAO Zhenggang'”, LI Liang'”>, WANG Tianyang' >, WANG Zhicheng'"*

(1.Key Lab of Structures Dynamic Behavior and Control ( Harbin Institute of Technology) , Ministry of Education,
Harbin 150090, China; 2. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: To explore the mechanical performance of aluminum alloy hub joints in spatial structure system,
nonlinear finite element software ABAQUS is used to establish refined numerical models for 25 aluminum alloy hub
joints with different sizes to study the tensile and compressive properties. The effects of hub body groove spacing,
tooth spacing, tooth width, tooth depth, and other factors on the mechanical performance of the nodes are studied.
Results show that the tensile bearing capacity of the joint is mainly borne by the concave and convex grooves
between the hub body and the embedded part of the rod. When the parameters are changed, there are four failure
modes in the tensile limit state: hub body convex tooth flexural shear failure, hub body innermost groove flexural
shear failure,, hub body outermost groove flexural shear failure, and hub body convex tooth shear failure. Within the
range of study, if the hub body groove spacing and tooth width are increased, the tensile ultimate bearing capacity
of the nodes increase by 71.3% and 112.9% respectively. The stress of joints is mainly caused by instability, and
the change of parameters have little effect on the pressure of joints. Finally, the formula of ultimate bearing capacity
and the design suggestion are given.

Keywords: spatial structural system; aluminum alloy hub joint; failure mode; mechanical performance; finite

element analysis
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Tab.1 Main geometric parameters of the example
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Fig.2 Diagram of aluminum alloy hub node construction

SUAT B RRFRYE 12 HIAT BROTE A ABAQUS %5y
e 172 B, LI 3.

X T ST BROTAE B SR 25 K AN TR R A
FE FH AR 1 T 2 i 2 A SE IR BT T A 8



- 186 - woR BT

PN

52 %

[l H 3 [0 7 K P o 1 s SR A )\ N
T AR BRI S B0 C3D81. A AR A1 A5 4ok B RS 1
AR T3 0 AR O0 , K B AT 50 83 e P 8 X3 )
RS AL, BATTAT B OS] 315 B0 WL IET 3. 745 s
PR R ALF M G 22 ) B AR 5 e Bk S o
B2 1] 45 SRR F oo, 70 1) SR B 48 4 ik, PR 458 2R
BOBCK 0. 15,35 1o J Atk A R e

B3 TRARTEEREMES
Fig.3 Finite element model and mesh division of nodes
RREALLYS 2 Bl o i A P, P 3 BT 2 X i
A 172 BERL vp 2 8 Fh O TR N 51 32 295, 2% 0

3201
280
240
200

¥ 71 IMPa
>
o

o T \n
3 =—+0.002(
88 ¢ E (fn.z)
40
1 1 1 1 ]
0 0.01 0.02 0.03 0.04 0.05

(a) #3524 6061T6

JUARTAEZ M, 2R FH far 280 fin 8 4 ol 32 , 3k B 28 S 4k )
o7 7, SRR R o o 2 ok Ak i — B I A
BN , XF b 8 A i o i i . % R AR
X )3 o o A ey 2 R AR

T R PR AR R SR FH R R 2 o D), B AT 2 -
37 7% FHT 2 P R (R 2 o A B R 2
2.2 MMBEAMIXR

BRI I 8 A AT 8 0 35 A 34 R FH 6061T6 47 &
4, RHIE 4 fif 78 Ramberg-Osgood #5574 HAA 2 44
LG 2. W24 F 10, 9 2 =y s R AL, S IR 0 B 4%
GB/T 3098.6—2014 #JEHLE S~ 900 MPa , 5 & #E |
K H von Mises Jii Il #E] , 35 FH AR 50 P A4 G &R
B, DLE 4 (D).

x2 MMSEE

Tab.2 Material parameters

b, EIRRE, MRRRER
R e . = i
MPa MPa MPa
HE4E 68 000 245 265 0.33
EaRIEE 206 000 900 1 000 0.30
1000
900
800 |-
%? 600
E 400
200
0 2 4 6 3 10
A /107
(b) N5

4 BAESHMAERMRIEE

Fig.4 Material models of aluminum and stainless steel
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Tab.1 Different hub-body groove spacing corresponding

to ultimate tensile load on nodes

TR /mm BERATE/KN || AR /mm R BRATE/KN
3 165.95 18 280.67
6 224.48 21 282.10
9 260. 12 24 283.12
12 273.09 27 283.35
15 278.23 30 284.34
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Fig.5 Typical failure mode of nodes under tension
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Fig.6  Effects of hub-body groove spacing on the tension of the nodes
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Tab.4  Different tooth spacing corresponding to ultimate

tensile load of nodes

Y EE/mm  ARERAFE/KN || {5RIEE/mm BRI A ER/KN
1 201.57 4 283.70
2 237.51 5 292.50
3 273.09
300 - (5 mm.292.5 kN)
(4 mm,283.7 kN)./
280 f e
. ™ (3 mm,273.09 kN)
=< 260 |
= o1 {2 mm237.51 kN)
_’% mm, B
220 F
200 F ®(1 mm,201.57 kN)
L L L L 1 1
1 2 3 4 5
a1 fmm

(b) AN [ 4 T X6 o A R A 8¢

8 iEEEEXY T R Z RN
Fig.8 Effects of tooth spacing on the tension of the nodes
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Fig. 10  Effects of tooth width on the tension of the node
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Tab.7  Different tooth groups corresponding to the

ultimate tensile load of the nodes
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Effects of the tooth depth on the tension of the node
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Fig. 12 Effects of the number of teeth on the tension of the joint
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Fig. 14 Damage of aluminum alloy hub joints under
compression and the influence of tooth width on
the joints under compression
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