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The Study of Stiffness Evaluation Technique for L, T Shaped Joint
Structures Using Normal Modes Analysis with Lumped Mass
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ABSTRACT

This paper describes the dynamic characteristics of the joint structures in case of using the
simplified beam model in the F. E. analysis. The modeling errors," when replace the shell with the
beam, are investigated through F. E. normal modes analysis. Normal mode analysis ‘were
performed to obtain the natural frequencies of the L and T shaped joints with various type of
channels. The results were analyzed to access the effects of the models on the accuracy of F.E.
analysis by identifying the geometric factors which cause the errors. The geometric factors
considered are joint angle, channel length, thickness and area ratio of the hollow section to the
filled one. The joint stiffness evaluation technique is developed in this study using normal modes
analysis with Lumped Mass. With this method, the progressively improved results of F. E.
analysis are obtained using the simplified beam model. The static and normal modes analysis are
performed with the joint stiffness values obtained by the Kazunori Shimonkakis’ virtual stiffness
method and the proposed method and these simplified modeling errors are compared.
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Table 1 Configuration of structural analysis model

Items \ Model L-type T-type
Length L (mm) 500, 800 800
Angle 0 (degree) 90°,120°,150° -

Circular | R=30,40,50,60,70 50

Section Square 50 x 50 —
type Hexagonal Refer Fig.l -

General Refer Fig.l —

Thickness {(mm) 04 ~ 140 —

Area ratio 3% ~ 70 % —

OO

SECTION A -A

10 35 15

|
g
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H

(c) General Section (d) Hexagonal Section

Fig. 1 Typical dimensions and sections of L, T
shaped structures
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Table 2 Maximum strain energy density
(One side clamped, Length=800 mm)

Strain energy density
(Nmm/mm®)
Thickness (mm)

/ Area ratio (%)

0.5 3.0 10.
/392 | /2136 |/ 5555

1st | 0.8656 | 0.0582 | 0.0244
Circular | 2nd | 0.8053 | 0.0700 | 0.0298
*1st | 166.20 | 31.830 | 8.9420

Model Mode

L-type 1st | 0.6091 | 0.0636 | 0.0199
Square | 2nd | 0.3989 | 0.0696 | 00213

Angle "

150° 1st | 38770 | 3.3470 | 0.4930
" 1st | 0.6044 | 0.0702 | 0.0218
ox*f 1 2nd | 04718 | 0.0880 | 0.0274

*1st | 28.750 | 4.6960 | 1.0750
Ist | 03176 | 0.1905 | 0.0358
2nd | 8.8360 | 1.3380 | 0.3010

* The data with 1st were obtained by the numerical
analysis results with free-free boundary condition.

T-type | Square

Table 3 The natural frequencies & errors obtained
by 3 models (Length=800 mm, Angle=
150, Diameter =50 mm, free-free boundary

condition)}
Frequency (Hz)
Model
1st mode 2nd mode 3rd mode

Beam 121.67 296.82 347.43

Solid 121.05 294.98 346.67

Shell 119.41 294,78 34254

Error ( % )

Ref. mode 1st 2nd 3rd
Solid 0.51 0.62 0.22
Shell 1.89 0.69 1.43
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(b) Second mode

Fig. 2 The comparisons of errors of the natural
frequencies of L shaped curved structures
according to the area ratio of circular section
for various lengths and angles { Angle=90°
120°, 150° / Length =500, 800 mm)
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(b) Hexagonal (Height=50 mm)

Fig. 3 The comparisons of errors of the natural
frequencies of L shaped curved structures
with F.E. models according to the area ratio
of sections (Length=800 mm, Angle=150°
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(b) Second mode

Fig. 4 The comparisons of errors of the natural
frequencies of L shaped curved structures
according to the area ratio of circular
diameters(Length =800 mm, Angle=150°)

Table 4 The transition points of the mode (Diameter

= 50 mm)
Model Area ratios Thickness
Angle Length (%) (mm)
o0 500 mm | 13.42~14.79 18 ~ 20
800 mm 9.16~11.31 12 ~ 15
120° 500 mm 7.69~ 9.16 10 ~ 1.2
800 mm 3.92~ 6.20 05 ~ 08
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(c) General (Fig.1)

Fig. 5 The comparisons of the frequencies and errors
in the T shaped joint structure between beam
and shell model according to the area ratio of
sections (Length=800 mm)
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Fig. 7 Joint stiffness evaluation model using normal
modes analysis
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Table 5 Joint stiffness data of T type structure with square section (Dimension :

=50x50 mm®, #=16 mm)

L =800 mm, Section

Joint stiffness comparison (N/mm)

Classification Joint length K. (x10) | K, (x10% | K, (x10%| Joint length | K,(x10" | K, (x10% | K, (x10%
Modal parameter 0 2.628 3.908 978.7 - - - -
Virtual stiffness T-60 mm 2241 2.878 2.085 T-100 mm 2.166 2.426 1.836

method T-75 mm 2211 2515 2.085 T-450 mm 1718 1.586 1.311
Natural frequency and static stiffness
v Joint Analysis Natural Freq. and static stiffness(Hz, mm/N) Error ratio (%)
odel | length | ° o4 |1st mode|2nd mode| 3rd 4th 5th  |1st mode |2nd mode| 3rd 4th 5th
(mm) STIFF.X [ STIFF.Y | Mode | Mode | Mode [STIFF.X|STIFF.Y| mode | mode | mode
Modal 28.78 6502 | 9272 | 12215 | 36589 - - - - -
Shell i Static | 00114 | 00492 - - - - - - - -

N Modal 39.64 7125 | 9141 | 12332 | 36739 | 37.73 957 141 0.96 041
Rigid i Static 0.0095 | 0.0255 - - - 16.66 4822 - - -
Modal Modal 28.24 6477 | 9141 | 12131 | 367.40 1.87 0.40 141 0.069 041

parameter i Static 00116 | 0498 - - - 175 054 - - -
6 Modal 27.75 64.89 | 107.63 | 144.28 | 366.67 358 0.21 1608 | 1812 021

Virtual Static 0.0096 | 00511 - - - | 1579 376 - - -
stiffness 75 Modal 27.67 6379 | 108.74 | 14554 | 37043 | 3.85 1.90 1728 | 19.15 1.24
method 100 Modal 28.08 6441 | 11640 | 15638 | 375.71 243 0.94 2554 | 2802 2.68
450 Modal 28.09 64.53 - - 35248 | 240 0.76 - - 367

Table 6 Joint stiffness data of T type structure with general section (Dimension :
=Fig 1-(d), ¢£=16 mm)

L =800 mm, Section

Joint stiffness comparison (N/mm)

Classification

Joint

length

K, ( x10")

K, ( x10%)

K, ( x10°)

Modal parameter

0

1.793

6.223

48.857

Natural frequency and static stiffness

Joint ) Natural Freq. and static stiff.(Hz, mm/N) Error ratio’ (%)
Analysis
Model | length method 1st mode| 2nd mode | 3rd | 4th 5th  |lst mode|2nd mode| 3 4 5
(mm) Stiff. X Stiff.Y mode | mode | mode | Stiff.X Stiff.Y mode | mode | mode
Shell Modal 26.27 47,53 84.22 | 132,10 | 34231 - - - - -
el -
Static 0.02438 | 0.06508 - - - - - - - -
Rigid Modal 40.88 72.04 83.74 | 13342 | 351.78 55.6 51.56 0.6 1.0 08
igi -
Static 0.01036 | 0.02642 - - - 575 59.4 - - -
Modal Model 1 | 26.058 47.47 83.60 | 131.51 | 344.65 0.8 0.1 0.7 0.4 0.7
Modal Model 2 | 26.056 47.48 83.60 | 13152 344.75 0.8 0.1 0.7 0.4 0.7
parameter Stati Model 1 | 0.02064 | 0.06211 - - - 150 45 - - -
atic
Model 2 | 0.02255 | 0.06375 - - - 7.5 20 - - -
- 3 : Global X.Y.Z axi & spri 4
Error ratio = -Shell Model 8 — Beam Model 22 Model 1 @ Global X,Y.Z axiesel ti# spring element &£
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