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A Study on the Practical Load with T-shape Joint Structure by the FEA
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ABSTRACT

It is required more precise analysis for practical load because of complexities and varieties of vehicle
structure. To establish the numerical model, many researchers have been developed designing tools for
linking F.E. Analysis results and experimental results. These studies have generally focused on each
experimental method or analytical method separately. There are few studies based on both methods.

This paper conceives new procedure for the determination of load direction and magnitude applied on
mechanical structures. New procedure is the combination of the analytical and empirical method with
analyzed strain by F.E. Analysis under unit load and with measured principal stress by strain gages under
driving load, respectively. In this paper, we theorize the procedure of practical load determination and make
the validity and the practicality of the procedure with the application to T-shape jointed structure. F.E.
Analysis is conducted to get the principal stress on arbitrary points in the F.E. model of T-shape joint under
unit load. Then experiment is carried out to get the principal stress on the same points of F.E. model. To
demonstrate the actual driving condition, the load conditions are bending and torsion. From these two data
sets, the magnitude, the direction and the position of load can be obtained. Theory and practice do not
always coincide; since there are some errors such as ill-poseness, measuring error and modeling error in

experimental data, we examine the proper method of error minimization.
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Fig. 1 Practical load determination
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Table 1 Material property of SS41

Young’s Poisson | Density
Material .
modulus(GPa) | ratio (kg /m3)
SS41 206.87 0.29 7860
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Fig. 3 The points of computing and measuring strains
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Fig. 4 Boundary conditions and loading point for
bending

Table 2 Boundary and load conditions for FEA

Clamp both ends of side

Boundary condition
member

Unit load(1&) 3 directions

. along coordinate axis at the
Bending
shear center on the free end of
Load
cross member

condition -
Unit load(1N) 3 directions

Torsion | along coordinate axis at the

end of loading plate
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Fig. 5 Boundary conditions and loading point Torsion
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Table 3 Load conditions for experiments

Bending Torsion

981N to +Z direction at the
end of loading plate of
0.095m which is welded on

the end of cross member

981N to +Z
direction on the free
end of cross

member
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Table 4 Principal stresses under bending  (unit : MPa)
. FE. Analysis under unit [ Experim-
Points
. load(1N) to each direction ent under
in
) 98IN to
Fig.3 +X dir. +Y dir. +Z dir. .
+Z dir.

1| Max | 0.00417 | 0.00197 | 0.00890 | 11.5758
Min. | -0.00358 | -0.00151 | -0.00640 | -6.8873
Max | 0.00241 | -0.00022 | 0.00690 | 8.3692
2
Min. | -0.00231 | -0.00022 | 0.00460 | 4.8847
Max | 0.00411 | 0.00173 | 0.00780 | 11.3828
3
Min. | -0.00363 | -0.00172 | -0.00730 | -6.0398
Max | 0.01201 | 0.00530 | -0.02060 | -24.4983
4
Min. | -0.00435 | 0.00141 | -0.05950 | -58.8725
Max | 0.00982 [ 0.00574 | -0.00090 | -3.4970
5
Min. | -0.00383 | 0.00030 | -0.04810 | 40.8849
Table S Practical loads under bending
Load Magnitude Error
Actual load 981 N -
Before error minimization | 1032 N 52%
Practical load 991 N 1.0%
33.2 HIEE oI5
Table 6 & HIEH &5 F8Holx,

H9A ™25, 2001 113




FEY - AAA - 48Y

ARG - UES PR

Table 7> HA| 7}& 3t534 Astsolrh. A7
TPV R, eatdLste) AdEN Fr A
A 7t& gt 24TE & F Aok vER
9 B, y T 167%°122 HG)l A% 2
AH 43 FAAH A vlo] it BAA
T y & LTt TS AtEgich

BEH stEAlel dEEE F o= 743N,
F,= -15221N, and fF = 982.16N 7} 293¢
°1E«1 feaany Z—}%s} R ALTEAT
Table 7 oAl 21343 A= 31.7% 2 vf$
2 AE JEXARL xF4Asl Foe
1.59%2 "¢ dd A& A& 33t

Table 6 Principal stresses under torsion  (Unit : MPa)

F.E. Analysis under unit load(IN) to | Experiment

Points in
each direction under 981N
Fig.3
+X dir. +Y dir. +Z dir. to +Z dir.
Max | 0.00354 [ 0.00092 | 0.00720 [ 6.8647

Min | -0.00450 | -0.00081 | -0.00860 | -10.5912

Max | 0.00411 | 0.00252 | 0.00820 | 13.0428

Min | -0.00421 | -0.00314 | -0.00790 | -11.2776

Max | -0.00304 | 0.00185 | 0.00820 | 13.3370

Min | -0.00604 | 0.00115 | -0.00870 | -15.3964

Max | 0.00770 | 0.00055 | 0.00940 | 9.9047
4

Min | 0.00450 | -0.00191 } -0.01030 | -9.4144

Max | 037148 | 0.21732 | 0.05249 | 59.7225

Min | -0.00015 | 0.00001 { -0.00190 | 4.8053

Table 7 Practical loads under torsion

Load Magnitude Error
Actual load 981 N -
Before error minimization | 1292 N 31.7%
Practical load 996.66N 1.59 %
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