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Strain field construction method of stiffened
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Abstract: At present, iFEM (inverse finite element method) is one of the most promising methods to con-
struct a structural strain field. The purpose of this method is to obtain a structural strain field that meets the
precision requirement with the least number of real measuring points in the process of discrete strain acquisi-
tion. However, when it is difficult to collect strain data in some local areas, discrete strain data can be collect-
ed by combining virtual and actual measuring points. In this paper, the stiffened plate of a typical ship struc-
ture was taken as an example, according to the measured data, combined with the simulation model and the
measurement point regression method of Xgboost, the strain field reconstruction accuracies of the three meth-
ods of measurement, simulation and virtual and real combination were calculated based on the iFEM technol-

ogy, and the causes of error were analyzed. The prediction results showed that the average error of 47 physi-
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cal measurement points was the lowest, which was 1.92%.When 15 points and 21 points were input through
the virtual-real combination path, the errors between the results and the verification points were all less than
3%, which verified that the strain field reconstruction method of virtual-real combination with a quick sup-
plement of the missing data has strong operability and high accuracy.
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Tab.1 Geometric parameters and material properties of stiffened plates
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Fig.9 Test and simulation load—axial strain diagram of stiffened plate
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Tab.6 Relative errors of 21 reconstruction points

F AR NG & B e

MR R

El

S 215
E2
El

I 215
E2
El

RLLES 2145,
e E2

-0.08%
-0.88%

2.37%
-0.56%
1.62%
-2.13%

RGN A AL AT, | B SIS A a5 3 A AL T S AR Sy FE R AR 7, A 15 B, [ ()
(b) () 733y 3 Ff AR Y SE I A2 7, (d) ((e) (D) 730518 3 T AR Y TR I 22 3

HEE (o) R (ue)

45,4

1114

-1085 -935.6

1057

e -925.8

Sl -915.9

072

-944 -906. 1
916
887
859

-831
-803
174
~T46.

-896.3

-886.5

I —876.6
-866. 8

200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000

K ) P m)
(a) S AR 2 14 (b) HEALL AN 2 ]

g o)
-964. 6
-943.8
-922.9
-902.0
-881.1
-860.3

I -839.4
-818.5

200 300 400 500 GO0 700 BOD 900 1000 200 300 400 500 600 700 800 900 1000
P (mm) P (mm)

(d) 529 5 I FEM B 48 5 #) = & (e) JERLEIFEM 28 4 = &

WEE (o)

1136
800 ~1108
1080
60 -1052
1025
. 97
£5 959
= 041
400 613
gg ~BBG
857
200 -830
802
100 -4
- ~T46

200 30 400 GO0 600 700 00 SO0 1000
K (mm)

(c) HESLEE AL = A
REE Cue)

-1078

-1032

-1025

-gug

-972

= 916
5 919
-893

866

-810

-813

-787

760

/ 734

-707

200 300 400 GO0 BOD  T0O B00 900 1000
K (mm)

(f) FESZLE A iFEM R A TE A 75 K]

B 15 214 BV AL 7 B i FEM b A% Y 2 4]

Fig.15 Strain nephogram and iFEM strain reconstruction nephogram of 21 points
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Fig.17 Coincidence cure of axial strain data Fig.18 Curve of data abundance and interpolation accuracy
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