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Comparison
of FEM structural
analysis
and strain gauge
measurements
of a deck crane

A new universal 40 t deck crane for bulk
carriers was constructed by the Towimor S.A.,
Torun, the main Polish supplier of deck cra-
nes and deck machinery [1]. Strain gauge
measurements of the crane were performed
during the stand tests at the factory.

After the tests a finite element analysis of
the crane was carried out to provide additio-
nal detail information for checking accuracy
of the numerical modelling in view of impro-
ving the applied FE model. In this study appli-
cation of the FE method played a role inde-
pendent of the experiments. Comparison of
the results obtained from the two methods
made it possible to improve the FE model and
support the experimental results.

SUMMARY
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INTRODUCTION

Possibilitics of the strain gauge measurements are limited by
the fact of reading the stresses only in sclected points of a structure.
Therefore the strain gauge measurements can not replace the global
strength analysis carried out by means of the finite element method
(FEM) at the stage of structural safety estimation.

The objectives of the present work are as follows :

9  Verification of the FE modecl of the crane boom by comparing
the measurement results at the test conditions presented in [2]
with results of FEM computations of the boom at some of the
test conditions.

S  Estimation of credibility of the strain gauge measurements used
without carrying out computer structural analysis in advance.
Estimation of the maximum real stress in the crane boom struc-
ture on the basis of the strain gauge measurements.

Errors of using the FEM are mainly due to numerical approxi-
mations and structural idealization. Accuracy of the numerical ap-
proximations can be verified by examining results of parametric studies
or by comparing results from different calculation methods, but physi-
cal experiments are usually not required.

The errors due to structural idealization can occur when a real
structure is replaced by an idealized model to make the analysis pos-
sible. Physical testing, and in particular that of the real structure, is
the only way to check the accuracy of a structural idealization.

Although no crane is exactly the same as the considered one,
the experience gained from an improved structural idealization is ap-
plicable to other structures too.

EXPERIMENTAL INVESTIGATIONS

Strain gauge measurements of the FS40030/32033D5R01
TOWIMOR clectro-hydraulic ship-deck crane were made to check
stress magnitudes in the crane structure under test load and at the
crane support (ship) heel specified by the crane manufacturer. The
tests were carried out on a special test stand at the cranc factory in
compliance with the approved test program. Complete description of
the tests can be found in [2]. The strain gauge measurements were
performed with the use of the following instruments and materials :

*  KWS 3073 Hottinger strain gauge signal amplifier

*  DATAGO computer with ,,Flash-12” Strawberry Tree 16-chan-
nel analogue card used for process recording, characterized by
the following working parameters :

operation mode : Fast Mode

number of recorded parameters : 16+1 (inner time)

sampling frequency : 50 Hz (Analogue Input and LOG)

number of samples per channel : about 4000
* operation voltage range : 10V

%  10/120 RY41HBM strain gauge delta rosettes and 10/120 LY
11 HBM single strain gauges.

*  Surface preparation materials, glues and strain gauge protecting
agents manufactured by the Vishay Measurement Group.

* & o o

Arrangement of the single strain gauges (P) and rosettes (R)
installed on the crane boom is depicted in Fig.1.

Zero - strain value was assumed at the vertical position of the
crane boom with its support deflected back by 5°. TheYoung’s modu-
lus E=2.06x10° MPa and Poisson’s ratio n = 0.285 were assumed for
stress calculation.
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METHOD OF COMPARATIVE
COMPUTATIONS

Test conditions characterized by the greatest absolute value of
stress measured in the crane boom were selected for making compari-
sons. Test symbols in accordance with [2], and the maximum mea-
sured stress values are shown in Tab. 1

Tab.1. Selected crane test conditions

Testisymbul Maximum stress
C\ symzn Cranc test conditions [MPa]
ace. to [2] Gauge symbol
Q=40 ton, rcach R=30 m, clockwise rotation by
st 305 - -142(-115)/P40
Test 305 90°, starboard heel by 5° at the moment of start 142611
Q=32 ton, rcach R=33 m, clockwisc rotation by
5 : -116/P3Y9
Test 007 90°, starboard heel by 5° at the moment of start LG

The measurement process during the test 009 and 305 was sub-
divided into three time intervals (stages) :

Stage I:  Lifting the load from the ground up to a specified height,
(time interval: t - t)) ’

Stage II:  Support rotation by 90° with a specified rotational speed,
(time interval: t, - t,)

Stage III: Stopping the rotation, the load swings with the fixed

period T.

During the test the time-histories of operations given in Tab.1
were recorded. As the number of measuring points on the crane boom
in the test 009 was very small, the computational analysis was limited
to quasi-static calculations for the test 305 only, carried out for the
following situations :

® the test starting time (t,), just before load lifting, the crane in
starting position with the boom under its dead weight only

®  static lifting the weight Q=40 t, the time instant (t) = (t,) + 5 s,
loading condition ,,start 5 17

®  swinging the weight Q (to the right) when rotating the crane

When the support starts (or stops) rotating, the weight Q sus-
pended on the ropes initiates swinging motion with the period which
can be determined from the strain gauge records by assuming the
mathematical pendulum law to calculate the period T as follows :

l

4

T=2r

The weight speed (V) within the time t - t, was found from the
formula :

T
—Z_R :(tl_ tz)

The maximum weight deflection angle  at the time instant t, in
the direction of motion was computed from the weight speed at the
moment of support stopping (or starting) :

Vo=

where :

- length of the pendulum

- acceleration of gravity

change of weight height (rise) after stopping
- mass of test weight

- maximum deflection angle of the weight.

Qg omw —

Input data and calculated values of the maximum deflection angle
o are given in Tab.2.

Tab.2. Input data and calculated values of the maximum deflection angle a

boom, the time instant (t,,) = (t,) + 32 s, loading condition
»start+40_1 right _bp”

The situations could be distinguished on the basis of the re-
corded stress time-histories presented in Fig. 2, but introducing a se-
condary interpretation of the stress time-histories from the strain gauge
records was necessary since neither start /end points of individual test
phases nor swing period (T) and kinematics of motion were recorded
in [2]. It could cause systematic errors in defining the loading condi-
tions of the tests.
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Fig.2. Stress records from test 305, measured by the strain gauges :
(a) P32+20, (b) P31 and (c) P40
Test start at = 2s, rotation start at 1= 24s, rotation end at = 45s , test end at t,=64s.

After lifting the weight (the time interval t, - t) the crane sup-
port starts uniform rotation with the crane boom head moving along
the arc = (/2 x R), where R - rotation radius.
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. . . Weight

Test Chanivl Swgng Pendulum | Rotation | Rotation | Arc lengthl Weight | Weiglt deflection
symbol [ s period length time radius w2 xR speed rise s angle

Y Tis) 1m} 1s) Rim] tml | Valows] | bpm) meen
°l
305 3 R4S 17.77 2100 3000 47.10 224 026 0986 v.7s
oo 1 100 12,52 24.00 300 S1.K1 216 024 0 YKX] 1

A sketch of the FE model of the crane with applied forces is
shown in Fig.3. The calculation model was prepared with the use of
MSC PATRAN graphic pre-processor. The model’s geometry is based
on the technical documentation supplied by the crane manufacturer.

The model covering the crane support and boom structures ac-
counted for :

9  Physical properties of the system of span ropes and cargo run-
ners. The ropes were modeled as ROD elements.

9  Physical properties of the crane material (St52-3 high strength
steel), range of plate thickness (of CQUAD4 quadrilateral ele-
ments and CTRIA3 triangular ones), as well as of the boom
internal diaphragms and stiffeners (modeled as CBAR beams
with 6 degrees of freedom).

The FE model consisted of 16954 finite elements, 14817 nodes
and 75392 degrees of freedom. Calculations were performed at the
loading conditions of the test 305 specified in Tab.1 and 2.

The system of cargo runners was replaced by the resultant forces
applied to the crane boom head in the direction of cargo runners sys-
tem to remove the influence of cargo runner stiffness on the crane
boom distortion due to its dead-weight and test loading. Values of the
resultant forces found from a separate analysis amounted to 614 kN.
Their directions and points of application are shown in Fig.3.

Tab.3. Computed versus measured principal stresses for test 305 [MPa]

Time Gauge symbol

Anstant R49 RS54 RSS RS6 P40 P3l P32
W Measured -12 5 -9 15 -62 -20 -6

t=0s | Compuied | -10.1 437 20 139 625 -172 558
& Measured =55 15 30 34 132 (-115) &7 75

t=5s [ Compuwed | 425 19 E] 9.90 110 6% 51
r 90 24 45 Sl 142 100 90

1=32s [ Compued | 935 40 187 258 159 105 86
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Tab.4. Maximum (absolute) values of principal stresses (MPa]
and the most stressed regions

Time Maximum (out
instant of all channcls) Location of Maximum Location of the most
counted measured stress the most computed stressed region
from start | value ata given | stressed region valuc of (as computed, see
of test time /gauge (as measurcd) stress Fig.4 and 5)
305 symbol
ﬁ“ rlgh'.»hu‘nd Atright-hand carrying
(=5s | -132¢115ypap | CoTYing beam 127 beam fore
fore from . §
from traverse No. |
traverse No. 2
Atright-hand 1) At right-hand
- carrying beam 1)-183 carrying beam fore
S HEZ Ll fore from 2) 172 from traverse No.1
traverse No. 2 2) At traverse No. 1
COMPARISON

OF RESULTS OF COMPUTATIONS
AND STRAIN GAUGE MEASUREMENTS

Findings from the comparison of the results of the computations
and strain gauge measurements (see Tab.3 and 4) are as follows :

= In general the computation results satisfactorily agree with the
experimental ones obtained from P40, P31, P32 strain gauges
fixed at the crane boom, at all three time instants (i.e. t=0,5,32 s)
provided that the static component of the measured stress is ta-
ken for t = 5 s (e.g. the value in brackets in Tab.3). The same
conclusion holds for the principal stress of the strain gauge ro-
settes R49 and R54 placed on the traverse No.2.

=  The agreement is generally poor in the case of the strain gauge
rosettes R55 and R56 placed on the traverse No.2. The main
reason of the discrepancy might be an inadequate idealization
of the crane boom support.

= Tab.4 shows the maximum calculated stress values and their
location within the crane boom structure versus the maximum
stress values measured by the correspending strain gauges at
t=5s and t = 32 s time instants counted from the test start. The
measurements themselves without carrying out a relevant struc-
tural analysis in advance do not give the full picture of stress
distribution ; neither maximum stress values nor most stressed
regions of the structure can te determined.
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Fig.3. Sketch of FE model of the crane.
Resultant forces due to test load
and equivalent forces of removed runners
are applied at the boom head

514000000 .
514000000 .

The most stressed regions within the crane boom determined
from the FE analysis are shown in Fig.4 and 5.

CONCLUSIONS

A reliable structural idealization and, to a smaller extent, its

discretization to perform FE analysis is still a very demanding

task especially as far as structural optimization is concerned,

though reliable structural analysis methods and computer pro-

grams are easily available to the designer.

Experimental investigations might be necessary to verify assu-

med loads and/or boundary conditions. And inversely, routine

tests of the prototype do not provide enough information to opti-

mize a designed structure, without preforming an appropriate

FE structural analysis in advance.

The following conclusions are offered in result of the compari-

son of the outputs of the investigations in question :

¢ lateral bending of the crane boom greatly influences its
strength, and the maximum stress in it is strongly dependent
on the stiffness of the structural connection of the boom heel
to its cast par; it means that the structural behaviour of the
crane is better understood now

¢ the numerical computations and test measurements are mu-
tually supportive

¢ the errors of the FE modelling of the crane have been identi-
fied making it possible to modify a FE model in view of
improving accuracy of computations

¢ the numerical simulation of the crane behaviour provides a
guidance for further experimental investigations.

From the presented comparisons it also follows that FE model-

ling of the ship crane still needs some improvements. The main

cause of the poor agreement between FE calculation and expe-

rimental results in the case of RSS and R56 strain gauge rosettes

could be the assumption of the rigid connection of the crane boom

heel to its massive cast part which was modeled by means of solid

elements instead of assuming 4 bolts only placed close to the cross-

section corners and initially pre-tensioned to prescribed tension

values, as it results from an independent analysis of the crane [4].
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Fig.4. Principal stresses in the region between traverse No. 1 and 2 of the crane boom
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Fig.5. Principal stresses in the heel of the right-hand carrying beam

10 POLISH MARITIME RESEARCH, MARCH '99



Also, the weight loads assumed in the calculation, i.e. their di-
rections and values need direct experimental verification. To ob-
tain a reliable idealization of the crane specially arranged crane
tests are necessary. Additional strain gauge measurements sho-
uld be made simultaneously in the first and second traverses.
Also the maximum deflection angle of the weight ropes as well
as the displacements of the crane boom top itself should be di-
rectly measured. Both 305 and 009 test conditions specified in
Tab.1 have to be complied with as a minimum.

In October 1998 the Institute of Construction and Pro-
pulsion of Vessels, Polish Naval Academy, Gdynia, organi-
zed XX Symposium on Ship Propulsion Plants. The sympo-
sia are yearly scientific meetings of representatives of the ship
power plant departments or institutes of the technical univer-
sities and maritime academies in Gdansk, Gdynia and Szczecin
and of the Polish Naval Academy of Gdynia, devoted to prob-
lems of research, design and exploitation of ship propulsion
plants and their equipment.

Authors of 23 papers read during the symposium shared
their experience and achievements with the Symposium par-
ticipants. The papers dealt with the following themes :

¢ Optimization of operation of the waste heat utilization
boilers, fuel supply and lubricating systems for diesel
engines (4 papers)

. Computer aiding the calculation, simulation, measure-
ment and assessment processes (4 papers)

+  Laboratory stands for testing selected ship devices and
energy processes (3 papers)

(‘ Yonferences
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on ship propulsion plants

¢ Assessment of technical state, durability and reliability
of power plant devices (3 papers)

¢ Modelling the power plant installations and operational
characteristics of devices (2 papers)

¢ Identification of technological and operational proces-
ses on floating units (2 papers)

¢ Methods of analyzing the energy processes in diesel en-
gine power plants (2 papers )

¢  Emission of toxic compounds confronted with marine
environment protection (2 papers)

¢ Development of propulsion systems for fast floating units.

Authors from the Polish Naval Academy, two technical
universities and the Maritime University of Szczecin contri-
buted in preparation of the Symposium materials to the grea-
test extent (5 to 6 papers prepared by each team).

The Symposium was held in 5 sessions with the partici-
pantion of, apart from the participants from the above men-
tioned universities, also representatives of shipyards, shipown-
ers, design offices as well as several maritime economy enter-
prises and institutions.

Scientific Conference and Workshop on Diving

In December 1998 the yearly, already fifth, Scientific
Conference and Workshop on Diving was held in Gdynia. It
was organized by Polish scientific centres and military servi-
ces dealing with medical and technical aspects of diving. Polish
Navy, the leader in the field of diving in Poland, hosted the con-
ference.

24 papers were presented to over 100 participants mainly
from military circles. The papers were focused on two broad
aspects :

»Technical problems of diving”
and
»Medical problems of diving”.

A single paper was devoted to each of the themes :

¢ Nowaday problems of diving in Poland

¢ Selection and configuration of equipment for technical
diving

¢  Saturated heliox diving in the Baltic Sea

¢  Development of decompression theory

¢  Principles of feeding the divers.

The remaining papers (2 to 5 per one theme) were fo-
cused on such problems as :

Diving safety (2 papers)

Rescue of divers and submarine crews (3 papers)
Training the divers and frogmen (3 papers)
Breathing mixtures for diving (2 papers)

Disease diagnostics and examination of divers

(5 papers)

Ophthalmologic and laryngologic consequences

of diving (2 papers)

¢  Consequences of pressure injury of lungs (2 papers).

L IR IR R R 2
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Also, the Conference participants had the opportunity
of being acquainted with four reports on course and results of
visits of Polish experts to foreign diving centres and of taking
part in international conferences abroad.

Taking the opportunity, three firms presented their pur-
chase offers of diving equipment and specialty products.

It was also possible to visit the Polish Military Training
Centre of Divers and Frogmen, assist at practical training
events and be acquainted with the centre’s facilities.
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