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a b s t r a c t 

A significant negative aspect in the operation of bridge-type cranes are the technical problems associated 

with wear of the wheels and the crane track, which causes crane skewing. The main causes of crane 

skewing include unevenness of the crane track, unequal loading of the traction drives depending on the 

position of the crane trolley, slips and different sizes of travel wheels and combinations of these causes. 

Firstly, this paper presents a design solution that can be used to detect the magnitude of mechanical 

stress and deformation of the steel structure of the crane, caused by the effects of skewing. The me- 

chanical stress generated by the transverse forces of the deformed geometric shape of the crane bridge 

structure is recorded by mechanical stress detectors installed in the inner corners of the crane bridge. 

The resulting electrical signal from element mechanical voltage detectors, loaded by axial forces, can be 

used for feedback control of separate crane travel drives controlled by frequency converters. Secondly, 

this paper presents the calculation of the lateral transverse forces according to CSN 27 0103 and the de- 

termination of the values of mechanical stresses of the deformed steel structure of the crane bridge of 

a two-girder bridge crane using the finite element method in the program MSC.MARC 2019. Finally, this 

paper presents the structural and strength design of mechanical stress detectors and the conclusions of 

laboratory tests of axial force loading of mechanical stress detectors on the test equipment. At the same 

time, it presents records of the measured axial forces acting in the mechanical stress detectors, arising 

from the deformation and warping of the crane bridge by the known magnitude of the axial force acting 

on the crossbeam and from the deformation of the crane bridge caused by the crane operating modes. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of The Chinese Society of Theoretical and 

Applied Mechanics. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Elimination of crane skewing on crane tracks is currently based 

n several principles, of which the best known and most widely 

pplied in practice are the optical methods [1] , ultrasonic [2] and 

train gauges [ 3 , 4 ]. The “Geotronics” [5] optical method is based 

n the principle of evaluating the speed of movement of laser 

eams. Laser transmitters are placed on both end faces of the 

rossbeams in the direction of travel of the crane, and reflector 

lements of the laser beams are located at the end points of the 

rane tracks. During continuous measuring of the distance of the 

aser transmitters from the reflectors, signals are sent to the drive 

o control the speed of the driving electric motors. The principle 

f “Electronic flanges” [2] uses four ultrasonic sensors, which con- 

inuously measure the lateral distance of the corner parts of the 

rane bridge from the railhead. The control circuit (programmable 
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ogic controller) evaluates four sensor signals. The output signal 

rom the controller enables independent control (by changing the 

ravel speeds of the right and left side of the crane controlled by 

requency converters) of the circumferential speeds of the driving 

rane wheels. 

The principles [ 1 , 2 ] are based on the assumption that travel

heels with double-sided flanges mounted on opposite cross- 

eams (driven by separate drives) run parallel, and thus travel the 

ame path in the same moment of time. This principle is also used 

y mechanisms with a fixed or electric shaft, which can achieve 

he same speed of the drive motors, but due to different gears it 

s not possible to ensure uniform wear of the wheels, resulting in 

ncreased stress on the steel structure of the crane from the even 

ravel of opposing sides (crossbeams) of the truck. 

In industrial practice, it is possible to eliminate or completely 

egate the effects of crane skewing on bridge-type cranes by a 

ethod that is based on the control of traction motors [5] with 

egard to minimizing the mechanical stress of the crane structure 
ty of Theoretical and Applied Mechanics. This is an open access article under the 
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Fig. 1. Double-girder overhead crane 2 × 6.3 t-31.5 m. 

Fig. 2. Main girder of two-girder bridge crane 2 × 6.3 t-31.5 m. 
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Fig. 3. Cross beam of the two-girder bridge crane 2 × 6.3 t-31.5 m. 

Table 1 

Base parameters of a two-girder bridge crane. 

Crane load capacity m q (kg) 2 × 6300 

Total crane weight m c (kg) 29676.2 

Crane block weight m k (kg) 1095.4 

Crane gauge (Runway length) L (mm) 31500 

Crane wheelbase s (mm) 5000 

Block travel distance L 1 (mm) 870 

Block length L 2 (mm) 1800 

Fig. 4. Calculation diagram for calculation of wheel loads K 1 (N) and K 2 (N) accord- 

ing to CSN 27 0103. 
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 3 , 4 ]. In this method, information on deformation and mechanical 

tress is obtained from strain gauge bridge sensors [ 6 , 7 ] located

t a suitable place on the crane bridge structure. The magnitude 

f the deformation of the steel structure of the crane bridge often 

oes not reach such optimal magnitudes that would make it suit- 

bly detectable by foil strain gauges attached to selected places of 

he crane bridge [4] . 

More suitable solution for gaining knowledge on the magnitude 

f mechanical stress in the deformed structure of a crane bridge is 

o install so-called mechanical stress detectors (hereinafter MSD) in 

re-selected places on the crane bridge [8] . The MSDs are usually 

echanically attached in places of the steel structure of the crane 

ridge [9] , where the ends of the main girders are connected to 

he crossbeams, see Fig. 1 . 

The effects of transverse loads, which according to CSN EN 

3001-2 + A3 [10] are included in the category of intermittent 

oads, when the crane travels along a crane track formed by steel 

ails, were detected on a double girder bridge crane 2 × 6.3 t-31.5 

, see Fig. 1 . 

The main girder of the crane and its static cross-sectional values 

re shown in Fig. 2 . 

The cross beam of the crane and its static cross-section values 

re shown in Fig. 3 . 

According to CSN 27 0103 [11] , the horizontal lateral forces H tpv , 

rom the crane skewing on the crane track can be determined ac- 

ording to relation (5). The crane skewing factor λ in Eq. (1) as- 

umes the following limit values: 0.05 ≤ λ ≤ 0.2. K ( Eq. (3) ) K 
1 2 

2 
 Eq. (2) ), the wheel load on the more (less) loaded branch of the

rane track from the net weight of the crane m c (see Table 1 ) and

he block m k with a total load m q is in the most efficient position

 Fig. 4 ). 

= 0 . 025 × L = 0 . 025 × 31 . 5 = 0 . 158 , (1) 

s 5 . 0 
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Fig. 5. Finite element method ( a ) starting, ( b ) resulting finite element network. 
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 2 = 

( m 2 − 2 m k ) × g × L 
2 

L 

+ 

( m k + 2 m q ) × g × L 1 + ( m k + 2 m q ) × g × ( L 1 + L 2 ) 

L 

= 144 . 92 kN (2) 

 1 = 

( m c − 2 m k ) · g · L 
2 

L 

+ 

( m k + m q ) · g · ( L − L 1 ) + ( m k + m q ) · g · ( L − L 1 − L 2 ) 

L 

= 269 . 66 kN (3) 

 tp = λ × K 1 = 0 . 158 × 269 . 66 × 10 

3 = 41 . 47 kN , (4) 

 tpv = H tp × γtp = 42 . 47 × 10 

3 × 1 . 1 = 46 . 72 kN , (5) 

 y = H tpv × s 

L 
= 46 . 72 × 10 

3 × 5 

31 . 5 

= 7 . 42 kN . (6) 

The final value of axial force P yc = 8 kN is selected by rounding.

Calculation of applied mechanical stresses and axial forces in 

he measuring element MSDs and deformation of the steel struc- 

ure of crane bridge of double girder bridge crane 2 × 6.3 t-31.5 

 ( Fig. 1 ) was performed by finite element method (FEM) in the 

SC.MARC 2019 program. During the calculation, the geometric 

odel of the crane was transformed into a shell (this is suitable 

or thin-walled structures, which the box-type beams ( Fig. 2 ) and 

ven crossbeams ( Fig. 3 ) of the 2 × 6.3 t-31.5 m crane can be con-

idered), which allows using fewer elements in the FEM calculation 

nd thus greatly shortens the computation time. 

A “relatively coarse” network was used to calculate the FEM, see 

ig. 5 a, formed by isoperimetric square shell elements with a max- 

mum size of 50 mm. An adaptive networking technique was used 

o refine the network, Fig. 5 b. This is a process where, according 

o a certain criterion, the size of the elements is reduced locally to 

ncrease the accuracy. 

At the maximum axial force P yc Eq. (5) , the axial force of 

he maximum value F med(1) = -43.3 kN (see Table 2 ), which was 

etermined by FEM, arises at the measuring element “1” (see 

ig. 6 c) MSD. The minimum value of the cross section S min of the

easuring element MSD can be determined according to relation 

q. (7) . 

 ev = 

F med ( 1 ) 

S min 

⇒ S min = 

F med ( 1 ) 

R ev 

= 

43 . 3 × 10 

3 

137 . 5 × 10 

6 
= 3 . 15 cm 

2 . (7) 

In the FEM calculation, one of the girders (left girder on Fig. 1 )

s assigned these boundary conditions (see Fig. 6 a): at the place- 

ent location of the driven crane wheel, travel in the direction of 

rane travel ( z -axis) and travel in the y -axis are prevented (travel
3 
hifts u, v, w see Fig. 6 a represent travel along the respective x, y,

 axes). The force pair H tpv in Eq. (5) is introduced into the pins of

rane wheels mounted on the opposite crossbeam (right in Fig. 6 a). 

n the FEM computational model, the crane blocks are represented 

y material points connected with an assembly of MPC bonds. The 

locks are fully loaded with the weight of the load, meaning that 

t both material points a force is exerted that is equivalent to the 

aximum load capacity of the blocks m q = 6.3 × 10 3 kg. 

During the calculation, 3 stress cases were considered, which 

ere applied sequentially: gravitational force load, load by burden 

nd load by a force pair H tpv in Eq. (5) . A continuous network was

sed for the calculation, and in places where it was not possi- 

le to connect the elements by means of a network (places where 

aps between the elements were created due to the use of shells), 

glue” type contacts are used. 

The purpose of the FEM calculation in the MSC.MARC 2019 soft- 

are environment was to determine the magnitude of the me- 

hanical stress σ med( i ) in the MSD measuring elements (2, Fig. 7 ), 

hich are located in the corner parts of the crane bridge ( Fig. 1 ),

eaning in places where the lower flanges of the main girders 

 Fig. 2 ) are connected to the crossbeams ( Fig. 3 ). In the MSD mea-

uring elements, the highest normal stress σ med( i ) in the central 

urfaces of the shells was evaluated, meaning in the center parts 

f the cross-sectional thickness S s of the MSD measuring elements. 

n Fig. 6 c, the measuring MSD measuring elements are indicated 

y numbers 1 to 4 and the crane blocks are shown schematically. 

rom the FEM results obtained, it is possible to calculate the re- 

ulting axial forces, F med( i ) (see Table 2 ), acting in the measuring 

lements of the MSD. Figure 6 b shows the course of the largest 

ormal voltage σ max(1) in the measuring element MSD “1” with a 

ross section S s Eq. (8) . 

 s = 

π ×
(
D 

2 − d 2 
)

4 

= 

π ×
(
0 . 03 

2 − 0 . 022 

2 
)

4 

= 3 . 27 cm 

2 . (8) 

In the MSC.MARC 2019 software environment, the FEM deter- 

ined the mean value of the “median” stress σ med( i ) and the nor- 

al forces F med( i ) (inducing the stress σ med( i ) on the cross-sectional 

rea S s in Eq. (8) of the shell) in the individual MSD measuring el- 

ments, see Table 2 . 

The mechanical stress according to the HMH hypothesis was 

etermined in all components of the crane bridge and was checked 

n the outer and inner layers of the shells. The stress in certain 

omponents (e.g. sidewalls) was affected by the occurrence of sin- 

ularities (places where there is an unrealistic increase in stress 

s the size of the element decreases). Singularities occur at sharp 

orners at the joints of sheet metal parts and are only of a local 

ature. Since the area of interest was to determine the stresses in 

he measuring elements of the MSD, the stresses in the other com- 

onents were determined at sufficient distances from these singu- 

arities. The course of mechanical stress in the steel structure of 

he crane bridge is shown in Fig. 8 a (on the side of detail A there

re blocks which are not shown in Fig. 8 a). The singularities in the 

idewalls (see detail B) are shown in Fig. 8 b, and the voltage out- 

ide the singularity is shown in Fig. 8 c. 

The material 11523.1, from which the measuring element (2, 

ig. 7 ) φ 30/22 mm MSD is made, acquires a yield strength R e =
75 MPa. It is assumed that the measuring elements 2 (glued with 

oil strain gauges 1-XY11-6/350 [12, pp. 28/96]) will be loaded to a 

aximum of 50% of the yield strength R e , meaning R ev = 0.5 R e =
37.5 MPa. 

The main part of the MSD is the so-called measuring element 

2, Fig. 7 ) whose cross section S s (8) and construction dimensions 

re designed so that it senses the mechanical stress σ m 

acting on 
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Table 2 

Detected values of the relative U m of the MSD loaded by the force F T of the hydraulic jack. 

MSD FEM C2 Sensor Measuring element of sensor 

i (-) σ med( i) (MPa) F med( i ) = σ med( i ) ·S s (kN) U c( i ) (mV/V) F T( i ) (kN) U m( i ) (mV/V) σ m( i ) (MPa) k m( i ) = F T( i ) /U m( i ) (kN/mV/V) 

TA - 

132.4 

- 

43.3 

1.04 (10) 26.00 ∗1 0.288 ∗1 45.17 (11) 90.28 

1.07 26.75 0.296 46.42 90.37 

1.03 25.75 0.282 ∗2 44.23 91.31 

NB 97.4 31.8 1.11 27.75 0.235 36.86 118.09 

1.10 27.50 0.234 36.70 117.52 

1.03 25.75 0.225 ∗2 35.29 114.44 

TC - 

62.7 

- 

20.5 

1.04 26.00 0.266 41.72 97.74 

0.995 24.88 0.296 46.42 84.05 

1.03 25.75 0.282 ∗2 44.23 91.31 

ND 40.5 13.2 1.14 28.50 0.312 48.93 91.35 

1.16 29.00 0.309 48.46 93.85 

1.06 26.50 ∗3 0.275 ∗2 , 3 43.13 96.36 

∗1 see Fig. 10 . 
∗2 see Eq. (12) . 
∗3 see Fig. 13 . 

Fig. 6. ( a ) The boundary conditions of the FEM calculation, ( b ) course of the normal stress in the measurement area by MSD, ( c ) deformation of the crane bridge. 

Fig. 7. Dimensional parameters of MSD component parts. 
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t over the whole range of its limit values. Measuring element 2 

SD, see Fig. 7 , with an actual cross section S s (8), is designed as

 tube with an outer diameter D = 30 mm and an inner diameter 

 = 22 mm. 

With the force pair H tpv (5) acting on the steel structure of 

he crane bridge 2 × 6.3 t-31.5 m ( Fig. 6 a), a mechanical stress,

max = 132.4 MPa, is generated in the cross section S s (8) of the 

SD measuring element (see Fig. 6 b). The maximum axial force F 

y which the MSD measuring element ( 2 , Fig. 7 ) installed on the

ridge crane 2 × 6.3 t-31.5 m can be loaded, can be determined 
i

4 
ccording to relation Eq. (9) . Figure 6 c shows the deformation of 

he crane bridge structure and the mean amount of movement of 

he crossbeam D z = 29.8 mm, when the force pair H tpv (5) acts on

he crane bridge 2 × 6.3 t-31.5 m according to CSN 27 0103 [11] . 

 = σmax × S s 

= 132 . 4 × 10 

6 × 3 . 27 × 10 

−4 = 42 . 3 kN . (9) 

For the purposes of MSD calibration, the Yokogawa DL750 

13] measuring apparatus was used, in which relation (11) [7, p.13] 

s used for the calculation of the measured stress value σ m 

of the 
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Fig. 8. ( a ) Course of the stress according to HMH in the structure, ( b ) occurrence of singularities in sidewalls, stress according to HMH, ( c ) stress according to HMH in sheets 

outside singularities. 

Fig. 9. MSD testing device. 
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eformed cross section S s of the MSD measuring element covered 

ith resistance film stress gauges (1-XY11-6/350 [12] ). 

Assuming that at the maximum possible load of the tensile 

orce transducer 5 × 10 3 kg ∼= 

50 kN it is possible to read the 

oltage value U = 1 V at 10 0 0 times gain at the supply voltage U N 

 5 V of the pressure force transducer C2 [14] , then the voltage

 c = 1.04 mV/V corresponds to the tensile force F in Eq. (10) , see

able 2 . 

c nom 

mV / V ... 50 kN 

U c mV / V ...F T kN 

⇒ F T × 50 = U c × c nom 

⇒ F T = 

U c × 50 

c nom 

= 

1 . 04 × 50 

2 

= 26 kN . (10) 

To verify the functional properties of the MSD ( Fig. 7 ) on the

est equipment ( Fig. 9 ), the MSD 1 were subjected to a tensile force

 T exerted by the compressive force of the hydraulic jack 4 , the in- 

tantaneous value of which was detected by the tensile force sen- 

or C2 3 . On the display of the Yokogawa DL750 [13] measuring 

pparatus, it was possible to read the instantaneous value of the 

ompressive force F T derived by the hydraulic jack 4 , which man- 

fests itself as a tensile force on the MSD measuring element 1 . 

t the same time, the time course of the proportional extension 
5 
 m 

of the MSD measuring element is shown on the display of the 

easuring apparatus [13] , see Table 2 . 

 m 

= 

4 · U m 

× E 

k × n t · 10 

3 

= 

4 × 0 . 288 × 2 . 1 × 10 

11 

2 . 06 × 2 . 6 × 10 

3 
= 45 . 17 MPa , (11) 

here n t = 2.6 for the total number of strain gauges used 4 (of 

hich 2 strain gauges are glued longitudinally and measure longi- 

udinal elongation and 2 strain gauges are glued transversely and 

easure transverse contraction, n t = 2 + 2 μ = 2.6, pro μ = 0.3). 

On the display of the Yokogawa DL750 measuring apparatus, 

t was possible to read the instantaneous value of the compres- 

ive force F T ( Fig. 10 ) derived by the hydraulic jack 4 (see Fig. 7 )

hich manifests itself as a tensile force on the MSD measuring 

lement 1. 

The 2 × 6.3 t-31.5 m bridge crane ( Fig. 1 ) without load (i.e.

ithout suspended load of mass m q on the hook of both crane 

locks), with crane blocks located in the middle of the span of the 

rane bridge, was moved several times manually and backwards 

nd forward, with released travel brakes, in the direction of the 
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Fig. 10. Record of relative during experimental test of the MSD Yokogawa DL750 measuring apparatus. 
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rane track in order to release the internal stress in the steel struc- 

ure of the crane in the horizontal direction. 

After the crane movement was completed, it was checked 

hether all wheel flanges of the wheels are equally spaced from 

he sides of the railheads (wheel diameter D k = 320 mm, distance 

etween wheels a = 75 mm, rail width b = 55 mm). After ver-

fying the identical distance of the flanges from the sides of the 

ailheads, four MSDs ( Fig. 7 ) (which were marked TA, NB, TC and

D) were welded in the inner corners of the crane bridge, see 

ig. 15 . 

The solder pads of each 1-XY11-6/350 strain gauge [12] (glued 

o the measuring section, see 2 Fig. 7 , MSD) were conductively 

onnected with a 3-core cable to the corresponding connectors of 

he 9-pin D-SUB socket. Each of the four MSDs was connected via 

ts own electrical cable (terminated with a 9-pin D-SUB plug) to a 

okogawa 750 [14] measuring apparatus. 

A bracket P ( Fig. 11 ) was welded to the vertical steel girder at

he end of the crane track so that the longitudinal axis of the hub 

 was concentric with the axis of the bumper attached to the front 

ace of the crossbeam ( Fig. 3 ) of the crane bridge. A hydraulic jack

 [15] , hubs 5 and 6, mechanically connected using screws, and 

 strain gauge load cell 3 [15] were placed on the bracket (see P ,

ig. 11 ), to which a hub 8 was attached by screws, the front surface

f which rested on the spring bumper of the crane ( Fig. 11 ) (which

as secured against compression). 

The travel wheels of the crane bridge placed in the second 

rossbeam (on the opposite side of the crane bridge) were secured 

ith a stop (mechanically attached to the crane rail) against over- 

unning (i.e., shifting in the direction of the crane travel). After 

ocking the travel wheels of the opposite crossbeam and complet- 

ng the installation of the bracket ( P , Fig. 11 ), a horizontal force

 yc = 8 kN in Eq. (6) was exerted by the hydraulic jack 4 onto the

ront surface of the crossbeam, in the direction of crane travel. 

The horizontal force P yc and the values of the relative U m( i ) of 

he DMS component measuring elements were detected by the 

train gauge C2, see Fig. 12 a, and these signals were recorded by 

 Yokogawa 750 [13] measuring apparatus. Figure 12 b and Table 3 

resent the values of the axial forces F m( i ) , which can be calcu- 

ated according to relationship Eq. (12) if the values of the relative 

 m( i ) (mV/V) of the respective MSD are known (they are read by 

c

6 
he measuring apparatus Yokogawa 750). 

 m ( i ) = U m ( i ) × k m ( i ) ( N ) , (12) 

After connecting all eight strain gauges T1 (T5), T2 (T6), T3 

T7) and T4 (T8), see Fig. 15 , placed on the SMD, into the 

heatstone resistor bridge and supplying the electrical signal U mc 

mV/V) in Eq. (13) , which is given by the “sum of signals (TA -

B + TC - ND)/2” (see Table 3 ) from the MSD, graphic records 

ere obtained into the measuring apparatus Yokogawa 750 [13] , 

ee Fig. 13 . 

 mc = 

k 

4 

× ( U mTA + U mNB + U mTC + U mND ) 

= 

2 . 06 

4 

× ( 0 . 152 + 0 . 149 + 0 . 108 + +0 . 145 ) 

= 

2 . 06 × 0 . 554 

4 

= 0 . 285 mV / V . (13) 

After removing the stop, which prevented the travel (in the di- 

ection of travel of the crane) of the travel wheels placed in the 

econd crossbar, i.e. after releasing the crane on the previously 

raked side and removing the bracket P ( Fig. 11 ), the 2 × 6.3 t- 

1.5 m crane was ready for operational measurements. 

Operational measurements recorded the generated forces, 

hich are manifested during the working cycle of a two-girder 

ridge crane. The effects of crane bridge deformation were de- 

ected for: 1) travel of unloaded ( Fig. 14 ) and loaded crane with

locks in the middle of the bridge, 2) travel of unloaded and 

oaded crane with blocks moved to the extreme edge of the bridge, 

) suspension and lifting of loads with blocks in the center, as well 

s moved to the edge of the bridge and 4) lowering the load with 

locks in the middle, and moved to the edge, of the bridge. 

The 2 × 6.3 t-31.5 m bridge crane ( Fig. 1 ) without load, with

rane blocks located in the middle of the crane bridge span, was 

riven along the length of the crane track and the induced inter- 

al stress in the steel structure of the crane bridge was detected 

y installed MSDs. Instantaneous values of axial forces, see Fig. 14 , 

cting on the individual measuring elements of the MSD from the 

ffects of the crane skewing were recorded by the Yokogawa 750 

13] measuring apparatus. 

All eight strain gauges T1 (T5), T2 (T6), T3 (T7) and T4 (T8) are 

onnected to a Wheatstone resistance bridge, see Fig. 15 . The out- 
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Fig. 11. Platform P supporting the array of machine parts used exerting and detecting compressing force P yc . 

Fig. 12. Record of relative during experimental test of the MSD Yokogawa DL750 measuring apparatus. 

Table 3 

Detected values of a relative U m(i) of the MSD during skewing of the crane bridge by axial force P yc . 

MSD C2 Sensor Measuring element of sensor 

i (-) U c( i ) (mV/V) k c( i ) = F c( i ) /U c( i ) (kN/mV/V) F c( i ) (kN) U m( i ) (mV/V) k m( i ) = F T( i ) /U m( i ) (kN/mV/V) F m( i ) (kN) 

TA 

0.316 25 7.90 

0.152 (90.28 + 90.37 + 91.31) / 3 = 90.65 13.78 ∗1 

0.189 17.12 ∗2 

NB - 0.149 (118.09 + 117.52 + 114.44) / 3 = 116.68 - 17.43 

- 0.173 - 20.16 

TC 0.108 (97.74 + 84.05 + 91.31) / 3 = 91.03 9.86 

0.144 13.07 

ND - 0.145 (91.35 + 93.85 + 96.36) / 3 = 93.85 - 13.22 

- 1.177 - 16.11 

∗1 Fig. 12 a. 
∗2 Fig. 12 b. 
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P  
ut signal from the measuring bridge is fed via a single-channel 

easuring amplifier (Industrial Amplifier) from Hottinger Baldwin 

esstechnik GmbH under the trade name CLIP AE301 [16] to the 

okogawa 750 [13] measuring apparatus. 

A record of the entire range of experimental measurements per- 

ormed of the relative deformations of partial MSDs caused by 

he crane travel and the suspension of the load is presented (see 
7 
ig. 6 a). The sum signal U mc of the relative deformations of the 

our MSDs is presented in Fig. 6 b. 

The highest value of proportional deformation in the MSD mea- 

ured in the record shown in Fig. 16 a corresponds to 0.12 mV/V, 

hich, in comparison with the voltage U m 

= 0.312 mV/V (see 

able 2 ), which corresponds to the standard CSN 270103, where 

 yc = 8 kN and H tp = 47 kN, corresponds to 38% of the calculated
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Fig. 13. Sum signal U mc in Eq. (12) of the component axial forces detected by the MSD (see Fig. 12 ) from the deformation of the crane bridge. 

Fig. 14. Course of ( a ) relative, ( b ) axial forces in the MSD from the effect of crane bridge deformation during crane travel. 

Fig. 15. Electrical connection of strain gauges from MSD to Wheatstone resistor bridge in the CLIP AE301 amplifier. 
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ransverse force ( H tpv = 47 kN in Eq. (5) or Fig. 6 a) according to

he CSN 270103 standard. 

The sum signal U mc of the relative deformations of the four 

SDs, see Fig. 16 b, can be used for feedback control of separate 

rane travel drives controlled by frequency converters. 

The aim of the operational measurements performed on the 

 × 6.3 t-31.5 m crane was to obtain an electrical signal with prop- 

rties that will allow to control the frequency converters regulating 

he speed of the traction motors, which can eliminate the effects 

f crane skewing to a minimum. 

To obtain the values of mechanical stress in the required places 

f deformation and known size (standard CSN 27 0103 recom- 

ended) force pair H tpv , steel structure of the crane, a 3D geo- 
8 
etric model of the crane bridge was created. In the MSC.MARC 

019 program, the finite element method (FEM) was used to cal- 

ulate the normal stress in the measuring elements of mechanical 

tress detectors (hereinafter only MSD), mechanically mounted in 

he inner corner parts of a two-girder crane bridge. 

From the calculation of the maximum value of normal stress 

med(TA) = 132.4 MPa obtained in the measuring element MSD 

TA”, the actual cross section S s = 3.27 cm 

2 of all four measuring 

lements MSD was determined, which were glued with resistance 

oil strain gauges after their production. 

In the laboratory, all four MSDs were gradually subjected to a 

ensile force of F T ∼= 

26 kN on a test rig, the magnitude of which

as generated by a hydraulic jack and detected by a strain gauge 
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Fig. 16. Course of ( a ) partial relative elongations, ( b ) total relative elongation of the MSD from the effect of crane bridge deformation caused by crane travel and load 

suspension. 
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oad cell. With a known magnitude of the acting tensile force F T , a

onstant k m 

was determined for each MSD. If the measured elon- 

ation signal of the respective MSD U m( i ) (mV/V), obtained from 

he measuring apparatus Yokogawa 750, is multiplied by the con- 

tant k m( i ) , this result of the multiplication can be used to define 

he mechanical stress σ m( i ) acting in the i -th MSD measuring ele- 

ent. 

The partial MSDs were connected to the inner corners of the 

rane bridge by welded joints and then two types of test trials 

ere performed on a double girder bridge crane. 

The purpose of the first test trial was to obtain the values of 

he actual mechanical stresses acting in the MSD measuring ele- 

ents with the exertion of the axial force P yc into the front face 

f one of the crane crossbeams, provided that the other crossbeam 

s prevented from moving in the crane’s travel direction. The ax- 

al force P yc = 8 kN exerted by a hydraulic jack, when moving the 

ront surface of the crossbeam in the direction of crane travel with 

he value D z = 30 mm, excites the highest value of compressive 

orce F m(NB) = 20.16 kN in the measuring element MSD "NB" (see 

able 3 and Fig. 6 ), which corresponds to a stress of σ m(NB) = 61.65

Pa at the cross section S s of the MSD measuring element. The 

btained maximum value of mechanical stress acting in the MSD 

easuring element from the experiment ( σ m(NB) = 61.65 MPa) is, 

ompared with the value of stress determined by the calculation 

f FEM ( σ med(TA) = 131.4 MPa, see Table 2 ), about 47%. 

The detected values of the relative U m( i ) of the individual MSDs 

uring the deformation of the crane bridge by the axial force P yc 

ere connected in the required order to the Wheatstone resistance 

ridge in the single-channel measuring amplifier CLIP AE301. The 

utput sum signal U mc of the proportional deformations of the four 

SDs can be used for the feedback control of the separate crane 

ravel drives controlled by frequency converters. 

The purpose of the second test was to obtain the values of the 

ctual mechanical stresses that are generated in the measuring el- 

ments of the MSD during the warping of the crane bridge from 

he force effects that are manifested in the individual modes of the 

rane work cycle. 

The maximum value of the relative of the MSD from the effect 

f crane bridge warping caused by crane travel and load suspen- 

ion was measured as U m(ND) = - 0.12 mV/V (see Fig. 16 a), which in

omparison with the voltage U m 

= 0.312 mV/V (see Table 2 ) cor- 

esponds to 38% of the calculated transverse force H tpv . The sum 

ignal U mc of the proportional deformations of the four MSDs (see 

ig. 16 b) can also be used for the feedback control of the separate

rane travel drives controlled by frequency converters. 
9 
The solution described in this article is based on there being 

laces on the supporting structure of the crane where the pro- 

ortional deformations from transverse forces and from eccentric 

raking are the highest in terms of values. Therefore, at these sites, 

SDs are placed, and fitted with strain gauge sensors of propor- 

ional deformations, where the highest proportional deformations 

re caused by transverse or eccentric braking. The individual strain 

auges are connected to a special chain in the Wheatstone resis- 

ance bridge so that the measured values of proportional defor- 

ations from skewing or transverse or eccentric braking add up 

nd other loads, especially symmetrical loads, to be canceled out, 

hich the special strain gauge chain reliably performs. This pro- 

ides a distinctive electrical impulse signaling the start of skewing 

r eccentric braking, which serves as information for the feedback 

ontrol of the separate drives of the crane trucks controlled by fre- 

uency converters. By slightly changing the speed of one side of 

he truck compared to the other side of the truck, which is de- 

ermined by the signals from the strain gauge in terms of polarity 

nd magnitude, the lateral and eccentric braking can be reduced to 

 minimum. 
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a manipula ̌cní za ̌rízení, Praha. 
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