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Earthquake evaluation of a stacker

crane deployed in the Mexican Republic

The intralogistics sector uses stacker cranes to transport stacked pallets
between racks.

by Andrea Piazza, Jaqueline Rafaela Travessini
System Logistics

Stacker cranes handle pallet placement in the warehouse, moving
longitudinally along the aisles between the warehouse shelves to deposit
and retrieve loads. They come in different heights and move along two
towing rails, one on the ground and one overhead that is connected to
the rack. Stacker cranes are susceptible to earthquakes that can damage
them and the racks around them. As an important piece of equipment in g
the warehouse, any damage they suffer can impact heavily on restoration
costs and can interrupt pallet flows causing further economic damage to
the warehouse owners.

Each region of the world has different seismic norms that describe how to
calculate the seismic load that structures may suffer in that location. These
norms are intended to ensure the safety of structures, establish seismic
intensity levels, and set minimum requirements for the seismic design —_— o s

of structures. The seismic load specification is based on determining ‘ '
the expected magnitude and intensity of earthquakes and their effect on
the terrain at a given site, and converting these in some way into the
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Fig. 1. Seismic regions of the Mexican Republic (source: CFE, 2017).

parameters of ground motion. The stacker crane in this article will be 350,000
installed in Mexico in seismic zone B. 300,000
250,000
Seismic load spectrum B o o
A geotechnical study of the terrain in Mexico had been undertaken for H '
the purpose of issuing the necessary recommendations for the design of g —e
foundations. The following values were extrapolated from this document: 100,000
a0:0.13*981:127.530m/s? 50,000
¢=0.326%981=2319.8cm/s? 0,000
Where a, is the maximum ground acceleration and ¢ is the design o0 00 209 300 20,0 50,0 £0.0
coefficient. Furthermore, according to the geotechnical study, the Frequencyilial
structure should be classified as Group B, Type 6. Fig. 2. Load Spectrum of terrain - classified as Group B — Class 1 — Zone B — Type lll.
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According to the manual the terrain on which the stacker crane operates
is classified as Group B — Class 1 — Zone B — Type Ill, which has the
following load spectrum:

Set up of the seismic analysis

The seismic analysis begins with a static structural analysis of the full
structure and ends with a response spectrum analysis (RSA), following
the workflow shown below:
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Fig. 3. Ansys Workbench workflow.

Static structure

Stacker cranes can reach up to 40m in height and 30 tons in weight. The
first step in the workflow is to perform an analysis of the static structure
with all its mass points, forces, constraints, at standard earth gravity.
The static analysis provides the pre-stress levels and constraints that will
influence the modal analysis. The complete 3D model of the piece of
equipment is developed, including various details concerning the mast,
base, and upper parts.

Modal analysis

Modal analysis isa dynamic analysis that generates the natural frequencies
at which a structure will resonate. It allows engineers to avoid resonant
vibrations or vibrations at a specific frequency and provides information
on how the design is likely to respond to different types of dynamic loads.
Modal analysis can be performed with or without pre-stress.

Pre-stress modal analysis is a study of the effect of loading on the
dynamic response of a structure. Pre-stressing the structure can result
in a significant variation in the frequencies of the extracted modal shape,
especially at the first mode compared to higher modes.

For the purpose of this study, 45 modal shapes were extracted for the
stacker crane, resulting in an effective mass ratio of more than 80% in the
X, Y, and Z directions. The modal analysis was performed with pre-stress.

ENGINSOFT

KNOW-HOW

Pulley Force: 22500N
Safety Ledge: 80 kg

Lifting Carriage: 3000 kg

" ——— Standard Earth Gravity: 9806,6 mm/s2

Motor and Barrel Ledge: 2600 kg

Motor: 540 kg

/

EFFECTIVE MASS

MODE FREQUENCY MODAL MASS KENE I X-DIR RATIO¢ Y-DIR RATIO Z-DIR RATIO
0.5814 €.433 43.32 I 10.62 52.61 0.1073E-03 0.00 0.4299E-05 0.00

2 1015 4.247 100.7 1 0.8850E-05  0.00 0.2789E-03  0.00 11.62 §7.54

3 1.ae7 4.154 115.6 1 0.2791E-04  0.00 0.2106E-03  0.00 0.1220 0.60

4 2.8 4.019 380.1 I 0.4780E-01 0.24 0.4104E-03 0.00 0.4360 2.16

5 2.472 4.532 546.6 I 0.9415E-01 0.47 0.5652E-03 0.00 0.1026E-03 0.00

6 2.8%4 4.163 678.7 I 0.9097E-01 0.45 0.447SE-03 0.00 0.7328 3.63

7 3.07% 6.937 1294. I 217 10.78 0.S711E-02 0.03 0.4461E-01 0.22

¢ 3a27 5.817 1123. I 0.7901 3.91 0.1098E-02 0.01 0.323¢ 1.60

9 4.414 1.979 761.3 | 0.1640E-01 0.08 0.2376E-03 0.00 1.932 9.57

10 4.967 1.124 547.5 I 0.3988E-02 0.02 0.2142E-04 0.00 0.986SE-01 0.49
11 5.392 2.599 1492. I 0.9148E-01 0.45 0.1919E-03 0.00 0.9316E-01 0.48
12 5.573 3.844 2356. I 0.8778 4.35 0.3387E-03 0.00 0.7057E-02 0.03
13 s.e79 1.270 866.1 I 0.1700E-03 0.00 0.8970E-04 0.00 0.6982E-03 0.00
14 6.605 3.248 2798. I 0.353% 1.75 0.2229E-01 0.11 0.6586E-03 0.00
15 6.816 3.664 3360. 1 0.5439 2.69 0.1318E-01  0.07 0.7427E-02  0.04
sum I 16.39 81.16 16.49 81.68 18.61 92.16

I

Fig. 5. Modal analysis - effective mass.

Response spectrum analysis

A response spectrum analysis calculates the maximum response of a
structure to a transient load. It is performed as a rapid alternative to a full
transient solution. The load can consist of a displacement, velocity or
acceleration. Itis possible to apply the same load to all constraints (single
point case), or different loads to each constraint (a multi-point case). The
response spectrum analysis technique combines the response spectrum
of a given dynamic load with the results of the modal analysis. These
maximum modal response values are then combined using a method
(such as sum of absolute values or complete quadratic combination,
CQC) to estimate the peak response of the structure.

For periodic modal responses with sufficiently separate frequencies,
the square root of the sum of the squares (SRSS) method is the correct
method to combine the modal responses. Where the modes have closely
spaced frequencies, various conservative methods such as complete
quadratic combination (CQC) and Rosenblueth (ROSE) can be used to
combine the modal responses - the SRSS method is not suitable in this
case.

The definition of modes with closely spaced frequencies is a function of
the critical damping ratio. At critical damping ratios <2%, modes are
considered closely spaced if their frequencies are within 10% of each
other (i.e. for fi < fj, fj < 1.1 fi). At critical damping ratios > 2%, modes
are considered closely spaced if their frequencies are within five times of
each other’s critical damping ratio (i.e. for fi < fj and 5% damping, fj <
1.25 fi; for fi < fjand 10% damping, fj < 1.5 i).
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1 0,5814

2 1,015 0,63954 Ok

3 1,187 1,1165 0k

4 2,189 1,3057 (0]%

5 2,472 2,4079 Ok

6 2,874 2,7192 0Ok

7 3,075 3,1614 closely spaced
8 3,127 3,3825 closely spaced
9 4,414 3,4397 0Ok

10 4,967 4,8554 (0]%

11 5,392 5,4637 closely spaced
12 5,573 5,9312 closely spaced
13 5,879 6,1303 closely spaced
14 6,605 6,4669 Ok

15 6,816 7,2655 closely spaced

—

Table 1. Closely-spaced frequency verification.

Fig. 7. Equivalent stress and maximum Stress.

About System Logistics

System Logistics is a leading global supplier of innovative
intralogistics and material handling solutions to optimize
operations in  warehouses, distribution  centres, and
manufacturing supply chains worldwide. With a special focus
on the Food & Beverage and Grocery sectors, System Logistics
develops tailor-made solutions for automated storage and
picking, including stacker cranes, material handling equipment,
software, and services. Most of the technologies we use in our
solutions are fully engineered, developed, and manufactured
in-house and are then also installed by System Logistics. This
gives us complete control of the process. We are a dependable,
long-term partner: collaborating closely with our customers, we
develop flexible solutions that address the challenges they face
gvery day and that will grow and change with them in the future.
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Fig. 8. Reaction force — upper wheels.

Since there are many closely spaced
frequencies, the SRSS method is not
applicable in this case. The ROSE
method, which offers a mathematical
approach to modal correlation
gvaluation for seismic response
spectrum analysis, was chosen to
evaluate the displacement, stress,
and reaction forces of the model.

RSA reaction forces

The RSA results allow the reaction
forces to be calculated and
considered by the designers of the
complete rack structure. According
to the RSA analysis, the reaction
forces on the upper wheels of the
stacker crane are: A: 7733,7 N; B:
10478 N

Conclusion

Simulation procedure, as shown,
allows a safe and reliable design
of stacker crane fully integrated in
a whole warehouse system. Risk
related to seismic occurrences is
drastically reduced and evaluated. it
was possible to analyse the results
in terms of the stress and reaction
forces and to verify that they are
compliant with System Logistics
standards.

Atthe given maximum acceleration of
0.13g, the stacker crane’s maximum
stress does not reach critical values,
having a safety factor of 1.53.
Consider the crane is 38.5 meters
high, the deformation of 54mm
only accounts for 0.14% of the total
height, which is also acceptable.

The response analysis enables both the stacker crane and the rack to be
correctly dimensioned, guaranteeing optimal safety for the warehouse
and helping the manufacturers of both the stacker crane and the rack to
deliver a better product to the customer.

For more information:

Andrea Piazza — System Logistics
andrea.piazza@systemlogistics.com
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