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Abstract: Pallet flow rack are widely used in intralogistics to maximize warehouse capacity and to reduce the travel by fork-lifts. However, 
the use of pallet flow racks is associated with increased danger due to the use of gravity conveyors in their design. For this purpose,  
the gravity conveyors of pallet flow rack have a two safety elements – brake rollers and a stopping mechanism with pallet separator,  
which are working as a system. Brake rollers limit the speed of pallets, while the stopping mechanism allows exuding a pressure  
on the unloading pallet from the following behind it. A pallet should have such a speed, controlled by the brake rollers, so that it could  
be stopped by a stopping mechanism without damaging it. Based on the Cox impact theory, an original method for determining  
the allowable speed of a pallet in a pallet flow rack is proposed. The method ensures safe operation of the stopping mechanism with pallet 
separator and takes into account the mechanical properties and design parameters of the pallet separator stopper. A calculation example 
is provided for the most commonly used types of pallets – Euro pallet (1200 mm × 800 mm) and Industrial pallet (1200 mm × 1000 mm).  
The obtained results agree well with the pallet speed range of 0.2 to 0.3 m/s recommended by the manufacturers of pallet flow racks. 
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1. INTRODUCTION 

Reducing the cost of warehouse operations is one of the main 
tasks in the designing of warehouses and the selection of material 
handling equipment and storage systems. Solutions of this task 
can be found by optimizing space utilization (e.g., Derhami et al., 
2017), reducing the total travelled distance by the fork-lifts 
(Ghalehkhondabi and Masel, 2018), using automated storage and 
retrieval systems (AS/RSs), autonomous vehicle storage and 
retrieval systems (AVS/RSs) (Heragu et al., 2011) and Shuttle-
Based Storage and Retrieval Systems (SBS/Rs) (Lerher et al., 
2017) for increasing the throughput of warehouse operations. 

Optimizing space utilization of a warehouse and maximising 
warehouse capacity, also reducing the travel by fork-lifts, can be 
achieved with block storage or deep-lane storage systems 
(Sulirova et al., 2017; Boysen et al., 2018; Boywitz and Boysen, 
2018). One of such systems is pallet flow rack (Fig. 1) (Accorsi et 
al., 2017 and Eo et al., 2015). 

The construction of a pallet flow rack can be divided into two 
parts ― static and dynamic. The static part includes standard 
racking elements, which provide stability in each direction as well 
as support for dynamic elements. The dynamic part includes a 
gravity roller conveyor and safety elements, such as brake rollers 
and a stopping mechanism with pallet separator (Vujanac et al., 
2016) (Fig. 2). Pallets are the most common form of unit loads in 
warehouses. There are various types of pallets, of which Euro 
pallet (1200 mm × 800 mm) and Industrial pallet (1200 mm × 1000 
mm) are widely used in the EU as well as in other countries 
(Rushton et al., 2010). The maximum pallet weight during trans-

portation is determined experimentally for each type of product. 
The safe operation load is limited to 1250 kg (EPAL Euro Pallet). 

As noted by Wu S et al. (2016), pallet flow racks save 22–25% 
of travelled distance by fork-lifts in comparison with single-deep 
racks. Therefore, pallet flow racks are widely using in automated 
warehouses with AS/RSs machines (Metahri and Hachemi, 2017; 
Ghomri and Sari, 2017; Hamzaoui and Sari, 2015), automated 
compact cross-dock system (Zaerpour et al., 2015) and with Just-
In-Time production system (Halim et al., 2012). 

However, the use of pallet flow racks is associated with in-
creased danger due to the use of gravity conveyors in their de-
sign. At the same time, studies of the static part are widely reflect-
ed in the literature (e.g., Thombare et al., 2016; Talebian et al., 
2018; Crisan et al., 2012; Saleh et al., 2018), in contrast to the 
safety elements of pallet flow racks – brake rollers and a stopping 
mechanism with pallet separator (Vujanac et al., 2016). 

 
Fig. 1. Pallet flow rack 
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As is known, human factor is one of the main causes of acci-
dents on a production (Aleksandrov et al., 2016), and utilization of 
stopping mechanism with pallet separator allows to reduce the 
requirements for the fork-lift drivers working with pallet flow racks 
due to the exclusion of pressure on the unloading pallet from the 
following behind it. 

A pallet should have such a speed so that it could be stopped 
by a stopping mechanism without damaging it. This condition is 
achieved by the utilization of brake rollers (Nosko et al, 2018). 

 
a) 

 
b) 

Fig. 2. Safety elements of a pallet flow rack: a) brake roller; b) stopping 
mechanism with pallet separator 

In addition, in gravity roller conveyors as well as in pallet flow 
racks using such conveyors, it is usually required to limit the 
speed of unit loads (Kulwiec, 1985). This requirement is pointed in 
some national standards of safety, for example, POT R M-029-
2003 in Russia. 

In practice, manufacturers recommend safe transportation 
speed to be in the range of 0.2 to 0.3 m/s. However, it was not 
possible to find methods for determining this speed. 

The purpose of this study is to develop a method for calculat-
ing the allowable speed for pallets of different masses in a gravity 
rack. 

2. ALLOWABLE LOAD ON THE STOPPER 

When the pallet is transported by the gravity roller conveyor, it 
hits the stopper of stopping mechanism with pallet separator 
(hereinafter the ‘stopper’) from the side of the discharge. 

In more than 90% of cases, a pallet is oriented along the grav-
ity roller conveyor. Thereby, the impact of the pallet sump against 
a stopper occurs at the three lug faces, as shown in Fig. 3. 

Review of patent and bibliographic sources including cata-
logues of such companies like Interroll, Damon Group, Rack & 
Roll, Mecalux and Euroroll showed that the most often used con-
struction of the stopper represents a square or round cross-
section tube with a welded plate. Such a stopper is schematically 
shown in Fig. 4. 

 
Fig. 3. Parameters of a pallet 

 
Fig. 4. Cross-section of the stopper 

In the process of stopping the pallet, an off-centre impact oc-
curs, resulting in bending and torsional deformations of the stop-
per. The schematic of the loading and the distributions of the 
bending moment and torque in the stopper is shown in Fig. 5. 
Because of the symmetry, a half of the stopper can be consid-
ered, for example, the sections 1–4. The geometric parameters of 
the stopper are presented in Table 1. 

 
Fig. 5. Distributions of the bending moment and torque in the stopper 
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Tab. 1. Geometric parameters of the stopper 

Type of 
pallet 

L, 

mm 

a, 

mm 

lI, 

mm 

b, 

mm 

lII, 

mm 

∆, 

mm 

Euro pallet 880 40 100 227.5 145 

35–40 Industrial 
pallet 

1100 50 145 282.5 145 

 
According to Fig. 5, the bending moment 𝑀𝑖𝐵 for the i-th sec-

tion of the stopper can be calculated as follows: 

{
 
 
 
 
 
 

 
 
 
 
 
 𝑀1𝐵(𝑧) = 𝑅𝐴 ∙ 𝑧 = 𝑞 (𝑙𝐼 +

𝑙𝐼𝐼

2
) 𝑧, 0 ≤ 𝑧 ≤ 𝑎

𝑀2𝐵(𝑧) = (𝑙𝐼 +
𝑙𝐼𝐼

2
−

𝑧

2
) 𝑞𝑧 +𝑀1𝐵

𝑧=𝑎, 0 ≤ 𝑧 ≤ 𝑙𝐼

𝑀1𝐵
𝑧=𝑎 = 𝑞 (𝑙𝐼 +

𝑙𝐼𝐼

2
) 𝑎

𝑀3𝐵(𝑧) =
𝑙𝐼𝐼

2
𝑞𝑧 + 𝑀2𝐵

𝑧=𝑙1 , 0 ≤ 𝑧 ≤ 𝑏

𝑀2𝐵
𝑧=𝑙𝐼 = (

𝑙𝐼𝐼

2
+

𝑙𝐼

2
) 𝑞𝑙𝐼 + 𝑞 (𝑙𝐼 +

𝑙𝐼𝐼

2
) ∙ 𝑎

𝑀4𝐵(𝑧) = (𝑙𝐼𝐼 − 𝑧)
𝑞𝑧

2
+𝑀3𝐵

𝑧=𝑏 , 0 ≤ 𝑧 ≤
𝑙𝐼𝐼

2

𝑀3𝐵
𝑧=𝑏 =

𝑙𝐼𝐼

2
𝑞𝑏 + (

𝑙𝐼𝐼

2
+

𝑙𝐼

2
) 𝑞𝑙𝐼 + 𝑞 (𝑙𝐼 +

𝑙𝐼𝐼

2
) ∙ 𝑎

𝑀𝐵_𝑀𝐴𝑋 = 𝑀4𝐵
𝑧=
𝑙𝐼𝐼

2⁄ =
𝑞𝑙𝐼𝐼
2

4
+𝑀3𝐵

𝑧=𝑏

  (1) 

where: 𝑀𝑖𝐵 is the bending moment for the i-th section; 𝑧 is the 

axial coordinate; 𝑀𝐵_𝑀𝐴𝑋  is the maximum bending moment; 𝑞 is 

the distributed load. 
We represent the bending moments in matrix form as: 

(

 

𝑀1𝐵(𝑧)

𝑀2𝐵(𝑧)

𝑀3𝐵(𝑧)

𝑀4𝐵(𝑧))

 = 𝑞 ∙ (

𝐴1𝐵 𝐵1𝐵 𝐶1𝐵
𝐴2𝐵 𝐵2𝐵 𝐶2𝐵
𝐴3𝐵 𝐵3𝐵 𝐶3𝐵
𝐴4𝐵 𝐵4𝐵 𝐶4𝐵

) ∙ (
𝑧2

𝑧
1

)  (2) 

where: 𝐴𝑖𝐵, 𝐵𝑖𝐵 , 𝐶𝑖𝐵 are constant coefficients. Taking account of 
Eq. (1) and Eq. (2), these coefficients are calculated as: 

(

𝐴1𝐵 𝐵1𝐵 𝐶1𝐵
𝐴2𝐵 𝐵2𝐵 𝐶2𝐵
𝐴3𝐵 𝐵3𝐵 𝐶3𝐵
𝐴4𝐵 𝐵4𝐵 𝐶4𝐵

) =

(

 
 

0 𝑙𝐼 + 0.5𝑙𝐼𝐼 0

−0.5 𝑙𝐼 + 0.5𝑙𝐼𝐼 (𝑙𝐼 +
𝑙𝐼𝐼

2
) 𝑎

0 0.5𝑙𝐼𝐼 (𝑙𝐼 + 0.5𝑙𝐼𝐼)(𝑙𝐼 + 𝑎) − 0.5𝑙𝐼
2

−0.5 0.5𝑙𝐼𝐼 (𝑙𝐼 + 0.5𝑙𝐼𝐼)(𝑙𝐼 + 𝑎) − 0.5𝑙𝐼
2 + 0.5𝑏𝑙𝐼𝐼)

 
 
 

 (3) 

According to Fig. 5, the torque 𝑀𝑖𝑇  for the i-th section of the 
stopper can be calculated as follows: 

{
 
 
 
 

 
 
 
 

𝑀1𝑇(𝑧) = 0, 0 ≤ 𝑧 ≤ 𝑎

𝑀2𝑇(𝑧) = (𝑙𝐼 +
𝑙𝐼𝐼
2⁄ − 𝑧) ∙ 𝑞 ∙ ∆, 0 ≤ 𝑧 ≤ 𝑙𝐼

𝑀3𝑇(𝑧) = 𝑀2𝑇
𝑧=𝑙𝐼 , 0 ≤ 𝑧 ≤ 𝑏

𝑀2𝑇
𝑧=𝑙𝐼 =

𝑙𝐼𝐼
2⁄ ∙ 𝑞 ∙ ∆

𝑀4𝑇(𝑧) = 𝑀3𝑇
𝑧=𝑏 − 𝑧 ∙ 𝑞 ∙ ∆, 0 ≤ 𝑧 ≤

𝑙𝐼𝐼

2

𝑀3𝑇
𝑧=𝑏 =

𝑙𝐼𝐼
2⁄ ∙ 𝑞 ∙ ∆,

  (4) 

where: 𝑀𝑖𝑇  is the torque for the i-th section; 𝑧 is the axial coordi-

nate; 𝑀𝐵_𝑀𝐴𝑋  is the maximum bending moment; 𝑞 is the distrib-

uted load, ∆ is the moment arm (see Fig. 5 and Table 1). 
We represent the torque in matrix form as: 

(

 

𝑀1𝑇(𝑧)

𝑀2𝑇(𝑧)

𝑀3𝑇(𝑧)

𝑀4𝑇(𝑧))

 = 𝑞∆(

𝐵1𝑇 𝐶1𝑇
𝐵2𝑇 𝐶2𝑇
𝐵3𝑇 𝐶3𝑇
𝐵4𝑇 𝐶4𝑇

)(
𝑧
1
)  (5) 

where: 𝐵𝑖𝑇 , 𝐶𝑖𝑇 are constant coefficients. Taking account of Eq. 
(4) and Eq. (5), these coefficients are calculated as: 

(

𝐵1𝑇 𝐶1𝑇
𝐵2𝑇 𝐶2𝑇
𝐵3𝑇 𝐶3𝑇
𝐵4𝑇 𝐶4𝑇

) =

(

 
 
 

0 0

−1 𝑙𝐼 +
𝑙𝐼𝐼
2⁄

0
𝑙𝐼𝐼
2⁄

−1
𝑙𝐼𝐼
2⁄ )

 
 
 

  (6) 

According to Fig. 5, dangerous section of the stopper is third 
section with z = b or: 

{
𝑀3𝐵
𝑧=𝑏 =

𝑙𝐼𝐼

2
𝑞𝑏 + (

𝑙𝐼𝐼

2
+

𝑙𝐼

2
) 𝑞𝑙𝐼 + 𝑞 (𝑙𝐼 +

𝑙𝐼𝐼

2
) ∙ 𝑎

𝑀3𝑇
𝑧=𝑏 =

𝑙𝐼𝐼
2⁄ ∙ 𝑞 ∙ ∆

.  (7) 

We represent bending moment and torque in the dangerous 
section of the stopper as: 

{
𝑀𝐵 = 𝑀3𝐵

𝑧=𝑏 = 𝐾𝐵 ∙ 𝑞

𝑀𝑇 = 𝑀3𝑇
𝑧=𝑏 = 𝐾𝑇 ∙ 𝑞

,  (8) 

where: 𝐾𝐵 – coefficien of bending moment, 𝐾𝑇 – torque coeffi-
cient. 

The coefficients 𝐾𝐵 and 𝐾𝑇 are calculated with account of the 
data of Tab. 1. 

Tab. 2 presents the values of 𝐾𝐵, 𝑀𝐵, 𝐾𝑇 and 𝑀𝑇 obtained 
using Eq. (7) and Eq. (8) for different pallet sizes. 

Tab. 2. The values of coefficients 𝐾𝐵  and 𝐾𝑇 and expressions  

 for calculating the maximum values of the bending moment  
 and torque 

Type of 
pallet 

𝑲𝑩, m2 
𝑴𝑩, 
Nm 

𝑲𝑻, m2 𝑴𝑻, Nm 

Euro pallet 0.0356 0.0356 𝑞 0.0029
 

0.0029 𝑞 
Industrial 

pallet 
0.035 0.035 𝑞 0.002

 
0.002 𝑞 

Concerning the Mises yield criterion, the maximum allowable 
stress of the stopper is calculated (Jones R., 2009) as follows: 

[𝜎] = √(
𝑀𝐵∙𝑌𝑀𝐴𝑋

𝐼𝑋
)
2

+ 3(
𝑀𝑇∙𝑅𝑀𝐴𝑋

𝐼𝑇
)
2

  (9) 

where: 𝐼𝑋 – the second moment of area about the neutral axis X, 
𝑌𝑀𝐴𝑋  – the maximum perpendicular distance to the neutral axis 

X, 𝐼𝑇  – torsional constant of the cross-sectional shape of the 

stopper, 𝑅𝑀𝐴𝑋 – the maximum distance from the axis of torsion to 
the point of section with maximum torsional stress. 

Taking into account Eq. (8) and Eq. (9), the allowable distrib-

uted load [𝑞] is calculated as below: 
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[𝑞] =
[𝜎]

√(
𝐾𝐵∙𝑌𝑀𝐴𝑋

𝐼𝑋
)
2
+3(

𝐾𝑇∙𝑅𝑀𝐴𝑋
𝐼𝑇

)
2
  (10) 

3. STRAIN ENERGY OF THE STOPPER 

According to Fig. 5, the strain energy of the stopper is deter-
mined by the sum of independent works of the two factors: bend-
ing moment and torque, and calculated as (Nash, 1998): 

𝑈 =
1

2
∫ (

𝑀𝑇
2

𝐺∙𝐼𝑇
+

𝑀𝐵
2

𝐸∙𝐼𝑋
) 𝑑𝑧

𝑙
  (11) 

where: 𝐺 – modulus of elasticity in shear, 𝐸 – the Young’s modu-
lus. 

Taking into account Eq. (1), Eq. (2) and Eq. (11), and because 
of the symmetry, strain energy from work of bending moment for i-
th section is found using the formula: 

(𝑈𝐵)𝑖 =
1

2
∫

2∙𝑀𝑖𝐵
2

𝐸∙𝐼𝑋
𝑑𝑧

𝑙
= 𝑞2 ∙ ∫

(𝐴𝑖𝐵∙𝑧
2+𝐵𝑖𝐵∙𝑧+𝐶𝑖𝐵)𝑖

2

𝐸∙𝐼𝑋
𝑑𝑧

𝑙
  

Or in more convenient form as: 

(𝑈𝐵)𝑖 =
𝑞2

𝐸∙𝐼𝑋
∙ (𝐾1𝑖𝐵 ∙ 𝑧𝑖 + 𝐾2𝑖𝐵 ∙ 𝑧𝑖

2 + 𝐾3𝑖𝐵 ∙ 𝑧𝑖
3 + 𝐾4𝑖𝐵 ∙

𝑧𝑖
4 + 𝐾5𝑖𝐵 ∙ 𝑧𝑖

5)  (12) 

where: 𝐾𝑗𝑖𝐵  are constant coefficients for bending moment  

(j – exponent, i – number of section), which are calculated as: 

{
 
 
 

 
 
 

𝐾1𝑖𝐵 = 𝐶𝑖𝐵
2

𝐾2𝑖𝐵 = 2 ∙ 𝐵𝑖𝐵 ∙ 𝐶𝑖𝐵

𝐾3𝑖𝐵 =
𝐵𝑖𝐵
2 +2∙𝐴𝑖𝐵∙𝐶𝑖𝐵

3

𝐾4𝑖𝐵 =
𝐴𝑖𝐵∙𝐵𝑖𝐵

2

𝐾5𝑖𝐵 =
𝐴𝑖𝐵
2

5

  (13) 

where: 𝐴𝑖𝐵, 𝐵𝑖𝐵 , 𝐶𝑖𝐵 are constant coefficients, calculated with Eq. 
(3). 

According Eq. (11) and Eq. (12) and Fig. 5, strain energy from 

the work of bending moments equals as sum of (𝑈𝐵)𝑖: 

𝑈𝐵 = ∑ (𝑈𝐵)𝑖
4
𝑖=1 =

𝑞2

𝐸∙𝐼𝑋
∙ ∑ (𝐾1𝑖𝐵 ∙ 𝑧𝑖 + 𝐾2𝑖𝐵 ∙ 𝑧𝑖

2 + 𝐾3𝑖𝐵 ∙
4
𝑖=1

𝑧𝑖
3 + 𝐾4𝑖𝐵 ∙ 𝑧𝑖

4 + 𝐾5𝑖𝐵 ∙ 𝑧𝑖
5) = 𝐾𝑈_𝐵 ∙

𝑞2

𝐸∙𝐼𝑋
  (14) 

where: 𝐾𝑈_𝐵 is a constant coefficient. 

Strain energy for the i-th section from the work of torque ac-
counts to Eq. (4), Eq. (5) and Eq. (11) because of the symmetry 
can be calculated as: 

(𝑈𝑇)𝑖 =
1

2
∫

2∙𝑀𝑖𝑇
2

𝐺∙𝐼𝑇
𝑑𝑧

𝑙
= 𝑞2∆2 ∙ ∫

(𝐵𝑖𝑇∙𝑧+𝐶𝑖𝑇)𝑖
2

𝐺∙𝐼𝑇
𝑑𝑧

𝑙
  

Or in more convenient form as: 

(𝑈𝑇)𝑖 =
𝑞2∆2

𝐺∙𝐼𝑇
∙ (𝐾1𝑖𝑇 ∙ 𝑧𝑖 + 𝐾2𝑖𝑇 ∙ 𝑧𝑖

2 + 𝐾3𝑖𝑇 ∙ 𝑧𝑖
3)  (15) 

where: 𝐾𝑗𝑖𝑇  are constant coefficients for torque (j – exponent, i – 

number of section), which are calculated as: 

{

𝐾1𝑖𝑇 = 𝐶𝑖𝑇
2

𝐾2𝑖𝑇 = 2 ∙ 𝐵𝑖𝑇 ∙ 𝐶𝑖𝑇

𝐾3𝑖𝑇 =
𝐵𝑖𝑇
2

3

  (16) 

where: 𝐵𝑖𝑇 , 𝐶𝑖𝑇 are constant coefficients, calculated with Eq. (6). 
According Eq. (11) and Eq. (15) and Fig. 5, strain energy from 

the work of torque equals as sum of (𝑈𝑇)𝑖: 

𝑈𝑇 = ∑ (𝑈𝑇)𝑖
4
𝑖=1 =

𝑞2∆2

𝐺∙𝐼𝑇
∙ ∑ (𝐾1𝑖𝑇 ∙ 𝑧𝑖 + 𝐾2𝑖𝑇 ∙ 𝑧𝑖

2 + 𝐾3𝑖𝑇 ∙
4
𝑖=1

𝑧𝑖
3) = 𝐾𝑈_𝑇 ∙

𝑞2

𝐺∙𝐼𝑇
  (17) 

where: 𝐾𝑈_𝑇 is a constant coefficient. 

The coefficients 𝐾𝑈_𝐵 and 𝐾𝑈_𝑇 are calculated with account of 

the data of Tab. 1 and Tab. 2. 

Tab. 3 presents the values of 𝐾𝑈_𝐵, 𝑈𝐵, 𝐾𝑈_𝑇 and 𝑈𝑇 ob-

tained using Eq. (14) and Eq. (17) for different pallet sizes. 

Tab. 3. The values of coefficients 𝐾𝑈_𝐵 and 𝐾𝑈_𝑇 and expressions  

 for calculating the values of strain energy from the works  
 of bending moments and torque 

Type of 
pallet 

𝑲𝑼_𝑩, m5 𝑼𝑩, J 𝑲𝑼_𝑻, m5 𝑼𝑻, J 

Euro 
pallet 

3 ∙ 10−4 
3∙10−4𝑞2

𝐸∙𝐼𝑋
  4.7 ∙ 10−6 

 

4.7∙10−6𝑞2

𝐺∙𝐼𝑇
  

Industrial 
pallet 

3.3 ∙ 10−4 
3.3 ∙ 10−4𝑞2

𝐸 ∙ 𝐼𝑋
  3.2 ∙ 10−6

 

3.2∙10−6𝑞2

𝐺∙𝐼𝑇
  

According to Eq. (11), Eq. (14) and Eq. (17), the strain energy 
of the stopper equals as: 

𝑈 = 𝑞2 ∙ (
𝐾𝑈_𝐵

𝐸∙𝐼𝑋
+

𝐾𝑈_𝑇

𝐺∙𝐼𝑇
)   

Therefore, allowable stain energy of the stopper is found as: 

[𝑈] = [𝑞]2 ∙ (
𝐾𝑈_𝐵

𝐸∙𝐼𝑋
+

𝐾𝑈_𝑇

𝐺∙𝐼𝑇
)   

where: [𝑞] is allowable distributed load. 

Taking into account Eq. (10), [𝑈] is calculated as: 

[𝑈] = [𝜎]2 ∙
(
𝐾𝑈_𝐵
𝐸∙𝐼𝑋

+
𝐾𝑈_𝑇
𝐺∙𝐼𝑇

)

(
𝐾𝐵∙𝑌𝑀𝐴𝑋

𝐼𝑋
)
2
+3(

𝐾𝑇∙𝑅𝑀𝐴𝑋
𝐼𝑇

)
2  (18) 

4. ALLOWABLE PALLET SPEED 

Assuming the pallet as an absolutely rigid body, the kinetic 
energy of the pallet during the impact is converted into the strain 
energy of the stopper. Weight of the pallet with the load is at least 
an order of magnitude greater than the mass of the stopper. 
Therefore, the Cox impact theory can be used in engineering 
calculations (Ol’shanskii V.P. and Ol’shanskii S.V., 2013), and the 
allowable speed of a pallet is determined by the allowable strain 
energy of the stopper. 

Taking into account the smallness of the angle of inclination  
of the gravity roller conveyor in pallet flow rack (no more than 2–3 
degrees), the impact can be regarded as longitudinal with a suffi-
cient degree of accuracy. Therefore, the kinetic energy of the 
pallet is equal to the strain energy of the stopper: 

𝑀∙[𝑣]2

2
= [𝑈]  (19) 

where: 𝑀 – weight of the pallet, [𝑣] – allowable speed of the 
pallet. 
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According to Eq. (18) and Eq. (19), the allowable speed for 
pallets in the pallet flow rack is calculated as: 

[𝑣] = [𝜎]√
2

𝑀
∙

(
𝐾𝑈_𝐵
𝐸∙𝐼𝑋

+
𝐾𝑈_𝑇
𝐺∙𝐼𝑇

)

(
𝐾𝐵∙𝑌𝑀𝐴𝑋

𝐼𝑋
)
2
+3(

𝐾𝑇∙𝑅𝑀𝐴𝑋
𝐼𝑇

)
2  (20) 

5. CALCULATION EXAMPLE 

For the stopper shown in Fig. 6, made of a tube 40 x 40 x 3.5 
and welded to it along the entire length of the steel plate 6 mm 
thick, we have the following data: 

𝐸 = 2.1 ∙ 1011 𝑃𝑎; 𝐺 = 8.2 ∙ 1010 𝑃𝑎; [𝜎] = 2.2 ∙ 108 𝑃𝑎 

𝐼𝑋 = 3.02 ∙ 10−7 𝑚4;  𝐼𝑋 = 3.0 ∙ 10−7 𝑚4;  𝐼𝑇 =
= 1.54 ∙ 10−7 𝑚4 

𝑦𝑀𝐴𝑋 = 26 ∙ 10−3 𝑚; 𝑅𝑀𝐴𝑋 = 20 ∙ 10
−3 𝑚 

 
Fig. 6. Example of the stopper construction (cross-section view) 

Fig. 7 presents the dependence of the allowable speed for 
pallets on its type and mass for the construction described above 
and calculated with Eq. (16). 

 
Fig. 7. Dependence of the allowable speed for pallets on its type  

 and mass 

6. CONCLUSION 

1. The calculation method, based on the Cox impact theory, was 
developed to calculate the allowable speed for the pallets  
of different masses in a pallet flow rack. 

2. The method takes into account the type of pallet, construction 
and material of the stopper. 

3. Calculation examples of the allowable speed for the Euro 
pallet and Industrial pallet are presented for the stopper, made 
from square cross-section tube 40 x 40 x 3.5 mm with the 
welded plate of 6 mm thickness. 

4. The calculated results agree well with the speed range  
of 0.2 to 0.3 m/s recommended by the manufacturers. 
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