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Abstract

This Master thesis will include the design and structure of a nitrogen generator that shall be
approved for internal lifting on offshore platforms. The generator shall be in accordance with
the harmonized standards: NORSOK R-002 — Lifting equipment and NORSOK Z-015 —

Temporary equipment.

NORSOK R-002 requires a safety factor higher than 2.52 for the frames to be approved for
internal lifting on offshore platforms. There have been performed finite element analyses of a
lifting test of the different prototypes, to ensure which of the prototypes will be approved.

It has been performed additional finite element analysis to simulate how the different forces
will be distributed on the prototypes via an impact test. The impact test will simulate what

happens to the frame if it collides into a fixed element.

A research regarding certification of the nitrogen generator according to DNV 2.7-3 —
Portable offshore unit have been performed, and if it will be beneficial to fulfill the changes

that are required.

A description of the components in the nitrogen generator and the purpose of each
component have been presented.

It has also been made a comparison of the current nitrogen generators on the market today,

and how the unit presented in this Master thesis stands out.
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Notations & Abbreviations

E

I

PSA
CO;

Ar

D.o.f

Re

Rm

Oe

RSL

MGW

Elastic modulus

Moment of inertia of the beam cross-sectional area about a centroid axis

parallel to the z axis.

Pressure Swing Adsorption

Carbon dioxide

Argon

Nitrogen

Degree of freedom

Specified minimum yield stress at room temperature in N/mm?
Specified minimum tensile strength at room temperature in N/mm?
Proof stress at room temperature in N/mm?

Deflection of structural member, in N/mm?

Standard acceleration of gravity (9.81m/s?)

Von Mises equivalent stress, in N/mm?

Angle of sling leg from vertical in degrees

Resulting sling load

For steel: Re

For aluminum: Rpo.2 but not to be taken greater than 0.7 X Rm

Maximum Gross Weight



PO unit
T

)

DF
SKL
PL
PLskL
CoG
MBL
RSF
WLL
HP
LP
DAF
P1

P2

P3
CST

LST

Portable Offshore unit

Tare weight

Maximum allowable payload for the PO unit
Design Factor

Skew Load Factor

Percent Loading of F

Percent Loading of F in the pad eye considering all skew loads effects
Center of Gravity

Minimum Breaking Load

Pad eye in line design load [N]

Working Load Limit

High-Pressure

Low-Pressure

Dynamic Amplifying Factor

Prototype 1

Prototype 2

Prototype 3

Constant Strain Triangle

Linear Strain Triangle
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1. Introduction
1.1 Background

Nitrogen is one of the most common gasses we have around us. The air we breathe consist of
approximately 78% nitrogen. The natural gas has therefore been developed as one of the most

common gasses used in a wide broad of industries.

Oxygen Argon and
traces of other

gases 1%

HNitrogen FE%%

Figure 1: Gases in the atmosphere [1].

Nitrogen is today essential in many industries where the gas is applicable in a variety of
operations from aerospace & aircraft industries. In these operations, the nitrogen can have
different operational tasks, from being used in high Reynolds number wind tunnels to welding

and laser-cutting applications, where the nitrogen is used as an assist gas [2].

The oil and gas industry used nitrogen to increase the reservoir reserves, and fracture
hydrocarbon bearing to increase the production of oil and gas, and to optimize the operating
efficiency [2].

Nitrogen can be used in a wide range of operations:

Aerospace & Aircraft

Automotive & Transportation Equipment
Chemicals

Energy
Food & Beverage
Healthcare

Metal Production



Oil & Gas

Pharmaceutical & Biotechnology
Refining

Welding & Metal Fabrication [2].

In the market today, there are two main sources for nitrogen supply in the industry:

e Nitrogen generator

e Liquefied nitrogen
1.1.1 Nitrogen Generator
A nitrogen generator is mounted onsite/onboard that produces a desired volume of nitrogen.

Nitrogen that is produced onsite is mainly designed for limited specific applications. These
generators are mainly fixed generators mounted on a skid. These generators will receive

compressed air from an external compressor, or from a “platform airline”. [2]
Generally, there are two ways to make on-site nitrogen:

e PSA (Pressure Swing Absorption)

e Nitrogen Membrane Generators

These generators are normally mounted on a stationary skid in the process area or in the
utility area of the installation. Normal practice for stationary nitrogen generators is that they
receive compressed air from “platform” airline or having an external compressor that supply

compressed air.

Produced nitrogen is then supplied to different users around the installation, maintaining a
low pressure in pipes. Figure 2 illustrates a typical overview of a nitrogen membrane

generator:



Compression and Filtration Gas Separation Product Delivery

Air Drying Vent Gases

02, C02, H20

Membrane Defined by
Customer's Scope

bLl

Compressor
and Dryer Ajr Receiver Membrane

Condensate 02, C02, H20

Vent Gases

Figure 2: Overview of a nitrogen membrane generator [4]

Main Components:

e Air Compressor: Low-pressure air compressor that can supply continually air to the
generator.

e Air treatment system: Due to the specified cleanness of the inlet air to the nitrogen
generator, filtration system is an essential part of the system. Water, oil and dust
filtration is the main function for the air treatment.

e Nitrogen membrane/ PSA: Flow and purity of the specified nitrogen is the key factors

for choosing between PSA or membrane solution.
1.1.2 Liquefied Nitrogen

Before nitrogen generators were common, nitrogen had to be shipped with supply boats to the

installation, causing high logistics impact and expensive to use.

Liquefied nitrogen is transported to offshore installation, as cooled liquefied nitrogen or high-

pressure nitrogen in bottle rack.
1.2 Description

Nitrogas AS is a daughter company of E innovation, and is developing portable nitrogen
generators for both onshore and offshore use. The generator will be approved for use in Atex

zone 1.

E innovation is a company that develops portable, mobile air compressors that generates oil-
free breathing air for use in Atex zone 1.



1.3 Objectives

The objective for this Master thesis will be to design a cost-efficient frame for the nitrogen
generator. The frame shall be innovative, service friendly and easy to disassemble by only

using bolts, nuts and washers.

There will be performed a comprehensive finite element analysis that will cover the different
aspects of the prototypes that have been designed, and if they will be approved according to
the harmonized standards that are valid to get the frame approved for internal lifting on
offshore platforms. This Master thesis will describe the components and their operational task
in the nitrogen generator. This thesis will cover the design for the main structure using 3-D

modelling, calculation and analyzing.

It will be important to design a prototype that will meet the criterions for Nitrogas and the

harmonized standards.

There has also been made a comprehensive research on what improvements that are needed to
get the prototypes approved on offshore lifting — from vessel to offshore platform, and if it

will be beneficial for Nitrogas to perform such changes.

It has also been performed a finite element analysis regarding an impact test for the different
prototypes that has been designed for this Master thesis. The impact test will give a
clarification if the frame will be able to withstand rough behavior that may occur on a daily

basis.
1.4 Organization of the work

This chapter contains a brief introduction about nitrogen generators, and different methods to
generate nitrogen. Chapter 1 also describes the state of art technology, beam theory, High-

Pressure booster concept, definition of Atex standards and material theory.

Chapter 2 contains the different design criterions that are applicable for the nitrogen generator
frame that has been designed in this Master thesis. It also covers the different harmonized

standards, and the applicable requirements for the frame to be in conformity for offshore use.

Chapter 3 contains a review of the design criterions and what has been done on the prototypes
to fulfill them. Chapter 3 also contains a presentation of the different prototypes that has been

designed, as well as the different advantages and disadvantages of each frame.



Chapter 4 contains the description of the main components, the structure of the air regulation

plates, and a system overview of generator.

Chapter 5 contains a research regarding certification for the nitrogen generator according to
DNV 2.7-3 — Portable offshore units. The chapter contains the critical demands from DNV

2.7-3, and a discussion regarding if this will be applicable or not.

Chapter 6 contains the experimental procedure and result from the performed analyses. The
results has also been discussed according to the criterions from NORSOK R-002 — Lifting

equipment.

Chapter 7 is the conclusion of the research that has been performed, along with margins of

error that may occur, as well as a further progress of the nitrogen generator.
1.5 Theory

1.5.1 Generating Nitrogen
Membrane Systems

Nitrogen can be generated in different forms. Some of the generators uses the air in the
atmosphere as input, and then multiple filters and a membrane will filter out the oxygen
molecules. The fibers in the membrane will filter out the oxygen molecules, leaving “only”
nitrogen left. Compressed oxygen and nitrogen are separated by the relative speed of each
molecule, and oxygen molecules will permeate the fiber sidewalls in the membrane at a faster
speed than nitrogen molecules will. Which will enable the oxygen molecules to be selective
exhausted. The purity of nitrogen gas will increase as the flow proceeds down the fibers.
Membrane systems is the most robust nitrogen separation system, but uses more energy than
PSA. With the membrane purifier system, it is possible to achieve a nitrogen purity up to 99%

as Figure 5 illustrates [4].
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Figure 3: Membrane system [4]

PSA System

Pressure Swing Adsorption is used in onsite nitrogen generators, and can generate a purity
higher than 99%. PSA generates nitrogen by using the concept of a pressure swing dryer, by
using two-container system containing carbon molecular sieve (CMS). The CMS will separate
nitrogen gas from air by absorbing the oxygen, carbon dioxide and water molecules onto the
surface of the carbon molecular sieve with pressurized clean air. This will continue until it

remains a purity of 99 — 99.995% nitrogen. Figure 4 illustrate the concept of PSA system [4].

Figure 4: PSA system [4]

Cryogenic Nitrogen Plants

Cryogenic air separation plant generates nitrogen by compressing air, and then cooling it by
multi-stage refrigeration until it liquefies at approximately -190C. The liquid will then be
heated and separated into its components nitrogen, oxygen and argon by fractional distillation
in a rectification column. This method has the lowest cost for producing liquid nitrogen in

larger quantities. When the liquid nitrogen has been bottled up, it will be transported to the



preferred destination. A disadvantage of a cryogenic nitrogen plant is that it requires full time
monitoring as well as an operational staff. It is also highly expensive to transport the liquid

nitrogen, and store it in specific areas offshore [4].

Membrane technology will be used on the nitrogen generator that is presented in this Master

thesis.

Optimal Regimes for Nitrogen Supply

99.999
Liquid Nitrogen
FSA
29 o Systems

a8

a7

-
bl
-
>

26

Purity (vol9%)

28

o4
1 10 100 1000 10 000 100 000

Nitrogen Requirement Nm¥ hr

Figure 5: Optimal regimes for nitrogen supply [4]

1.5.2 State of Art

On the market today, several manufacturers and producers supply nitrogen generators for the
oil and gas industry. The common factors are that the generators are mounted in stationary
skids or containers and then transported in bottles to the desired work area. It has not been
found any other supplier that can deliver a manual portable unit that will generate nitrogen in

Atex zones without air supply from the platform/vessel.

The nitrogen generator on the market that can be compared to the nitrogen generator that is
presented in this Master thesis is Atlas Copco’s NGM 2 [5]. The generator is stationary and
generates nitrogen with the membrane system, it is not Atex approved. The NGM 2 unit is

illustrated in figure 6.



Figure 6: Stationary nitrogen generator [5]

Portable nitrogen generators do exist. However, these are not Atex approved. The nitrogen
generator that is illustrated in figure 7 shows a portable generator, but this generate nitrogen

from an external compressor. [6]

Figure 7: Portable nitrogen generator from Zhuhai EST [6]



Figure 8: Atex approved nitrogen generator from JB well solution [7]

Figure 8 illustrates an Atex approved nitrogen generator. This generator generates nitrogen
via the membrane system, the generator is diesel driven, stationary and geometric large. A

crane or truck is required to transport it [7].

As mentioned, there are different types of nitrogen generator in the oil & gas industry today.
However, they are either large, stationary machines that are expensive to operate, and
demands planning and a logistic structure that are yesterday’s news. The industry is in need of
a portable nitrogen generator that can provide nitrogen on-site, whether the customer is
onshore or offshore. The nitrogen generator that will be described in this Master thesis will

bring a revolution in the oil and gas industry.

Since the oil-price in the world today, is low, due to comparison with earlier years. The
industry is now in need to save as much money as possible, but the demand for nitrogen is
still in need. Therefore, it is vital to come up with a new dimension of thinking, which will
bring a cost-efficient unit that can be revolutionary for this industry, and it is here Nitrogas’

nitrogen generator comes in.

1.5.3 Beam Theory

1.5.3.1 Finite Element Analysis
General purpose of finite element analysis software can be divided into three steps:

e Preprocessing: Input data describes geometry, material properties, loads and boundary
conditions. Software can automatically prepare much of the FE mesh, but must be
given direction as to the type of element and the mesh density desired, it is important



to choose one or more element formulations, that suits the mathematical model, and
state how large or how small elements should be in selected portions of the FE model.

e Numerical analysis: Software automatically generates matrices that describe the
behavior of each element, combines these matrices into a large matrix equation that
represents and solves the equation to the FE structure. Values of field quantities at
nodes is also determined.

e Post processing: The FEA solution and quantities derived from it are listed or
graphically displayed. This step is also automatic, except that the analyst must tell the
software what to display. In stress analysis, typical displays include the deformed
shape, with deformations exaggerated, and stresses of various types on various planes

[8].
1.5.3.2 2D Beam Element

Beams are the most common type of structural components. The primary function of a beam
IS to resist transverse loads generally through bending. Beam is a bar-like structural member
with, where the longitudinal dimension is considerably larger than the other two. The
longitudinal dimension can also be called beam axis. The intersection between the planes that

are normal to the longitudinal dimension with the beam members are called cross-sections [9].

Since beams is actually three-dimensional bodies, all bodies necessarily involve some form of
approximation to the underlying physics. The best-known models for straight beams are based

on the Bernoulli — Euler theory, also called classical beam theory [9].
Bernoulli-Euler Beam Model

The Bernoulli-Euler model assumes that the internal energy of beam member is entirely due
to bending strain and stresses. The Bernoulli- Euler model neglects transverse shear
deformations and cross-sections remain plane during deformation and perpendicular to the

longitudinal axis [9].
Beam in a Local System

A beam is exposed to transverse load that will lead to a considerable greater bending
deformation compared to axial and distortion deformation. Figure 9 illustrates the axial
condition of a beam element and shows that each element will have six degrees of freedom in

a local system.
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Displacement field in a beam
The difference between a bar element and a beam element is the degrees of freedom.

e Bar element has 1 DOF at each node: axial displacement
e Beam element has three DOF at each node: axial displacement, transverse

displacement and rotation.
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Figure 9: Degrees of freedom in a beam

Figure 9 above illustrates the number of DOF in a beam. Where u; and uy is representing the
axial conditions of the beam element. In addition, v1, 81, v2 and 62 is representing the bending
conditions. The stiffness matrix for the bending condition can be set up from the definition on

the elements in the stiffness matrix. Equation 1,2,3,4 and 5 are found in reference [10].
Sa = ka X Va (1)
Sb = Kb X Vb (2)

Where va = [u1 U] " is axial conditions and Sa = [S1 S4]" is the corresponding axial forces in

node 1 and node 2.
Vb=[vi0iv202]" (3)
Sb=[S2S3Ss SG]T 4)

In equation (3) vi and v; are transverse displacements in node 1 and 2, and 01 and 0, are

angular deflection. The load vector Sy contains matching forces and moments [10].

When only looking at bending deformation and its four degrees of freedom, the stiffness

matrix Kp has a size of 4x4 as illustrated below:

5
ko kes kes ks ®)

Figure 10 below illustrates how each column can be found and calculated [10] (the notations

in figure 10 and formula 5 are not related).
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Figure 10: (a) Beam element in the x y plane and its nodal d.o.f. (b) Nodal loads associated with nodal d.o.f. (c-
f) Dashed lines show lateral displacements due to bending associated with activation of each d.o.f. in turn.
Formulas are obtained from beam theory [8].

Figure 10 — illustrates beam elements in the x y-plane and its nodal degree of freedom. Each
node has two degree of freedom, namely, latterly translation and rotation. Nodal rotations
contain subscript z to denote that their vector representations point along the z-axis, which is
normal to the x-y plane. Nodal loads, each positive if acting in the same direction as its

corresponding D.o.f, as Figure 10 b. illustrates [8].

The stiffness matrix can be explained and obtained by looking at the 4 x 4 matrix. Where the
Jth column is the right number in the ki notation in the matrix. The matrix can be constructed
column by column, where the jw column is the vector of nodal loads associated with unit value
of the ji degree of freedom and zero values for all other degree of freedom. The load vector
will contain moments as well as forces. The loads from figure 10 are named ki1, k21, ka1, and
ka1, to indicate that they will appear in rows 1, 2, 3 and 4 and in column 1 of the element
stiffness matrix [k]. To obtain ki1 and ko1 one can apply the formulas of elementary beam
theory by regarding figure 10 — c as a cantilever beam fixed at node 2 and loaded at node 1 by

force ki1 and moment ko1 such that vi = 1 and 0,1 = 0. Thus
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k11+L"3 Kk21+L"2
Vi=1: - =
3*E Iz 2Elz

(6)

@y =0 — k11+L? n k21xL _ 0 (7)

2Elz Elz

From equation (1) and (2) it is possible to determine ki1 and ko1 from the following formulas:

12EIz

Ku= T3 ®)
_  6Elz
K= 73 ©)

Now that it is possible to determine ki1 and kaz, it is possible to determine ks and ka1 from

considerations of static equilibrium, by sum y-direction forces and moments about node 2[8]:
K11 +k31 =0 (10)
ka1 + ka1 — kL =0 (11)

From equation 8, 9, 10 & 11 we obtain

Ks1 = — (12)

_ 6Fiz
L2

Ka1 (23)

By doing a similar analysis of the latter three parts of figure 11 provides terms in the latter

three columns of [k] [8]. The equations 6 — 13 are from reference [8].

The complete 2-D beam element stiffness matrix is:

12EI,  6EI, -12EI, GEI, |
3 2 3 2 U1
L L L L
6E21Z Al 6EL 2EL |
k] =| L L L L e
-12EIL -6EI, 12EI, -6EI
L I? L 2| 2
g_EEI_Z 2EI,  -6EI,  4EI,
L L L L’ L | Y

Figure 11: Illustration of complete 2D beam element stiffness matrix [8]
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The column of symbols on the right is appended merely to indicate that [k] operates on the
column vector of element d.o.f {d} =[ vl 6z1 wv2 6z2]"T. A different ordering of d.o.f in
{d} would change the ordering of coefficients in [K] but not their numerical values. If the left
end of the beam element is fixed so that vl =0 and 6z7 = 0, it will be obtained a structure
with “active” d.o.f v2 and 6z2 [8]. The stiffness matrix of this one-element cantilever beam is

the lower right 2 by 2 in figure 11.

The effect of axial displacement in a first order analysis is independent of the effect of the
other two DOF.

A frame construction is characterized by multiple beams that has rigid nodes (welded joint
ends). In addition, beams can be affected by transverse loads, and from there be a victim of
buckling in the element. This will create stresses in the beam elements by rotations and
accompanying bending moments. [8]

1.5.4 3D Beam Element

As seen from the figure 12 below, there are six degree of freedom per node is six. Three

translations and three rotations. W and 8y d.o.f account for lateral deflection is the z-x plane.
Ox d.o.f account for twist about the x-axis, for which the stiffness coefficient is % where K is

a property of the shape and size of the cross section [8].

y
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Figure 12: Beam element on the x-axis of a rectangular coordinate system, with nodal d.o.f. used to defined axial
displacement, twisting, and lateral deflection in the y and z directions [8]

1.5.5 Mesh

1.5.5.1 Linear Triangle (CST)

A linear triangle is a plane triangle whose field quantity varies linearly with Cartesian
coordinates x and y. In stress analysis, a linear displacement field produces a constant strain

field, so the element may be called a constant — strain triangle (CST). For convenience, at
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node 1 at x =y = 0 and side 1-2 along a local axis, from figure 13 [8].

XU

U1 "2

Figure 13: Linear triangles. (a) Scalar field element. (b) CST element for 2D stress analysis [8]

The linear triangle was the first element devised for plane stress analysis, and it does not work
very well. When the beam is affected of bending, a mesh of these elements is undesirably

stiff, and the correct results are approached as a mesh is refined, but the convergence is slow

[8].

1.5.5.2 Quadratic Triangle (LST)

Figure 14: Quadratic triangle (LST and its 12 nodal d.o.f [8]

A quadratic triangle is illustrated in figure 14. The triangle has side nodes, as well as vertex
nodes. In stress analysis, the nodal d.o.f. are u;j and v; at each node (where i =1,2,...,6) for a
total of 12 d.o.f. per element. In terms of generalized d.o.f. ai, the element displacement field

is the complete quadratic:
U = ay +axX + asy + asx? + asxy + asy? (14)

V = ay + agX + agy + awox? + auXy + anzy? (15)
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Figure 15: Tip-loaded cantilever beams [8]

Equation (14) and (15) are from reference [8].

Figure 15 illustrates tip-loaded cantilever beams of aspect ratio 10 and Poisson’s ratio v =

0.30. Transverse tip displacement is reported as the ratio of computed value to exact value.
As figure 15 illustrates it is possible to detect that LST is the most exact mesh.

An LST element may be called “linear-strain triangle.” Because displacement functions are
quadratic in x and y directions, all lines in the element, including its sides can deform into

quadratic curves.

Both CST and LST are used to find strains and displacement [8].
1.6 Material

There are six different main aluminum alloy series: 1xxXx, 2xxx, 3XXX, 5XXX, 6xXx and 7XXx
series. The two most commonly used alloys in marine operations are the 5xxx and 6xxx
alloys. The 5xxx series aluminum alloy have magnesium as the main component while the
6xxx series has magnesium and silicone as the main components. These components form

precipitates of magnesium silicide, which allows the alloy to be heat-treated [11].

For this thesis, there have been used two different aluminum alloys. The exterior parts, such
as the frame, consist of an aluminum 6082 alloy. While the interior parts, such as air

regulation, and retaining wall will be an aluminum 5082 alloy.

The two aluminum alloys has been selected due to different design criterions, which is to keep
the weight as low as possible, and maintain a frame with minimum welding due to economic

(the design criterions is covered in chapter 2).
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I have personally contacted Tom Rosland, technical supervisor at Lie CNC, and asked him
about forming aluminum 6082 by buckling. He said it was not possible to form aluminum
6082 plates by buckling [12], and aluminum 5052 have therefore been chosen as the suitable

aluminum alloy for the interior plates.

Both of the alloys have the required mechanical properties, and are capable of withstanding
corrosion. The selected alloys are suited for use in the offshore technology due to the high
corrosion resistance. The chemical properties are found in reference [31][32].

1.6.1 Aluminum 6082

Aluminum 6082 is a structural alloy that has a very good corrosion resistance. 6082 alloy
have been chosen for the frame, due to its high corrosion resistance, low weight, physical
properties and low cost. The addition of magnesium and silicone to aluminum produces the
compound magnesium-silicide. Formation of the 6xxx series provides the heat-treatability
[11].

1.6.2 Aluminum 5052

Aluminum 5052 alloy has been chosen as the suited material for the interior parts in the
nitrogen generator unit. The interior aluminum plates are going to be formed by buckling, and

work as air regulation (the specific task for the interior plates are presented in chapter 4).

Aluminum 5052 has good forming characteristics and has a good corrosion resistance; the
corrosion resistance is including salt water [13].

Aluminum 5052 possesses high magnesium content, making it the highest strength non-heat

treatable alloy available [14].
1.6.3 Stainless Steel

The four threaded rods in the frame are going to be stainless steel. It is assumed that it will be
316 alloys. 316/316L stainless steel has a high resistance to many chemical corrodents and
marine atmosphere. These alloys are more resistant to general corrosion and pitting/crevices

than conventional austenitic stainless steel [15].
1.7 High Pressure Booster

Nitrogas is also developing a high-pressure unit that will boost the nitrogen from the chosen
pressure in the LP-unit and up to 300bar. The high-pressure unit has not been dealt with in
this Master thesis, but the frame shall be applicable for both LP and HP unit.
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1.8 Atex

The Norwegian offshore platforms have very high security standards regarding equipment in
an explosive atmosphere. On offshore platforms, there are several dangerous chemicals and
gases. In 2003, EU made a directive on how companies should protect their employees from
explosion risk in areas with an explosive atmosphere. When the directive was published in
2003, it was clear that the equipment must be approved into different classes, and its size and
location will depend on the likelihood of the explosive atmosphere occurring and its
persistence if it does explode. Equipment that is used in these areas with gases is divided into
three different zones: 0, 1 and 2. Where area 0 is the zone with highest risk of an explosive
atmosphere [16] [17].

All types of lifting appliances, fixed, mobile or temporary, electrical and non-electrical,
installed or used in hazardous areas, shall comply with ATEX requirements, i.e. Zone 0, Zone
1 or Zone 2as relevant for the hazardous area classification [18].

Table 1: Defining different Atex zones [16]

European and IEC Definition of zone or division North American
Classification Classification

Zone 0 An area which an explosive Class | Division 1 (gases)
(gases/vapors) mixture is continuously present or

present for long periods

Zone 1 An area in which an explosive Class | Division 1 (gases)
(gases/vapors) mixture is likely to occur in normal

operation
Zone 2(gases/vapors) = An area in which an explosive Class| Division 1( gases)

mixture is not likely to occur in
normal operation and if it occurs it

will exist only for a short time)

The areas, which are classified into these zones, must be protected from sources of ignition.
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2. Design Criterions

Designing the frame for the nitrogen generator indicates that many fundamental aspects have
to be considered to get the preferred result. Nitrogas™ goal is to design and produce a low-
pressure nitrogen generator that can generate and deliver low-pressure nitrogen in the range of
450 I/min. The unit shall be portable, and be able to be moved by hand by the operator. It

shall be possible to operate in all working areas, including Atex zone 1.
Design Criterions for the frame:

The frame shall be compatible with the low-pressure unit and the high-pressure unit.
The frame shall be service friendly

The frame shall be easy to disassemble

The frame shall be approved according to:

- NORSOK Z-015 — Temporary equipment

- R-002 — Lifting equipment

The frame shall have a maximum weight of 450kg.

The frame shall be able to transport through doors (0.80 m).

The frame shall be able to withstand sea-water, and be applicable in fluid conditions

The frame shall be portable with wheels

The design criterions that have been set for the generator frame is defined by Nitrogas AS.
2.1 Harmonized Standards

The nitrogen generator shall be designed and produced in accordance with the harmonized
standards that is necessary to make the nitrogen generator approved for offshore use.

2.1.1 NORSOK Standards R-002, Lifting equipment, edition 2, September 2012

The main purpose of NORSOK R-002 standard is to contribute to an acceptable level of
safety for humans, the environment and material assets in the petroleum industry by giving
technical requirements for lifting equipment [18].

This standard is valid for technical requirements to lifting appliances and lifting accessories
on all fixed and floating installations, mobile offshore units, barges and vessels, as well as on
land based plants where petroleum activities are performed. The standard is also valid for
material handling and for the following equipment:
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e Launching and recovery appliances for life saving equipment with and without lifting
functions.

e Means of connection and release systems that are integrated parts of life saving
equipment, as well as their anchorage in the life saving equipment.

e Portable units.

e Foundations and suspensions for lifting appliances.

e Lifts [18].

NORSOK R-002 is a standard that applies for internal lifts in offshore operations.

In Annex F in NORSOK R-002, the Nitrogen generator can be referred to as a portable unit
and type A in DNV 2.7-3 (This is validated in chapter 2.1.3).

Table 2: Overview of object groups [18].

Group | Group Description Subject to

no. NORSOK R-003 or
R-003 Annex H and
E

F1 Offshore  Portable unit with a maximum gross mass not | Unit and lifting set

containers = exceeding 25 000kg, for repeated use in the
transport of goods or equipment, handled in
open seas, to, from or between fixed and/or

floating installations and ships

F2 Offshore | Portable unit built and equipped for a special | Unit and lifting set
service service task, mainly for temporary installation,
containers | e.g. are laboratories, workshops, stores, power

plants, control stations.

F3 Offshore  Portable unit built or package with a primary | Unit and lifting set
portable  structure frame and maximum gross weight
units not exceeding 100 tons, for repeated or single
use, as defined in DNV Standard for
Certification No. 2.7-3 clause 1.1.5 Type A
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F4 Heavy lift | Heavy lift units are portable units with a Lifting set only
units and | maximum gross weight equal to or exceeding
units for | 50tons planned to be lifted as suspended load
subsea onshore or offshore. Units for subsea lifting
lifting are portable units intended for lifting through
wave zone and lowering in deep water to

landing on seabed.

F5 Lifted This group includes any loads not belonging Lifting set only
objects to the other groups, which are not in
themselves lifting equipment, but fitted with
attachment points for lifting accessories for
lifting onshore, internally on an offshore
installation or between installation and vessel.
Lifted objects also includes objects with

detachable transport skid/cradle
Examples of lifted objects may be

e Machines, components or equipment
with fixed or detachable dedicated
lifting points,

e Modules or structures with lifting
point for intended for lifting during
installation, maintenance, and

decommissioning.

Typical unit weights from 2 tons to 50 tons

but may be used for lifts up to 100 tons

From table two, the nitrogen generator unit will be categorized into group F5 - Lifted Objects,

and will be designed by the respective design criterions.

Group F5 includes objects and lifting sets that do not belong in any of the groups F1 to F4.
This group of lists often have the typical characteristics,
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e.g.:

e Permanent structure or equipment to be installed as a new part of the installation, or
moved/removed as part of platform modification or removal.

e Objects that cannot be lifted with the aid of a load carrier.

e Often unsymmetrical lifting sets due to defined location of the center of gravity (CoG)
or unsymmetrical configuration of lifted object;

e [f atransport cradle is required, the cradle is often designed with defined supports for
the machine or equipment to be transported and sometimes bolted or locked to the
equipment;

e In some special cases, the lifting lugs may partly be located on the lifting cradle and

partly on the equipment to be transported [18].

Offshore portable units and their dedicated lifting sets shall be designed and manufactured in
accordance with DNV standard for certification No. 2.7-3 May 2011. Only units designed for
operational class R60 is acceptable for use on the Norwegian continental shelf, even if their

use is intended to less severe sea states [18].

Certification requirements given in DNV standard for certification No. 2.7-3 are not
mandatory requirements of NORSOK R-002 (the different criterions regarding DNV 2.7-3

has been reviewed in chapter 5)

According to NORSOK R-002, the design factor is defined as:
DF =yp X yc

Where

yp = partial load factor

e = consequence factor

ypand yc is found in table 3
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Table 3: Design factors (DF) [18]

Element category o G DF (yp X yc)

Lifting points including attachments to object 1.34 1.25 1.68

Single critical elements supporting the lifting point

Lifting equipment ( spreader bar, shackles, slings 1.34 1.25 1.68
etc)

Main elements which are supporting the lift point 1.34 1.10 | 1.48
Other structural elements of the lifted object 1.34 1.0 1.34

The design factor in the frame must be greater than 1.48 (Main elements, which are

supporting the lift point)
DF =yp X yc=1.34x1.10 = 1.474 (1.48)
Safety factor is defined as DF x DAF

Standard dynamic amplifying factor (DAF) to be used when designing lifted objects and their

corresponding lifting accessories shall be:

“The DAF for lifting accessories shall never be selected for less than 1.5 for loads up to 50

tons in order to comply with safety factors according to machinery directive and NMD” [18].
Onshore lifts and onboard lifts on fixed or floating installations:

DAF = 1.5 for WLL <50 tons [18].

SF = DF x DAF

148x1.5=222

According to this formula, the safety shall be above 2.22 to be approved for internal lifting on
offshore platforms. All of the equations that are submitted in chapter 2.1.1 are found in

reference [18].
2.1.2 NORSOK Z-015

This standard defines how the temporary equipment should be handled, and what

requirements that is necessary to fulfill for the units.
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The definition of temporary equipment is equipment that has a planned time limit, that

demands connection by offshore device (Containers, diesel motors etc.) [19].

A gas detector shall be placed in all air-intakes for compressor, and shall be able to close

down the equipment, if necessary [19]. The gas detector has been placed at the inlet for the

A

compressor. As shown in Figure 16.

Figure 16: Inlet and gas detector

3. Design of Frame

The purpose and main challenges of the frame is to have a design that is innovative, with a

combination of minimum welding, minimum cost and maximum strength.
3.1.1 Review of Design Criterions

In this Master thesis, there has been designed three different prototypes for the nitrogen
generator frame. As a starting point, the frame was designed to fulfill the design criterions as
good as possible.

The different prototypes have been designed in accordance with the design criterions, and the
harmonized standards.

There have been designed three frames, which is compatible for the low-pressure unit and the
high-pressure unit. The idea is to disassemble the four corner beams, and then lift the corner
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beams with the top cover plate of the bottom structure, which will enable an easy access to

perform service maintenance by the mechanic.
Dimensions of the frame are:

L: 1260mm
W: 800mm
H: 1108mm

The width of the frame is 800mm (0.8m); it will therefore be able to being transported

through doors.

The chemical properties for the materials that has been chosen for the frame, and its corrosion

resistance properties, is suitable for operations within Atex zone 1 area.

The frame has also been designed with wheels, and handlebar, meaning it is possible to

transport it by an operator.
3.2 First Prototype

In this chapter there has been designed various prototypes of the nitrogen generator frame. It
started with a concept of a frame with zero welding, and an easy way to disassemble the
frame. The idea was to design the frame with an approach that would make it easy for the
mechanic to perform service maintenance on the unit. It should be easy to access the interior
parts by disassembling the bolts, nuts and washers in the bottom frame for the corner beams.
By doing this, one can lift off the top/corner frame in one piece, leaving only the bottom
frame, which will make it easy for the mechanic to perform service maintenance on the

interior parts.

On the first prototype, there were designed two bottom plates with a thickness of 3mm and
these plates should carry the load of the components. The concern with this prototype is the
lack of supporting structure. The maximum gross weight of the nitrogen generator will be
approximately 450 kilos, and all the components will have an approximately weight of 400kg
(The exact weight of this frame is unknown, and the numbers of the frame are assumed). The
bottom plates will not be strong enough to withstand a weight that high, and will fail.

Therefore, it has not been made an analysis of prototype 1.
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Figure 17: Bottom base plate in P1 Figure 18: Bottom base plate of P1

Figure 19: Prototype 1

Figure 17, 18 and 19 illustrates prototype 1, it shows that the frame is simple with no
reinforcements, but the plot is to have two bottom plates of 3mm thickness, that will carry the

load of the components.

The two bottom plates in the structure were designed as a base, where all the components
should be mounted. Since this is a starting point of the design, it has not been designed any

support structure to help the bottom plate in carrying the load of the components.

Figure 20 illustrates how the cover plates can be mounted into slots that has been
implemented in the bottom plate. The cover plates will be fastened into the top frame on top,

which will lead to a mounting in an easy and innovative procedure.
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Figure 20: Slots for cover plates

Figure 22 illustrate how the corner beams are mounted in the bottom plate. There are no
welding, and instead of rectangular beams, it has been designed a beam that will be formed by
buckling. By using these corner beams instead of rectangular beams, it will result in an
innovative method to mount the cover plates on, as well as the minimum welding design
criterion is fulfilled. Figure 21 illustrates how the top of the corner beam, and how the cover
plates can be fastened at the top via the top cover plate, and a lock at the top of the cover
plate.

Figure 21: Top view of corner beam Figure 22: Top view of corner beam formed by
buckling
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3.3 Prototype 2

The second prototype that was designed is an extended development of the first prototype. A
major change that has been included in prototype 2 is a reinforced frame. The bottom plate
has been replaced with a welded frame that shall be capable of supporting the structure with
all the components mounted on. The reinforced frame contains multiple 30 x 30 x 3mm
square beams. This is illustrated on figure 24. The reinforced frame will be welded internally,

and the corner beams shall be fastened by bolts, nuts and washers.

Results from the analyses is presented and discussed in chapter 6.

It has been made structural reinforcements to withstand the load of the different parts inside

Figure 23: Prototype 2 Figure 24: Reinforced welded frame

the unit.

The structural members in the reinforced frame has been designed at specific locations to

withstand the load of the components.

3.4 Prototype 3

From the second prototype to the third there have been made significant changes. The
reinforced frame has been changed frame 30 x 30 x 3mm square beams to 40 x 40 X 4mm
square beams. The placement of the beams in the reinforced frame has been changed. This

change has been made due to a desire of reducing the cost by using fewer beams.

The final prototype is illustrated below in figure 25. The concept of an entirely weld-free
frame, which was planned in prototype one has been abandoned due to lack of supporting

structure and strength issues. Prototype 3 has been designed with multiple weldments in
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bottom frame, corner brackets and top frame. The 40 x 40 x 4mm square beams that have
been chosen for prototype 3 are highlighted in Appendix 1. The drawings for prototype 3, as
well as an explanation of the different views of the frame are illustrated in Appendix 4.

Figure 25: Prototype 3 Figure 26: Reinforced frame for P3

Figure 27: Corner beam P2 Figure 28: Corner beam P3
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Figure 27 and 28 illustrates the one of the major changes in the prototypes. One can see that
the corner beams in prototype 3 has been added structural support in the corner brackets. The
corner brackets is mounted with bolts, nuts and washers for both of the prototypes, as seen,
prototype 3 is more solid. The corner beams on prototype 3 will also protect the threaded
rods.

Figure 29: Final version of P3 Figure 30: Different view of P3

Table 4: Advantages and disadvantages of frames

Third Prototype

Reinforced frame
Solid
Easy to disassembile

First Prototype Second Prototype
Weld free Reinforced frame
Cost efficient Innovative
Easy to disassemble Easy to disassemble

Second Prototype

Too weak

Third Prototype

Expensive

First Prototype

Too weak
Lack of support structure

Considerable amount of welding

Table 4 illustrates the main advantages and disadvantages for the different frames, where the
blue color is the advantages, and the red color is the disadvantages of the frames.

Other aspects are worth including as advantages and disadvantages, such as the result, and a
detailed discussion why one frame is more suitable than the others, is explained in chapter 6.
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4. Description & Components

psphER @

Figure 31: Nitrogen generator Figure 32: Nitrogen generator with different view

In figure 31 & 32, the final design of the nitrogen generator is illustrated, with all of the cover
plates mounted. On figure 32, one can notice a hatchet, this hatchet is designed to the purpose
that the customer itself can change filters inside the filter package, this can be unlocked by

using a square lock, if necessary.

Figure 33: Nitrogen generator without cover plates  Figure 34: Different view of nitrogen generator
without cover plates

These figures illustrate the final version of the nitrogen generator with components and hoses.
On figure 34, one can notice the filters that can be manually changed (behind the hatchet on
figure 32). Information about the filter package is located in chapter 4.1.4 and in Appendix 3.
As illustrated, there are two different radiators in the nitrogen generator. The radiator
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illustrated in figure 32 is the oil radiator, and is cooling down the oil in the compressor. The
radiator illustrated in figure 33 is the air radiator. Air is sucked into the generator and into the
motor that is mounted behind the air radiator. The air regulation plates will make the air go
straight from the motor and out through the oil radiator, and cool down the motor.

Figure 36: Different view of nitrogen generator

Figure 35: Nitrogen generator without hoses and without hoses and interior plates
interior plates

As illustrated above, figure 35 & 36 gives an indication on how the final nitrogen generator
will look like, without any interior plates or hoses. The wall that is mounted between the
electrical cabinet and the motor is the torpedo wall. The torpedo walls purpose is to be a
mounting/bearing wall in the nitrogen generator. The components can only be mounted either
on this wall, or on the base plate.

The design criterions specified that it shall be easy to disassemble the frame, no components
can therefore be mounted onto the frame.
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Figure 37: Interior air regulation plates

Figure 38: Different view of interior air regulation
plates

Illustrated in figure 36 & 37, the machined and formed air regulation plates, these plates are

made of aluminum 5052. The purpose for each interior plates are described on the next page.

Figure 39: Explanation of air regulation plates
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All of the plates are important supporters for most of the components in the nitrogen

generator, where all of the plates have important specific roles:

Plate A is placed below one of the radiators for the role as an air regulator, and work
as a shield, so the air that is sucked in, into the air radiator, is transferred out via the oil
radiator.

Plate B is designed for air regulation, and helps transfer the air from the air radiator to
the oil radiator. It is also used to support the oil radiator.

Plate C is working as a component wall, with many components mounted to it (Filter
package, membrane assembly, miscellaneous valves). It is only mounted in the
torpedo wall, and in no frame structure, so it will be easy for the mechanics to
disassemble the plate.

Plate D is mounted on the bottom plate, and its role is to support plate C, and be a
cover for the transmission belt. The transmission belt is mounted on the motor and
compressor, behind the air radiator.

Plate E is mounted on top of plate B and onto the torpedo wall. It is an air regulator
plate, the aluminum tank is mounted on top of this plate.

Plate F is mounted onto plate E. The purpose of the plate is to reduce the noise from
the motor, which will be led out through the oil radiator, and the intention is that the
sound waves that comes from the motor shall hit this plate and lead to a detour for the

sound waves,
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LIST OF COMPQONENTS

01 - ELECTRICAL MOTOR LOW PRESSURE 11 - SOLENOID VALVE

02 - COMPRESSOR 12 - NITROGEN MEMBRANE/ O2 & H20 DRAIN
03 - PRESSURE TRANSMITTER 01 13- DEW POINT MEASURING

04 - TEMPERATURE TRANSMITTER 01 14 - 02 MEASURING

05 - INLET AIR GAS DETECTOR 15 - NITROGEN MEMBRANE/ 02 & H20 DRAIN
06 - INLET AIR FILTER 16 - DEW POINT MEASURING

07 - MOTORFAN 17 -02 MEASURING
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Figure 40: Overview of system

Figure 40 illustrates the specific path of the air, with each components and its purpose.

The nitrogen generator uses an electrical motor to generate power for the compressor that will

suck in the air in the atmosphere, and uses the membrane technology that is mentioned above

to filter out oxygen molecules.

The air will be sucked in, at point 6, and through an inlet air filter. The air will then pass
through gas detector (required from NORSOK Z-015), and from there through the

compressor. The compressor will pressurize the air, up to a desired pressure between 8-10 bar.

The compressor has many vital operations; they are discussed in chapter 4.1.2.

After the compressor, the air will pass through a filter package. The filter package consists of

a water cyclone and three filters. The water cyclones purpose is to filter out the humidity in

the air.
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After the air has passed through the water cyclone, it will go through to a filter package that
will eliminate the oil in the air (oil from the compressor). From here, the air will pass through
two membrane filters, which will filter out the oxygen molecules. Leaving nitrogen gas with a

purity of 99% left. The nitrogen gas is now consumer ready.

The process in general is a quite simple but brilliant method to generate nitrogen, and all of

this is mounted inside a frame with a size of 1260mm x 800mm x 1108mm.

If the nitrogen generator is going to be approved for offshore use, all of the components that

has been presented in this chapter shall be Atex approved.
4.1.1 Motor

The motor that has been selected for the nitrogen generator is an electric bevi motor with

5,5kW. The primary work for the motor is to generate electricity for the compressor.
4.1.2 Compressor

The compressor is from Rotorcomp. The main purpose for the compressor is to compress the
air up to 10 - 12 bar. The aim is to have an outlet of nitrogen within the area of 8-9 bar, and
due to all the hoses and components in the unit, there will be a pressure loss of approximately
1-2 bar. Therefore, it is necessary to set the inlet pressure a couple of bar higher than the

outlet pressure. The desired pressure can be set manually by an operator.
4.1.3 Filter Package

After the air has been compressed, it is sent through to a filter package, containing four

different filters with different operational tasks.

e Water cyclone
e Coarse filter (water & oil) x 2
o Oil filter

e QOil steam filter

The water cyclone’s purpose is to filter out the humidity from the air. The water will be

transported from the water cyclone and to an oil separator.

After the water cyclone, the air passes through two coarse filters. The purpose for these filters

is to filter out large particles of oil and the remaining H>O particles in the air.
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The air then passes through an oil filter. This filter is finer than the previous ones. The oil

filter will filter out the remaining oil particles in the air.

The final filter before entering the membrane is the oil-steam filter. Nearly all oil particles are
already filtered out, but the oil-steam filter will filter out the oil gas/ steam that remains in the

air.
The filter package that has been chosen for this project is Norgren filters.

4.1.4 Membrane

After the air has progressed through the filter package, the air is being transported directly
through a hose to a membrane assembly. The purpose of the membrane is as mentioned in
chapter 1.1 is to filter out the oxygen molecules from the air, which will remain a purity of

99% nitrogen in the system.

Data sheets for each component is presented in Appendix C.
4.1.5 Accessories

4.1.5.1 Wheels

The wheels that have been selected for this frame is the “Blickle ALTH”

These wheels are made for heavy load with polyurethane plastic on an aluminum rim.
Polyurethane

Polyurethane is a plastic material that exist in various forms. The material is a very common
material, which is used in for example: shoe soles, sportswear, wheels and many other

applications [20]

Table 5: Information about rear wheel [20]

Wheel Diameter[mm] | Width Load Wheel Shaft hole | Hub
[mm] Capacity | Bearing | -
[kg] diameter
ALTH 200 50 800 Bearings | 20 60
200/20K

These wheels have a good rolling resistance, silent, and are gentle to the floor surface.
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Table 6: Front wheel information [20]

Fork | Diamete | Wheel | Load Wheel Building | Plate | Bolt Bolt hole

r[mm] | Width | Capacity | bearing | height size hole diamete
[ko] [mm] [mm] spacing | r
[mm] [mm]

LEX 200 40 250 Bushings | 235 140 x 105x 11

- 110 75-80

TPA

200G

-FI

The fork to support the wheels has a stop-fix implemented, making it easy to have control

over the generator, and make it stop, when needed [20].

Figure 41: Rear wheel [20]

Figure 42: Front wheel with fork [20]
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5. Review of DNV 2.7-3

5.1 Configuration of DNV 2.7-3

NORSOK R-002 applies to internal lift on offshore platforms, while DNV 2.7-3 applies for
lifts from vessel to offshore platforms. The intention is that this thesis will cover the aspects
and requirements for approval of the nitrogen generator frame for internal lifting on offshore
platforms. However, it would also be interesting to investigate and see what the requirements

would be for getting the frame approved from lifts from vessel to platform.

The different demands from DNV 2.7-3 will be tested on prototype 3; because it is more

solid.

When the nitrogen generator is transported to the offshore platform, it will be transported
inside a type “A “container illustrated in figure 44, where this container is lifted from the
vessel and onto the platform. However, what is required from DNV 2.7-3 to make the
nitrogen generator approved for lifting from vessel to platform and make the nitrogen

generator certified as a portable offshore unit?

In the following subchapter, the normal font is cited from DNV 2.7-3, while the font written
in italic is my own thoughts and aspects regarding the nitrogen generator. A further discussion

has been made in chapter 5.2.
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Figure 43: Flowchart to find the PO Units appropriate design basis [21]

The path on figure 43, helped to clarify and determine how to select the correct standard.
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Figure 44: Different types of PO Units [21]

Figure 43 and Figure 44 helped to infer to select the correct type of portable offshore unit.
The following headlines and notations are in conformity with DNV 2.7-3.
2.1.3 Lifting Sets

To include the lifting set in the certification process is optional [21].

The lifting set has not been included.
2.2 Design Verification
2.2.2 Content

The design verification will include at least:

Applied design loads

- Strength of main structure, including lifting points
- Design details

- Material specifications

- Welding and other joining methods [21].
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3. Design
3.1 Design Condition

PO Units shall be designed in accordance to a set of main principle and pre-established

criteria to promote means for safe handling and transportation.

These principles and criteria shall be selected to ensure the structural integrity of the PO Units
during its exposure to dynamic conditions that are common for an offshore transportation

involving:

- Seavoyages,
- Lifting to and from vessels offshore, and

- If, applicable, lifting into (and out of) the sea [21].
3.1.3 Offshore Lifting

PO Units designed in compliance with this Standard for Certification shall have sufficient
strength and integrity to withstand dynamic forces generated when handled in a sea state of up

to the significant wave height defined by the PO Units Operational Class

The PO Units should to the degree possible be designed to facilitate safe lifting. E.g., the
following should be duly considered:

- Design details of protruding parts, if such parts are not possible to avoid.

- For PO Units to be mixed with other frequent handled goods details and parts that may
catch or damage other structures should normally not be allowed. Of allowed such
parts should be clearly marked.

- Door handles, hinges, hatch cleats and similar details should be arranged in a recessed
or protected fashion to avoid becoming catch points or containing points that may
complicate lifting and handling operations.

- Avoid elements that the lift accidentally could hook on to.

- Safe handling and tensioning of lift sling set. Normally this imply that use of “loose”

spreader bars is not allowed [21].
The nitrogen generator will not have any protruding parts, except the pad eyes.

The nitrogen generator is one whole unit, and it will have a logo from Nitrogas on it, mixing

of other frequent handled goods will be difficult.
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The unit has been designed with no doors, hinges or hatch cleats; two square lock hatches

has been implemented, these locks will not complicate lifting nor handling operations.

The handlebar on the nitrogen generator is the only component that the lift can accidentally
hook on to, but the handlebar is a collapsible object that is designed to be folded when it is

not being used.

There is no need for spreader bar when lifting the nitrogen generator, due to small geometric

dimensions on the nitrogen generator.
3.2 Materials

The design temperature shall not be taken higher than the (statistically) lowest daily air
temperature for the area where the PO Unit shall operate. In the absence of a design
temperature designation, the design temperature shall be -20 °C [21].

The design temperature shall be -20 °C.
3.2.2 Minimum Material Thickness

The following minimum material thicknesses apply:

Table 7: Minimum material thickness [21]

MGW Single events Multiple events
Corners Other Corners Other
0-1t 3mm 3mm 4mm 4mm
1-25t smm 4mm 6mm 4mm
>25t 6mm 5mm 8mm 6mm

By assuming that the minimum material thickness applies for the whole frame, the base plate,
which has been designed with a 3mm plate, needs to be changed to a 4mm plate. Assuming

that the nitrogen generator applies for multiple events.
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3.2.3 Wrought Steel

Steel shall comply with the material requirements of a recognized code. The chemical
composition, mechanical properties, heat treatment and weld ability shall be satisfactory for

the service as well as the fabrication process [21].

Steel shall possess adequate fracture resistance energy to avoid the initiation of brittle

fracture. Austenitic stainless steels are exempt from the Charpy testing requirement.

Threaded rods are the only parts that are made of stainless steel, it is therefore not necessary

with a Charpy test. There are no wrought steel on the unit.
3.2.6 Aluminum

The chemical composition, mechanical properties, heat treatment and weldability shall be
satisfactory for the service as well as the fabrication process.

Aluminum alloys and tempers listed in Section 3.2 of DNV’s “Standard for Certification 2.7-
1, Offshore Containers” or in “DNV Rules for Ships/High Speed, Light Craft and Naval
Surface Craft, Pt 2 Ch2 Sec.” Are acceptable for use [21][22].

In section 3.2 of DNV 2.7-1, the standard clarifies that it is acceptable to use:

e Aluminum 5052 for rolled products

e Aluminum 6082 for extruded products
3.3 Operational Class

PO Units shall be assigned to an Operational Class for the offshore lift. The class should be

selected based on the following:

- Weight/mass
- Risk evaluation

- Type of structure (figure 44)[21]
3.3.2 Risk Evaluation

The operational risk involved in offshore lifting of PO Units is in this standard defined as
“Low” or “High”. Both possible consequences and probability of an incident will define the
risk. The following elements are considered to increase the risk and should at least be

included in the risk evaluation:

A) Installed/transported equipment especially sensitive to impact loads.
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B) Protruding parts where the crane hook and/or sling set could catch during tensioning.

C) Protruding parts that may damage and/or get stuck on other (transported) items or on
the transport vessel

D) Lack of roof protection so it is considered possible for the crane hook to accidentally
hook onto items inside the PO Unit.

E) Lift points in positions where they could be damaged by impacts.

F) Lack of proper crash framing and there is installed/transported equipment that could
be damaged due to impacts.

G) PO Units of exceptional geometry or unhandy (big) size.

H) Sling sets including (loose) spreader bar(s) [21].

If one of the elements above is clearly applicable or at least two elements are partly present

the risk level should normally be defined as *““High”’.
Review of risk evaluation:

A) All of the installed equipment is not sensitive to impact loads, and are well covered.

B) There are no protruding parts where the crane hook and/or sling set could catch. All
of the parts are in cover by the cover plates.

C) There are no protruding parts that may get stuck or get damaged on the transport
vessel.

D) There are roof protection; it is not possible for the crane to hook accidentally onto
items inside the PO Unit.

E) The lifting points are placed on the top side of the nitrogen generator, unless an object
is dropped onto the top of the nitrogen generator the lifting points cannot be damaged
by an impact. It is also possible to substitute the lifting points with another pad eye.
The conclusion is no, the lifting points are not in a position that can be damaged by
impact.

F) The installed equipment may be damaged due to impact. It is many factors involved,
such as location of impact, how great the impact is. It is difficult the exact answer for
this, but some of the installed equipment may be damaged (filter package).

G) The geometry to the unit is not exceptional or unhandy.

H) Sling set with spreader bar(s) is not necessary.

Only one element partly present the risk level, which implies that the frame cannot be
defined as “High”” risk.
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Tvpe Risk MGW Class

A Low MGW <25t R60

A Low MGW =25t R45

A High MGW =25t R45

A High MGW =251t R30

B Low MGW =15t R60

B Low MGW = 15t R45

B High MGW <15t R45

B High MGW = 15t R30

C High ) MGW = 15t R45

C High 2 MGW = 15t R30

D High/Low P MGW =10t R45

D High/Low 1) MGW = 10t R30

E Low MGW <15t R60

E Low MGW = 15t R45

E High MGW =15t R45

E High MGW = 151t R30

a) Type  have normally no requirements to impact load caleulations,
see notes 11 3.6.2 and 3.6.3, and should be considered as “High™ nsk
PO Units

b) R60 (R45 for MGW = 10 t) could be applicable if it is documented
that the evaluated risk 1s “Low ™ and the PO Unit global structural in-
tegrity 1s not sensitive to substantial local skin damage.

Figure 45: Selection of Operational Classes [21]

The nitrogen generator has been defined as a ““Low” risk, and the maximum gross weight is

less than 25 tons. The nitrogen generator can be defined as a Class R60.
3.4 Analysis and Acceptance Criteria
3.4.1 Calculation Methods

When performing design analyses for verification of structural strength alternative approaches
are acceptable. It is assumed that the calculation approach covers critical details in an
acceptable way and is representative for the true (planned) load (mass) distribution within the
PO Unit and the support conditions for the PO Unit.

Only the primary structure shall be included in the design calculations. Strength of frame
members may be calculated using manual calculation, 3-dimentional beam analysis or finite

element modelling [21].

The design calculations on the nitrogen generator has been performed with finite element

modelling, and are assumed to be covering critical details in a representative way.
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3.4.2 Load Combinations

The PO Unit shall be calculated/analyzed for all relevant load combinations. Guidance on
relevant load combinations is included in the design load sections [21].

It has only been performed calculations regarding a lifting load analyze, additional relevant

load combinations would be required.

3.4.3 Allowable Stresses

Design loads defined in this section shall not produce VVon Mises equivalent stresses,
oe exceeding: 0.85 x C [21]

For aluminum: C = Rpo.2 but not to be taken greater than 0.7 x Rm [21].

Proof stress for aluminum 6082 = 290Mpa [Aalco source, see appendix 4]

Von Mises shall not exceed 0.85 x 290Mpa = 246.5MPa.

The equivalent stress that has been analyzed in chapter 6, regarding prototype 3 and the

lifting load analysis is not exceeding 246.5MPa.
3.4.4 Buckling Resistance

All plates and members subject to compression stress should be verified for buckling. The
allowable buckling stress/capacity should be calculated based on a recognized code applying

elastic stress distribution.
The maximum allowable utilization factor shall be taken as 0.85[21]
3.4.5 Welding

Weld strength shall be based on the nominal weld area and the stress intensity produced by
the design load. The allowable stress for the weld shall be as designated in 3.4.2 multiplied by
the following reduction factor:

A. 0.5 for fillet weld

B. 0.75 for partial penetration weld plus fillet weld where the throat area of the fillet weld
is equal to or less than the stress area of the partial penetration weld

C. 1.0 for full penetration welds [21].

The nominal weld area for the nitrogen generator will be on the strengthened base frame. The

stress intensity produced by the design load will be needed for additional calculations.
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3.4.6 Deflections

It should be documented that the deflections of PO Units and single members in PO Units for

any load condition will not:

A. Be greater than specified (if applicable) by the owner of the PO Unit

B. Complicate safe handling of the PO Units.

C. Introduce unacceptable loads in equipment due to relative deflection of their supports.
D. Members deflected due to impact loads will not damage the cargo [21].

It has been performed an impact test for prototype 3, where the analysis illustrates that the
impact load will not destroy the frame, but additional calculation and analysis would be
necessary to investigate this subject before prototype 3 could be approved for lifting from/to

vessel from/to offshore platform.
3.4.8 Stability Against Tipping

The sea transport design loads should not cause uplift in any corner of the PO Unit. If

required uplift could be prevented by lashings

IN order to ensure adequate stability before lift (and after removal of lashing) the PO Unit

should normally be stable considering the following tilting angles:

- Operational Class R60: 30°
- Operational Class R45: 23°
- Operational Class R30: 15°

The nitrogen generator is an operational class R60, and should be able to withstand a tilting
angle of 30°. This seems difficult, and would most probable lead to design modifications.

There has been made no analysis or testing of stability against tipping.
3.4.9 Maximum Gross Weight - MGW
Maximum gross weights is defined as MGW =T + P, where;

- Tare weight of the PO unit. The weight should be found by weighing or documented
by a reasonable conservative weight estimate.

- Pis maximum allowable payload for the PO Unit. Normally this will be known
equipment for which the weight should be found by weighing or documented by a

reasonable conservative weight estimate [21].
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MGW =T +P

T = Weight of frame (this is unknown)

P = Weight of all components inside of frame
MGW = 450kg

Both the tare weight and maximum payload is unknown for the nitrogen generator at this
point, but due to the design criterions made by Nitrogas, where the maximum weight should
be 450 kg. We can assume that MGW = 450kg.

3.4.10 Load Application

The design loading should be applied as exactly as possible. I.e. the loading shall be
distributed to members and joints according to the mass distribution in the PO Unit. Loads

from equipment needs to be carefully evaluated [21].

When performing the finite element analysis for the prototypes, the design load has been set
as: the weight of the whole unit x (g x @) = 450kg x (9.81 x 1.3) m/s?> = 5738.85N.

This is assumed to be as exactly as possible.
3.4.11 Equipment and Supports for Equipment

Mounting of equipment or outfitting details installed in a PO Unit shall be designed to
withstand maximum dynamic loadings during transport and lifting calculated according to the
relevant equations in sections 3.5, 3.6 and 3.7. MGW should be substituted with the
equipment weight in the equations.

Applied equipment weights shall include relevant weight contingency. Both vertical and
horizontal loads shall be applied to the equipment CoG in order to obtain “‘correct’ support

reactions.

The weight contingency has been included in the analyses, but the calculation regarding
dynamic loadings during transport has not been performed, and needs additional calculations

to determine if the equipment will be displaced
3.5 Design Loads — Lifting

The design loading on all elements in a lift with lifting slings shall be calculated based on F

(in KN) where F is the greater of Fair and Fsu (if applicable). The following definitions apply:

For all PO Units: Fair = DF x MGW x g
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Table 8: Design Factors [21]

Operational Class MGW < 50 tons MGW > 50 tons
R60 50 2.2
14+08X [—
MGW
R45 2.0
14+0.6 X |-
MGW
R30
14404 X |[——
MGW

Operational class is R60, and maximum gross weight equal to 450kg

DF=14+08x /5—0 = 2.467
MGW

Fair = 2.467 x450x 9.81 = 10890.57N

This implies that the design factor cannot be less 2.467 with a lifting force of 10890.571N for
a lifting load test.

There is no Fsup applicable for this test.

Additional lifting tests has to be applied, since the criterions from DNV 2.7-3 are more strict,

and another lifting force will be needed.
3.5.2 Design Load Application

For the normal lift condition, the design loading for the PO Unit global strength
calculation/analysis shall be calculated based on F.

Normally there are many criterions from DNV 2.7-3 regarding lifting, and how the pad eyes
and slings should be handled. However, for the nitrogen generator, the pad eyes are mounted
on manually and are already certified from the supplier. Further calculations about pad eyes
and slings have not been included.

3.6 Design Loads — Impact
3.6.1 General

Impact loads may occur during lift off or set down of PO Units and they are a result of the

relative velocities between transport vessel deck and the hanging load. Impact loads occur
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randomly and are of very short duration. Due to the inherent uncertainties in the input
parameters, it is not considered feasible to calculate these loads accurately. Hence, in this
standard, impact loads are considered adequately described by requirements in 3.6.2 and 3.6.3
[21]

3.6.2 Horizontal Impact

The primary members shall be capable of withstanding a local horizontal impact at any point.
Where relevant, the impact stress shall be combined with a lifting stress based on the MGW
of the PO Unit. The impact force may act in any horizontal direction on the corners of the PO

Unit. On all sides of the PO Unit, the load is considered to act perpendicular to the surface.

The following values shall be used for the static equivalents of impact load for corner posts

and bottom rails/edge:
- R60 & R45: Fy = 0.08 x The minimum value of F and 2.5 x MGW x g (from table 9)
F = 450kg x 9,81x 1.3 = 5738.85N
2.5x 450 x 9.81 = 11036.25N

Fri = 0.08 x 5738.85 = 459.108N

Fri = 459.11N

The horizontal impact test load shall be performed with a force equal to 459.108N
Table 9: Test load [21]

MGW Test load

Less or equal to 25 tons Minimum of F and 2.5 x MGW x ¢

The impact test that has been performed on the nitrogen generator is a horizontal impact test.
The primary members are capable of withstanding a local horizontal impact. The full impact

results are illustrated and discussed in chapter 6.
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3.6.3 Vertical Impact
Vertical impacts shall be calculated according to both of the points below:

- PO Units in Operational Class R45, R60 and R60-SE (Single Event) shall be capable
of withstanding an impact from lowering on one corner of the structure on a flat
surface. Inertia forces acting on elevated part of the structure shall be addressed.

- PO Units shall also be verified for an impact load acting on any other point on the
bottom outer edge that could hit it the PO Unit is set down on a not flat surface: Fvi =
0.08 x F

It has not been performed a vertical impact test of the unit, nor a simulation of lowering on

one corner of the structure on a flat surface.
The vertical impact force Fv; = 0.08 x 5738.85 = 459.108N
3.7 Sea Transport

The strength including equipment supports, and stability of all PO Units shall be checked for
loads due to the maximum accelerations and wind pressure that could occur during transport.
It may also be applicable to consider forces due to sea pressure. If not known, realistic
assumptions regarding support conditions and sea fastening should be made.

3.7.2 Design Forces

The accelerations could, if relevant, be based on motions calculations for the actual transport
vessel(s), position (and direction) of PO Unit on vessel, and maximum weather/wave
conditions. Appropriate design factors considering the allowable stress given in 3.4.3 should
be applied.

If no information is available a horizontal design load due to vessel motion of:
Fh=MGW x g

Should be considered in any direction and in combination with both maximum and minimum

vertical loads as defined below:
Fymax = 1.3 X MGW X g
Fvmin = 0.7 x MGW x g

In addition, a horizontal design wind force of 1.0kN/m? shall normally be considered [21].
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Calculation regarding acceleration during transport, and wind pressure must be performed.
There is no information available, so additional calculation regarding Fymax and Fymin Needs
to be calculated.

5. Testing
5.1 Extent of Testing

A test program shall be agreed with DNV for each PO Unit or series of units. The program
shall include prototype testing, the extent of the testing shall be based on the guidance in the
following table [21]:

Table 10: Extent of Testing [21]

Class Lift testing? 2 point? Drop test?

R60 Yes Yes See 3.6.3

Regarding the nitrogen generator and it has been defined to be a R60 Operational Class. A
lift test, a two-point diagonal lifting test and according to 3.6.3, a vertical impact test is

mandatory to get the prototype approved.
5.2 Discussion Regarding DNV 2.7-3

A research regarding the different criterions to acquire an approval for lifting to/from vessel
from/to offshore platform where achieved, regarding both the criterions for the standard and
what needs to be done from Nitrogas’ point of view. There are several aspects to include if the

nitrogen generator should be approved according to DNV 2.7-3.

The discussion for the advantages and disadvantages for making the nitrogen generator
certified as a portable offshore unit is important. It would be necessary to perform more
analyses, such as a drop test, and a two-point diagonal lifting test. It would be necessary to

change the design, make it more solid, and from there perform the required analyses.

One of the differences that would be necessary to perform would be a change in minimum
material thickness. From table 7, the minimum material thickness for a PO Unit with a
maximum gross weight between 0-1t is 4mm. The base plate is 3mm. It would not be required

to change the aluminum, since both 5052 alloy and 6082 alloy is accepted for use.

53



The criterions in DNV 2.7-3 would require several adjustments for the prototype to be
approved. | personally think that it would be too many adjustments, which would result in too
little benefits. 1t would result in many hours of work for the design engineer to modify the
design of the nitrogen generator. It would result in a frame that most likely would not be

fulfilling the design criterions that were set by Nitrogas regarding this Master thesis.

6. Experimental Procedure & Result

6.1 Finite Element Analysis
6.1.1 Software

Ansys is an engineering simulation software that provides different simulation and analysis
products. These products are Ansys CFD, Ansys simulation technology: structural mechanics,
multiphysics, fluid dynamics, explicit dynamics, electromagnetics, hydrodynamics and more
[23].

In this Master thesis there has been performed an analysis in Ansys Workbench for structural
mechanics simulation a lifting test with remote load. It has been vital to perform an analysis
and see if the frame is applicable for offshore usage within the harmonized standard

criterions.
6.1.2 Boundary Conditions

The two frames that have been analyzed are almost identical in design and purpose, and the
same boundary conditions have therefore been implemented for both of the prototypes in the

analysis.
Boundary condition 1

A fixed support has been added for both of the frames; the fixed support is representing the
heavy components in the unit (motor, compressor, electrical cabinet etc.).

Fixed support in these areas is synonymous with an area that will not be lifted it will be fixed.
Boundary condition 2

A remote force has been applied to illustrate the lifting shackle, which is going to lift the

frame.
Boundary condition 3

Defining the boundary conditions in Ansys Workbench:
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In finite element analysis, if two independent parts are present, there is no stiffness
relationship defined between them, and the resulting stiffness matrices will be uncoupled [24].
It is therefore important to choose the right boundary conditions inside the software.

Different materials in frame and in the threaded rod (aluminum & stainless steel) led to:

e  Asymmetric behavior
e Multipoint Constraint contact (MPC)

Asymmetric behavior

Due to different materials in the frame, Ansys are including Asymmetric Behavior condition

into the analysis.

Asymmetric behavior is selected because it is only the contact surface that is constrained from
penetrating the target surfaces. In these analyzes the contact surfaces are the threaded rod,
while the holes in the top and bottom of the frame is the target. In asymmetric behavior, the

nodes of the contact surface cannot penetrate the target surface [25].

Target Surface

Target Surface Contact Surface

Figure 46: Asymmetric behavior [25] Figure 47: Symmetric behavior [25]

The illustrations above show the importance of choosing the correct behavior.

The contact surface will be of stainless steel, while the target surface will be in aluminum
6082.

Beneficial guideline for proper selection of contact surfaces for asymmetric behavior:

- Ifa convex surface encounters a flat or concave surface, the flat or concave surface
should be the target surface.
- If one surface has a coarse mesh and the other, a fine mesh the surface with the coarse
mesh should be the Target surface.
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- If one surface is stiffer than the other, the stiffer surface should be the Target surface.

- If one surface is larger than the other, the larger surface should be the Target surface [25].

Due to the fourth line “If one surface is larger than the other, the larger surface should be the

Target surface” The selected surfaces was chosen due to this statement.

Multi-Point Constraint (MPC)

MPC formulation for bonded contact does not have a stiffness calculated for the connection.
The MPC connection uses rigid constraint equations between the solid elements on the
contact and target faces for a truly bonded connection. The connection locations are still

determined using the contact element.

MPC internally adds constraint equations to “tie” the displacements between contact surfaces.
This approach is not penalty-based or Lagrange multiplier-based. It is a direct, efficient way
or relating surfaces of contact regions, which are bonded. Large deformation effects also are

supported with MPC-based bonded contact [25].

Figure 48: Multi point constraint [25]

For achieving the most exact results, the boundary conditions have to be correct. Therefore,

the threaded rod and the top/bottom beam of the frame has been set to bonded, asymmetric

and MPC.
Boundary condition - Impact test

The velocity on the frame has been set to 3m/s. Direction of velocity has been set as towards

the fixed geometry. The “wall” has been set as a fixed support.
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6.2 Second Prototype - Result

There has been made a finite element analysis for the second and third prototype. The lifting
load analysis has been performed in accordance with NORSOK R-002 — Lifting equipment.

The load that has been set for the analysis is:

F =m x g = 450kg x (9.81*1.3) m/s? = 5738.85N

The acceleration is arbitrary, and has been set to 0.3m/s?.

0,000 0,500 L100 {rm)
M j—)

0,250 0,750

Figure 49: Meshed P2 Figure 50: P2 with remote load

Figure 51: Mesh of bottom frame
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6.2.1 Safety Factor

Figure 52: Safety factor on P2

Figure 52 illustrates the safety factor on the entire frame, and the safety factor is 15 on almost
the whole frame. The exceptions are illustrated in figure 53, where the figure illustrates the
location of the minimum safety factor. The value is 1.8009 as a minimum value. Even though
the safety factor is above one, which would normally imply that the frame is solid enough,
and could be used if the frame was not going to be approved according to the harmonized
standards. In NORSOK R-002 the design factor must be greater than 2.52 (refer to chapter
2.1.1) to be approved for internal lifts on offshore platforms. This implies that the prototype 2
is not solid enough.

Minimum safety factor occurs in the connection of the structural reinforcement frame,

approximately just below the corner post that is illustrated in figure 52 and 53.

Figure 53: Minimum safety factor
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6.2.2 Equivalent Stress

Figure 54: Equivalent stress in prototype 2

If the equivalent stress / Von Mises stress is higher than the yield strength of the material, the
material will yield and fail. Figure 54 gives an overview of the equivalent stress in the frame,
it indicate that the equivalent stress will vary from approximately equal to OMPa and up to
155MPa. Yield strength for aluminum 6082 is 255MPa [32], which correspond with the safety

factor that this will not yield.

Maximum equivalent stress occurs in the joint between two structural members. It is unknown
if the software can estimate the correct calculation regarding the joint-area, assuming that
there are no welding between the beams, which there is.

Figure 55: Maximum equivalent stress
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6.2.3 Deformation

Figure 56: Variation of deformation in prototype 2

The deformation appears in the frame and varies from Omm to 4.3mm; maximum deformation
appears in the top rear-right corner beam. One could argue with that the deformation will vary
greater in the rear-right corner beam because the position of the fixed support. The
components will affect the left side of the frame, instead of the middle, which may lead to a
greater deformation in the corner beam in the rear-right end. Due to a shortage of free space
on the unit, one can either try to replace some of the components, which will lead to a
decrease in the deformation, and may lead to an evenly more distributed deformation. Another
possibility is to change the buckled corner beams into square beams. As it have been done in
the third prototype.

The deformation is equal in the two corner beams on the front view of the frame and is
approximately 1.4mm. The remote force is acting equal on each member and it can be
concluded that the fixed support is the reason to a variation of deformation in the corner
brackets.
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6.3 Third Prototype - Result

Figure 57: Remote load in prototype 3
The remote load for prototype 3 is identical to the remote load on prototype 2, which is

illustrated in figure 57.

Figure 58 illustrates the mesh applied mesh on the frame. Figure 59 illustrates the fixed

Figure 58: Meshed prototype 3 Figure 59: Fixed support for P3

support.
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6.3.1 Safety Factor

There have been made significant improvements on the third prototype versus the second. As
mentioned, the base reinforcement frame has been changed from 30 x 30 x 3mm square
beams to 40 x 40 x 4mm square beams. The corner beams formed by buckling has been
replaced with 40 x 40 x 4mm square beams. It has also been included beams in the top frame
and triangular corner brackets to increase the stiffness.

This will result in an increasing of the safety factor; minimum value has increased to 4.0747.

By doing these few steps to reinforce the frame, the frame has now gone from unsafe to safe,
according to NORSOK R-002 - Lifting equipment.

Figure 61: Minimum safety factor in prototype 3

6.3.2 Equivalent Stress

The maximum equivalent stress is 68.7MPa, which is a reduction from 155.5MPa on
prototype 2. By performing these reinforcements, the frame is now significantly stronger, and
much more solid.
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Maximum equivalent stress is less than 255MPa, which implies that the frame will not yield.

The maximum equivalent stress is located inside one of the corner beams near the hole to the
threaded rod (the same corner area as the maximum equivalent stress appeared in prototype
2). Figure 62 illustrates the whole frame, and the location of the maximum equivalent stress.
Figure 63 illustrates the location where the maximum equivalent stress appears. One could
argue with that the reason the equivalent stress occurs at this location, is because the location
of the fixed support. The vulnerable area is located at the rear-right corner beam area. The

stress concentration occurs in the same area for both of the prototypes.

Figure 62: Maximum Von Mises stress on prototype 3~ Figure 63: Exact location of maximum Von Mises stress in
P3

6.3.3 Deformation

The deformation in prototype three has reduced. The deformation varies from Omm and up to
0.5mm, which is the maximum deformation. Maximum deformation appears in the same
corner beam as it did in prototype 2, as mentioned; the deformation has been reduced from

4.3mm to 0.51mm. This is a significant improvement.
The corner beam intends to bend inwards the middle of the beam.

A comparison between the prototypes is that the deformation occurs at the same areas, and
one of the corner beams have a much greater deformation than the other corner beams. A
possible statement is that the placement of the components has an impact on the displacement

on the frame for this prototype as well.
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Figure 64: Variation of deformation

6.4 Impact Test — Prototype 2

A lifting load analysis will only give an indication on how the forces will react on the frame,
when the frame is being lifted up. As mentioned earlier, the nitrogen generator is to be used
on offshore platforms, and accidents such as rough behavior, knocks etc. may happen. What
would happen if an operator would crash into a wall, or a door while transporting the nitrogen

generator?

Figure 65: Prototype 2

Figure 65 illustrates the concept about the impact test for prototype 2. The weight of the frame

is set to 450kg, and the velocity of the frame has been set to 3m/s.

Due to computational limitations, the velocity had to be set at 3m/s. A simulation of an

average walking speed were intended, where the velocity was set to 1.38m/s (5km/h), but the
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simulation had a time estimate at 8500 hours. Even though the velocity is too fast to be
realistic on an offshore platform, it gives an indication on how the forces would be distributed

on the frame.

As seen on figure 65, where prototype 2 is illustrated, a top cover plate is mounted; this cover
plate has not been included on the lifting test but will be mounted on a daily basis. On the

lifting test, only the frame will be lifted, no equipment shall be mounted.

6.4.1 Safety Factor

15 Max

1

it

0.44964 Min
]

Figure 66: Safety factor - Impact test P2

Figure 66 illustrates the distribution of the safety factor on the frame, where the minimum
safety factor is 0.449. The area of the minimum safety occurs in the top right corner of cover

plate.

Figure 67 illustrates the iso-clipping of the minimum safety factor, and the exact location of
minimum safety factor.
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Figure 67: Minimum safety factor — Impact test P2

6.4.2 Equivalent Stress

Figure 68: Equivalent stress - Impact test P2

Figure 68 illustrates how the equivalent stress is distributed through the frame. Maximum
equivalent stress is 622 MPa, and is significantly higher than yield stress. The stress
concentration that occurs, is illustrated in figure 70. A new design of the top plate, could
decrease the stress concentration in this area, it would be recommended to perform additional

analysis of an impact test with a new top cover plate.
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Figure 69: Maximum equivalent stress - Impact test P2

Figure 70: Stress concentration - Impact test P2

6.4.3 Deformation

Figure 71 illustrates the deformation that occurs on the prototype after the unit have crashed
into the wall. Maximum deformation occurs in one of the threaded rods. The deformation
affects the whole frame, especially in the threaded rods. One can see that the threaded rod that
intersects with the wall will also be affected. Maximum deformation that occurs is 6.75mm.
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Figure 71: Deformation - Impact test P2

Figure 72: Deformation - Impact test P2 different view
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6.5 Impact test — Prototype 3

g 4

Figure 73: Prototype 3 impact test

The same boundary conditions have been selected for prototype 3, as for the first impact test.
Velocity has been set at 3 m/s, and the wall has been set as a fixed support. The weight of the
frame is 450 kg.

6.5.1 Safety Factor
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Figure 74: Safety factor — Impact test P3
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The safety factor has increased from 0.449 to 0.62. The increasing of the safety factor was
less than assumed, and is still too small. Even though the threaded rod is more protected in
prototype 3 than it is on prototype 2, it is still vulnerable, and the threaded rod will yield.

Figure 75: Minimum safety factor — Impact test P3 6.5.2 — Equivalent Stress

The distribution of VVon Mises stress has its maximum value at the threaded rod, which is
placed inside the corner beam at the right front of the frame. This is illustrated in figure 76.
The maximum value is 333MPa, and the yield strength for 316-alloy stainless steel is 205
MPa [33]. The maximum value of equivalent stress will result in a plastic deformation in the

threaded rods. Figure 77 illustrates the variation of the equivalent stress inside the exposed
threaded rod.

1,112503
7416327
3708667
3577,3 Min

Figure 76: Equivalent stress - Impact test P3
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Figure 77: Maximum equivalent stress - Impact test P3

6.5.3 Deformation

Maximum deformation occurs at the rear top left corner of the frame. The result is realistic,
due to the velocity that will be 3 m/s the whole time, even after the frame has intersected with
the wall. This will lead to a greater deformation at the left corner beams. The deformation will
vary from its maximum value at 2.3cm to Omm.

The bottom plate is 3mm thick and will be the component that will intersect with the wall
first. This is also illustrated at figure 79 (the corner that intersects with the wall).

Figure 78: Deformation - Impact test P3
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Figure 79: Different view of deformation - Impact test P3

6.6 Discussion Regarding Different Prototypes

There are several differences between prototype two and prototype three. The second
prototype weighs less than prototype 3 (the exact weight for each frame are unknown, but due
to more parts in prototype 3, one can conclude that that the third prototype will be heavier),

will result in a more economic manufacturing, with fewer welding operations.

When the results were reviewed for prototype 2 and the calculation and simulation indicated
that the frame was not solid enough, instead of developing further on the prototype, a
completely new frame was designed. Although it would be interesting to see how the forces
would react if the reinforced base structure were replaced from 30 x 30 x 3mm beams to 40 x

40 x 4mm beams on prototype 2.

One of the differences between prototype 2 and prototype 3 is that prototype 3 was designed
and analyzed with an implemented top frame. The top frame contributes to increasing the

stiffness in the frame.

The lifting test has been performed without cover plates. The cover plates will also be
contributing to an increase in stiffness. According to NORSOK R-002 — Lifting equipment,
the frame is the only component that shall be lift-tested, and since the cover plates are
additional components, they shall not be implemented on the lifting test, even though they

contribute to additional stiffness.

72



A lifting test analyze gives an indication on how the different forces will distribute through
the frame, but it does not clarify how the nitrogen generator will react on a daily basis. It has
therefore been performed an impact test which gives another aspect on how the forces in the
frame would behave during accidents that may happen. If the nitrogen generator would be
dropped down a ramp, or another accidental situation occur the impact test would give an
indication of the vulnerable parts in the unit. As the results have shown, the threaded rods are
the most vulnerable parts on the frame, and should be replaced by a greater solution to
maintain a secure generator. Even though the velocity of the impact test is too situational, it

gives a clear statement on how the forces will be distributed throughout the frame.

A possible solution to increase the safety factor would be to change the stainless steel alloy to
8.8 stainless steel quality. An 8.8 quality alloy will have a yield strength of 640MPa [34], and
during an impact test, the threaded rods would be ok. It is also important to remember that the
analyzed impact test was performed with a velocity of 3 m/s, which implies that the safety

factor would e even greater with a slower velocity.

When a customer rent a nitrogen generator for the first time from Nitrogas AS, the first
impression is vital. Everything must be perfect, including the frame. Therefore, it is important
to design a frame that looks solid and feels solid. Prototype 3 is a more solid frame than
prototype 2, both by it looks and what the results implies. Prototype 3 contains more parts to
increase the stiffness and the strength of the frame which results in a safety factor that is
above the limit required from NORSOK R-002 - Lifting equipment where 4.07 > 2.52,
Although the price for prototype 3 is higher than prototype 2, the first two or three nitrogen
generators will be developed with the frame of prototype 3. The customer prefers something
that he/she remembers, something solid, and since the nitrogen generator is not out on the
market yet, it is vital that the customer is satisfied with the totality of the nitrogen generator

product.
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7. Conclusion

The main objective in this Master thesis was to design a cost-efficient frame with minimum
welding; it should be innovative, service friendly and easy to disassemble by only using bolts,

nuts and washers.

The first prototype was designed with only two 3mm plates as acting as the bottom frame.
However, with a load of approximately 450kg, the plates will not have a sufficient strength to
withstand the load of the components. Prototype 1 has not been analyzed due to the reason
that the frame will not be strong enough and will most likely fail.

Prototype 2 is the most exciting frame that has been designed and analyzed in this Master
thesis, it contributes with a further development of the design criterions. Even though the
welding has increased, due to a reinforced base frame, the welding does not appear elsewhere
and is still inside the design regulations. It has been performed a lifting load analysis to
illustrate if the frame will be approved according to NORSOK R-002 - Lifting equipment,
and what would happen to the frame during an impact test. Even though the safety factor was
above one, and could be regarded as safe, the safety factor was below the criterions from
NORSOK R-002, and could therefore not be approved.

The third prototype is more solid, more expensive, and have additional welding compared to
the other prototypes. The formed by buckling corner beams have been replaced with 40 x 40 x
4mm square aluminum beams. This frame had a safety factor that was greater than the safety
factor criterion from NORSOK R-002 (4.07 > 2.52), and will therefore be approved for

internal lifting on offshore platforms.

A research regarding the steps of nitrogen generator being approved according to DNV 2.7-3
— Portable offshore unit was made. DNV 2.7-3 proved to have too many criterions and
restrictions. It would lead to extensive differences on both the design, relocation of the
components and further analyses. It would not be beneficial to perform the changes regarding

the certification of the nitrogen generator according to DNV 2.7-3 — Portable offshore units.

During this Master thesis I have used Solid works for 3D modeling, | have learnt how to use
Ansys Workbench and performing static and explicit dynamics analyses. | have gained
knowledge how to perform and make system design in Smart Draw, as well as | have learned

vital knowledge of the Norwegian standards and its criterions. This thesis has helped me
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developing my knowledge within the area of finite element analysis, as well as research and

development within the technology and science of nitrogen.
7.2 Further work

By reinforcing the base structure in prototype 2 from 30 x 30 x 3mm to 40 x 40 x 4mm square
beams, and still keep the corner beams formed by buckling, one will achieve a frame that is
more solid. The vulnerable parts will be replaced, this could lead to a more cost-efficient and
innovative frame. This hybrid would be interesting to design, analyze and develop, whereas
this could result in a model that would be inexpensive compared to prototype 3, but stronger
than prototype 2.

Another aspect of reducing the cost will be to change the design of the frame by make the
whole platform at one level, this could contribute to reducing the cost of the frame, as well as

there would be fewer welded parts.

Another aspect would be to implement a mixture of helium and nitrogen — so called Helinite.
Since the helium molecules are smaller than nitrogen molecules, Helinite would be a great
addition for leakage testing. Benjamin Pettersen who also writes a Master thesis for Nitrogas

AS covers this topic.
7.3 Margins of error

It is assumed that the analyses are correct, and the settings and boundary conditions that have

been applied in Ansys Workbench are correct.
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06.06.15:
http://inside.mines.edu/~apetrel/IENME442/1 abs/1301 _ENME442 lab6_lecture.pdf

Astrup: Square aluminum beams, checked: 06.06.15:

Parker: Data sheet for Parker ST708 nitrogen membrane — from Nitrogas
Norgren: Data sheet for Norgren filter package — from Nitrogas

Domnick Hunter: Data sheet Water Cyclone — from Nitrogas

RotorComp: Data sheet for Compressor — from Nitrogas

Aalco: Aluminum 5052 — properties, checked: 07.06.15
http://www.aalco.co.uk/datasheets/Aluminium-Alloy-5052-H32-Sheet-and-
Treadplate_138.ashx
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http://www.aerospacemetals.com/aluminum-distributor.html
http://www.upmet.com/products/stainless-steel/316316l
http://www.hse.gov.uk/fireandexplosion/zoning.pdf
http://www.hse.gov.uk/fireandexplosion/atex.htm%23what
http://www.ansys.com/Products
http://ansys.net/ansys/tips_sheldon/STI0902_Contact_Tips.pdf
http://inside.mines.edu/%7Eapetrell/ENME442/Labs/1301_ENME442_lab6_lecture.pdf
http://www.aalco.co.uk/datasheets/Aluminium-Alloy-5052-H32-Sheet-and-Treadplate_138.ashx
http://www.aalco.co.uk/datasheets/Aluminium-Alloy-5052-H32-Sheet-and-Treadplate_138.ashx

32 Aalco: Aluminum 6082 — properties, checked: 07.06.15
http://www.aalco.co.uk/datasheets/Aluminium-Alloy-6082-T6T651-Plate_148.ashx

33 ASM Aerospace Specification Metals Inc.: Mechanical properties stainless steel 316,
checked 07.06.15:

http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=MQ3160

34 Westfield Fasteners: Strength specifications for 8.8 quality stainless steel, checked:
07.07.15:

http://www.westfieldfasteners.co.uk/Ref Strength Spec.html
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http://www.aalco.co.uk/datasheets/Aluminium-Alloy-6082-T6T651-Plate_148.ashx
http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=MQ316Q
http://www.westfieldfasteners.co.uk/Ref_Strength_Spec.html

Appendix 1. Primary structure component 40 x 40 mm square pipe
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Rectangular square beams for P3 [26]

Figure 80

79



Appendix 2 - Maximum Principal Stress

Prototype 2 — Lifting Load Analysis

406087
2,0378e7
143335
-2,008e7 Min

Figure 81: Maximum principal stress - P2

'4, BeT
203797
1,4933e5
-2,008e7 Min

Figure 82: Maximum principal stress - iso-clipping P2
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Prototype 2 — Impact test

Figure 83: Maximum principal stress - Impact test P2

Figure 84: Maximum principal stress - Impact test - iso clipping P2
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Prototype 3 — Lifting Load Analysis

425476
-1,2697e7 Min

Figure 85: Maximum principal stress - P3

Figure 86: Maximum principal stress - iso-clipping P3
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Prototype 3 — Impact test

Figure 87: Maximum principal stress — Impact test P3

Figure 88: Maximum principal stress - Impact test iso-clipping P3
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Appendix 3 - Various Components

Parker ST708 nitrogen membrane

T AMUBTHOT B CORER

*— Ntrogen enrichad air
I35 20 3/4°

HIE PSR Ty F PR A AR A AT PG MR AMGa R Y

2T

200 mm
CILTE ]

AL SO PAAT, LEED FO8 MARLFACTLRE OF OR OTHERWSE D100 B0 W THOUIT R RO WRATTEM OOMEE AT OF THE G0l BUAY

THIg DOGUMENT 13 (OFYRMORT AND

(AR, 060 mm
[3,150 in]

114,00 mns
[4,484 in]

5,00 mm

FILE NAME: 159.0050N7 57-00.chwg /159, 0054M7 57, iam

[THISD A FI FRASHER HAUMFIN

pEscRIFTION:  Single module 708 FAOELTION| BAeicroems umenusse @

— 5 B
FART No. @ K3.1383 [ECG Me : ] e R pp—
MATERIRL: UHTE mm || 4870 A, ETTENLELA FASL =31 T B0ES TN
FIRISH: DRANNN: BOON0LSS  21-11-2012 | SOOPE REEVISION | SCALE SHIEET SIFE
MASE NIk CHECKED: "
FROJECT: APFROVED: 11 At
S —

Figure 89: Parker ST708 nitrogen membrane [27]



Blickle — Front Wheel Information

1Blickle

Series: L-ALTH, B-ALTH, BH-ALTH

i1\ Blickla
-;ﬂ} Extrathane®

Brackets: LTWEH serias - Mde of prassed sael, swhel
hracksr with double ball bearing In ©8 swived haad, smong
cemral Kingin (whesl @ 150-250 mm), swhel hasd sesls.
Tha spesctal ENICk ETIMAC FNEITY) PCEss of e swiel
NeH Fessatts I MISIE] SWEd head [y nd smaoth
moling charac artstics whh an incrazsad sevica e
achia/ed by thework hamenisy of the ball mes grocves.

Wheel and S Wel head 'sap- 8- brake- Page 5

Whaels: ALTH sarles - Traad: Made of high-guaihy
poijurethans- siasomer Bickie Barathans®, 507 shore A,
light brown, non-marking, non-swining.

'Whedl cemre: Mada 0l die-cass aliminium.

Baaring fyps: Wo eassed-in bal bearings.

Demled dascription: Page 24 and 40

Swivel castors  Fixed castors Wheel B Whesl  Losd Beabgype @l Pam Baih haie Bar D=t
Wil capacy nelgh  ske spacig hole@  swNel casmr
Imem] fmm] eyl fmm]  mm] [mm] Imm] |
LALTH B8, B-ALTH 80K il W 1 maibeanm 02 0%Es  Bowed [ 1 .
L-ALTH 1000, B-ALTH 100K 100 4 %0 Baiibearng 125 100uBS  BOw G0 3 3
LALTH 125, B-ALTH 125K 1% W %0 Galibearing 160 00%E5  B0wE0 g [0
L-ALTH 151K B-ALTH 151K 150 a0 &0 Balibeanng 100 140u 10 1057580 11 &
CALTH 1508 B-ALTH 150K 150 B &0  Gailbeanng 00 e0uiil  105x75B0 11 &
LoALTH 150 B-ALTH 160K 160 B &0 Sibenm 106 0E10 1057580 1 &
L-ALTH 100K -ALTH 180K 180 B &0 Gailbeanng 206 TA0XTI0 105X 7580 11 &
L-ALTH 2008, -ALTH 200K o0 B0 &0 Eallbeanng T3E__W0R1I0__ 105%7580 1l 3
L-ALTH 25085 BH-ALTH 2508, = W G0 Balibearing 6 W0a10__105x 7580 11 [
* F2f 1ha "S-y DrakEBIECn F2ief 10 Dpuons’
- é ﬁ
Ambmicversion, W momcwnsd W Siop g Wih conibeaideg  Diactional lock With symietc [-FPy
non-MAkinggry manning maad e SymEm ‘oMl o M {renm o g (g
13 360° ™ 13 B0 fot gaan
Techmical descripdn page 3,38 80 B 13 ] B4
Product cods satfix A% 0 &1 511 Rb-GL01 Al-05.03 s
Mzilabie for al shoee upon redquest all sloee wheel @ wheelD 100-125mm  wheal D 150-200MM  Lpon requae
150300 mm
= Cunly Tor SwWhvel CREmrE W ithoun bezies

Figure 90: Front wheel information [20]
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Blickle — Rear Wheel Information

-/ Blickle

Series: ALTH

" h HE
u—:.—.
[]
)\ Hckde
EEE- - ';ﬂj Extrathane’
BATH-wheol serie: Wheals Whesl & Wred Ll L Aode Hub
mudw.ﬁ . — Bearing type o e
57 shore A honnesss, bow-rose speraion, low M[;ﬂ Fﬂ;—l Mm [qr: {[1};rn]
Floor jon, i “ATH RS Tl
e e s . T T i e i E
reistarce. coieas gt e, nor marking, ALTH DR 100 0 50 Hal bemrivg 15 0
nr- sizining, very goed chemicd comectionwith  ~AITH 120180 T= 1] i Tl Eearing L] [
A ek wact i ALTH 1277206 126 ] ] el femring Fl )
Negerial 140 ] 0] Bl zeori 1] 1]
ol L — = — =
Bl ety o o) el i, & ) i Tl Semrig 1 o)
ey 120 o) 1) e b ) &
—_ "ALTH 2007208 00 7] (1] Tal temri 1] 7]
I-ﬁsl‘u‘rui&m;nlyw ATH e = - Hl_':q = -
Qﬂuﬂg-ﬁ“ m4TIPE, B ] ] 1000 Hall bearing 3 ]
emparaiy op o +00° C. teay e
M ambient temperatures abwve +40F © Be bad
cpacty B
Mainisnanoe frse under stoandand condiiom.
Whiassl saries overview page &2
e T
Options oe
'With exctra crovwned. —
rarming e .
Technicl descripbon paoe %1 s
Product oode suffn -AE =0
Avalable fr :'5-.:*'” LRON Mg Lfi—

Figure 91: Rear wheel information [20]
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Norgren Filter Package

(H.NoRGREN

OLYMPIAN PLUS PLUG-IN SYSTEM

FFBAS, FFBER

Pre-assembled combinations
include a general purpose pre-
filter and "Ultraire® oil/oil vapour
remaval filter

Activated carbon pack assists in
the removal of hydro-carbon
gases and odours

Pre filter extends Life of oil
removal filter

High guality breathing air for the
supply of up to § masks

TECHNICAL DATA

Medium:

Compressed air only
Maximum inlet pressure:
17 bar

Moie: These units wil nol remov carbon manade,
cartyon daride-or ofer ke gases o s

Remaining oil content:
0.803 mg/m? [at 21°T)

Breathing air sets
FFBo64, FFB68 - G1/4 .. G3/4

Particicle removal:

To 0.01 ym

Ambient temperature:
-0°C _. #85°C

Consutl our Technicl Senvice e use baiow «°C

MATERIALS

FFB&S

Bowls: aluminium & zinc

Body & yoke: zinc alloy

Pre-fillar elament: sinterad bronza
ar plastic

Main fitter element & activated
carbaon pack- composite matarials
FFB&B

Bowls & body: aluminium

Yoke: aluminium

Elastamers: synthatic rubber
Pre-filtar elament: sintered plastic
Main filter element & activated
carbon pack- composite matarials

MODDELS ACCESSORIES
Port Flow kg  MNum.of  Primary Auto Manual  Modelwith pressure regulator | Wall Silencer 32 Shut-off
size  [dmi's) masks pre-filter [pm} drain drain Auto Manual maunting  [shut-off wabee®
bracket  valwel
. .
u '!3"
GW& 7 aam ] FFELL-708 FFBAL-T FFREL-208  FRRBL-FIE TRE04-50 TAOH 1800 TEAT-FGB-PIN
E¥e N 15 I 5 FFB&L-308 FPORL-2M FRRES-J0B  FRREL-228 TES4-50 TAORIE0D TLAT-IGE-PIN
WE'.’F 35 14 3 25 FFB&E-408 FFERB-4i8 FFRES-508  FFREE-428 18-001-779 T40B1E0D TEBH-4GE-BEN
B¥s &1 788 &5 5 FFHLE-L0@ FFE&B-L78 FFRES-G0B  FFREB-LIE §8-001-77% T4OH1800 TEBH-6GE-BIN

For sarvice kit numbers rofar to indredisal unite *Throaded aehaust part.

The additen of 3 pressure switch and end conmecior allows & low pressure
werring signal io be given to an mternal electrical drouit.
FFR modsl shown (44 Series cnlyl.

For further information

waw nangren.comfinfafans-070

Figure 92: Filter Package from Norgren [28]
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(h.~norReREN,

OLYMPIAN PLUS PLUG-IN SYSTEM

General purpose filters
F64G, F680 - G1/4 . G1 1/2

Effective liquid removal and MATERIALS

positive solid filtration FALE

:IE:_I:::EF e;l.;!;'nuf:tdaria for Body: zinc alloy
e S Bowl: aluminium

Standard options include etement prriag HECh
service indicator, manual drains TE'.“E' aluminium
and alternative filter elements Filter element: sintered plastic
Hlastormars: synthetic rubber
TECHNICAL DATA F485
Medium: Body & bowl: aluminium
Compressed air only Yoke: aluminium
Maximum inlet pressure: Filter element: sintered bronze
17 bar ’ ar plastic
L Elastomers: gynthetic rubber
Fhil FLEG Ambient temparature: ' >

-20°C .. +80°C

Corsull cor Teconicl Sawvics for uss balow +2°C

F&&G
MODELS ACCESSORIES SERVICE KIT
Port kg Flow® BAuto Manual Wall T Silencer Auto Manual
size fdm?is) drain drain mounting  Shut-off [shust-oif drain drain
bracket vahat" wabe]
U @& b
s 142 13 FLE-IGN-AD3  FE4G-FGN-MO3 T504-50 TELT-
142 ] FoLE-IGN-A03 FE4G-BEN-MD3 T&504-50 T&eT-3 F
132 T FSLE-AGN-ADT FE4L-LCN-MD2 T4504-50 TadT-4 FELG-KIT
GI4 1.7 75 FLG-LGN-A0T  FEAG-LEN-MOI T&504-50 TELT-& FaLG-KITMAD
* Typcal fowwith £.3 bar inket preczars and 115 bar proscurs dop
**Threaded athaust port. For eplacament fiter [withoot yolie] subctitute "N at tha Sth and ath cigits og: FeSG-NNN-ADA [F&4).
F486G
MODELS ACCESSORIES SERVICE KIT
Port kg Flow* Auto Manual Wall 2 Silencer Auto Manual
] [dm¥/'sl drain drain mounting Shut-off [shut-off drain drain
bracket wabre** walsel
' i & e
G344 245 (L] FEBG-SEN-AR3  FiBG-4GN-MAI 18-001-97% ThBH-LGB-BIM TeDHZ8E00 FéBE-KITR4D F&BE-KITH40
Bl 233 170 FEBG-BEMN-AR3  FBG-BGN-MAI 1E-001-97% TaBH-ECE-EIN T40E7800 Fi 140 FaBG-KITH40
Gl 243 H FEBE-AGN-ARI FARC-ACN-WRI 1&-001-978 Ti0EZ8300 F LI} F&BE-KITHAD
Bi 2 230 0 FEBE-BEN-ARD  FEBG-BGN-MRI T4DEzE00 FEBE-KITA4D FEBG-KITMA0

Typpecal Epwwith £.3 bar nlot precours and 115 bar prossurs dmp
**Threaded 2ehaust port. For meplacement fier iwithout yole] subshitute "N at the Sth and bth digls eg: F&E-WHN-ARS [F&2].

FLOW CHARACTERISTICS
Fo&G . Inlat pressura [har FERG
Ju- Port siz: 177 Inlat pressure [kar|
£0 prn clemant = T, T
I '.: a3 'm [T z; AL 4280
E .l'l .-'/J j{f;iﬂﬂn
£ I AY v/
£ AA AN 4
%o el 77 :
% jf | Port size: 1
e &0 g claman
For further information o L
' ] ] ] - o i B0 40 X dm¥s
Air flow Hir flow
weanw.norgran.comyinfo/ens- D63 :l ':CH

Figure 93: Filters from Norgren [28]
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(9 NORGREN,

DIMENSIONS

1 & 2 Mask models 3 Mask models & & 5 Mask models

Bracket mounting
1 & 2 Mack models 3, & & 5 Mack models

L LI |

i
f
L2

Figure 94: Dimensions regarding Norgren filters [28]
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Domnick Hunter — Water Separator

OIL-X EVOLUTION

Hoyeffektiv vannseparator for fjerning
GAS

DL ENOLUTION WS vannseparatorer er konstruert for en ety feming av
Kondensat [ steds i trykldufiea.

1 dag, tilbys mange Forskjellige produkter for fjerning av kandensat fra
trykklutten, Uikevel velges disse bare p& bakgrunn av innkjepskosinad, med liten
eller ingen betraktning | utskilingseffekt eller driftskastnad over tid.

Domnick hunter OIL-X EVOLUTION WS vannseparatorer er koostruert fra bunnen

av med tanke pi styring av luftstrammen, utskilingseffikt ved alle belastninger,
minimalt irykkfall og uavhengige bekseflet yhelse.

Fordeler Typiske brukersteder
B Testet | henhold til IS0 8573.9 B Fjerning av kondensat pa et hvert sted |
trykkluftsystemet

B YVtelse uavhengia verifisert av Lloyds Register

B Beskyttelse av forfiltrering til kjole- og
B Hpyeffektiv vasskeutskilling ved alle belastninger adsorpsjonsterkere
B Lavt trykkfall for lave driftskostnader B Kondensatfjerning fra kempressorens
B Ulike tilslutninger tilgjengelig p3 samme kapasitet, som interne og eksterne kjoler

gir skt fleksibilitet under installasjon B Kondensatfierning i kjsletarker
Passer til kempressorer med varierende kapasitet

Utskillingseffekt

Bawrugs IVOLUTIEH WS I descy

Passer til alle typer kompressorer og
kompressorkondensat 1o0m

an
B Lite vedlikehold T
W 10 &rs garanti pd separatorhus

e
L1
BRLE

i Sy

gEEEE

Supuiatien Ffckncy

E L " " 0l
Sof Auted Flaw
Tt ad mirmglence bl g 4 Tkl ekl L 08672
el sl o ¢t gewm rmat b ol ool zeve, Wiy e gy M fresprsel.

Figure 95: Domnick Hunter Water cyclone [29]



Produktutvalg & Tekniske Daia

Systemtrykk

bar g I_FLI g

% | w | os [ | 22 | ooee | ireer | hsee | 38R 1 2
W | 0 | 05 s T | s [ 17e°F | 1576 | 35°F 2 7l (]
; 0 | 06 T N E 1T&7F | 18%C | 35°F 3 a4 050
[ ] ]
[ s 73 075 |
& a7 0.36
7 100 100
7 T T T 16 | mz | e0fc | 1ecE | 180 ) wF || @ e 1|
i R [ & | B | awc | 19eF | 1ben | aseF 7 11 Iz |
1w & N _g'ﬂ- 17 : AR n 143 1.17
| [ t]e et |oreeE |15 | BRF | 122
12 176 127
13 13 13z |
14 203 147
WsossioFK| #4 | eon | 48 [zeso [ rees | e | 33 | awec | AT°F [ 15°C | WUF 15 218 141 |
WSOSEIOFX| 3¢ | B0 | 4a | 28en | 1eRs | 18 | 232 | 80°C | 176°F | 1.5'C | 36°F 18 232 [EE
apatiiat o v dvibnsrgics p8 7w Ig) 162 pri | e pefesiass 8 S0°C, 1 bar lal, T rolilir cnndump ik,
Filter koder oy “alg av produkt Ferwalg v vt amparaton passerehy U] system bapaiiat og ik,
Ehsermpal: Syterkaptel 1051 rrdk ved i i bar g s 247 150 |
o0l TISLEIHAE 1. o sl by bnmbmmsfiioe i kel 18 251 1.56
bt Vrehajarlato for b g = L0 17 275 1.5
1. el systemhapnie| p pb ionekajoesialos by 3 Toed kagesiet 2 230 1.42
el T kg AU « 196 = 834 it [med T g1 :
1. %l on spambrmotel b hellen v med bapsied slane
e [ Pl Paserde crnssparsts mwdilir +EX5 el 160
4, Vely Bishotring stiwlae o Iype
Sysurnt berytie 1 111" i1 o 59 glenger  Hod oL RSOSGE
B Vel i
W ol Har b snn atardard med Relardranwing, For irgdc in Tk et 16 bay g 737 pari g, aaloreaik Rk dovs oot s
16 Bl 20 8ar g |232 61 290 pui gl ml fea e e dren Serpien. slaadarl. Mpdel]| WIIDDEEY
Vekt og dimensjoner
Modell Tilshutningt
WSMIADIEX | W 7 a w5 | 72 153 E [ 13
WEIOBCIFY [ W i a 1814 7.1 153 b [T 1.3 i
wsoineoFx | W | TR 58 7 O 5 [ 5 (7 R T o
W FX] W | @ 5. 275 0.8 2315 9.2 02 BB B c
WSOMEOFK| 17 129 5.1 275 108 | 2325 9.2 2.2 48
WSO0FDFK| 1A | 129 3] 75 | we | 225 | 9 22 08
WSOINGOIFE| 14" 129 5 275 108 | 2325 9.2 22 4.4
WSDEE| O 05 8.1 505 2.9 4445 17.5 10 2
WSOSEIOFK | o 05 CR] RS | 199 | &5 | 175 ] T 1 i

b ancd darakck lraber aes reg Riered brafamacin ol Parbsr Hunndlin Hd.

dnmnkck hanler bas & dordnucas pelloy of gads i despriect sed sfagh
Ihn Cove piny ramurenn tha righl b charge spsciiaiona, & sflnng's [ Lo
canbemnrs ivkrmed 6l sy llandions. This publiation in ke gemesl
infarratesn aaly ard custzrans sr seakiled 1 SERiSc yoer famnich i
yukd RprEnEalen bor deladed islamadse end edvis §8 & preduci
aeitabiiy fof il apatcationn. Ml producly aoe sald mdgect e P
Gy’ #tandard condhimra of sk

Capyright Parkar Hansifin 2007
Fublicailos fielerance: NOR 4755 DAOT Ree 080

filtration purification separation

A division of Parker Hanmifin Corparation

Figure 96: Technical information water cyclone [29]
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RotorComp — Compressor Information

95.440.2 (3.767)

47.7 11.887)
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Figure 97: Technical information RotorComp compressor [30]
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Appendix 4 — Prototype 3 Drawings
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Figure 98: Prototype 3 with part number and description
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Figure 100: Prototype 3 - Bottom view
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Figure 101: Prototype 3 - Back view
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Figure 102: Prototype 3 - Right view
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Figure 103: Prototype 3 - Top view
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Figure 104: Prototype 3 - Front view
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Figure 105: Prototype 3 - Trimetric view one
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