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In this thesis, a rule based design solution is proposed for automated 3D modeling of Flowrox™
SKH knife gate valve bodies in ASTM A216 gr. WCB cast steel. Automated design is
explored to study the possibilities it provides for reducing the resources required for the
redesign project of these bodies.

The foundation of this approach is applying the calculations from the standard for steel
valve body shell strength, EN 12516-2. Dimensioning the bodies based on these calculations
guarantees that the minimum requirements for the shell strength are met. Dimensions for
other features, not directly related to shell strength under pressure, were determined based
on existing literature.

The automated design tool was created using Microsoft Excel and SolidWorks. The auto-
mated model generation was a success, however areas for improvement were also found.

Comparing to the existing cast iron bodies, the new steel bodies were 22.6% lighter on
average. The created bodies were analyzed using the finite element method. For small valve
bodies, the shell strength was adequate when calculated based on the standard’s calculation
methods. For larger sizes, the sides of the body were not strong enough, and further study is
required to produce a correction factor for the wall thickness in this location.

In conclusion, the automated design process shows potential for resource savings and har-
monization of the products in the future.
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Téssd tydssd esitetddn sddntdpohjaista suunnittelua hyddyntidva suunnitteluautomaatiotyo-
kalu Flowrox™ SKH -levyluistiventtiilien runkojen suunnitteluun ASTM A216 gr. WCB
-valuterdksestd. Suunnitteluautomaation tarjoamia etuja tarkastellaan suunnitteluprojektien
resurssivaatimusten vihentdmiseksi.

Téamin ratkaisun keskiossi on venttiilin kuorilujuuden laskennan méiérittelevé standardi EN
12516-2. Tdmaén standardin laskentaa hyviksikayttden voidaan luoda sddnndét, joilla optimoi-
da rungon materiaalinkdytto, mutta kuitenkin varmistaa tuotteen siidostenmukaisuus. Niille
rungon kohdille, jotka eivit ole suoraan yhteydessd kuoren paineenkestoon, miiritellddn
mitoitus olemassaolevaa kirjallisuutta soveltaen. Suunnitteluautomaatiotyokalu toteutettiin
kiyttden Excel-taulukkolaskentaa sekd SolidWorks 3D-mallinnusohjelmistoa. Tyokalu on-
nistui tuottamaan venttiilirunkojen mallit annettujen vaatimusten perusteella automaattisesti.
Tyokalun toiminnasta 18ydettiin my0s kehityskohtia.

Verrattuna olemassaoleviin valurautarunkoihin, uudet terdasrungot olivat keskimiirin 22.6%
kevyempid. Luotujen runkojen lujuus analysoitiin elementtimenetelméi kidyttden. Pienten
venttiilien runkojen lujuus osoittautui riittdvéaksi, mitoitettuna EN 12516-2:en perusteella.
Suurempien venttiileiden runkojen sivut eivit kestdneet vaadittuja kuormituksia. Saantdpoh-
jaiseen suunnitteluautomaatioon perustuva tydkalu osoittautu lupaavaksi keinoksi viahentidd
suunnittelussa vaadittavia resursseja sekd parantaa tuotteiden yhdenmukaisuutta tulevaisuu-
dessa.
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Symbols and abbreviations

Latin characters

Bp:rd

Cross sectional area

bolt moment lever in operating condition
bolt moment lever in assembly condition
shell wall area

pressure loaded area

shear stress area

cylindrical section cross-sectional area
double flange width

calculation coefficient, normal forces

minor width in rectangular cross section (packing chamber)

minor width in rectangular cross section (gate slot)

major width in rectangular cross section (packing chamber)

major width in rectangular cross section (gate slot)
width of the gasket

width of bottom flange

width of the top flange

calculation coefficient, bending moments
punching shear resistance

manufacturer tolerance allowance
corrosion and erosion allowance

thread nominal diameter

reduced bolt hole diameter

minor diameter of external thread

pitch diameter of thread

stuffing box outer diameter

flange outer diameter

center diameter of pipeline gasket

is the diameter or width across flats of the bolt head
stuffing box inner diameter

valve body inner bore

bolt hole diameter

mean diameter of plate/cover

valve nominal diameter

pitch circle diameter



dso

calculated bolt diameter without design allowance

required bolt diameter

distance from base of the top flange to tower bolt hole

rectangular section theoretical wall thickness
cylindrical section theoretical wall thickness
theoretical wall thickness

wall thickness

allowable stress

allowable stress of bolt material

valve closing force

flange gasket force

flange bolt minimum force in operating condition
valve opening force

pipeline force

flange bolt force in assembly condition
flange bolt force in operating condition
stuffing box force

ultimate shear strength of base material

bolt tensile force

tension resistance of a bolt

ultimate tensile strength of the bolt material
ultimate tensile strength of base material
shear force

additional force

Threaded connection pullout load

Gland bolt tensile force

Bottom cover bolt tensile force

standard acceleration of gravity

height of the fundamental triangle of a thread
flange thickness

Second moment of inertia

correction factor

welding factor

length

length, for calculating body shapes in cross section II

shell wall area effective height
shell wall area effective width

thread engagement length

Z z Z z zZ Z Z Z

=< <
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MPa



bending moment

gasket coefficient

actuator mass

number of bolts

thread pitch

internal operating pressure
material yield strength
gasket safety factor
thickness of bottom flange
thickness of the top flange
thickness of base material
flange bending resistance
distance from the neutral axis to studied location

calculation coefficient

Greek characters

C (chi) gasket correction factor

M2 (gamma) partial factor for resistance of bolts
S, (sigma) allowable bending stress

Svo (sigma) maximum recommended gasket stress
Svu (sigma) minimum required gasket stress

t, (tau) allowable shear stress

Abbreviations

CSv Comma-Separated Value

FEA Finite Element Analysis

IMO Installation, Maintenance, and Operating instructions
PCD Pitch Circle Diameter

RBD Rule Based Design

Nmm

MPa
MPa
MPa
MPa
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1 Introduction

This thesis was commissioned by Valmet Flow Control Oy. Valmet Flow Control, a busi-
ness line of Valmet Corporation, produces valves, pumps, and valve automation solutions
for process flow control purposes in many different industries. Valmet Flow Control’s of-
fering includes Flowrox™ products, which are specifically designed for controlling the flow
of slurries or reactive mediums. Flowrox as a company and a brand has over 45 years of
experience in producing valves and pumps for demanding applications. At the core of all

Flowrox products is the utilization of elastomers in their operating principles.

Flowrox knife gate valves are used for isolation duty in processes that involve slurries with
solid content. Flowrox knife gate valves are designed for heavy-duty industrial use, where
the flow medium may include high percentages of solid content. Typically Flowrox knife
gate valves are used in the mining industry, where they can be found in isolation duty con-
trolling the flow in tanks, thickeners, and tailing lines. Figure 1 shows two Flowrox SKW

wafer knife gate valves in a mine pipeline.

Figure 1: Flowrox™ knife gate valves in a mine (Valmet Media Bank, 2025a).
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All Flowrox knife gate valves are very resistant to abrasion, as the gate and elastomer ring
sleeves are the only parts in contact with the ow during normal operation. Closing of the
valve is achieved by the ring sleeves compressing against the gate, which is inserted between
them, as shown in Figure 2.

Figure 2: Flowrox™ slurry knife gate valve operating principle (Valmet Media Bank,
2025b).

As the gate is lifted and the valve is open, the ring sleeves compress against each other, al-
lowing virtually uninterrupted ow through the valve, unlike traditional gate valves in which
the ow can enter the body cavities.

In an attempt to reduce the mass and material cost of these valves, the current body mate-
rials are planned to be switched from various cast iron grades to ASTM A216 grade WCB
cast steel (hereafter referred to as WCB). While the currently used cast iron materials are
generally strong, cast steels are more ductile, enabling the new bodies to be designed with
lower safety factors (SFS-EN 12516-4, 2018; SFS-EN 12516-2, 2021). While cast steel is
generally more expensive than cast iron, it is hypothesized that the reduced material volume
outweighs the higher cost. The Flowrox slurry knife gate valve model family includes three
distinct variants, shown in Figure 3.
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Figure 3: Flowrox™ slurry knife gate valve models: SKW, SKH, and SKF (Valmet Corpo-
ration, 2025).

The SKH valve model, shown in the middle in Figure 3, is speci cally designed for higher
pressure pipelines. They are able to operate in pipelines with pressure as high as 20 bar,
compared to the other variants which are rated for a maximum pressure of 10 bar. To ensure
the project ts into the scope of this thesis, the work is limited to the design of SKH bodies,
which are all currently cast from EN-GJS-500-14. As the SKH valves are designed for the
highest pressure, the gains are expected to be highest in their bodies making them the logical
choice for a starting point.

Currently, the SKH knife gate valves are offered in twelve sizes, tfor pipeline sizes ranging
from DN 80 to DN 600. Redesigning the bodies for the complete range would require a
considerable amount of engineering resources. With the goal of reducing the amount of
engineering workload in designing valve bodies in general, the work carried out in this thesis
will explore the possibility of automation in the design work ow. The SKH body material
change and geometry optimization project is chosen as an attempt to produce a proof-of-
concept solution for the automated design of valve bodies.
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In practice, the basic principle of the envisioned solution is to use material thickness calcu-
lations from EN 12516-2, to generate a simpli ed valve body model based on user inputs
of key dimensions. This simpli ed model could be used as a starting point for further opti-
mization and analysis. As the design of industrial valves is largely governed by EN 12516,
its requirements are the most important aspect of consideration in the proposed solution.

The solution is essentially combining the principles of both the tabulation method from EN
12516-1 and the calculation method from EN 12516-2. As stated in SFS-EN 12516-2 (2021,
p. 5), a merit of the tabulation method is that the required wall thickness values are stated de-
pending only on the inside diameter of the body, however its drawback is the generalization
of the values. The shell dimensions in EN 12516-1 are applicable irrespective of the material
used, which might result in a geometry with conservative shell thickness dimensioning. In
contrast, the bene t of using the calculation method from EN 12516-2 is the ability to gener-
ate the optimal design considering the allowable stresses for the material selected. (SFS-EN
12516-2, 2021)

1.1 Research objectives

The ultimate goal of this research is to explore the use of standard-based strength calculations
for an SKH valve body design automation tool. Most importantly, the proposed solution
should be designed to comply with the requirements of EN 12516, to guarantee that the
valves are compliant with current regulations for use in pressurized pipelines.

As SFS-EN 12516-2 (2021) only applies to certain features of the valve body, some details
will require further re nement work. As they are not governed by the standard but are based
on functional requirements, those details are excluded from the solution and are left to be
designed manually. With some features, the required strength, while governed in EN 12516,
is also driven by other factors such as manufacturing limitations or the mass of the valve
itself. In those cases, the calculations are derived from the appropriate design loads, based
on each case individually, while also ensuring compliance with the standard.

With the bodies being only a part of the complete valve and pipeline system, there are di-
mensions which should remain unchanged. This is done to avoid having to also redesign the
connected components, or modify the customer pipeline in the case that an existing valve is
replaced. Despite the inability to modify these features, strength assessment should still be
carried out for them, to ensure they ful Il the requirements of EN 12516.



15

The goal for the tool is to considerably reduce the time taken for the calculations. Developing
automated solutions often requires a higher initial investment, and if the amount of resources
taken by the development is higher than manually performing the calculations for all the
sizes, it would not be a feasible option.

Savings in resources are mainly hypothesized to be achieved by reducing the amount of -
nite element analysis (FEA) needed. Iterative design with FEA could be utilized, instead of
calculating the dimensions analytically, but this would be a very slow and resource-intensive
method. While FEA is required regardless to study the effects of geometry details, the num-
ber of FEA iterations could be reduced with the initial model being closer to an optimal

solution, compared to a model with dimensions from SFS-EN 12516-1 (2018), for example.
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2 Methods

This chapter describes the methods chosen for carrying out the study. As the goal of this
study is to explore the use of automated design for modeling based on SFS-EN 12516-2
(2021), a rule based design (RBD) methodology, is presented in the rst section. The second
section presents the general calculations from SFS-EN 12516-2 (2021) which are applicable
to Flowrox knife gate valve bodies.

2.1 Rule based design

In essence, an automated design process is one, where existing information and intent is
saved, and reused when needed. In RBD, the knowledge is saved in the form of software
elements such as databases and spreadsheets, and programmatically reused for driving de-
cision making in the design. (Chavali et al., 2008) Work by Kulon, Broomhead & Mynors
(2006) claims that retaining and redeploying the design intent and methodology can virtu-
ally eliminate the need for design rework, while ensuring consistency and compliance with
constraints, such as legislation, for new designs.

In this case, the goal is to save and reuse the information and methodologies of calculations,
required to create preliminary models of the new SKH valve bodies in accordance with EN
12516. As different sizes of the bodies are similar in construction, RBD could be applied to
con gure the bodies of the full model range.

Commercial programs such as Siemens RuleStream and DriveWorks are speci cally de-
signed for RBD, of which the latter was used in the case study by Chavali et al. (2008).
However, using these programs requires paid access and extensive training. Instead, the
principles of RBD are applied using Microsoft Excel to host the calculations and user inter-
face, and SolidWorks to create a parametric model.

2.1.1 Parametric model generation

As the point of the model is to be con gurable and editable, attention must be paid to the
methodology of creating the model itself. As shown by D. Camba, Contero & Company
(2016), even the same, simple 3D model's structure may vary greatly depending on the
preferences and routines of the creator. The study also shows differences in the number of
errors in the models after certain changes. Any errors in the con guration process of the body
models would require attention and manual work, largely eliminating its bene ts, which is
why robustness with editing is prioritized in the building practices of the model.
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In an attempt to combat the aforementioned issues and to standardize the practices of cre-
ating 3D models, some guides have been created with their own recommendations for how
the model's feature tree should be structured. The number of these guides is quite low, since
the modeling strategies and guidelines are often proprietary information of private compa-
nies. In the study by D. Camba, Contero & Company (2016, p. 17), the most common and
widely accepted modeling methodologies were studied. They concluded, that the Resilient
Modeling Strategy (RMS) by Gebhard (2013) consistently returned the best results for the
editability of the model. With robustness in editing being a key aspect of a con gurable
model, the practices de ned by RMS are followed in creating the model.

The modeling strategy presented by Gebhard (2013) is based on grouping features and lim-
iting the relationships between them. The rst group consists of reference images or layouts,
which are used to roughly de ne the shape of the object. The second group is for con-
struction geometries, which are surfaces and curves used to modify the model, such as split
surfaces. The rst solid features are in the third group, called core features. These features
add material, and de ne the overall shape of the object. The fourth group of detail features
are typically features that remove material from the core features. The fth group houses
modifying features such as drafts, mirrors, and patterns. The sixth group is for quarantine
features such as edge llets, which are mainly cosmetic.

The robustness of the model when editing is maximized by following relationship guidelines
between the different groups. For example, the core features must be created before details,
and they can only refer to other core features or the reference and construction features before
them. Also, features within the detail group should not be linked to other details. Detalil
features should be de ned independently, only referring to core features or the construction
and reference geometries. (Gebhard, 2013)

2.2 Body shell strength calculations in EN 12516-2

In this section, the calculation methods applicable to the SKH valve body are determined.
The general calculation for the total wall thickness based on static internal pressure states
that:

€= €nt C1+ Cp; (1)

whereeg, is the theoretical wall thickness [mnd; is the manufacturer tolerance allowance
[mm], andc; is the standardized corrosion and erosion allowance [mm] (adapted from Equa-
tion 1 in SFS-EN 12516-2, 2021, p. 10).
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The theoretical wall thickness equations vary depending on which location on the valve shell
is studied. The welding parameteyris disregarded in the calculations, as it does not affect
cast constructions.

2.2.1 Calculation of wall thickness for cylindrical sections

The calculation for cylindrical bodies and branches gives options for geometries with differ-
ent ratios for the inner and outer diameters, as well as methods to calculate the wall thickness
based on either the inner or outer diameter. As the inner diameter of the valve bore is de ned
based on the diameter of the ring sleeve, the wall thickness is calculated as:

_ dp .
ecl—(2f 5’ (2)

whered; is the valve bore [mm]p is the operating pressure [MPa], afids the allowable
stress [MPa] (adapted from Equation 7 in SFS-EN 12516-2, 2021, p. 15).

For Equation 2 to apply, the resulting outer and inner diameters should not have a ratio
greater than 1.7. This can be checked by calculating the outer diameter using the theoretical
wall thickness and dividing it by the valve bore.

2.2.2 Calculation of wall thickness for rectangular sections

The required wall thickness for rectangular sections of a valve body should be calculated in
three different locations, shown in Figure 4.

Figure 4: Rectangular cross-sections according to SFS-EN 12516-2 (2021, p. 17).
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The minimum theoretical wall thickness for a rectangular section can be calculated as:

4f

S
=P g B 3)

€0= oF

whereb; is the length of the slot [mmBg,, is a function of the normal forces [-], al} is a
function of the bending moments [—] (adapted from Equation 22 in SFS-EN 12516-2, 2021,
p. 16).

Wall thicknesseqg is the maximum of the values calculated in locations 1, 2, and 3, as
shown in Figure 4. For rectangular sections, the wall thickness is required to be calculated
in locations 1 and 3. For square cross-sections a check calculation at location 2 might be
necessary. In order to guarantee the functionality with other types of bodies possibly created
in the future, location 2 is also calculated.

Calculation coef cientBg,, is a function of the normal forces, and is de ned in Equations
23, 24, and 25, for locations 1, 2, and 3 respectively SFS-EN 12516-2 (2021, p. 18). For
the bending moment coef cier®,, the values are de ned in Equations 35, 36, and 37, for
locations 1, 2, and 3 respectively SFS-EN 12516-2 (2021, p. 23).

Equation 3 calculates the required thickness based on a single cross section as shown in Fig-
ure 4, and geometric incontinuities are not taken into consideration in its results. As stated
in SFS-EN 12516-2 (2021, p. 23), short valve bodies have increased stiffness from the ad-
joining features, such as anges, bottoms, or covers. The cross-sectional wall thickness may
be reduced with a correction factikywhich is calculated based on the geometry including

the adjoining features. The correction factor can be calculated as:

S

k= 0:48°

‘where 06 k 1; (4)

m€co

| is the uninterrupted length of the rectangular section height [mmgiansd the mean of the
dimensiond; andb, of the rectangular section [mm] (adapted from Equation 39 and 40 in
SFS-EN 12516-2, 2021, p. 23).
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Figure 6 in SFS-EN 12516-2 (2021, p. 20) shows an example of determining the ldagth
oval bodies, where it is de ned as the uninterrupted distance between the ange neck and
top ange. The reduced rectangular section wall thickness is calculated as:

€ = ek + C1+ Cy; (5)

wherek is the correction factor (adapted from Equation 38 in SFS-EN 12516-2, 2021, p. 23).

2.2.3 \Veri cation of wall thickness in crotch area

The crotch area of the body is de ned as the intersection between two or more openings,
usually the valve bore and the branch which houses the obturator. The calculation is a com-
parison of pressure loaded areas inside the shell and the corresponding shell wall cross sec-
tional areas. The de nition of the pressure loaded area and shell wall area and the dimensions
limiting them are shown in Figure 5.

Figure 5: Pressure loaded areas and shell wall areas of a valve body (SFS-EN 12516-2, 2021,
p. 24).

A direct calculation of the wall thickness is not possible for the crotch area, and in order to
determine the cross-sectional areas the wall thickness must be assumed at rst. The calcu-
lated wall thicknesses from Equation 3 and 2 are used as starting values. The geometry of
the crotch area should ful Il an equilibrium forces as:
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PAon  TAm; (6)

whereApn is pressure loaded area [fhand Ag, is the area of shell wall [mA} (adapted
from Equation 41 in SFS-EN 12516-2, 2021, p. 24).

The calculation formulae for the crotch area strength are given in Table 4 SFS-EN 12516-2
(2021, p. 25), which states that for non-circular cross sections, the calculation formulae are:

Ar, 1 T

P a2 12 (7)
A2, 1
vl T (8)
s I
b2t &, gog Gte b+ € 1:5¢ ©)
2ey ' e € '

(adapted from Equations 43, 44, and 48 in SFS-EN 12516-2, 2021, p. 25).

Should the equations above not be true, wall thickness in either the main body or branches
must be increased until all of the equations are satis ed. The methods of determining the
dimensions for the pressure loaded area and the shell wall area are dependent on the valve
type, and are shown later in the context of the SKH valve body.

2.2.4 Calculation of ange thickness

The determining factor for the ange thickness is the required bending resistance of the
ange (SFS-EN 12516-2, 2021, p. 67). For circular anges, the required bending resistance
can be calculated in both operating and assembly conditions as:

WE (10)

W = : (11)
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whereFsg is the ange bolt force in operating condition [N, is the bolt moment lever in
operating condition [mm]Fsg is the ange bolt force in assembly condition [N], alag

Is the bolt moment lever in assembly condition [mm] (Equation 167 and 168 in SFS-EN
12516-2, 2021, pp. 67-68).

The bolt forces for the two conditions represented by Equations 10 and 11 are different. The
minimum bolt force in the operating condition is the sum of both the pressure force from the
pipeline Ry, and the gasket forcépg. In the assembly condition, the bolt force is caused

by the initial deformation of the gasket. It should be noted that the gasket force is not the
same as in the operating condition. In the operating condition, the gasket is assumed to be
already deformed into its nal thickness. The minimum bolt force in operating condition can
be calculated as:

d2
Fse= Fp+ Fpg = %Fﬁ pPdpMbp Sp; (12)

wheredp is the center diameter of the pipeline gasket [mm]s the gasket coef cient [],
bp is the width of the gasket [mm], arfgh is the gasket safety factor [-] (Equation 169 in
SFS-EN 12516-2, 2021, p. 68).

The bolt force for calculating the required bending resistance in assembly corfeitan
chosen based on which is greater, the operating condition bolt force or minimum bolt force
in assembly condition. The minimum bolt force in the assembly condition can be calculated
as:

Fov = pdpsvubp; (13)

wheresyy is the minimum required gasket stress [MPa] (Equation 170 in SFS-EN 12516-2,
2021, p. 68).

For the assembly condition calculation, the operating condition force is modi ed with a
correction factor for the gasket For soft gaskets the value ofis 1.2. The bolt force for
the assembly condition can be determined from:

Fso= maxcFsg; Fpv): (14)
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The returned value must be checked against the force using the recommended maximum
gasket stress. The force in assembly condition should remain below the maximum recom-
mended, which can be veri ed as:

Fso pdpsvobp; (15)

wheresyo is the maximum recommended gasket stress [MPa] (Equation 172 in SFS-EN
12516-2, 2021, p. 68).

The characteristic values for the gasketssyy, andsyo are given in Table A.1 in SFS-
EN 12516-2 (2021, p. 86). If the minimum bolt force in assembly condition exceeds the
maximum recommended gasket stress, the gasket should be changed for a stiffer one.

For integrated anges, the moment lever is de ned by the distance between from the center
of the ange bolt hole to the mean diameter of the branch in operating condition, and to the
mean diameter of the gasket in assembly condition. Moment lever distance for the bolt force
can be calculated for both operating and assembly conditions as:

d d
a= pcb G €.

5 ; (16)
_dpcp dp.
= (17)

wheredpcp is the pitch circle diameter [mm] (Equation 192 and 193 in SFS-EN 12516-2,
2021, p. 72).

The calculation of the moment lever will be different for other types of anges. Flanges
are considered integral to the valve body if they either part of the casting or welded using
J-groove welds. The required thickness for integral anges can be calculated as:

he= 2228 2 (18)

whereW is the ange bending resistance [mMZ is a calculation coef cient [mrf], andb
Is the double ange width [mm] (Equation 189 in SFS-EN 12516-2, 2021, p. 72).
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In Equation 18, required bending resistance is chosen from the maximum of either the oper-
ating or assembly condition, calculated in Equations 10 and 14 a calculation coef cient,
and it can be calculated as:

Z=(d+ e (19)

(Equation 191 in SFS-EN 12516-2, 2021, p. 72).

The double ange widthbis the width of the ange's cross-sectional area. It can be described
as a line that crosses the face of the ange, in a way where it intersects two bolt holes, on the
opposing sides of the ange. The double ange width can be calculated as:

b=d, d 2d°; (20)

whered, is the ange outer diameter [mm] amlf is the reduced bolt hole diameter [mm]
(Equation 190 in SFS-EN 12516-2, 2021, p. 72).

The last variable required to calculate the ange thickness is the reduced bolt hole diameter
dC. It is dependent on the diameter of the bolt hole itself and the valve nominal size, and it
can be calculated as:

d’=1 0:001d%; & 500mm (21)

d? = 0:5d2; d; > 500mm (22)

wheredy is the bolt hole diameter [mm] (adapted from Equation 177 in SFS-EN 12516-2,
2021, p. 69).

When using a standardized ange drilling, there is no need to calculate the required ange
bolt diameter. However, it should be ensured that the design temperatures used to calculate
the standardized drillings are not exceeded. (SFS-EN 12516-2, 2021, p. 83)
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2.2.5 Calculation of bolt diameter for packing glands and pressure retaining covers

The bolting patterns of the packing gland and bottom cover are already de ned for the exist-
ing sizes, but the calculation must be formulated in order to design new sizes. The required
diameter of the bolt nominal tensile stress area can be calculated as:

_ - 4 o,
ds= dgp+ Cc= on  foh + C (23)

whereFr, is the tensile force on the bolt [Nf is the allowable bolt stress [MP4dj,is the is
the machining quality factor [-], anglis the design allowance [mm] (adapted from Equation
227 in SFS-EN 12516-2, 2021, p. 82).

While the equation above is intended for the calculation of ange bolt diameter, it is also
implied to be used for the calculation of gland bolts in SFS-EN 12516-2 (2021, p. 84). There
Is also no separate cover bolt calculation presented, which is why this same method is also
applied to the cover bolts.

The design allowanceis dependent on the calculated bolt diameter without the allowance
dso. For calculated values afsg under 20 mm, the allowance is 3 mm, and €l over

50 mm, the allowance is 1 mm. If the calculated bolt diameter without design allowance is
between 20 mm and 50 mm, the design allowance can be interpolated as:

c= M’

15 (24)

wheredsg is the calculated bolt hole diameter without design allowance [mm] (Equation 228
in SFS-EN 12516-2, 2021, p. 83).

The calculation methods for glands are provided in SFS-EN 12516-2 (2021, p. 83). The
gland bolting is loaded by forces:

Fri= Fstt Bz, (25)

whereFs; is the stuf ng box force [N] and is the total of possible additional forces [N]
(adapted from Equation 229 in SFS-EN 12516-2, 2021, p. 83).
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The force experienced by a circular stuf ng box can be calculated from the surface area of
the stuf ng box and the operating pressure:

Foe= dig i %p: (26)
wheredastis the stuf ng box outer diameter [mm] ardt; is the stuf ng box inner diameter
[mm] (Equation 230 in SFS-EN 12516-2, 2021, p. 83).

SFS-EN 12516-2 (2021, pp. 33, 40-56) instructs to verify the required thickness of rectan-
gular pressure retaining covers and strength of packing gland anges. Although required to
ensure the compliance of the complete valve, these are separate components, and calculation
of their strength is not included in this work.
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3 Application to Flowrox SKH valve body

This chapter describes the practical steps for the automated program, and the application
of the previously shown calculation methods to the generation SKH valve body geometries.
This chapter also shows the FEA methods used to study the strength of the created valve
body models.

3.1 Model generation

In order to automate the design in practice, two key components are required. A calculation
program that houses all the calculations for the features of the body, and software to create
3D models based on the determined features and their calculated dimensions. SolidWorks is
the 3D modeling software currently used in the Flowrox products engineering department.
Subsequently, the calculation must be performed in a software from which results can be
transferred into SolidWorks. SolidWorks includes a feature which can create con gurations
based on Microsoft Excel spreadsheets.

While Excel is not the optimal choice for handling complex equations, its abilities in gath-
ering and exporting data, to and from other sources are very good. The calculation could
also be performed in other programs, with exporting into a CSV (Comma-Separated Value)
le, which can be opened in Excel. However, creating these additional steps would require
broadening the scope of the work and would increase the complexity of the project. Solid-
Works and Excel are both also used in other engineering departments within Valmet Flow
Control Oy, meaning that using these tools, the foundations of the design automation could
also be adapted to work with other valve models within Valmet Flow Control offering.

In order to translate the calculations into an actual body geometry, the Design Table feature
for SolidWorks is used. This feature enables the user to create a spreadsheet, which is used to
update the dimensions of the model. An example of a Design Table in SolidWorks is shown
in Figure 6.
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Figure 6: An example of a Design Table used in SolidWorks (Dassault Systemes, 2025b).

This approach is chosen, as it also allows the user to rapidly create multiple con gurations
of the same model. In the context of the design automation tool, any size of valve body can
be calculated with the calculation sheet, and the resulting values pasted into the design table.
As long as the required input dimensions are known, the calculation for a new model can be
very quickly updated into the design table.

Originally, RMS was created on Siemens Solid Edge modeling software, which has some key
differences compared to SolidWorks. While SolidWorks supports a “ at” feature tree option,
its standard form is hierarchical with the corresponding sketch shown below the feature it is
used in. A comparison between the hierarchical and at feature tree modes for the same 3D
model is shown in Figure 7.

Figure 7: Comparison of hierarchical and at feature trees (Dassault Systémes, 2025a).
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In SolidWorks, there is no option to visually group all the sketches, into a folder for example.
However, this will not be an issue as long as the rules for linking between groups is followed,
with core features only referring to sketches or other core features. The core features of the
model are shown in Figure 8.

Figure 8: Core features of the body model.

Another difference between Solid Edge and SolidWorks is in creating threaded holes. As
shown by Gebhard (2013, p. 11), the tapped threads and their drilled holes are separate,
where in SolidWorks a threaded hole may be created as one feature. Due to the hole and
threads not being separated, they are both included in the detail group, as there is a need to
mirror and pattern these threaded holes.

An important aspect of communicating design intent within the model feature tree, is to name
the features with descriptive names (Gebhard, 2013, p. 23). This is especially important
with the model edited using a design table, as the user is not able to visually locate which
dimension or feature is being edited. In this model, dimensions are given a name based on the
feature and its direction, based on the model axes. Sketches are named based on the features
they de ne, with the word “sketch” included, to ensure they can be differentiated from the
features. In the naming of features, an exception must be made to the RMS guidelines
by Gebhard (2013). For example, Gebhard (2013, p. 23) instructs to name a cylindrical
feature as “Cylinder 60 dia x 20 x 35ID”. As features in this model will likely have different
dimensions in each con guration, giving their values in the name will only confuse the user.



30

3.1.1 Feature scope

As analytical calculation methods are not capable of determining detailed shapes, the initial
design created by the tool is limited in detail. Features such as stiffeners and drafts are
not included in the calculated models. The goal of these calculations is to create a starting
point, strictly to conform with the minimum requirements of EN 12516. Details, especially
stiffeners, should be added after further analysis with computational methods.

The calculation requires some dimensions to be de ned before the wall thickness for the
corresponding feature can be determined. When redesigning the existing bodies, these inside
dimensions can be found from the current manufacturing drawings. There are also other
dimensions which should remain unchanged, as mentioned earlier, such as the face-to-face
length of the valve. For completely new valves, these dimensions must be set according to
the components connecting to the body. From the existing SKH bodies, a simpli ed version
can be derived containing the critical features, shown in Figure 9.

Figure 9: Simpli ed general model of the SKH knife gate valve body.

The most notable differences compared to the current, detailed models are the lack of drafts,
gate supports, and ribs that stiffen the anges and the bottom of the rectangular section. The
features required to de ne the model can be divided into groups: functional dimensions,
optimized features, and check-calculated features.
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Functional dimensions de ne features in the model that cannot be changed, as they de ne the
internal dimensions of the compartments for other components. These include, for example,
the gate slot, which must remain unchanged, to guarantee that the existing gate and ring
sleeves can be used in the new bodies. The functional dimensions of the simpli ed model
are:

Face-to-face length of the valve

Height from centerline to top

Height from bottom to centerline

Gate slot dimensions

Packing slot dimensions

Top ange dimensions

Bottom ange dimensions
Optimized features directly determine the strength of the body. In some cases, the calculation
must be modi ed to be applicable to the SKH valve, even if the dimensions are directly
de ned in SFS-EN 12516-2 (2021). Some dimensions, such as the thickness of the top
ange, are not directly relevant to the strength against the internal pressure, but must be
calculated to withstand the corresponding loads. For those features, the calculations are
derived from existing literature. The optimized features are:

Main body rectangular section wall thickness

Flange neck cylindrical section wall thickness

Flange thickness

Top ange thickness

Bottom ange thickness

Check-calculated features contain dimensions which are related to the strength of the valve
body, but are not subject to change at this point. An example would be the bottom plate

bolting pattern. Minimizing the number and size of fasteners used on a part reduces overall
cost, but in order to use the existing components, these bolting patterns must remain the
same. The calculation is still carried out for these features, in order to examine how optimal

the current bodies are, as well as to enable the creation of new bodies.
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When creating bodies for valves for which the connecting components do not exist yet, the
calculation provides the starting point which satis es the requirements of EN 12516. Check-
calculated features of the model include:

Tower bolting pattern

Packing gland bolting pattern

Bottom plate bolting pattern
From these bolting patterns, only the required bolt diameter and number of fasteners are cal-
culated. Their positioning, and its effect on the shell strength are not considered, as they are
not subject to change. When creating new sizes of bodies, the size and number of fasteners
must be initially de ned, however the calculation will not accept these fasteners to be used if

their strength is not adequate, and will prompt the user to make changes. Positioning of the
fasteners for new bodies must be done manually.

3.1.2 Design criteria

Before creating the calculations, the required design criteria in the form of applied loads and
material properties must be determined. There are six loads acting on the valve body:

Internal pressure

Flange bolt load

Gland bolt load

Actuator assembly mass load

Valve opening force

Bottom plate bolt load
In the context of pressure retaining shells, the most important load is the internal pressure,
which is the primary consideration in EN 12516. In normal operation of the valve, the
ring sleeves are the only pressurized components, and they carry most of the load. Some
expansion of the ring sleeves may occur, which is supported by the inner bore of the valve
body. In many cases, the body will never be fully pressurized even if the ring sleeves break,

as the valves are to be operated with at least one of the ush ports open (Valmet Flow Control
Oy, 2025, p. 13).

The valve may also be tted with a ushing system, and in a worst-case scenario where the
ushing system is clogged and the ring sleeves fail, the body could be pressurized. In order
to guarantee the safe operation in all foreseeable conditions, the body should be designed to
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withstand the full pipeline pressure. As the SKH valve is rated for 20 bar operating pressures,
the design load is considered to be a uniform pressure of 2 MPa on the inside surfaces of the
valve, as shown in Figure 10.

Figure 10: Surfaces subject to internal pressure load marked in red.

The pressure load is not applied to the packing chamber, as the packing seal should contain
the pressure. Theoretically, it may be possible that the packing seal is pushed upward by the
pressure causing the packing chamber to become partially pressurized. However, it is highly
unlikely for the packing chamber to be pressurized in reality, as it would require the packing
seal to be insuf ciently tightened. At that point, the pressure would leak out from the body
as the packing seal fails to seal the gate.

The opening force is caused by the ring sleeves being compressed against the gate, shown
in Figure 2. The compressed ring sleeves restrict the gate's upward movement and causes a
reaction force on the body. The opening force is transferred to the body by the tower legs,
along with the mass load of the actuator assembly. When the valve closes, the force from the
interaction of the gate and ring sleeves causes a tensile load on the tower fasteners. Pressure-
containing components such as the packing gland and bottom plate are loaded by the internal
pressure. This load is carried by the corresponding bolt holes in the body. The ange bolt
holes are also subject to the axial force caused by the pipeline pressure, as well as moment
loads caused by compressing of the pipeline gasket. The bolt loads acting on the body are
shown in Figure 11.
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Figure 11: Bolt loads acting on the SKH body.

The design strengths for different steel groups are given in Table 2 of SFS-EN 12516-2
(2021, p. 13), and for WCB, being a ferritic-pearlitic steel, requirements of Section 6.5 for
ferritic and martensitic cast steel are applied (Bram tt & Lawrence, 2004). Section 6.5 in
SFS-EN 12516-2 (2021, p. 13) states that the nominal design stress for normal operating
cases should not exceed the minimum of the two following values:

“the yield strength ReH/t or 0,2% proof strength Rp0,2/t at calculation temperature, as
given in the material standard, divided by the safety factor SF = 1,9;

the minimum tensile strength Rm at 20 °C as given in the material standard, divided
by the safety factor SF = 3,0.”

As de ned in the installation, maintenance, and operating instructions (IMO), SKH valves
are approved for use at temperatures up to 100 °C (Valmet Flow Control Oy, 2025). Based
on this as a calculation temperature, the design conditions can be compared as follows:
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Table 1: Design conditions for ferritic and martensitic cast steel (ASTM A216/A216M-21,
2021, p. 2).

Design criteria Yield strength Ryno—  Tensile strengthRy—pg
Temperaturd [°C] 100 20

Maximum stress [MPa] 250 485

Safety factoiSF [-] 1.9 3

Design stres$ [MPa] 131 166

From Table 1 it is determined that yield strength is the limiting factor for design, with the
resulting design stress being 131 MPa.

3.2 Valve body strength calculations

This section shows the application of the shell strength calculation methods from Section
2.2 to the SKH valve body. For the manufacturer tolerance allowancealues are given

in SFS-EN ISO 8062-3 (2023, p. 14). The chosen general tolerance class is DCTG 14,
which is the most conservative class recommended for sand castings. The bodies are quite a
complex shape with internal compartments, and they are cast with multi-piece sand molds,
which can be expected to require large tolerances. Additionally, the largest dimension in the
casting is much larger than the wall thickness values, supporting the choice of a tolerance
class at the coarse end of the recommended range. With a general tolerance class of DCTG
14, tolerances for wall thickness dimensions are determined from the values for DCTG 15.
(SFS-ENISO 8062-3, 2023, p. 23)

With the bodies being cast from WCB, which according to Bram tt & Lawrence (2004) has

a ferritic-pearlitic microstructure, one millimeter is required as the corrosion and erosion
allowancec;. However, this only applies when the theoretical wall thickness is below 30

mm, which should be noted in the calculations. (SFS-EN 12516-2, 2021, pp. 11-12)

3.2.1 Flange neck cylindrical section

In SFS-EN 12516-2 (2021, p. 14), the rst features calculated are the wall thicknesses of
bodies outside the crotch area. In the case of the SKH valves, the only feature outside the
crotch area, apart from the anges, are the ange neck cylindrical sections, which connect
the anges to the main body, shown in Figure 12.
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Figure 12: Cylindrical section of the valve body cross section.

With the SKH valve sizes ranging between DN 80 and DN 600, exceeding the given ratio
would require theoretical wall thicknesses between 28 mm and 210 mm respectively. As the
valves are only rated for 20 bar of operating pressure, these values will not be reached. Thus,
it is assumed that Equation 2 applies for all SKH valves.

For class DCTG 15, there are no values given for nominal dimensions under 16 mm in
Table 2 in SFS-EN 1SO 8062-3 (2023, p. 14). Based on this, 16 mm is considered the
practical minimum for wall thickness in such castings. As it can be assumed that the bodies in
which the calculated wall thickness would be below 16 mm are smaller bodies, the tolerances
for those are determined based on class DCTG 12. As mentioned earlier, the choice of
tolerance class is in uenced by the largest dimension in the casting. In smaller bodies where
the maximum dimensions are smaller, a tighter tolerance class can be accepted. Table 2
shows the resulting modi cations made to Table 2 in SFS-EN ISO 8062-3 (2023, p. 14) for
determining the wall thickness of the cylindrical section.
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Table 2: Wall thickness and DCTG values.

Wall thickness [mm] DCTG 12 [mm] DCTG 15 [mm] er [mm]

O<e; 10 4.2 - 16+ 4.2+ ¢,
10< ey 16 4.4 - 16+ 4.4+ ¢
16< ey 25 4.6 10 &1+ 10+ ¢
25< e1 40 5 11 €1+ 11+ ¢

The ange neck carries the weight of the main body and virtually all other components, and
the strength against other possible loads should also be studied. For transverse loads on
cylindrical sections, the ratio of bending and shear stress depends on the diameter and length
of the cylinder. With the ange neck being many times wider compared to its length, failure
due to pure bending is unlikely. The effects of bending are further reduced by the symmetry
and geometry of the valve, which largely prevents the distortion of the ends. Deformations in
other parts of the body may induce bending stresses in the ange neck, but those are dif cult
to predict and calculate analytically, and should be studied by FEA. The allowable shear
stress can be calculated as:

_ R
= A (27)

ta

wheret 4 is the allowable shear stress [MP&; is the shear force [N], and is the cross-
sectional area [mAj (Beer et al., 2015, p. 32).

As the shear strength of WCB is not de ned in ASTM A216/A216M-21 (2021), it must be
approximated from the tensile yield strength. The two established methods for determining
the relationship between stress components are the maximum shear stress criterion by Tresca
and the distortion energy criterion by von Mises. The maximum shear stress criterion is more
conservative of the two, and the distortion energy method is commonly employed to calculate
multiaxial stresses, as based on experimental data, it is more accurate at representing many
alloy systems (Pruitt & Chakravartula, 2011, p. 253). Thus, the shear stress is approximated
by the von Mises distortion energy criterion, as:

_ 1 Rpo2 |
ta—p—§ 219 (28)

whereRyo is the material yield strength [MPa] (Beer et al., 2015, p. 508).

With the allowable shear stress determined, Equation 27 can be adapted to calculate the shear
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stress failure in the ange neck cross section, due to the transverse loads as:

(Fo+ Mac)
—  tg 29
A ta (29)
whereF, is the valve opening force [NJ is the standard acceleration of gravity [Ri/s
Mact IS the mass of the actuator assembly [kg], #d is the cross-sectional area of the
cylindrical section [mr].

As the valve body has two anges, and ange necks, the combined load of the actuator
assembly mass load and opening force are divided equally between them. For double shear,
the cross-sectional area is multiplied by two (Beer et al., 2015, p. 32).

Based on proprietary measurement data, a relationship between the nominal valve size and
valve opening force is approximated. The opening force can be calculated as:

Fo= 0:6d2; (30)

wheredy is the nominal diameter of the valve [mm].

3.2.2 Main body rectangular section

SFS-EN 12516-2 (2021, p. 17) presents two different rectangular cross-sections, as shown
in Figure 4, of which the non-radiused version is chosen. While in reality the corners of the
rectangular section will be rounded, the de nition of a radiused cross-section according to
Figure 4 requires the radius to be greater than the wall thickness. In this case, the calculations
are applied to the design of a new body, instead of verifying the dimensions of an existing
one. In order to simplify the calculation, the non-radiused version is chosen, as the wall
thickness and corner radius are not known yet. As the rounded corner experiences smaller
stress concentrations, determining the wall thickness with a square corner will result in a
larger wall thickness, making it a conservative simpli cation.

There is no separate instruction on how to determine the lenfyih rectangular bodies.

As oval bodies curve toward the edges of the body, the shape is better suited for carrying
pressure loads. Applying the same correction factor to a same size rectangular body would
result in insuf cient wall thickness. The method for determining the ledgthadapted as
shown in Figure 13.
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Figure 13: Determining the uninterrupted lengfior rectangular section correction factor.

In order to compensate for the large plate area in the corner of a rectangular body, the limit
of | is set to extend from the edge of the ange at 45 degrees from the body center. The
uninterrupted length should be calculated from both top and bottom, with the largest of the
two chosen. The top ange acts as a stiffener, but the bottom ange is disregarded as it may
not be present in all valve sizes. As the simpli ed model has no rounded corners between the
main body, and ange neck or top ange, the distance should be determined directly from
the corresponding edges. For Equation 4, the other varialiesnde.g can be determined

from SFS-EN 12516-2 (2021, p. 23) as instructed for rectangular bodies.

Two separate calculations for the rectangular section are required, as the top of the valve
body requires a wider slot for the packing chamber. The calculated cross sections are shown
in Figure 14.
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Figure 14: Rectangular cross sections of the main body.

While technically the pressure loaded area is considered not to extend to the packing cham-
ber, the same calculation can be applied to both sections. For the packing chambleiswall,

de ned as the distance from the bottom surface of the top ange to the bottom of the packing
chamber.

3.2.3 Crotch area

The crotch area of the SKH valve body is in the intersection of the main body opening and
the gate slot branch. The calculated area is limited by the outer intersection point, and lengths
lo andl4, as shown in Figure 15.
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Figure 15: Right and front plane cross sections, pressure loaded area and corresponding shell
wall area.

First, the crotch area wall thickness is veri ed for the right plane cross section as shown in
Figure 15. In the case of the SKH valve, the area can be calculated quite easily, as there are
only straight walls and right angles in the crotch area.

The calculation is simpli ed by assuming that the vertical section of the area has a uniform
thickness, determined at the gate slot. As the packing chamber has a larger internal area than
the gate slot, the required wall is also thicker at the packing chamber cross section.

According to preliminary calculations, the pressure loaded area does not extend into the
packing chamber area. By replacing the packing chamber section in the crotch area calcula-
tions with the gate slot wall thickness the result becomes conservative, but the calculation is
simpli ed greatly, as a variable can be fully eliminated. This simpli cation is visualized in
Figure 16.
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Figure 16: Simpli ed shell wall area in the right plane cross section.

As shown in Figure 16, the difference is minor. The simpli ed shell wall area and pressure
loaded area in the right plane cross section can be calculated as:

An = elo+ eoly; (31)

b, d di
Aplzﬁl §'+e1+|0 +§'(eo+|1); (32)

whereb; is the minor width in rectangular cross section [mmg]is the height of the shell
wall area [mm], and} is the width of the shell wall area [mm].

Dimensions for the pressure loaded area are given speci cally for oval and rectangular cross
sections in SFS-EN 12516-2 (2021, p. 29) The lengglasdl4 that limit the pressure loaded
area can be calculated for rectangular bodies as:

=" (it @)e (33)
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(adapted from Equation 60 in SFS-EN 12516-2, 2021, p. 29),

Iy = 1:25p (di+ e)) e (34)

(adapted from Equation 61 in SFS-EN 12516-2, 2021, p. 29).

With the front plane cross section being a simple vertical wall, determining the areas is fairly
simple. For the front plane cross section, the shell wall area and pressure loaded area can be
calculated as:

Ap = eo|8; (35)
bold
Aoz= =0, (36)

WhereI8 is the height of the shell wall area [mm].

As the SKH valve body is rectangular, the crotch area in the front plane cross section can
be calculated as symmetrical on the top and bottom. The height limiting the pressure loaded
area in the front plane cross sectidrcan be calculated as:

19= 1:25IO (b1 + e0) & (37)

(adapted from Equation 49 in SFS-EN 12516-2, 2021, p. 26).

With the pressure loaded areas and shell wall areas in both cross sections determined, the
crotch area strength can be veri ed. As long as Equations 7, 8, and 9 are true, the crotch area
wall thickness is suf cient.
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3.2.4 Flanges

Most of the dimensions of the ange, such as the number of holes, pitch circle diameter,
and hole sizes, can be found directly from the standard of whichever ange drilling is being
applied. SKH valves are offered with different ange drillings according to EN 1092, ASME
B16.5, and JIS B2220, among others (Valmet Flow Control Oy, 2025, p. 23). While separate
bodies are created for different ange drillings, the same casting is used for all of them,
meaning that the outer diameter of the ange should be large enough to t even the largest
drilling option with adequate wall for the thread. From the available options, Class 300
anges in ASME B16.5 (2021, pp. 20-21) require the largest outer diameter. By applying
those outer diameters to the valve bodies, tment of all available drillings is ensured.

SFS-EN 12516-2 (2021, p. 67) states that a check calculation is not required for anges up
to DN 600, and instead the tabulated ange thickness values from SFS-EN 1092-1 (2018,
pp. 59-60) could be used, as long as the conditions are within the limits of the ange stan-
dard. However, as the tool is intended to be used regardless of valve size, the calculation is
included. As speci ed in SFS-EN 12516-2 (2021, pp. 66—67), the required ange thickness
can also be calculated with the methods presented in the corresponding section. Thus, de-
pending on the case, the calculated ange may be thinner than what is speci ed in SFS-EN
1092-1 (2018, pp. 59-60).

In SFS-EN 12516-2 (2021, p. 72), the calculation is only de ned based on the nal wall
thickness without; andc,. For new designs, the nal wall thickness is not known yet, which
means that the calculations should be performed based on the theoretical wall thickness.

As with an integrated ange, the ange neck and the ange itself both carry the load, in-
creasing the neck thickness allows for a thinner ange. However, when calculating the DN
80 body dimensions, keepirggc1 above the practical minimum of 16 mm results in a ange
thickness below zero. The same practical minimum dimension of 16 mm is also set for
the ange thickness. As the ange thickness is not subject to the allowancasdc,, no
additional tolerances are needed.

Different from other Flowrox valve models which are sealed by the rubber ring sleeves, SKH
valves have a ange construction which uses a retaining ring to compress and hold the ring
sleeve in place, shown as Part 6 in Figure 17.
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Figure 17: Exploded view of the SKH valve without actuator (Valmet Flow Control Oy,
2025, p. 7).

The required thickness of the ange is calculated based on the pressure force from the
pipeline, and gasket force. In the case of the SKH valve, this gasket is not directly on the
integrated ange, but instead on the ring sleeve retainer plate, as shown in Figure 17.

While the bending moment experienced by the ange is still the same, the difference is in
the location of the moment axis. As the body itself houses the ring sleeve, it has a larger
inner diameter compared to the ring sleeve and retainer plate. Thus, the moment axis caused
by the seal and ange bolts is actually further away from the body, causing extra bending, as
shown in Figure 18.
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Figure 18: Simpli cation of the ange bolt lever.

Despite this, the calculation provides accurate results for ange bending, as long as the inner
diameter of the body is set accurately, not according to the valve nominal size. The calcu-
lation is simpli ed by disregarding the ring sleeve retainer, and assuming that the integrated
body ange will carry the load. This is a conservative assumption, since the steel retainer
will stiffen the ange, reducing the effect of bending.

The pipeline gaskets are not within the delivery scope, thus the gasket values must be as-
sumed. In SFS-EN 1092-1 (2018, p. 106), the dimensions for PN 25 anges are calculated
based on at non-metallic gaskets. For the calculation of SKH valve body anges, the same
may be applied, as this type of pipeline gaskets are common with the valves. From non-
metallic gaskets, graphite reinforced gaskets require the highest gasket stress, which can
be applied to determine the maximum ange bolt load. Also, in line with SFS-EN 1092-1
(2018, p. 106), a gasket thickness of 2 mm is assumed for sizes up to and including DN 300,
and 3 mm for larger valves. The inner and outer diameter for the gasket are determined from
Type IBC gasket dimensions in SFS-EN 1514-1 (2024, pp. 13-14).
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3.2.5 Packing gland and bottom cover bolting

The SKH valve uses bolts which are either Grade 8.8 from SFS-EN I1SO 898-1 (2013) or
SFS-EN ISO 3506-1 (2020) A4-70, depending on the material requirements of the valve.
Allowable bolt stress is derived from the yield strength of the bolt material. For the bolting
strength to be suf cient with both bolt materials, allowable bolt stress is calculated based on
the weaker A4-70, which has a yield strength of 450 MPa. The bolts are calculated as rigid
as they are not necked down. For rigid bolts, the allowable bolt stress is found by dividing
the bolt yield strength by a safety factor of 1.8, resulting in allowable stress of 250 MPa.
(SFS-EN 12516-2, 2021, p. 83; SFS-EN ISO 3506-1, 2020, p. 14)

As the sealed gate slot, and subsequently, the packing chamber are rectangular, the calcula-
tion methods in SFS-EN 12516-2 (2021, p. 83) are not directly applicable. The stuf ng box
force can be calculated by modifying Equation 26 to:

Fri=(bishos biby) p+ Fz; (38)

wherebysis the stuf ng box outside width (Z-axis) [mm] anwgs is the stuf ng box outside
length (X-axis) [mm].

As there are no other notable forces experienced by the gland, additionaForay be
disregarded and the bolt force calculated according to Equation 25. The required diameter of
the bolt tensile stress area can be calculated from Equation 23, with the exception of design
allowancec being ignored, as instructed in SFS-EN 12516-2 (2021, p. 84).

As the bottom cover is a pressure retaining component of the shell, the required diameter of
the bolt tensile stress area can be calculated as:

Fr2= phbyby: (39)

The required bottom cover fastener size may be calculated from Equation 23. In this case,
design allowance should be included. As the bolt support faces on both the bottom cover
and packing gland are machined, machining quality falstean be set to 1 for calculation

of both components (SFS-EN 12516-2, 2021, p. 83).

Additional stresses induced by thermal expansion in the bolted connection are assumed to
be negligible. This is justi ed by the permitted temperature range being limited, and the
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thermal expansion coef cients of the materials being reasonably similar (SFS-EN 10088-1,
2024, p. 45; SFS-EN 1993-1-1, 2022, p. 31).

3.2.6 Top and bottom anges

The last features to calculate are the top and bottom anges of the valve. The top ange
acts as a surface on which the actuator tower and packing gland are bolted to. Thus, the
forces from these components should be considered when determining the required thickness
for the top ange. As the top ange is not a pressure-retaining part of the body, there are
no applicable calculation methods given in SFS-EN 12516-2 (2021). As the top ange is
integrated into the body, the required thickness is only required to be calculated for the
overhang, as shown in Figure 19.

Figure 19: Cross section of the top ange overhang.

The overhanging part of the top ange can be considered a cantilever beam, with a xed
support on the body and a point load from the actuator tower. The ange is so wide, that
local effects through its width could affect the results, which would encourage against ap-
plying simple cantilever beam calculations. However, as the compressive loads act through
the tower legs which have considerable surface area, the load is distributed well. With the
actuator assembly mass always acting in the compressive direction, this eases the load on the
ange from tensile loads also. In those cases, the tension resistance of the bolted connection
IS more critical.
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The load on the ange is greatest when the valve is opened, and the gate's movement is
restricted by the ring sleeves. In this case, the load also acts in the same direction as the
weight of the actuator assembly. The required thickness of the ange can be calculated

according to the shear stress, and veri ed against bending at the top surface. By adapting
Equation 27, the required thickness of the top ange against shear loads can be calculated
as:

0:5(Fo + Mac@)
tr1br1

ta (40)

wherety, is the thickness of the top ange [mm] arg is the width of the top ange [mm].

The previous equation can be rearranged to solve for the required ange thickness as:

0:5(Fo + Mac@)

brita (41)

trg

The same allowable shear stress as for the ange neck section can be applied, calculated in
Equation 28. The shear force is approximated from the mass of the actuator assembly and
valve opening force. Calculation of bending stress can be derived from the basic formula for
cantilever beam bending stress:

Sa= l—; (42)
wheres, is the allowable bending stress (design strength) [MMa the bending moment

at the base of the beam [Nmmyj,is the distance from the neutral axis [mm], anis the
second moment of inertia [rfth(Beer et al., 2015, p. 245).

The calculation of the required thickness based on bending can be derived from Equation 42,
which can be solved and expanded for the second moment of inertia. This results in:

M% &M

brt3 - bt ’
Ve f1

Sa=

(43)

which can again be restructured to solve for the required thickness, with the bending moment
calculated based on the model:
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S

tr = 3(Fo+ Mac@)dzt
f1 bf]_S o y

(44)

wheredyz; is the distance from the base of the top ange to the tower bolt hole [mm].

For creating new designs, the size and number of tower fasteners should be calculated. Cal-
culation of the bolting strength is done in accordance to SFS-EN 1993-1-8 (2024), as the
joint is not a pressure retaining connection. As the tower connection is under tensile load
and is not preloaded, it ts Category D of Table 5.4 in SFS-EN 1993-1-8 (2024, p. 42). For
connections in Catergory D, there are two failure modes which must be calculated. Tension
resistance of the bolt material itself and punching shear resistance of connected elements.
The bolt material grade used is A4-70, which has a tensile strength of 700 MPa (SFS-EN
ISO 3506-1, 2020, p. 14). The tension resistance of a single bolt can be calculated as:

0:9fpAs
Ov2

where fy, is the ultimate strength of the bolt material [MPA}, is the tensile stress area of
bolt thread [mmi], and gu» partial factor for resistance of bolts [-] (Table 5.9 in SFS-EN
1993-1-8, 2024, p. 50).

Values for the bolt thread stress area can be found from precalculated tables, or calculated
manually (SFS-EN ISO 898-1, 2013, p. 10). As in this case a direct calculation is faster and
easier to maintain than a table of values, the stress area will be calculated from:

b+ d; %

_p .
AS_ 4 2 ’ (46)

whered; is the pitch diameter of thread [mnd; is the minor diameter of external thread
[mm], andH is the height of the fundamental triangle of the thread [mm] (adapted from
Equation 9 in SFS-EN I1SO 898-1, 2013, p. 24).
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A calculation formula for the height of the fundamental triangle is given in SFS-ISO 68-1
(2025, p. 6). The pitch diametdps and the minor diametetf; can be calculated based on the
nominal diameter as shown in SFS-ISO 724 (2025, p. 5).

In order for the results of Equation 45 for the allowable bolt load to be reliable, the bolt
must be threaded in to a certain depth. This depth is often referred to as the minimum thread
engagement length. In the design of tapped holes, the engagement length must be suf cient
to ensure that the bolt can exceed its tensile capacity prior to the thread stripping. Because
stripped threads are dif cult to detect, fracture of the bolt shank is generally considered the
preferable failure mode. (Bickford, 2007, 39-40)

The minimum engagement length is dependent on the materials of the bolt and structure in
which the bolt is fastened. The minimum engagement length can be calculated based on the
relationship between the tension resistance of a bolt, and the strength of the thread area. With
the bolt material being stronger than the base material, the base material threads are the rst
to shear. Based on this assumption, the force required to strip the threads, also referred to as
the pullout load, can be calculated as:

d fl
Fara= Dog ot (47)

wherefsis the ultimate shear strength of the material [MPa] Rnsd the thread engagement
length [mm] (Rivera-Rosario & Powell, 2017, p. 3).

Even though the source of this equation is using imperial units, the calculation can also be
performed in metric units, as the divider is a safety factor, not correlated to any of the units.
In order to maintain the same conditions used by Rivera-Rosario & Powell (2017, p. 3), the
safety factor of 3 is applied to the calculation, and the stress value used is the ultimate shear
stress. The ultimate shear strength for WCB is calculated from the tensile strength of the
material, based on the same logic as in Equation 28:

f
fs= p%; (48)

wherefy is the ultimate tensile strength of base material [MPa].

Rivera-Rosario & Powell (2017, p. 2) approximate the ultimate shear stress as 60% of the
ultimate tensile strength. This is very similar to Equation 48 which calculates the shear stress
as 57.7% of the tensile strength.
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As stated earlier, in order to guarantee the bolt shank will break before the threads are
stripped, the required pullout lod& rg Should be greater than the tension resistance of the
bolt F.rq. This statement can be expressed as:

pdafsle

> F.Rrd; (49)

which can be solved for the minimum thread engagement length as:

3Ft;Rd_
pdafs’

(50)

le

In Equation 50 the correction factor of 0.9 and partial fagtoare included in the tension
resistance of the boFsrg, as they are present in Equation 45. These corrections ensure the
strength of the bolt against the de ned tensile load by reducing the theoretical tension resis-
tance of the bolt. This means that the corresponding pullout load is also reduced, which might
not be enough if the determined tensile load is exceeded and the actual tension resistance of
the bolt is higher than calculated. However, as the pullout load also has its own safety factor
determined by Rivera-Rosario & Powell (2017, p. 3), removing the aforementioned factors
from Equation 45, would likely result in unnecessarily long engagement length.

With all required values determined, the bolting strength can be veri ed based on the valve
closing force and the number of bolts. Assuming that the engagement length is suf cient,
the bolting strength can be veri ed as:

F
Fird (51)

whereFc is the valve closing force [N] andis the number of bolts [].

Punching shear usually occurs when a bolt is tightened and the bolt head is pushed into the
base material. In connections without preload, this might also happen when high tensile loads
are applied. In the case of the SKH valve, the base material on which the bolt heads area
acting on, are the tower legs, which are made of structural steel. The tower material grade
is S355J2, which has a minimum ultimate tensile strength of 470 MPa with the material
thickness of the tower legs being between 20 mm and 30 mm (SFS-EN 10025-2, 2019,
p. 25). The punching shear resistance of the material surrounding a single bolt head can be
calculated as:
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0:6pdntp fy.

Ovi2 (52)

Bo:rd =

whered is the diameter or width across ats of the bolt head [mm] gyid the thickness of
the base material [mm] (adapted from Table 5.9 in SFS-EN 1993-1-8, 2024, p. 50).

As the bolts in question are not preloaded, the only tensile load on the bolts is the valve
closing force. The resistance against punching shear failure can be veri ed as:

F
BpRrd WC: (53)

If Equations 51 and 53 are true, and the bolt is threaded in more than the minimum en-
gagement length from Equation 50 requires, the top ange bolting can be deemed adequate
against the foreseeable loads. In current designs of the SKH valve body, the bottom plate
attachment holes are drilled directly into the bottom parts of the rectangular wall section.
However, based on the wall thickness values calculated, some of these bolt patterns will not
t the body. As the redesigning of the connected components is not allowed, the valve body
must have a wider ange to accommodate these bolt patterns.

As the ange is going to be extremely short, bending will be negligible and shear is assumed
to be the failure mode. The required bottom ange thickness against shear can be calculated
similarly as with the top ange, by adapting Equation 40 as:

tro Pbibe,
beta ,

(54)

wherebxg is the width of the bottom ange [mm].

With the equations presented in this section, the required thickness for the top and bottom
anges can be calculated. However, it should be noted that the minimum thread engagement
length might require the ange to be thicker than what would be the suf cient to withstand
the loads. Thus, the ange thickness should be determined based on whichever is greater,
the thread engagement length or thickness calculated from Equations 41 and 44 for the top
ange, and Equation 54 for the bottom ange.
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3.3 Finite element analysis of created models

The created models are only to be used as minimum requirement starting points for the actual
body models. In order to assess the performance of the tool, preliminary structural analysis
Is carried out on the created bodies. The goal of this analysis is to determine how much the
results from analytical calculations differ from a method with more consideration to detail.
For the purposes of this study, three bodies are analyzed with FEA. In order to study the
effects of scaling the design, the smallest and largest bodies are analyzed, along with one
from middle. The analyzed bodies are sizes DN 80, DN 300, and DN 600, shown in Figure
20.

Figure 20: Bodies created using the automated design: sizes DN 80, DN 300, and DN 600.

The analysis is carried out using FEA, as it is the most common method of analyzing struc-
tures, with more detail than analytical methods. The most important consideration is the
effect of different load cases. For example, as the internal pressure acts on all surfaces, it can
have a counteracting effect on other loads, such as the weight of the actuator assembly on
the ange neck of the body. Therefore it is important to study the stresses and deformations
in the body in all realistically foreseeable conditions.

The structural analysis is performed using Ansys Mechanical 2024 R1 software with a static
linear solver. As the body geometry is calculated according to the methods from SFS-EN
12516-2 (2021), de ections are assumed to be relatively minimal which eliminates the need
for geometrically nonlinear analysis. As the models shown in Figure 20 are symmetrical on
both of the vertical planes, a quarter symmetry model can be used to reduce the computa-
tional load.

The model is meshed with second-order tetrahedral (SOLID187) elements using a patch
conforming meshing algorithm. The patch conforming method starts the meshing from the
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edges and faces before moving on to mesh the volume, which results in a mesh that represents
the geometry of the original model. With a patch independent algorithm, the meshing would
strictly respect the model geometry only in locations on which a load, constraint or other
object is de ned. ANSYS Meshing User's Gui@®10, pp. 4-5)

In this case, the accurate representation of the model achieved with the patch conforming
method outweighs the faster computation and more uniform mesh of the patch independent
meshing. As an example, the meshed DN 300 body model is shown in Figure 21.

Figure 21: Meshed model of the DN 300 body.

As shown, the mesh is still quite uniform, and the geometry of the original model is accu-
rately represented. The advantage of second-order elements can also be seen, as the ability
to curve the edges of the elements allows for a good representation of circular geometries.

Table 3: Mesh parameters for the analyzed models.

Parameter DN 80 DN 300 DN600

Element size 6mm 10mm 16 mm
Number of elements 23267 29748 36330
Number of nodes 38047 49529 59465
Degrees of freedom 112917 147314 176814

Table 3 shows the resulting mesh parameters for each model. The material properties applied
to the model are those of WCB, as shown in Table 1. Ambient temperature is set to 100°C,
as it is the maximum rating for the valve, given in the IMO (Valmet Flow Control Oy, 2025,

p. 5).
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There are three constraints applied to the model, with X- and Z-axis symmetry constraints
on the corresponding split surfaces of the model, and vertical translation constrained by the
ange inner edge. The constraints of the model in both assembly and operating conditions
are shown in Figure 22.

Figure 22: Constraints in the FEA model.

In total, there are ve loads applied to the model. The internal pressure acts on all internal
surfaces of the body below the packing chamber, as shown in Figure 10. The ange bolt
force is applied to the internal surfaces of the ange bolt holes, as the SKH valve ange
bolt holes are threaded. The forces from the actuator assembly mass and valve opening are
combined as they act on the same location, the internal surfaces of the tower bolt holes. The
packing seal force is applied to the gland bolt holes, and bottom plate force on the bottom
plate bolt holes.

As the analyzed model exploits quarter symmetry, the loads in the FEA must be adjusted
accordingly. Loads on the top and bottom anges are quarter of their original magnitude. As
the ange is only split on one plane, the ange bolt load is half of the original magnitude.

Some holes may be located at the centerlines of the body, which will be split along with the
model. In these cases, the load must be divided accordingly. The load applied to the split
hole must be half of the load carried by the other holes, as the remaining load will be present
on the symmetrical pair of the split hole.
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