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European foreword

This document (EN 14359:2017) has been prepared by Technical Committee CEN/TC 54 “Unfired
pressure vessels”, the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by October 2017 and conflicting national standards shall
be withdrawn at the latest by October 2017.

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such
patent rights.

This document supersedes EN 14359:2006+A1:2010.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive(s).

For relationship with EU Directive(s), see informative Annex ZA, which is an integral part of
this document.

In comparison with EN 14359:2006+A1:2010, the following modifications have been made:
— In general, references have been aligned to the new Pressure Equipment Directive 2014/68/EU;

— the Scope has been broadened so as not to specifically exclude accumulators containing Group 1
liquids or gases;

— 'Table 3 - Allowable design stress values for fine grained and heat treated steels' has been added;
— in subclause 7.6, Fatigue performance evaluation, the normative text has been refined;

— more information is provided in the informative Annexes C to F;

— inthe Annexes: Conformity assessment modules and activities have been removed from this edition;

— informative Annexes B and ZA have been updated to take into account the new Pressure Equipment
Directive 2014/68/EU.

Where appropriate, formulae and techniques are consistent with the requirements of EN 13445-3 but
this European Standard is presumed to satisfy the essential requirements of the Pressure Equipment
Directive 2014/68/EU in its own right.

NOTE If any matter of interpretation or doubt arises as to the meaning or effect of any normative part of this
European Standard, or as to whether anything should be done or has been omitted to be done, in order that this
European Standard should be complied with in full, the matter needs to be referred to the CEN/TC 54 Committee.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
the United Kingdom.
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1 Scope

1.1 This European Standard specifies the requirements for materials, design, manufacture, testing
inspection, safety equipment configuration and documentation (including instructions for first
operation), for commonly-used types of gas-loaded accumulators and pressure vessels used to provide
additional gas capacity for fluid power applications (see 1.2).

1.2 This European Standard applies to the following types of components, defined as the pressure-
containing envelope of gas-loaded accumulators:

— bladder type;

— diaphragm type;

— piston type;

— transfer type;

— pressure vessels used to provide additional gas capacity.

They consist of one or several parts joined together by a variety of mechanical means and by welding.

1.3 This European Standard applies to gas-loaded accumulators which operate with the
following conditions:

— subject to an internal gauge pressure greater than 0,5 bar;
— working temperature not lower than -50 °C and not higher than +200 °C;

— containing all liquids and gases as defined in the Pressure Equipment Directive 2014/68/EU,
see Note.

NOTE When the accumulator contains Group 1 liquids or gases, consideration relating to risks other than

those required by Pressure Equipment Directive 2014/68/EU are not covered by this European Standard and
will be assessed separately.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

, Metallic products — Types of inspection documents

, Non-destructive testing — Visual testing — General principles

EN 13445-2, Unfired pressure vessels — Part 2: Materials

EN 13445-3:2014, Unfired pressure vessels — Part 3: Design

EN 13445-4, Unfired pressure vessels — Part 4: Fabrication

EN ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

EN ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: Bolts,
screws and studs with specified property classes — Coarse thread and fine pitch thread (ISO 898-

EN ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method (ISO 6506-

EN ISO 6506-2, Metallic materials — Brinell hardness test — Part 2: Verification and calibration of testing

hi
machines (IS0 6506-4) Documents
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EN ISO 6506-3, Metallic materials — Brinell hardness test — Part 3: Calibration of reference blocks

EN ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

EN ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys
(ESO 15614-1)

[SO 2632, ISO general purpose metric screw threads - Selected sizes for screws, bolts and nuts
IS0 9110-1, Hydraulic fluid power - Measurement techniques - Part 1: General measurement principles

IS0 9110-2, Hydraulic fluid power - Measurement techniques - Part 2: Measurement of average steady-state
pressure in a closed conduit

ISO 10771-1, Hydraulic fluid power - Fatigue pressure testing of metal pressure-containing envelopes -
Part 1: Test method

3 Terms, definitions, symbols and units

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1.1

gas-loaded accumulator

hydraulic accumulator with separator between liquid and gas where the liquid is pressurized using the
compressibility of an inert gas (for example nitrogen)

Note 1 to entry: The separator can be a bladder, a diaphragm or a piston.

Note 2 to entry: Gas-loaded accumulators have shells, which can consist of cylinders, dished ends and flat plates.
Openings are always isolated, located on the axis centre line and positioned at both ends of the accumulator. It is
assumed that such vessels are axis-symmetrical.

3.1.2

bladder accumulator

gas-loaded accumulator consisting of pressure-retaining shell, either spun-forged from seamless tube,
hammer-forged from hollow bar or of welded construction, in which the liquid and gas are separated by
a flexible bag or bladder normally retained at one end of the shell

3.1.3

diaphragm accumulator

gas-loaded accumulator consisting of pressure-retaining shell assembly, in which the construction can
either be screwed or welded, with integral ports in which the liquid and gas are separated by a flexible
membrane normally retained at its largest diameter to the shell

3.1.4

piston accumulator

gas-loaded accumulator consisting of cylinder body and end cap assemblies in which the liquid and gas
are separated by a rigid sliding piston

3.1.5

transfer type accumulator

gas-loaded accumulator with a port for connecting additional gas capacity from one or more pressure
vessels (e.g. gas bottle)
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3.1.6

pressure vessels - providing additional gas capacity

inter-connected pressure vessels consisting of body and, depending upon construction, port assemblies
used to provide additional gas capacity and communicating with the gas chamber of the accumulator
by means of a pipe connection

3.2 Symbols and units

For the purposes of this document, the following symbols and units apply.

Table 1 — Symbols, characteristics and units

Symbol Characteristics Unit
c Corrosion allowance mm 2
e Required thickness of the component mm 2
e, Analysis thickness of the component mm 2
€min Minimum possible fabrication thickness mm 2
en Nominal thickness of the component, as specified on the manufacturing detail draw- mm
ings
5o Absolqte value of the negative tolerance on the nominal thickness taken from the mm a
material standard of the component
Om Possible thinning during manufacturing process of the component mm 2
N Number of pressure cycles
Pre-charging pressure; the gas pressure in the accumulator when the hydraulic cir-
Py cuit is not under pressure (initial state) at a temperature of MPab
(20£5)°C
P Minimum working pressure of the hydraulic circuit MPab
Py Maximum working pressure of the hydraulic circuit MPab
P2 /Py Allowable pressure ratio below which the accumulator type can be used
P3 Set pressure of the safety accessory for the accumulator, if one is fitted MPab
Pmax Maximum permissible pressure MPab
PS Maximum allowable pressure MPab
Prest Test pressure MPab
ReH Minimum upper yield strength MPab
Rm Minimum tensile strength MPab
Ryt Minimum tensile strength at design temperature t °C MPab
Rpo,2 Minimum 0,2 % - proof strength MPab
Rpo,2/t Minimum 0,2 % - proof strength at design temperature t °C MPab
Rp1,0 Minimum 1,0 % - proof strength MPab
Rp1,0/t Minimum 1,0 % - proof strength at design temperature t °C MPab
TSumax Magimum (_)pel_'ating temperature of the hydraulic fluid or of the environment, oC
whichever is higher or equal
TSumin Minirpum operating temperature of the hydraulic fluid or of the environment, which- oC
ever is lower or equal
%4 Internal volume of the gas chamber litre
Vo Gas volume at pressure P litre
a  The relationships between the defined thicknesses are shown in Figure 1.
b MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).
¢ SeeEN 13445-3:2014.
Documents
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Symbol Characteristics Unit
Volumes occupied by the gas contained in the accumulator and the additional cham- |;.

Vi, V2 . . . litre
bers, if any, at pressures P1 and P; at their respective temperatures

z Weld joint coefficient —c

a  The relationships between the defined thicknesses are shown in Figure 1.
b MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).
¢ SeeEN 13445-3:2014.

The inter-relation of the various definitions of thickness is shown in Figure 1.

5|TI
62
v
c
en
e
min
ea
e
Key
c corrosion allowance
e required thickness

ey analysis thickness (e3= emin-c)

emin Mminimum possible fabrication thickness

en nominal thickness

0e  absolute value of the negative tolerance taken from the material standard of the component

6m  possible thinning during manufacturing process of the component

Figure 1 — Relationship of thickness definitions

4 Materials

4.1 Requirements for metallic materials
The pressure containing envelope of gas-loaded accumulators shall be constructed of either:

— harmonized materials used for the manufacture of unfired pressure vessels and meeting the
requirements of EN 13445-2;

— materials other than those specified in EN 13445-2 provided that they have been accepted by a
particular material appraisal;

— materials covered by European approval for materials in accordance with Article 15 of Pressure
Equipment Directive 2014/68/EU.
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4.2 Material certificates for components of the pressure containing envelope

Components used in the manufacture of the pressure containing envelope of gas-loaded accumulators
to category II, IIl and IV according to Annex II of the Pressure Equipment Directive 2014/68/EU shall
be accompanied by an inspection document in accordance with type 3.1 (see Annex III of the
Pressure Equipment Directive 2014/68/EU). Such components shall include, but not be limited to, those
determined by the application of the calculation formulae within this standard.

5 Basic design and calculation criteria

5.1 General

The requirements of Clause 5 shall apply when the materials and welds are not subject to localised
corrosion in the presence of either products which the gas-loaded accumulator is to contain, or the
environment in which it is located.

5.2 Corrosion

Where there is a risk of corrosion, a protection method and/or corrosion allowance shall be applied to
the affected surfaces of the accumulator.

Consideration must be given to the potential for corrosion due, both to the internal fluid and external
environment. This should be countered by methods including, but not limited to, choice of corrosion-
resistant materials or the use of linings or coatings.

Only completely impervious, sufficiently thick and chemically stable layers with an average life, not less
than that of the pressure vessel, shall be considered to be reliable protection against corrosion. When
in doubt, corrosion tests shall be undertaken.

If there is no contact between the corrosive agent and the vessel base material, then it is not necessary
to provide a corrosion allowance for wastage of the base material.

5.3 Qualification by similarity

Accumulators are often serially produced and it is possible to qualify a range of accumulators based
upon the design, calculation and testing of one model within the range provided that other accumulators
are similar. Two accumulators are similar provided that:

— they are made of the same material of the same form and origin;
— they are identical with the exception of length;
— the internal length of the cylindrical portion is not less than three times its external diameter.

If the length of the cylindrical portion is less than three times its external diameter, then a detailed
stress analysis shall be undertaken.

5.4 Design methods

5.4.1 General

This European Standard specifies methods for the design by formulae of accumulators or accumulator
components. Satisfactory application of such formulae alone shall be sufficient to demonstrate
conformity to this European Standard provided the accumulator will be subjected to less than 500
pressure cycles between P and P1 during its lifetime.
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Where the accumulator will be subjected to more than 500 pressure cycles between P and Pj, the
manufacturer shall make an assessment for the effects of fatigue, either by analysis or test. This
assessment shall form part of the Technical File.

Clauses 17 and 18 of EN 13445-3:2014 shall be used as the basis for a fatigue analysis and 7.6 of this
European Standard shall be used as the method for conducting a fatigue cycling test.

Figure 2 shows the design process to be adopted.

Number of pressure
cycles between
P, and P, >500

Apply equations
from 5.5t0 5.8 as
appropriate

Fatigue
analysis

y

EN 13445-3: clause 17,18

/

Fatigue
test

y

Apply equations
from 5.5t0 5.8 as
appropriate

Clause 7.6

Figure 2 — Design process

5.4.2 Basic symbols, units and description

Table 2 lists basic symbols and units. Further and modified notation is provided in the individual sections.

Table 2 — Basic symbols and units

Symbol Characteristics Units
De Outside diameter of the shell mm
Dj Inside diameter of the shell mm
e Required thickness of end to limit membrane stress in central mm
part of shell

ey Required thickness of knuckle to avoid axis-symmetric yielding |mm
f Nominal design stress at design temperature MPa a
fa Nominal design stress at test temperature MPa a
a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).

10
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Symbol Characteristics Units
fshear Nominal design shear stress at design temperature MPaa
ftest Nominal design stress for testing conditions MPa a
Dm Mean diameter of shell mm

h Internal height of dished end measured from cylindrical part mm

r Inside radius of curvature of a knuckle mm
R Inside spherical radius of central part of torispherical end mm

a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).

5.4.3 Maximum allowable values for the nominal design stress for pressure bearing parts

This sub-clause specifies maximum allowable values for the nominal design stress for pressure parts
other than bolts and physical properties of steels.

Maximum values for the nominal design stress at operating temperatures are given in Table 3.

Table 3 — Maximum allowable values of the nominal design stress for
pressure parts other than bolts

Normal Under test conditions
Austenitic steels R R
with f= p1,0/t oo P10/ tyaet
1 , 5 test 1 ) 05
30% <A<35%
Austenitic steels R R
with f —MAX Rp1,0/t “MIN Rp1,0/t . Rm/t f = MAX p1’O/ttest . m/ttest
A>35 0/ 1,5 ’ 1,2 ’ 3 test 1’05 ’ 2
(1)
R R R 0,2/t
Cast steels =MIN| 222, “mi20 __PO2Mest
f ( 1 ’9 3 ftest 1 : 33
Steels other than R,,: R R
austenitic with A|f = MIN| 221 _m/20 fo = P00t
<30 % 1.5 2,4 et 1,05
Fine grained R R
and heat treated | f = _p02/¢ fo = PO st
steels 103 1,05

5.5 Design and calculation methods common to all accumulator types

5.5.1 General

All applicable formulae shall be used in order to demonstrate conformity with this European Standard.
The maximum allowable pressure PS can be replaced by the test pressure PT when calculating for
test conditions.

5.5.2 Specific definitions

5.5.2.1
cylinder
right circular cylinder (see Figure 3)

5.5.2.2
torispherical end
dished end, made up of a spherical cap, a toroidal knuckle and a cylindrical shell, the three components

having common tangents where they meet (see Figures 4 and 5)
Documents
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5.5.2.3
Klépper-type
torispherical end for which R/De = 1,0 and r/D. = 0,1 (see Figure 5)

5.5.2.4
Korbbogen-type
torispherical end for which R/De = 0,8 and r/De = 0,154 (see Figure 5)

5.5.3 Cylindrical shells

Figure 3 — Geometry for cylindrical shells

The required wall thickness e is given by:

PS - D,
ez —
2f -z-PS (1)
or
. PS - D,
2f -z+PS (2)

For given geometry:

P = M
D (3)
NOTE The requirements of Formulae 2 and 3 are valid for e/De not greater than 0,16.

5.5.4 Dished ends under internal pressure

5.5.4.1 Hemispherical ends

Figure 4 — Hemispherical end
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The required wall thickness e of a hemispherical end (or spherical shell) shall be calculated from one of
the two following formulae:

PS - D
g= ————
4. f z-PS ()
or
__PseDe
4. f 7+PS ()

Shell thickness may be increased at junctions with other parts such as cylindrical shells or the torus
of a torispherical end. Increased thickness may also be necessary to provide reinforcement at isolated
openings. The thickness of the cylinder up to the tangent line shall be kept at or above the minimum of
the required cylinder wall thickness.

5.5.4.2 Torispherical ends

5.5.4.2.1 General

Figure 5 — Torispherical end

5.5.4.2.2 Conditions of applicability

The following requirements are limited in application to ends for which all of the following
conditions are met:

a) r<0,2Di
b) r=0,06D;
c) rz2e

d) e<0,08De

e) e320,001De

f) R<De
The required thickness e shall be the greatest of es and ey where
PS- R
e =
S 2.f.-z-0,5-PS (6)
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B-PS (0,75 "R+ 0,2-Di)
y- f 7)

e

where £ is found from the following formulae:

Y:min(e/R;0,04)

(8)
Z =log;o(1/7) ©)
X=r/D, (10)
N =1,006— !
6,2+|90-Y *
2+(90-7) (11)
For X=0,06
Bo os :N[—0,363523 +2,2124ZZ —3,293724—1.8873]
For 0,06 <X<0,1
,3:25{(0,1—x)/30,06 +(X—0,06)/30,1}
ForX=0,1
Bo1 =N(-0,1833Z° +1,03832% -1,2943Z+0,837)
For 0,1 <X<0,2
B :10{(0,2—X)ﬂ0’1 +(X—0,1)ﬂ0,2}
ForX=0,2
Bo.2 =max{0,95(0,56—1,94v—82,5Y2);0,5} (12)

The above formulae for f lead to an iterative calculation for which a computer procedure is
recommended.

5.5.4.2.3 Special conditions for Klopper-type ends

R=De¢
r=20,1 D¢
h=0,1935 De - 0,455 e,
0,001< %2 <01
D, (13)
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5.5.4.2.4 Special conditions for Korbogen-type ends
R=0,8De
r=0,154 D,
h=0,255D. - 0,635 e,
0,00132—230,1 1

5.5.5 Isolated openings and nozzles in spherical shells and spherical centre areas
of dished ends

5.5.5.1 Specific symbols and units

Table 4 lists further specific symbols and units.

Table 4 — Specific symbols and units

Symbol |Characteristics Unit
Distance taken along the average wall surface on the section where the reinforcement
a of an openir}g has to be (_:alculated, b_etween_the opening centre and the externa_l edge mm
of anozzle; if no nozzle is present, a is the distance between the centre and the inter-
nal edge of the opening
Af Stress-loaded cross-sectional area effective as compensation mm?
Afp Ar of anozzle (b=branch) mm?2
Afs At of shell wall (main body) mm?2
Atw Area of weld between nozzle and shell (only if outside the shell and nozzle shape, fillet mm?2
weld)
Ap Pressure-loaded area mm?2
Apb Ap of nozzle mm?2
Aps Ap of shell (main body) mm?
d Diameter (or maximum width) of opening, or inside diameter of nozzle mm
dep Outside diameter of nozzle mm
dip Inside diameter of nozzle mm
ep Required thickness of nozzle (or mean thickness within the length Iy, or Ipio) mm
e’p Effective thickness of nozzle useful for reinforcement mm
ebk Required thickness of knuckle to avoid plastic buckling mm
e L_ength of penetration of nozzle into shell wall for set-in nozzles with partial penetra- mm
tion
ey Required thickness of knuckle to avoid axis-symmetric yielding mm
fb f of nozzle MPaa
fbk Nominal design stress for buckling equation MPaa
fs fof shell material (main body) MPaa
Iy Length of nozzle extending outside the shell mm
'y Effective length of nozzle outside the shell, useful for reinforcement mm
Ipi Length of nozzle extending inside the shell mm
I'bi Effective length of nozzle inside the shell, useful for reinforcement mm
Ibio Maximum length of nozzle inside the shell, useful for reinforcement mm
a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).
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Symbol |Characteristics Unit
Ibo Maximum length of nozzle outside the shell useful for reinforcement mm
I's Effective length of shell, useful for opening reinforcement mm
o Ma>_(imum length of shell contributing to opening reinforcement taken on the mean mm
radius of curvature of the shell wall
Tis Inside radius of curvature of the shell at the opening centre mm
Tes Outside radius of curvature of the shell at the opening centre mm
'ms Mean radius of curvature of the shell at the opening centre mm

a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).

5.5.5.2 General

All openings shall be isolated and circular with centrelines coaxial with the axis. For spherical shells
and hemispherical or torispherical ends the following conditions shall be met.

d 05T <os

2-rg Dy (15)

Reinforcement is only permitted by increasing the wall thickness of the shell and/or a nozzle. Nozzles
may be ‘set-on’ or ‘set-in’ (see Figures 7 and 9).

5.5.5.3 Small openings
If an isolated opening has a diameter d meeting the following condition:

d<0,15/e, -(2-r, +e,) (16)

then the opening shall be considered a "small opening"” and it needs no reinforcement. No further
calculation is necessary.

5.5.5.4 Openings and nozzles used in accumulators

diy
e
Aph"\. L N
Ay i Eu t
A 13
% | =~y ¥ %"
=
n
A = = TR
{F
L

ps

Figure 7 — Reinforcement by set-on nozzle

Figure 6 — Reinforcement by wall thickness .
(and wall thickness)

Documents

16 Document Sharing Hub

Full document details: BS EN 14359:2017


http://www.avadocuments.com/doc/bs-en-14359-2017
http://www.avadocuments.com/doc/bs-en-14359-2017

ps

dp
e

Aphﬁ'\. |F :

A i | X !
MIER
ZBRNS

__|____‘_L_H_ L L
AR RS
A — o
) £ \s | .
/7
o/ ¢
A |
|

Figure 8 — Reinforcement by

forged nozzle (and wall thickness)

5.5.5.5 Calculation procedure for openings in shells

5.5.5.5.1 Purpose

BS EN 14359:2017
EN 14359:2017 (E)

Figure 9 — Reinforcement by
set-in nozzle (and wall thickness)

The design method specified in this clause is applicable for a spherical shell or the spherical part of a

torispherical end.

The following conditions shall be satisfied:

(Ag+Ay)(f, ~0.5-PS)+ Ay -(f,, ~0,5-PS) = PS (A, +Ay) (17)

Full document details: BS EN 14359:2017
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o =MINC, / £,) (18)
For spherical shells:

T 7% (19)

r.=R (20)

For dished ends and spherical shells:
I'. +a

=05 —= 2
g © 056 +r (21)

With nozzle axis perpendicular to the shell wall, the value a is given by the following formula:

a=r, -arcsin(’) (22)
where
"ms ~is 7098 (23)
S = deb
21 (24)

Moreover, for set-in nozzles:

Afs = es ’ I's (25)

for set-on nozzles:

Afs = '(eb +I’s) (26)

5.5.5.5.2 Reinforcement by increased wall thickness of the shell

The length of shell I’s, contributing to reinforcement of the opening, taken from the edge of the
opening or from the external diameter of a nozzle and along the mean surface of the shell, shall not be
greater than Ig,,.

NOTE The purpose of the formula is to define the limit of the area that is used for calculation.

Fo<l, = [(2',}5+es)'es:| (27)

5.5.5.5.3 Reinforcement by increased nozzle thickness

The reinforcement of an opening can be obtained by increasing the wall thickness of the nozzle above
the minimum thickness required in order to withstand the internal pressure (see 5.5.3). This possibility
is independent of any reinforcement provided by increasing the wall thickness of the shell. The length
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contributing to the reinforcement shall not be greater than Is, for the shell and not more than I, for the
nozzle, with:

oo < [(deb _eb)'eb] (28)

for set-in nozzles and forged nozzles (I"pi=0):

Afy = e’y (I, +1}y +e%) (29)

for set-on nozzles:

Af'lJ = e'b 'I'b (30)
where
I'y is MIN (Ipo; Ip);
['bi is MIN (Ibio; Ibi);
es is the length of penetration (full or partial) of set-in nozzle into shell wall (<es);
Apb = 0,5 dl (I'b + es).

Afs and Aps have already been defined in Table 4.
5.5.6 Thread calculation

5.5.6.1 General

The requirements of 5.5.6 shall apply when assessing the stresses in the threads of gas-loaded
accumulators for thread dimensions, see Figure 10.
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N

Le

Key
1 external thread
2 internal thread

Figure 10 — Geometry of threads

NOTE Thread geometry (60 ©) shown as typical only - other thread types are permissible.

5.5.6.2 Specific symbols and units

Table 5 lists further specific symbols and units.

Table 5 — Specific symbols and units

Symbol Characteristics Unit
Enmax Maximum pitch diameter of internal thread mm
En min Minimum pitch diameter of internal thread mm
D min Minimum major diameter of external thread mm
a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).
pocuments
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Symbol Characteristics Unit
fcomp Thread compressive stress MPaa
fsh Shear stress at calculation pressure MPaa
Kn max Maximum minor diameter of internal thread mm
Le Length of thread engagement at thread pitch diameter mm
Lp Thread pitch mm

a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).

5.5.6.3 Shearing stress and length of thread engagement
The shearing stress in threads shall be determined from the following formula:

_ D2.PS
o 2'Le 'Enmin (31)

The following shall be satisfied:

fsh < fshear (32)
where
fshear=0.8 f (33)

The minimum value of thread engagement length L, shall be determined from the following formula:

D?.PS
Le> —kfD~F———
2 : fshear : En min (34‘)

5.5.6.4 Thread compressive stress
The compressive stress in the thread shall be determined from the following formula:
D?.PS-L,
Lo (D in” = Kmas” ) (35)

ft.:omp =
The following shall be satisfied:

feomp = Rpo,2/t

And the thread engagement length L shall be minimum value from the following formula:

2
Lo D -PS-L,

2 2
Rp0,2/t ) (Ds min Kn max ) (3 6)
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5.6 Specific design criteria for piston accumulators

5.6.1 Threaded end caps

5.6.1.1 General

The requirements of 5.6.1 shall apply when assessing the stresses in piston accumulators with

threaded end caps.

5.6.1.2 Specific symbols and units

Table 6 lists further specific symbols and units.

Table 6 — Specific symbols and units

Symbols Characteristics Units
a Factor used for flaring stress calculation -
B Factor used for flaring stress calculation mm-1
Ay Cross-sectional area of accumulator body thread relief mm?2
b Seal half section diameter ( for 'O’ ring) mm
C End plate attachment factor
Dy End cap relief diameter mm
D¢ End plate connection port diameter mm
Dq Outside diameter of contact surface mm
Ds Inside diameter of contact surface mm
Dm Mean body diameter at thread relief mm
Dy Nominal pitch diameter of body thread mm
Dy Maximum inner diameter for flaring calculation mm
Dy Thread relief diameter mm
E¢ Thickness of shell at thread relief mm
F End cap clamping force N
fb Flaring stress MPaa
F. Applied force (moment per unit length on accumulator body) - N
Nmm/mm
G Seal reaction diameter mm
Go Seal groove outside diameter mm
2¢c Seal groove width mm
Ly Length for flaring calculation mm
m Seal coefficient -
Mrq Total unit radial bending moment at D, mm-N/mm
Mi4i Unit radial bending moment at D, mm-N/mm
My Total radial bending moment at D, mm-N/mm
M Unit radial bending moment at D, mm-N/mm
Mty Total tangential bending moment at D, mm-N/mm
Mtaj Unit tangential bending moment at D, mm-N/mm
M Unit tangential bending moment at D, mm-N/mm
q Contact pressure MPa
S Thickness of end plates mm
a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).
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Symbols Characteristics Units

Se Contact surface mm?

tc Total tangential bending moment at D, mm-N/mm
v Poisson’s ratio -

End plate attachment factor —

Y’ End plate attachment factor -

a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).

5.6.1.3 Dimensions for screw threads

Table 7 shows the recommended thread pitch for a range of thread sizes. This should be used in
conjunction with the following formulae.

Table 7 — Screw threads

Nominal pitch diameter of body thread (Dp) Thread pitch (Lp)
<100 mm > 1,5 mm
100 mm to 200 mm 22 mm
200 mm to 400 mm 23 mm
> 400 mm >4 mm

NOTE For thread calculation, see 5.5.6.
5.6.1.4 Thickness of flat end plates

5.6.1.4.1 Internally threaded body

L, 1

1 / TRl e ST

2

D min<Dr = Dy pin+1

Key
1 internally threaded body
2 end plate

Figure 11 — End cap geometry — internally threaded body
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The thickness of flat end plates S for an internally threaded body shall be determined from the
following equation:

$=C-Y-D /ﬁ
f (37)

The value of C = 0,5 is suitable for threaded end plates.

Yis dependent upon the value of the quotient D./D;.

Y = {%Ai ~(%)i_1 ; O< (%) <0,8

' (38)
Al = 0,999 034 2
A2 = 1,980 626 0
A3 = -9,018 554 0
A4 = 18,632 8300
A5 = -19,497 590 0
A6 = 7,612 568 0

Alternatively, a value of 1,16 may be used for Y which will provide a conservative design.

5.6.1.4.2 Externally threaded body

The requirements of 5.6.1.4.2 shall apply when assessing the stresses in threaded end caps.
S

C

/

BN
NG
% ;F?x

Dy

DC
G+2¢

Dy

Da

Key
1 externally threaded body
2 end plate

Figure 12 — End cap geometry — externally threaded body

To assess the flat end plates thickness S for an externally threaded body, the following partial and total
bending moments applied at D, and D. shall be calculated from using the load conditions in Table 8.
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Table 8 — Calculation of partial and total bending moment on the flat end plate

Load
Mra MtC
condition
Da® C, Da’ _ 1-v*
M.,=-PS——|L;-—=L M. =PS L
ral 4 ( 1 Cl 2] tcl 4.Dc 2 C]
2 Da’ = 1-V°
M, =ps22 [ Sap | M, —-ps 22 12V
4 C, 4.Dc C,
C, Da’ L 1-v*

M. .=
w=9%4De ¢ C

4 C,
Da2 C, Da® = 1-v?
M = e M, =-
ra4 =4 4 ( 7 C1 8] tcd 4.Dc 8 C]
4 4
Total My, _ZV'M rai i B zv'Mtci
i=1 =l
where
((G+20)2)
F -n.PS.
4
=MAX | O;
9 S
c
and

Sc is the contact surface between 1 and 2 (see Figure 12);

F  isthe end cap clamping force due to the tightening.

NOTE 1

contact pressure is negative. In that case, the contact pressure q is equal to 0.

NOTE 2

NOTE 3
Motosh formulae.

Where
1
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C1=E{(1+v)%+(1-v)g_j

The user is free to choose the value of F to be applied.

(39)

If this tightening force cannot ensure that the parts remain in contact under pressure, the calculated

It is advisable to determine the torque coefficient by applying the Kellerman & Klein or

(40)

(41)
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4
+
L4=i (G2
16 D,

Maximum bending and shear stresses applied at D, diameter shall be calculated as follows:

_ 6Mn

o, S2

26
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j2[1+(1+v)

[

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)
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2
MAX (F; nPS%)
t =

¢ D, S (51)

The equivalent stress (Von Mises) shall be calculated as follows:
— 2 2
T g =1 /o-a +31, (52)

Maximum bending stress applied at D diameter shall be calculated as follows:
eM

tc

O
°© s (53)

The following shall be satisfied:
MAX(o,;0,)< f (54)

5.6.1.5 Tension and flaring stress in threaded accumulator body

The tension and flaring stress in a threaded accumulator body shall be determined from the
following formulae:

_n-Diz-PS+6-Fe-oc

f =
" 44 EZ (55)
and
D?-PS:|D,, - D,|
° 8-D, (56)

where for an internally threaded body:

n-(D?-DS
Au - ( e u )
4 (57)
and
E _ De B Du
2 (58)
and
D - D,+D,
m=T 5 (59)

And for an externally threaded body:

smin < Dr < Dsmin . (60)
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1

@14 sin(p) e P sin(2 L) +oos (2 L)) (61)
and
g DD
o2 (62)
and
D - Di +Du
mT2 (63)

And for both internally and externally threaded bodies:

L [1+4-e”"” sin(B-L,) - e?*"(sin(2- B-L,)+cos(2- B -L,))J

4.5-L- (64)
NOTE For Formulae (61) and (64) only, e = Euler’s constant, approximately equal to 2.718.
And
12(1-v*)
B=4—r—
D,? E, (65)
The following shall be satisfied:
fosf
5.6.2 Tie-rod retained end caps
5.6.2.1 General
The requirements of 5.6.2 shall apply when assessing the stresses in tie-rod retained end caps.
5.6.2.2 Specific symbols and units
Table 9 lists further specific symbols and units, the geometry of which is shown in Figure 13.
Table 9 — Specific symbols and units
Symbol Characteristics Unit
dBg Minor diameter of tie-rod thread mm
dgs Shank diameter of tie-rod (if applicable) mm
/B Nominal design stress for tie-rod MPa a
np Number of tie-rods (minimum of 4)
a  MPa for calculation purposes only, otherwise the unit should be bar (1 MPa = 10 bar).
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