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Intermediate Transfer Line model development
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Intermediate Transfer Line model development

Line module 1

Line module 2

Bellow

Elbow module 1

4
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Interconnections
between modules

Elbow module 2

Line module

Interconnection with bellow

Elbow module

Elbow module 3

Thermal clamp

TS support

Metal hose

Fixed support
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CaePipe model analysis - is it necessary?

Line module 1 Line module 2 Bellow Elbow module 1

Interconnections
between modules

Sliding Bellows Fixed support Sliding supports of the
support {Anchor point) other pipes, connected to

of the 2K the 2K_Retum line
o line P ———C
Elbow module 2 N\ L;L______f._-.*g—_/_._. .
- —_ : ‘E_
1=

Elbow module 3 Metal hose (2K_Retum ling)

Types of models for thermo-mechanical analysis:

* long with a large number of repetitive elements -
recommended thermo-mechanical initial analysis in
CaePipe or similar software (multi- and single-channel
transfer lines, auxiliary lines, simple valve boxes),

* devices with a complex internal structure,
equipped with vessels, without repetitive 5 o
elements (supports, expansion bellows, etc.) - &=} ' e oo e
direct analysis of the FEM 3D model is
recommended

I Shape compensation | 2K_R sliding support

I Fixed suport/Vacuum barier
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CaePipe model analysis - Is it necessary?

Interface to the Distribution

The development of the initial model in CaePipe allows the Box (Fixed support inside Interface tothe | | Vertical support
the DB) tunel sections

definition of the basic geometrical and mechanical
parameters of the transfer line:

* location and number of supports,

e location and number of expansion bellows

e values of forces and moments acting on supports
e places of stress concentration

e process pipe deformation values

* compensation bellows movements

.

Sliding Bellows Fixed support Sliding supports of the
support (Anchor point) other pipes, connected to gy e
of the 2K the 2K_Retum line o5 250MPa)
line \ L] - — - :;.a._j e I | P
— = "'—""_'ﬁ__ —_—é 22.57(MPa)
ﬁj . E’ . 0.732(MPa)

Metal hose (2K_Retum line) -
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CaePipe analysis — model development and boundary conditions

Example of load cases to be considered:

7

design condition - calculation pressure PC

corresponds with PS (set pressure); calculation

Sliding
support
of the 2K

line

Bellows

temperature TC with operating temperature T,

pressure test (PT=1.43PS),

commissioning scenario — the pressure va
for each pipe is PC=-1 [bar g], TC=295 K

lue

simulation of the process pipes misalignment -
operating conditions are the same as in design

condition;
additionally for process pipes analisys late

ral

displacement of the every fixed support were

applied (Dy = 3mm, Dz=1 mm),

03/12/2020

SN
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Fixed support
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— .'_;_#"'_i_.—‘ =
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sliding supports of the
other pipes, connected to

the 2K_Return line

— Y

————1 \

Metal hose (2K_F.etumn line)

T
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CaePipe analysis — model development and boundary conditions

What should be included in the initial calculation model:

« calculation code (EN13480), :’f;gft Bellows &iﬁ;: EESE) thd;nﬁi;‘éipiﬁnliﬁi to
* material properties, of the 2K the 2K_Retumn line
* geometry (line shape, pipes size and thicknes, position of line \ / I — S ————"
supports, bellows, etc.), RO T mmet— %—.'
* pressures and temperatures, =
* cryogen density,
* weight of the additional installation elements - isolation,
thermal clamps, etc. (by introducing weight wa =5 [kg / Metal hose (2K_Retum line)
m] for every pipe),
* expansion bellows parameters (axial, bending and lateral
spring rate,
DN PN Type [ianl;] [:3] [:;] [mif] [Nf’::lm] [Nn:;:ieg] [Nf:lm]
50 | 25 | ARN25.0050.032.1 | 32 15 2 4720 199 26 144
80 | 25 | ARN25.0080.042.1| 42 17 9250 222 5.7 227
* metal hoses parameters may be estimated in following way:
> Axial spring rate: ¢, = 1x10°> N/mm (assumed large value corresponded to a pipe, due to a braid);
» Bending spring rate for the metal hoses is assumed as 3 times higher than for a bellows with similar diameter;
» Lateral spring rate ¢, = (F;,,,,*9.81)/3 (F;,,,,, — force in kg for 3mm metal hose displacement at appropriate internal pressure).
IA'A'AAAY
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CaePipe analysis — model development and boundary conditions

Sliding Bellows Fixed support Sliding supports of the
. . . el . rt Anch int other pipes, connected to
What should be included in the initial calculation model: “WPpo (Anchor point) P

of the 2K the 2K_Fetum line
e expansion bellows supported system (L, <4DN; L, < 14DN) line L’A/jﬁﬂfﬁ
* metal hose compensation system E i3 : - 3 é
e e W

J L ‘I Metal hose (2K_Retumn line)
L4 Ly

* friction and gaps in sliding supports (can be added as " //
parameters of individual supports) /]

10 717

[ Guide at node 20 @

K

AN
N
N

E
Friction caefficient [02 ?:EL & A7
I Shear force generated in a sliding support for a 50 kg pipe: £ 5 SISy e
Stiffriess IHigid [M /o] =] @Q/L}Jf) /.-
| mm . @
Gep |2 ) N =500 N - force perpendicular to the support surface g 3 ' //’
Conneced oo | u =0.2 friction coefficient between steel and G10 g, /,[//
ok_| _cancel | F=N*W = 500*0.2= 100N 5 /

' [a]

15 25 50 80 100 150 200 300 400

Nominal diameter DN
PIP-II
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CaePipe analysis —results

Sliding Bellows Fixed support Sliding supports of the
support {Anchor point) other pipes, connected to
* Stresses - indicate the most loaded parts of the of the 2K the 2K_Retum line
i line Ee———L
line structure A I S I

!
|
(e

* Deformations - indicate the displacement of
individual process lines, movements of metal
hoses and expansion bellows

Metal hose (2ZK_Return line)

* The values of the forces in the supports make it
possible to determine the boundary conditions in
order to carry out a detailed analysis of individual

Su pports
No Parameter 2K R | 45K S | CD R | LTSS R | HTTS R | HTTS_S
1 DN [mm] 250 50 80 50 50 50 i .
2 Calculation pressure PC [bar g] 4.1 20 20 20 20 20 66.25(MPa) XA
3 Temperature [K] 38 45 10 10 80 40 | MATMPa) '
1 Fluid density p [kg/m’] 144 162 121 121 12 73 25wl
. Max. sustained stress 16.23 7120 | 3873 | 36.97 68.25 62.4 s
) o, [MPa)/(SF) (0.11) | (049 | 027 | (029 (0.47) (0.43)
¢ Max._ expansion stress 946 87.58 1346 889 160.6 933
o;[MPa]/(SF) (0.04) (0.44) 0.67) (0.44) (0.81) (0.47)
7 Max. 0s = (01+05) [MPa)/(SF) 2348 119.1 1463 101.6 1753 113.21
007 | 035 | 04| ©3) (0.51) (0.33)
Max. movement of a flex. element
8 325 325 325 325 318 318
[mm]
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3D model development Tocaoade] | | Tmemediten Beow | | Elbowmodue 1

Based on the results obtained with CaePipe, a 3D
model should be made:

Elbow module 2

e design fixed and sliding supports, Elbow module 3
e finally select the expansion bellows and metal
hoses

e divide the transferline into modules

Interconnections
between modules

Sliding supports

: Thermal clamp
TS support

PIP-II
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Thermal analysis of fixed support - boundary conditions

: Steady-State Thermal
For thermal analysis, the boundary conditions g@%‘f ;'*_i‘lgtiﬁ;;fma'

. Temperature 2K: -271, °C

specified for the fixed support should include Tompetun ik 211 %
Temperature_CDR: -263, °C
Temperature_HTTS_S: -233, °C
Temperature_ HTTS_R: -193, °C

* temperature of individual process pipes, Convection: 22, 26 2, 5008 eimimr

e convection coefficient on the vacuum jacket, '

e thermal conductivity coefficient for the
materials of the supports.

=
(=]

Thermal Conductivity

5 SR BEGR

Convection coefficient can be taken as:
e 2W/m?2K - for horizontal surfaces,

e 5W/m?2K - for vertical surfaces

* (for example above 3W/m?K was

° o assumed)

Temperature [K]

Thermal Conductivity [W m~™-1 K™~-1]

L R T - - I N s B =)

PIP-II
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Thermal Conductivity [W m™-1 K~-1]

Thermal analysis of sliding supports - boundary conditions

For thermal analysis, the boundary conditions
specified for the sliding support should include:

* temperature of individual process pipes,

* temperature of thermal shield

* heat flows by radiation to surfaces not covered with
MLI,

* thermal conductivity coefficient for the materials of
the supports.

* in a conservative approach, the contact resistance
coefficient can be omitted (the obtained heat flux
will be higher than the real ones)

Thermal Conductivity

0,8

0,7
Thermal Conductivity g

0.6 250

0.5
200

0.4

150
0.3

Thermal conductivity of G10

0,2

Thermal Conductivity [W m~™-1 K~-1]

Thermal conductivity of Aluminium

0.1

o] 50 100 150 200 250 300
Temperature [K]

Q 50 100 150 200 250 300

Temperature [K] ‘ U U U U \
PIP-li
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Thermal analysis of sliding supports - results

The result of the thermal analysis of the fixed support: ol
* heat flux to the process pipes it

. 4
* temperature value at the coldest point of the aigw

vacuum vessel should not be below the dew point

e Steada¥-state Thermal
emperdture
T mperature

096:02-13 14:26

The result of the thermal analysis of the sliding
support shows mainly the heat flux to the process
pipes

Total Heat Flux

Type: Total Heat Flux

Unit: Wiém?®

Time: 1 m
8196,4 Max . 15,109 J13.495 2

72857

6375

5464,3

45535

36428

27321

18214

910,71

6,7398e-11 Min

In order to verify the analyzes, the
vector of the heat flux density should be
checked
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Mechanical analysis of fixed support - bounc

For mechanical analysis, the boundary conditions specified for the
fixed support should considered the most critical results of the
CaePipe analysis.

Forces and moments components acting on the most loaded fixed
support

ary conditions

Part of connection

muff

Part of the outer
jacket (1 m)

Part of process
pipes

End of pipes
modeled as guide

Line FX FY FZ MX MY MZ

[IN] [IN] [IN] [Nm] [Nm] [Nm]
FEM LC2, FEM LC3- normal operating conditions

2K R| -27643 0 -1555 0 -1423 0
45K R| -3674 0 -552 0 -592 0
CD R| -12603 0 -1958 0 -2782 0
LTTS R| -3648 0 -470 0 -582 0
HTTS S| -3638 0 -519 0 -578 0
HITS R| -4179 0 -1230 0 -1128 0

15 03/12/2020

oLl i

Fixed Slyaéaort
Force: 27687 N
Moment: 1,423e+006 N-mm
Force 2; 12
Moment 2: 2,782e+006 N-mm
Force 3: 37109 N

Moment 3: 5,92e+005 N-mm
Standard Earth Gravity: 9806,6
Force 4: 3678,2 N
Moment 4: 5,83e+005 N-mm

i{algpr al C{mgratig_conditions,bez termiki

Pawel Duda | PIP-II Technical Workshop
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Nv ent’s

Mechanical analysis of T

- 102,11 Max
fixed support - results
13032
e the value of max. stress (102.11 MPa) should be lower than the i?&%ﬁen Min

allowable (f,+f,=341.8 MPa),

* the deformation should be below the permissible value for the
given load case

* in the case of compression elements, backing analysis should
be considered

?: Lllﬂl\?gg r?tl S1:17’:)e(§rs?|g_cond|t|ons

r{:;e: %uwa ent (von-Mises) Stress
fnit. a

896 d3-17 11:04

5827-}21 Max ?:tNlo n}alfogerat'?_conditions
SEe SRt ation
§35:63-17 11:04

HRIWBUIO

NBIG000
BNO RO
=S CONIHOW
—COGWD  ~lun

o
=
-]
w
(2]
futy
-]
=
=

2,2116 Max
1,9691

,7266

4841

2415

,9990

7565

5139

2714

OO
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Mechanical analysis of fixed sliding support - boundary conditions

In the case of a thermal shield support, the friction force

should be taken into account  F=N*u = 4400*0.2= 800N
For mechanical analysis, the boundary conditions specified for the

C: 1555
supports should considered the most critical results of the CaePipe
analysis. A

B Force 2380, 4

A: PP 5SS
Static Structural
Time: 1, 5

. Fixed Support

. Bolt Pretension: 400, M
. Bolt Pretension 2: 400, I
. Bolt Pretension 3: 400, I
. Bolt Pretension 4: 400, N
. Bolt Pretension 5: 400, N
. Bolt Pretension 6; 400, I
[ Force: 28083 M

. Fixed Support 2

B Force 2: 2806,9 N

B: Static Structural
Static Structural
Time: 1, =

. Fixzed Support
. Bolt Pretension; 200, M

. Balt Pretension 2: 200, N
. Balt Pretension 3: 200, N
. Balt Pretension 4: 200, N
[ Force: 15909 N
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Mechanical analysis of

Equivalent Stress
Type: Equivalent fwon-hdises) Stress

sliding support - results

* the value of max. stress (68.6 MPa) should be lower than the 5
allowable (for G10 f=R /3 = 86.6MPa) [www.matweb.com], 7

* elements made of different materials should be analyzed on a ;:_f]ﬁgumn
separate stress scale due to different values of allowable
stresses

Equivalent Stress 4
Type: Equivalent {van-Mises) Stress
Unit: MPa
Time: 1

68,552 Max

B: Static Structural

Equivalent Stress

Type: Equivalent fvon-Mises) Stress
Unit: MPa

Tirne: 1

[1, IS TR

,7338e-5 Min 54,09 Max
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Mechanical analysis of vacuum vessel — CaePipe model

Advantages of performing a mechanical analysis of the
vacuum vessel in CaePipe:

* indicates the values of stresses and displacements

* determine the values of forces and moments acting
on external supports

e determining the number and position of the
expansion bellows

Bayonet sections Turnaround section

Distribution Box Sliding support Fixed support

Bellow

PIP-II
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Mechanical analysis of external supports - boundary conditions

For mechanical analysis, the boundary conditions specified for the external fixed
and sliding supports should considered the most critical results of the CaePipe

analysis.
Table 9.5 Force and moment components acting on the fixed support
Node Fx Fy Fz Mx My Mz
[IN] [N] [N] [Nimn] [Nin] [Nm]
LC1 - normal operating conditions
4000 2544 10957 -2812 -16736 134 4718
LC2, LC3 - failure operating conditions
4000 -15314 -6044 -2234 8002 704 -2048

Table 9.6 Force components acting on the sliding support

Node Fx Fy Fz
[IN] [IN] [N]
L.C1 — normal operating conditions
1100 -385 -1592 -1079
LC2 — failure operating conditions
1100 5444 -26871 4356
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Mechanical analysis of external supports - results

AK: LC1
Equivalent Stress -
\I}pe: Equivalent (von-Mises) Stress
Init: Pa

Time: 1
2016-11-19 15:09

e the value of max. stress (144.5 MPa) should be lower than the 184588 M
allowable (fh = 153.3 MPa), et

* the deformation should be below the permissible value for the ‘Zfé?{%%
given load case 4639 Min

* in the case of compression elements, backing analysis should
be considered AK: LCL

Total Deformation
Type: Total Deformation

3 ) nit: mm

?qﬁ:;irga%‘srl:g;ng support Node 950 Normal Time: 1

Type E-auwvalem (von-Mises) Stress 2016-11-19 15:11

Unit l\? a

Time:

2016-10-28 16:31 8',38?}; Max
13,664 Max 0,7048
12,145 0,60412
10,627 0,50343
3105 040274
6.0727 0,30206
45545 0,20137
3,0363 0,10069
15182 0'Min
1,8365e-6 Min

PIP-II
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Summary

Caepipe software works well for pre-analysis of long-length models with a large number of repetitive
elements.

Changes of initial calculation model is not very time consuming.
Simple analysis and modification of the compensation system.
Obtaining preliminary results allows for faster and more efficient design of the 3D model.

The obtained results of loads can be used in a detailed mechanical analysis of 3D models.

PIP-II
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Thank you for your attention

PIP-II
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