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Reductie ‘green house gasses’

2100 WARMING PROJECTIONS J s
Emissions and expected warming based on pledges and current policies Tracker

70 Dec 2020 update

60 Warming projected

by 2100
50

Current policies

40 2.7 —311°C
Historical
30
2.6°C
20
10 24°C

Global greenhouse gas emissions GtCOze / year

2°C consistent
1.6 -1

-10
1:3°C€

20
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Elke flens lekt!!
» Een flens is technisch dicht als de diffusie voldoet aan de vereiste lekkage klasse.

(iterrey I Diffuse emissie te meten met bijv. gas detectie camera
Vlaanderen-Nederland ~ ® Via ‘witte rookpluimen’ wordt de diffuse emissie zichtbaar gemaakt.
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Vereiste voor ‘low emission’ flensverbinding
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Bewustzijn

Kijken met ‘andere ogen’

Een flens is een complexe ‘high technology’ verbinding!

diterreg @
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Leidingmoment & kracht
op flens

Flensverbinding

Een flensverbinding is een geintegreerd drie veren systeem

!

Inwendige product
druk op pakking

Pakkingdruk
op flens

Boutkracht op
flens

Vlaanderen-Nederland
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Functioneel werkgebied van flensverbinding

[Increased risk for flange leakage [ Increased risk for flange leakage

BOLT
i FLANGE

| GASKET |

Lower limit work area Upper limit work area
Operational Working Range

Flange Assembly P

Flange during operation Flange after assembly

Loss of bolt force due to —

relaxation and embedment LOAD
Vlaanderen-Nederland \
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ﬂ BEPERKING LEKVERLIEZEN FLENSVERBINDINGEN

Veelheid van invloedsfactoren m.b.t. (diffuse) lekverliezen flensverbindingen

Flange/Piping
Design

Material Flange

Qualities Procedure

Tightening QA/QC || Execution
Method Process Quality

Operational
Conditions

Boutkracht is eveneens bepaald door veelheid van invioedsfactoren

= Boutkracht na montage # pakkingdruk na montage
= Boutkracht na montage # boutkracht tijdens bedrijf

diterreg @
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Test: flens aanhaalmethoden / gereedschappen
Interreg testen beperkt zich tot het bepalen van de nauwkeurigheid van de volgende gereedschappen

Hand torquing (single)

Electric torquing (single) || HydraulicTorquing (single) Hydraulic Tensioning

HILCITICYy -

Vlaanderen-Nederland

Europees Fonds vox

Electric torquing (Multi)
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BEPERKING LEKVERLIEZEN FLENSVERBINDINGEN DIJKGRAAF

SUPPORT

’ Workshop ‘nauwkeurigheid van flens aanhaalmethoden op basis van gemeten boutkrachten’ w\/

Test skid: type flenzen & aanhaalmomenten

Viertal flenzen Test aanhaalmoment Boutkracht: u(t) =0,12 & u(n) = 0,14

4" 600# (studbolts 8 x 7/8") M(torque)= 400. [Nm] F(bolt) = 102,13 [kN]

6” 600# (studbolts 12 x 1” ) M(torque)= 600. [Nm] F(bolt) = 134,70 [kN]

10” 600# (studbolts 16 x 1.1/4")  M(torque)= 1200. [Nm] F(bolt) = 220,20 [kN]
16” 600# (studbolts 20 x 1.1/2")  M(torque)= 2200. [Nm] F(bolt) = 341,35 [kN]
Gemiddelde range M(torque) in industrie - e T == '

4" 600# M(torque)= 330.- 460. [Nm] ’ | = = @

6” 600# M(torque)= 530.- 690. [Nm] == ¥ | -
10” 600# M(torque)= 1100. - 1420. [Nm] | - _,1._, s e (| S ]
16” 600# M(torque)= 2000. - 2320. [Nm] R : I V [F—se

o _Ih]] | "JT , \ ﬂ >
UL\ /I[l ’ 4
= B ER
J0”609# | — 1F”6P0# — :
== 6%2# \gf
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Druksensoren fixatie systeem

Ringsegmenten voor positionering B
onderlegrlngen druksensors = 3

) <
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]
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rrrrrrrrrrrrrr Foam voor p05|t|oner|ng druksensors
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Wrijving: ‘complexe’ variabele m.b.t. boutkracht

Molykote grafieken voor P37: bijM = 160. [Nm] Interreg testresultaten
Ongesmeerd Geolied Gesmeerd P37

U =0,20 U =0,15 u = 0,10
Fiooun= 29,4 [kN]  Froouy= 57,9 [kN]  Fipouy= 104,0 [kN]

~ | Wrijvingsverschil (gesmeerd - ongesmeerd):
.'L =) + 15% hogere boutkracht door smering P37

Lubrication Reduces Friction

1"
10

Residual Bolt Load (tons) b
(-]

0 20 40 60 80 100 120
Torque (ft.lbs) »
(Applied load)

I Lubricated with Moly grease (p = 0.1)
B Light oil (p = 0.15)
Dry unlubricated (u = 0.2)

iiterreg © Praktijk invloedsfactoren:
Vlaanderen-Nederland o.a. ruwheid / draadtoleranties / vervuiling / onderlegringen / coating

Europees Fonds voor Regionale Ontwikkeing Copyright Dijkgraaf Support
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-
] Boltforce kN
Effect type pakking: KAM - SPW oree (K]
280
I 2 156
) 3 162 260
(el =, 4 164 240
- ‘ 5 156 220
6 162
= | 7 [152 20
\ 5 8 [158 =180 170
& 0y = 168
= 9 158 ‘9160 154 154 154 156 162 162 158 BB8 106 456 1 152 52 158 158 160 158 158 158 154 154
10 168 g
11 158 g
12 8120
Test id F6-HY-T45
Torqueing / Tensioning | Torqueing Average [kN] 100
Tool(s) 1 158 80
Equip. manufacturer | Hytorc Scatter [kN]
Equip. technology Hydraulic 16 60
Equip. type st2 slwd1
Final torque 600 [Nm] 40
Current torque 100% = 600 [Nm]
Total steps 96 20
Current step 60 0
Current bolt(s) 12 10
Gasket type Kamprofiel Bolt number
Boltdiamter 1
Bolt condition New
Lubricant P37
. Boltforce [kN] 300
154
280
2 146
\ 3 156 260
/sl ) 4 138 240
i ‘ 5 142 550
} i i 6 140
. : 7 136 200
8 134 2180
=i = 9 148 iy 154 154 154 156
10 156 glGO 146 146 136 138 142 142 140 140 135 136 S 148 150 148 148
11 150 i 12 e
12 [ 8120
Test id F6-HY-T39
Torqueing / Tensioning | Torqueing Average [kN] 100
Tool(s) 1 146 80
Equip. manufacturer  Hytorc Scatter [kN]
Equip. technology Hydraulic 22 60
Equip. type st2slwd1
Final torque 600 [Nm] 40
Current torque 100% = 600 [Nm]
Total steps 9% 20
T " Current step 60 0
‘ P V. f‘ TPV | Current bolt(s) 12 11
I . Gasket type SPW/Graphite
[ ] | t e ' eb Bokt dhantae Bolt number

Vlaanderen-Nederland Spira | Wound Gasket &ewe

Europees Fonds voor Regionale Ontwikkeling
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http://www.google.nl/imgres?q=kamprofiel+pakking&start=241&hl=nl&safe=active&biw=1536&bih=803&gbv=2&tbm=isch&tbnid=I_4GJvln094OYM:&imgrefurl=http://kukil.koreasme.com/gasket/metallic/serrated.html&docid=TilUxA0xC34doM&imgurl=http://kukil.koreasme.com/gasket/metallic/images/product_02.jpg&w=228&h=174&ei=Uc_gTsCpKenFmAWO0631BA&zoom=1&chk=sbg
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Screenshots test 6” flange — Gasket SPW - Greased P37
Bolt loads after 30% final torque cross-wise (step 12)

'Boltforce [kN] | 300
1 |28
280
2 38 |
Il . 3 58 260
4 | 22 | 240
5 |36
[DG] 6" - 600# % 148 220
7 200
- - g =
3160
£ 140
2120
| Torqueing / Tensioning | Torqueing | ==
Tool(s) 1 | 35 | 80
Equip. manufacturer | Hytorc Scatter [kN]
Equip. technology Hydraulic 44 60 56 58 54 56
Equip. type | st2slwal | ‘ 42 42 e S 46 44
Final torque | 600 [Nm] | 40 28 B 34 36 = 30
| Current torque | 30%=180[Nm] | 20 22 26 22 20
. — 'R i ‘a0 0 m N
| Currentstep 12 0 -
Current bolt(s) 12 1 2 3 4 5 6 7 8 9 10 11 12
Gasket type | SPW/Graphite ‘ Bolt number
Bolt diamter |1
Bolt condition | New
| Lubricant | P37

fi ~ :’ ral d ' YaVa |
iterreg @
Vlaanderen-Nederland

Europees Fonds voor Regionale Ontwikkeling
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Screenshots test 6” flange — Gasket SPW - Greased P37
Bolt loads after 60% final torque cross-wise (step 24)

Boltforce [kN] ‘ 300
1 42
280
2 74 ‘
Il . 3 106 | 260
4 42 ‘ 240
3 |7
[DG] 6" - 600# 6 100 220
7 |28 200
. . 8 58 ‘ 3180
9 1108 ‘ g 160
€140
3120 108
Test id F6-HY-T39 Average [kN] | 102 88 100 102
_ Torqueing / Tensioning Torqijeing ' g 100 = 90 92
Toolls) E 68 | 80 7, 8 74
| Equip. manufacturer | Hytorc Scatter [kN] 68 B
| Equip. technology Hydraulic 2 80 - ‘ 60 56 58 60
| Equip. type | st2slw4l 42 3g 42
| Final torque | 600[Nm] 40 28 28 34 39
| Current torque | 60%=360[Nm] |
Total steps 96 20 . . :
Current step 24 0
CARTER DO = 1 2 3 4 5 6 7 8 9 10 11 12
Gasket type SPW/Graphite Bolt number
| Bolt diamter |2
| Bolt condition | New
Lubricant P37

diterreg H

Vlaanderen-Nederland
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Screenshots test 6” flange — Gasket SPW - Greased P37
Bolt loads after 100% final torque cross-wise (step 36)

Boltforce [kN] 300
1 |92
- 280
2 [122
I . 3 [168 260
4 80 240
5 |124
[DG] 6" - 600# 6 152 220
7 76 a0
- . 8 110 Z 180 168 166
9 166 160 160 = 154
9 152 152 150
10 | 76 s
£ 140 134
| = 128 ., 124 124
| = 120 110
Testid F6-HY-T39 F = L =
Lo Average [kN] 100
| Torqueing / Tensioning | Torqueing i 19*‘ - 82
Tool(s) 1 80 74 76 76
Equip. manufacturer | Hytorc Scatter [kN]
Equip. technology Hydraulic 92 60
 Equip. type | st2siwal il '
| Final torque | 600[Nm] 40 30
 Current torque | 100% = 600 [Nm]
| Total steps | 96 20
| Currentstep 36 0
| Current bolt(s) 12 5 6 7 8 9 10 11 12
Gasket type | SPW/Graphite Bolt number
| Bolt diamter [
| Bolt condition | New
Lubricant P37 )

diterreg H
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Screenshots test 6” flange — Gasket SPW - Greased P37
Bolt loads after 100% final torque clock-wise 15t round (step 48)

Boltforce [kN] 300
|1 |36
‘ 280
2 146
I . 13 |146 260
|14 |128 240
5 [152
[DG] 6" - 600# RE. 220
7 128 200
N ‘ 8 136 5180
| ? 134 §160 146 146 146 LT
10 142 - 144 136 136 13, 134 142 142 140
‘11 140 = 126 128 126 126 126 128
2 2w 118
LI;S" d__ FO-HYT39 Average [kN] 100
| Torqueing / Tensioning | Torqueing ]
Tool(s) 1 139 80
Equip. manufacturer | Hytorc Scatter [kN]
Equip. technology Hydraulic 30 60
Eauip. type st2 siwd1
| Final torque | 600 [Nm] 7 40
| Current torque | 100% = 600 [Nm]
| Total steps 96 20
Current step 48 0
Current bolt(s) 12 4 5 6 7 11 12
Gasket type | SPW/Graphite Bolt number
Boltdiamter 1
| Bolt condition | New
Lubncant [ P37

iterreg @
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Screenshots test 6” flange — Gasket SPW - Greased P37
Bolt loads after 100% final torque clock-wise 2" round (step 60)

Boltforce [kN]

1 |154

2 146
3 156

4 138
5 142

1140

6
7 136
8 134

9 148

10 156

11 | 150

Average [kN]

146

Scatter [kN]

22

Test id ' F6-HY-T39

Torqueing / Tensioning | Torqueing

Tool(s) |1

Equip. manufacturer | Hytorc

Equip. technology Hydraulic

Equip. type | st2slw41

Final torque | 600[Nm] |

Current torque | 100%= 600 [Nm]

Total steps | 96

Current step | 60

Current bolt(s) 12

Gasket type | SPW/Graphite

Bolt diamter |1

Bolt condition | New

Lubricant | P37
iterreg @

Vlaanderen-Nederland
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300
280
260
240
220
200
'g 180

‘2160 15

S O 9o O O &

4 154 154 156
5 i 146 146 e g 1
§ 120
10
8
6
4
2
1 2 3 4
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Test resultaten: KAM - SPW 11125 125%? ‘
120% 120% 117%
Flang configuration & Tightening Pattern 115% .5-—3:/:-—‘ 116%
) Tighening Torque o o
Flange Bolt Diameter battern (Nm] Step 110% 106% B~ 107%[ ] 113 Aﬁs%
6" 600# | Non-coated 7/8" 30% cross 180 12 100% Reference / /‘ 103%
6" 600# | Non-coated 7/8" 60% cross 360 24 0 p(average) = 6’13 1063 (134"70 kN/bolt) <> 99%
6" 600# | Non-coated 7/8" 100% cross 600 36 ‘ <> 94%
6" 600# |Non-coated| 7/8"  |100% clock (1st)| 600 48 90% @ ss%
6" 600# |Non-coated| 7/8"  |100% clock (2nd)[ 600 60 85% /
80% 80% [
Kammprofile Gastket Test: F6-HY-T45 KAM P37 Reference p(average) = 0,131063 => 134,70 kN / bolt
Average Average Lowest Lowest Highest Highest Scatter Scatter
kN % Ref. kN % Ref. kN % Ref. kN % Ref. 70% 7%
45 33% 24 18% 58 43% 34 25% .
90 67% 66 49% 114 85% 48 36% 60%
143 106% 108 80% 166 123% 58 43% <> 56%
155 115% 144 107% 162 120% 18 13% 50% 49, 50%
158 117% 152 113% 168 125% 16 12%
43% {_p43% Spiral wound Gasket
Spiral Wound Gasket  Test: F6-HY-T39 SPW P37  Reference p(average) =0,131063 => 134,70 kN / bolt 40% : . ‘ Average bolt force [kN]
wersge | Averge | lowes | towsst | gt | Wahest | st | sater || g I R ————
35 26% 14 10% 58 43% 44 33% 26% Kammprofile Gasket
68 50% 28 21% 108 80% 80 59% 20% 1% [l Average boit force [kN]
119 88% 76 56% 168 125% 92 68% 18% [] Bolt force scatter: lower & upper limit
139 103% 126 94% 152 113% 26 19% 10% 10% Flange 6 600# (8 x 7/8"]
146 108% 134 99% 156 116% 22 16% = Final torque = 600 [Nm]
= Greasing Molykote P37
interreg 30% 60% 100% _ 100% _ 100%

Vlaanderen-Nederland Cross-wise Cross-wise Cross-wise 1% Clock-wise 2" Clock-wise

Europees Fonds voor Regionale Ontwikkeling
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Samenvatting testresultaten

Test Flange Boltforce Tools Tools | Steps| Average | Average | Scatter | Scatter | Scatter | Scatter | Scatter | Scatter
Code Reference Type Quantity Boltload | Boltload| Lower | Lower | Upper | Upper Total Total

[kN] [kN] [%] Ref. | [kN] [%] Ref. |  [kN] [%] Ref. |  [kN] [%] Ref.
F4-HT-T2 4" 600" 102,13 Hand torque Single 40 122 119% 110 108% 148 145% 38 37%
F4-EL-T7 4" 600" 102,13 Accu torque Single 40 112 110% 96 94% 128 125% 32 31%
F4-EL-T27 4" 600" 102,13 Accu torque Multi2x | 36 104 102% 90 88% 116 114% 26 25%
F4-HY-T21 | 4" 600" 102,13 Hydr. Torque Single 40 124 121% 114 112% 140 137% 26 25%
F4-HY-T52 | 4" 600" 102,13 Hydr. Torque | Multi2x | 28 122 119% 112 110% 156 153% 44 43%
F4-HY-T54 | 4" 600" 102,13 Hydr. Torque | Multidx | 22 125 122% 114 112% 136 133% 22 22%
F6-HT-T23 | 6" 600" 134,70 Hand torque Single 60 142 105% 124 92% 162 120% 38 28%
F6-EL-T34 6" 600" 134,70 Accu torque Single 60 131 97% 114 85% 152 113% 38 28%
F6-EL-T47 6" 600" 134,70 Accu torque Multi2x | 42 125 93% 116 86% 134 99% 18 13%
F6-HY-T39 | 6" 600" 134,70 Hydr. Torque Single 60 146 108% 134 99% 156 116% 22 16%
F6-HY-T56 | 6" 600" 134,70 Hydr. Torque | Multidx | 33 153 114% 120 89% 172 128% 52 39%
F10-EL-T35 | 10" 600# | 220,20 Accu torque Single 80 231 105% 190 86% 285 129% 95 43%
F10-HY-T63 | 10" 600# | 220,20 Hydr. Torque Single 80 255 116% 215 98% 275 125% 60 27%
F10-HY-T55 | 10" 600# | 220,20 Hydr. Torque | Multidx | 44 208 94% 185 84% 235 107% 50 23%
F10-TE-T66 | 10" 600# | 220,20 |Hydr. Tensioning| 50%-50% | 6 184 84% 135 61% 245 111% 110 50%
F10-TE-T66 | 10" 600# | 220,20 |Hydr. Tensioning| B(A)P(B) | 1 197 89% 170 77% 220 100% 50 23%
F16-HY-T41 | 16" 600# | 341,35 Hydr. Torque Single 100 366 107% 300 88% 435 127% 135 40%
F16-HY-T60 | 16" 600# | 341,35 Hydr. Torque | Multi2x | 60 343 100% 280 82% 395 116% 115 34%
F16--HY-T53 | 16" 600# | 341,35 Hydr. Torque | Multidx | 55 349 102% 265 78% 395 116% 130 38%
dILerr ey - F16-TE-T68 16:: 600# | 341,35 |Hydr. Tensioning 50%-50% | 6 259 76% 175 51% 350 103% 175 51%
F16-TE-T68 | 16" 600# | 341,35 |Hydr. Tensioning| B(A)P(B)| 1 275 81% 180 53% 350 103% 170 50%

Vlaanderen-Nederland
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Nauwkeurigheid handmomentsleutel T |z
Praktijk - Theorie s s|s| s|g 8|5 |8 § §

Average | Scatter | Scatter | Scatter | Scatter | Scatter | Scatter

Test Flange | Boltforce Tools Tools | Steps| Average
Code Reference Type Quantity Boltload | Boltload | Lower | Lower | Upper | Upper | Total Total
[kN] [kN] | [%]Ref.| [kN] | [%]Ref.| [kN] | [%]Ref. | [kN] | [%] Ref.

119% 110 108% 148 145% 38 37%

F4-HT-T2 4" 600" 102,13 Hand torque Single 40 122
F6-HT-T23 | 6" 600" 134,70 Hand torque Single 60 142

105% 124 92% 162 120% 38 28%

Break-loose metingen
Final torque = 200. Nm

iterreg @
Vlaanderen-Nederland
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Nauwkeurigheid hydraulic tensioning

Pra kti'ik - Theorie Test Flange | Boltforce Tools Tools | Steps| Average | Average | Scatter | Scatter | Scatter | Scatter | Scatter | Scatter
Code Reference Type Quantity Boltload | Boltload | Lower | Lower | Upper | Upper | Total Total
[kN] [kN] | [%]) Ref. | [kN] | [%]Ref.| [kN] | [%]Ref. | [kN] | [%]Ref.
F10-HY-T55 | 10" 600# 220,20 Hydr. Torque Multi 4x 44 208 94% 185 84% 235 107% 50 23%
F10-TE-T66 | 10" 600# 220,20 |Hydr. Tensioning | 50%-50% 6 184 84% 135 61% 245 111% 110 50%
F10-TE-T66 | 10" 600# 220,20 |Hydr. Tensioning | B(A) P(B) 1 197 89% 170 77% 220 100% 50 23%
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Voorbeeld: hydraulic tensioning procedure

50% bolt tensioning (half of the bolts alternately)

a. Fit the tensioning equipment and apply the A-pressure on 50% of the bolts
(equipment installed on each alternate bolt);

Allow sufficient time for the flanged connection to “settle” (at least 2 minutes);
Tighten nuts and then release the pressure;

Repeat Steps a. through c. twice (2x).

Fit the tensioning equipment to the other half of the bolts and apply the B-pressure;
Allow sufficient time for the flanged connection to “settle” (at least 2 minutes);
Tighten nuts and then release the pressure;

Repeat Steps e. through g. twice (2x).

Determine the break-loose pressure on minimum four A-bolts. The break-loose
pressure shall be within -5% en +10% of the B-pressure. Record the break-loose
pressure on the flange protocol. If the break-loose pressure is lower than the
specified value, all A-bolts shall be tensioned again at the B-pressure. The break-
loose check shall be carried out within 48 hours.
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Grootste afwijking bij Hydraulic Tensioning 16" flange

Boltforce [kN]

500
1 P
2 20 450
3 I 415 415
4 20 400 =
5 I
6 15 350 340
7 b
8 25
9

[y
o
w
o

Bolt Force [kN]
N
a1
o
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45 4540
= 15 20 15 1015 25

11 200

: 12 | 25
Testid ' F16-TE-T68 13 150
| Torqueing / Tensioning | Tensioning
| Tensioners | 10 14 | 20
| Equip. manufacturer | Hytorg 15 _ 1
| Equip. technology | Hydraulic
| Equip. type | tentec no:3 ‘ 16 |40 50 35 3030 35
Final boltforce 341 [kN] 17 151 20 zo 20l 20 zo 201 "
| Current boltforce | 125% =426 [kN] 18 15 0 l
 Total steps |7 19 [ 9 10 11 12 13 14 15 16 17 18 19 20
 Current step |1 Bolt number
Currentbolt(s) 119,17,15,13,11,9,7,5 20 |25
| Gasket type | SPW/Graphite Average [kN]
Bolt diamter | 1-1/2 176 N
| Bolt condition | New :
Bolting Sequence | 16'"-tensioning 440

~tFarrad Step (1
diterreg E P (1)
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Grootste afwijking bij Hydraulic Tensioning 16" flange
Boltforce [kN] 500
1 "
2 |20 450 440 =
4 20 400 385 =
5 I
- 305
)
1]
o N G
10 | 30 K 21
S G200
o N 12 |25
' Testid | F16-TE-T68 13 _ 150
| Torqueing / Tensioning | Tensioning
| Tensioners | 10 14 | 20
| Equip. manufacturer | Hytorg 15 _ e
| Equip. technology | Hydraulic ‘16 40
| Equip. type | tentec no:3 50 3030 4040
' Final boltforce | 341[kN] 17 2020 2020 W55 WSS 2525 zozo l15 1515 W55
 Currentboltforce | 125% =426 [kN] 18 15 0 ] (] e i [ i m i
[N 7 19 S 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20
| Current step [ 2 Bolt number
| Current bolt(s) 119,17,15,13,9,7,5,3, 20|25
| Gasket type | SPW/Graphite Average [kN]
| Boltdiamter [1-1/2 221
Bolt condition | New s
| Lubricant | None Scatter [kN] mm Previous Step Save Step
Bolting Sequence | 16'"-tensioning 470
Step (2)

maLerr cY -

Vlaanderen-Nederland

Europees Fonds voor Regionale Ontwikkeling

Copyright Dijkgraaf Support



Workshop ‘nauwkeurigheid van flens aanhaalmethoden op basis van gemeten boutkrachten’ ~/‘/\/
BEPERKING LEKVERLIEZEN FLENSVERBINDINGEN

DIJKGRAAF

SUPPORT

Grootste afwijking bij Hydraulic Tensioning 16” flange

 Test id

| Torqueing / Tensioning

| Tensioners

| Equip. manufacturer

| Equip. technology

| Equip. type

| Final boltforce

| Current boltforce

| Total steps

| Current step

| Current bolt(s)
Gasket type

| Boltdiamter
Bolt condition
Lubricant
Bolting Sequence

| F16-TE-T68

Tensioning
10

: Hytorg
| Hydraulic

tentec no:3

| 341[kN]
| 125% =426 [kN]

7

|3
| 19,17,15,13,11,9,7,5
| SPW/Graphite

1-1/2

: New
| None

16"-tensioning

iiterrey -
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Step (3)
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Grootste afwijking bij Hydraulic Tensioning 16" flange

'Boltforce [kN] 500 @

; ,305 455 R 460 A 55 455 455 . 460

@ 955 415

4 I L =

2 '_305 350

7 260 -

8 |

Test id F16-TE-T68 13 200

| Torqueing / Tensioning | Tensioning |

Tensioners | 10 14 _

 Equip. manufacturer | Hytorq _ 15 1220

| Equip. technology | Hydraulic ’ 16 —

| Equip. type | tentec no:3

' Final boltforce 341 [kN] 17 185

 Currentboltforce | 100%= 341 [kN] 18 \— 0

| Totalsteps 7 19 290 1 971 12 13 W 15 16 I 18 1B 20
Current step |4 f | Bolt number
' Currentbolt(s) 120,18,16,14,12,10,8, 20 1_

| Gasket type | SPW/Graphite Average [kN]

' Boltdiamter 1-1/2 50

| Bolt condition | New

Bolting Sequence | 16™-tensioning 240

Step (4)
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Grootste afwijking bij Hydraulic Tensioning 16" flange

'Boltforce [kN] 500
280

al
2 450
3 |205
: .
5 1245 35355
o I s
7 1215 5300
s NN - 215
9 1245 §250 2435 240 24?
o I - 21g
11200 . 3200 %0 0ss 185,
. 12
Test id F16-TE-T68 13 1 195 150
| Torqueing / Tensioning | Tensioning
Tensioners 10 11 _
 Equip. manufacturer | Hytorq. 15 (215 e
| Equip. technology | Hydraulic 16 _
| Equip. type | tentec no:3 a= 1 50
' Final boltforce | 341[kN] 17 | 175 |
| Current boltforce | 100% = 341 [kN] 18 _ 0
| Jotal steps 7 19 275 10 11 12 13 14 15 16 17 18 19 20
[Clsrtten |8 Bolt number
' Currentbolt(s) 120,18,16,14,12,10,8, 20 I
| Gasket type | SPW/Graphite Average [kN]
| Boltdiamter | 1-1/2 ‘ 259
| Bolt condition | New
Bolting Sequence | 16™tensioning. 180

nterreg H Step (5)
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g P = = - = ”
Grootste afwijking bij Hydraulic Tensioning 16" flange
‘Boltforce [kN] 500
1 285
2 | 450
3 205
4 ; 400
k=
6 350
7 " 30500 30305
f =z 300
8 £ 2597s 7275
_ 9 g 250 24250 24‘24@4?50
% — it 21215 21510
= 200
Test id | F16-TE-T68
Torqueing / Tensioning | Tensioning
| Tensioners | 10
Equip. manufacturer | Hytorq
| Equip. technology | Hydraulic
| Equip. type | tentec no:3
Final boltforce | 341[kN] |
Currentboltforce | 100%= 341 [kN] 18 _
| R |7 19 | 275 10 11 12 3 94 15 16 17 18 1 22
Current step | 6 l | Bolt number
Current bolt(s) | 20,18,16,14,12,10,8, [ 29 ‘_
| Gasket type | SPW/Graphite Average [kN]
Bolt diamter [1-1/2 | 259 s -~
| Bolt condition | New b — :
Bolting Sequence 16"-tensioning 175

Step (6)
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Grootste afwijking bij Hydraulic Tensioning 16" flange
Boltforce [kN] 500
1
2 260 ‘ 450
3
4 180 400
s 5 I 350
] 6 |310 = 32825
' ‘ 7 I - Y
. ; = 300
8 210 =
)
o NG £250 1
10 | 215 . 215 210
| ! { = 20
1 A 20 185
Test id F16-TET68 12 | 270
Torquelng/Tensmnlng Tenstonlng 13 _ 150
Tensioners 10 T
Equ manufacturer Hytoqu ) ‘ 14 | 245
Equip. technology | Hydraulic 15 _ 100
Equip. type tentec no:3 ‘ "
Final boltforce | 341[kN] e 50
Currentboltforce | 100%= 341 [kN] 17
Total steps |7 18 | 250 0
Current bolt(s) [39.47.15:43.11.9, ‘ 19 T Bo:lltonuriter e . = B N
Gasket type | SPW/Graphite 20 1185
Bolt diamter | 1-1/2 Average [kN]
Bolt condition | New 275 o
Lubricant | None
Bolting Sequence | 16"-tensioning Scat;er [kN] mm Previous Step Save step
170
Interreg H Step (7)
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FIM Model

FIM = Flange Integrity Management NO LEAKAGE

EMISSION IN CONTROL

» » . » A
FIELD FIELD [
EXECUTION INSPECTION

DESIGN FLANGE EXPERT

PROCEDURE KNOWLEDGE
PRO
\QONTRACT QAIQC PROCESS DATA
DEOF
BEHAVIOR TRAINING INSTRUCTION CERTIFICATION COMPETENCY
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Is er ‘winst’ te behalen met multi-tooling hydraulic torquing?

Praktijk demo ‘multi-tooling’ 10” flens met 4 cassettes

= Staplen?2 :'‘cross-wise’ bouten (1-5-9-13) en (3-7-11-15) op 120%
= Stap 3 en4 : ‘cross-wise’ bouten (2-6-10-14) en (4-8-12-16) op 120%
= Stap 5en 6 : ‘cross-wise’ bouten (1-5-9-13) en (3-7-11-15) op 100%
= Stap 7en 8 : ‘cross-wise’ bouten (2-6-10-14) en (4-8-12-16) op 100%
= Stap 9 en 10 : ‘cross-wise’ bouten (1-5-9-13) en (3-7-11-15) op 100%
= Stap 11 en 12: ‘cross-wise’ bouten (2-6-10-14) en (4-8-12-16) op 100%
iterreg @
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Workshop ‘nauwkeurigheid van flens aanhaalmethoden op basis van gemeten boutkrachten’
BEPERKING LEKVERLIEZEN FLENSVERBINDINGEN

Screenshots test 10” flange — Gasket SPW - Greased P37
Bolt loads after 30% final torque cross-wise (step 12)

 Boltforce [kN] 500
(1 [30
450
400
350

w
o
o

Bolt Force [kN]
N
a1
o

i 200
Test id F10-HY-T55
Torqueing / Tensioning | Torqueing 150
Tool(s) |4
Equip. manufacturer | Hytorc
_Equip. technology Hydraulic ‘ [ | 100
Equip. type st2 slw50 ‘ {
Final torque 1200 [Nm] ‘ Average [kN] |
Current torque 30% =360 [Nm] 46 30 35 30 35 30 30 25
'(f:otalsteps | 92 Scatter [kN] 15 I I 10 20 20
urrent step 4 ‘ .
Current bolt(s) 116,12,8.4 75
Gasket type Kamprofiel Bolt number
Bolt diamter | 1-1/4
Bolt condition | New
Lubricant P37 Note: Gasket type in table wrongly mentioned as ‘Kamprofiel’

Vlaanderen-Nederland
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Screenshots test 10” flange — Gasket SPW - Greased P37
Bolt loads after 60% final torgue cross-wise (step 8)
Boltforce [kN] 500
1 [35 |
2 [125 | 450
K
|4 400
E
6 350
| 7
8 Z300
9 o
10 110 £250
11 85 =
12 & 200
Test id F10-HY-T55 13 30 L
Prqueing/Tensioning | Torqueing ‘ 14 T 120 150 155 140 155 140 145 150 145
ool(s) 4 I 125 130 120
' Equip. manufacturer | Hytorc 15 |55 110115
Equip. technology Hydraulic 16 100 100 -
Equip. type | st2slw50 e | - 75 80
Final torque 1200 [Nm] 'Average [kN] | 55 55 - o 50 55
Current torque 60%=720[Nm] 90 50 Bl 35 I - 40 35 I
Total steps 92 ‘ 20 20 20
Current step ] ‘ Scatter [kN] 0 . l I - L .
Currentbolts) | 16.12.84 182 i 2 3 4 5 6 7 .8 o 40 4 1 i3 18 i5 16
Gaske.t type Kamprofiel Bolt number
Bolt diamter | 1-1/4
Bolt condition New
Lubricant 'p37 » Note: Gasket type in table wrongly mentioned as ‘Kamprofiel’
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Bcreenshots test 10” flange — Gasket SPW - Greased P37
Bolt loads after 100% final torque cross-wise (step 12)

Test id ' F10-HY-T55
Torqueing / Tensioning | Torqueing
Tool(s) |4

Equip. manufacturer | Hytorc

_Equip. technology | Hydraulic
Equip. type | st2 slw50
Final torque | 1200[Nm]
Current torque 100% = 1200 [Nm]
Total steps | 92
Current step |12

 Current bolt(s) 116,1284
Gasket type Kamprofiel

Boltdiamter 1174
Bolt condition | New
Lubricant P37

[ | B
EUROPESE UNIE

Vlaanderen-Nederland

Europees Fonds voor Regionale Ontwikkeling

'Boltforce [kN] 500
11 |95
12 210 450
13 [125
[ | 400
5 |75
16 |235 350
7 85
s I 300

19 |65
110 | 185
11 140
112 |
13 80
14 210
15 110

Bolt Force [kN]
N
(9]
o

N
o
o

16 I

‘ Average [kN]

1180

280
240 235 235 2 230 240 28 235
210 210 210
_ 180 185
150 145 140 140 &=
L 125 125 130 -
95

100 e 85 B P
161 S0 35 3B = 35
'Scatter [kN]

0
1 2 3 4 5 6 7 8 9 10 111 12 13 14 15 16

Bolt number

Note: Gasket type in table wrongly mentioned as ‘Kamprofiel’
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Screenshots test 10” flange — Gasket SPW - Greased P37
Bolt loads after 100% final torque clock-wise 1st round (step 28)
Boltforce [kN] | 500
1 195 |
2 200 ‘ 450
3 200
4 |175 400
5 190 |
6 190 350
J |.215
8 160 2300
9 205 &
10 165 £250 240240
11 | 240 = 210215 i o 215
12 175 200 195200200200200 190190190190 = 1951997200
Torqueing / Tensioning | Torqueing T ‘
Tool(s) 4 14 200 150
Equip. manufacturer | Hytorc 15 | 175 |
Equip. technology Hydraulic 16 ‘_ 100
Equip. type st2 slw50 ] 1
Final torque 1200 [Nm] Average [kN]
Currenttorque 100% = 1200 [Nm] 193 50
Total steps 92 1
Current step 28 Scatter [kN] 0
Cuament boltts) 20 80 5 6 10 11 12 13 14 15 16
Gasket type Kamprofiel Bolt number
Bolt diamter 1-1/4
Bolt condition New
Lubricant P37 ~Note: Gasket type in table wrongly mentioned as ‘Kamprofiel’
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Screenshots test 10” flange — Gasket SPW - Greased P37
Bolt loads after 100% final torque clock-wise 2" round (step 44)
‘Boltforce [kN] 500
1 210
2 220 450
3 200
14 195 400
5 195
6 230 350
L | 210
8 215 2300
9 200 =
10 200 5250 3085 235235
e 225220
11 | 235 = 21599220220 10210215 210210 210
12 210 3200 200200195195195195 2053 200200200200 195195 P .
Testi(_i o F10-I-!Y-T55 13 | 195
'{2::(2)&:|ng/Tensnonlng ‘Torquelng 14 220 150
| Equip. manufacturer | Hytorc 15 | 185
Equip. technology  Hydraulic 16 _ 100
| Equip. type | st2slw50 [
| Final torque | 1200[Nm] L Ave"age [kN]
Current torque | 100% = 1200 [Nm] 208 50
Total steps 92
[t a4 'Scatter [kN] "
Currentboltls) 16 Y 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Gaske.ttype | Kamprofiel Bolt number
Bolt diamter | 1-1/4
 Bolt condition New
Lubricant | P37

diterreg H
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Praktijk test 10" flens: hydraulic torquing met 4 cassettes
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