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Reductie ‘green house gasses’
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Elke flens lekt!!
» Een flens is technisch dicht als de diffusie voldoet aan de vereiste lekkage klasse.

diterrey B 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

Pa kking '
compressie profiel

Lekkage curve SWG (graphite filler)
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Veelheid van invloedsfactoren m.b.t. (diffuse) lekverliezen flensverbindingen
Flange/Piping Material Flange Tightening QA/QC || Execution || Operational
Design Qualities Procedure Method Process Quality Conditions

Boutkracht is eveneens bepaald door veelheid van invioedsfactoren

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

EEEEEEEEEEEE

Vlaanderen-Nederland

Europees Fonds v

Electric torquing (Multi)
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Test skid: type flenzen & aanhaalmomenten

Viertal flenzen Test aanhaalmoment Boutkracht: u(t) =0,12 & y(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] s ’ B v Ty S T
ol by | > : \ ﬂ 5
UL\ /I[l ’ 4

= -

{ Elange | i Flange —— g‘f:

10" 600%# | — ‘ 1|6” 6‘00# i ( /

== 6%2# \gf

diterreg H wanY

Vlaanderen-Nederland j?]]
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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
> 280
N 3 |58 ‘ 260
4 22 ‘ 240
5 [:36
[DG] 6" - 600# 6 |48 220
i 200
. 8 5180
' 160
£ 140
3120
Test id F6-HY-T39 '
| Torqueing / Tensioning Torqueing ‘ Averagg[kN] 100
Tool(s) 1 | 35 | 80
Equip. manufacturer | Hytorc Scatter [kN]
Equip. technology Hydraulic 44 60 56 58 54 56
Equip. type | st2slw4l ‘ 42 42 45 8 46 44
Final torque | 600 [Nm] 40 38 34 36 28 30
| Current torque | 30% =180 [Nm] 20 22 26 22 20
| Total steps | 96 20 14 14 . 6
| Current step 12 0 .
Currentbolt(s) 12 9 10 11 12
Saulet type | SVt Bolt number
Bolt diamter |1
Bolt condition | New
| Lubricant | P37

uuuuuuuuuuu

Vlaanderen Nederland

ropees Fonds voor Reglonale
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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

EEEEEEEEEEE

Vlaanderen-Nederland

Europees Fonds voor Reglonal
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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

Vlaanderen-Nederland

Europees Fonds voor Reglonale
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BEPERKING LEKVERLIEZEN FLENSVERBINDINGEN DIJKGRAAF

SUPPORT

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

terreg H

Vlaanderen Nederland

ropees Fonds voor Reglonale O
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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
terreg H

Vlaanderen Nederland

ropees Fonds voor Reglonale O

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

Copyright Dijkgraaf Support
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Samenvatting testresultaten
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|
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60 »ﬂﬁ 80 80 44 6 7 3) 100 60 55 6 7
r (4x) 50% 50% r (2x)  (4x) 50% 50%

e

olt load

scatter
[ []]]
[ []]]

28% 28%

34% -
| 40% 38%

-B

43% | 43%

0%

4" 600# 6" 600# 10” 600# 16" 600#

> 48

interreg W | ¥

EEEEEEEEEEE

Vlaanderen-Nederland Hand torquing Electric torquing HydraulicTorquing HydraulicTensioning

Europees Fonds voor Reck Copyright Dijkgraaf Support
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Hydraulic Torqueing versus Hydralic Tensioning
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Grootste afwijking bij Hydraulic Tensioning 16” flange

Boltforce [kN] 500
1 | -
2 |20 450
3
4 20 400 =
5 I
6 15 350 335
7 I -
8 |25 =
o NN
10 | 30 s 215
1 [ 220
: 12 (25
Test id ' F16-TE-T68 13 150
Torqueing / Tensioning | Tensioning
| Tensioners 10 14 | 20
| Equip. manufacturer | Hytorg 15 _ 100
| Equip. technology | Hydraulic 16 40
| Equip. type | tentec no:3 50 45 30 30 30 35 4540
Final boltforce 341 [kN] 17 15I 2020 20 [ 2020 |20, 20 15 1015 25
| Current boltforce | 125% =426 [kN] 18 15 0 i 2 1
 Total steps |7 19 1 2 3 4 5 6 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 ™
Bolt condition | New -
Bolting Sequence 16"-tensioning 440

Step (1): A-pressure on 50% bolts (odd numbers)

A M Screen-print after: Tighten nut and release (15t time)

Europees Fonds voor Reglonale Ontwikkeling
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Grootste afwijking bij Hydraulic Tensioning 16” flange

' Testid
| 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

|2
[19:47:15,13,9,7.5.3¢
| SPW/Graphite

1-1/2

: New
| None

16"-tensioning

uuuuuuuuuuu

Vlaanderen Nederland

ropees Fonds voor Regiol

Boltforce [kN] 500

SUPPORT
20 450

415
400 33
350
50 3030 4040
2020 2020 1515 2525 2525 2020 15 1515 2525
, i

7 10 11 12 413 14 15 16 17 18 19 20
Boltnumber

= N
IU.IIc>

w
o
o

O 0ONONT DA WN
N
W

[y
o
w
o

Bolt Force [kN]
N
a
o

[N
N
N
w
N
o
o

[y
w
o

[N
IS
N
()

=
o
o

[N
o
N
o

[EEN
(o]
[EEN
ImI

20

N
w

Average[kN]

221
470

Step (2): A-pressure on 50% bolts (odd numbers)
Screen-print after: Tighten nut and release (2N time)

Copyright Dijkgraaf Support
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Grootste afwijking bij Hydraulic Tensioning 16” flange

Boltforce [kN] 500

45355 60

N
o
o

[EEN
w
w
o
o o

O 0ONONT DA WN
N
W

w
IOI
Bolt Force [kN]

N
a
o

N
o
o

W
(]

Vlaanderen-Nederland

Europees Fonds voor Reglonale Ontwikkeling

20 450

40

35
10
g |
12
13
14
15 10
16

4040

17 2020 2020 1515 2525 3030 2530 2020 1515 2525
18

Test id | F16-TE-T68 _ 150
| Torqueing / Tensioning | Tensioning

Tensioners | 10 20
| Equip. manufacturer | Hytorg _ 0

Equip. technology | Hydraulic 40
| Equip. type | tentec no:3 50
| Final boltforce 341 [kN] _
| Current boltforce | 125% =426 [kN] 15 0
[RE |7 19 I 10 11 12 13 14 15 16 17 18 19 20
Current step |3 Bolt number

| Current bolt(s) 19,17,15,13,11,9,7,5 20 | 25

Gasket type | SPW/Graphite Average [kN]

Bolt diamter | 1-1/2 234 r

Bolt condition | New

Lubricant None Scatter [kN] mm Previous Step Save Step

Bolting Sequence 16"-tensioning 475

. - o
interreg - Step (3): A-pressure on 50% bolts (odd numbers)

Screen-print after: Tighten nut and release (3th time)

Copyright Dijkgraaf Support
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Grootste afwijking bij Hydraulic Tensioning 16" flange
 Boltforce [kN] 500
; 305 - & 460 e 455 455 455 -
| 430
3 |255 415
4| Ao 375
5 |[305 355
r 350 330
’ - 305 305 310
; 260 2300 290
_ = 270 270
9 270 o - 2450255 255 260 255
o I
' = 200
14 | 210 2200 180 185 185
| 12 [
Test id F16-TE-T68 ' 13 ' 200 150
Torqueing / Tensioning | Tensioning T 115
= | 1+
 Tensioners 10 :
 Equip. manufacturer | Hytorq 15 1220 i
| Equip. technology | Hydraulic ’ 16 —
Equip. type | tentec no:3 =3 50 40
' Final boltforce | 341[kN] 117 | 185 20 20 15 25 = 2 20 15 25
Currentboltforce | 100%= 341 [kN] 18 _ 0
L7 M 19 290 1 2 3 4 5 6 7 8 9 10 11 12 13 ¥ 15 16 I 18 19 2
' Current bolt(s) 120,18,16,14,12,10,8, 20 1_ R
| Gasket type | SPW/Graphite Average [kN]
| Boltdiamter [1-1/2 ' 250 S
| Bolt condition | New o
Bolting Sequence | 16™-tensioning 240

Step (4): B-pressure on 50% bolts (even numbers)

EEEEEEEEEEE

Vlaanderen-Nederland

Europees Fonds voor Reglonale Ontwikkeling

Screen-print after: Tighten nut and release (1st time)
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Grootste afwijking bij Hydraulic Tensioning 16" flange

Test id F16-TE-T68

| Torqueing / Tensioning | Tensioning

| Tensioners 10

 Equip. manufacturer | Hytorg

| Equip. technology | Hydraulic

| Equip. type | tentec no:3

| Final boltforce | 341[kN]

| Current boltforce | 100% =341 [kN]
| Total steps |7

Current step |5
| Current bolt(s) | 20,18,16,14,12,10,8,
| Gasket type | SPW/Graphite
| Boltdiamter | 1-1/2

Bolt condition | New
| Lubricant | None

Bolting Sequence | 16™tensioning

diterreg H

VIaanderen Nederland

ropees Fonds voor Regionale

_Boltforce [kN] 500

1 |280

2 I 450

3 | 205

;

5 245 35355

o I :

Z |215 - 305

. EN =

9 245 §250 2435 240 24§

il = 2190 W0

11 200 3200 995 185

i 75

12

13 (195 150

14

15 215 100

16

17 175 "

18 S 0

19 | 275 1 10¢ 94 42 43 '14. ‘15 16 A7 ‘18 19 20
Bolt number

20

' Average [kN]

259

Scatter [kN]

TR
180

Step (5): B-pressure on 50% bolts (even numbers)
Screen-print after: Tighten nut and release (2n9 time)

Copyright Dijkgraaf Support
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Grootste afwijking bij Hydraulic Tensioning 16" flange
Boltforce [kN] 500
1 285
2 | 450
3 205
4 400
5 1250 35850
6 | 5 33335 5,455
2 215 — 30300 30305
! 300
s I c: R 28975 7275
9 250 gzso 24250 24Q4@4g50
o - 22915 21215 21
11 200 2200 B 20200 " [19200 ‘s
12
Testid | F16-TE-T68 13 1 200 150
| Torqueing / Tensioning | Tensioning T
| Tensioners 10 14 _
Equip. manufacturer | Hytorq 1= 215 o
Equip. technology | Hydraulic ' 16 _
Equip. type tentec no:3 - - 50
' Final boltforce | 341[kN] |17 | 175
Currentboltforce | 100% =341 [kN] 18 5
Total steps |7 19 | 275 1 7 10 11 12 14 15 16 17 18 19 20
Current step | 6 P i Bolt number
Current bolt(s) 120,18,16,14,12,10,8, 20 _
Gasket type | SPW/Graphite Average [kN]
Bolt diamter | 1-1/2 259
Bolt condition | New b
Bolting Sequence 16"-tensioning 175

Step (6): B-pressure on 50% bolts (even numbers)

uuuuuuuuuuu

Vlaanderen-Nederland

Europees Fonds voor Reglonale Ontwikkeling

Screen-print after: Tighten nut and release (3th time)
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BEPERKING LEKVERLIEZEN FLENSVERBINDINGEN

Grootste afwijking bij Hydraulic Tensioning 16" flange

Test id
i Torqueing / Tensioning
Tensioners

Equip. manufacturer
Equip. technology
Equip. type

Final boltforce
Current boltforce
Total steps

Current step
Current bolt(s)
Gasket type

Bolt diamter

Bolt condition
Lubricant

Bolting Sequence

F16-TE-T68

| Tensioning

| 10

| Hytorg

| Hydraulic
| tentec no:3

341[kN]

| 100% = 341 [kN]
7

7

[39.47.15:43.11.9,
| SPW/Graphite

| 1-1/2

| New

| None

| 16"-tensioning

uuuuuuuuuuu

Vlaanderen-Nederland

Europees Fonds voor Reglonale Ontwikkeling

Boltforce [kN]

260

180

310

210

O 0NN A WN -

Bolt Force [kN]
N
a
o

N
o
o

10 215
11
12 | 270
13 R
14 245
15 I
16 245
17

18 | 250

19

20 185
Average [kN]

275

'Scatter [kN]

170

500

450

400

350

300 55

o

350

315 310

10¢ 11 19
Bohnumber

32325

245
215
| |20

TR

Step (7): A-pressure on 50% bolts for 2" time (odd numbers)

Screen-print after: Tighten nut and release (1st time)

210
185

NV

DIJKGRAAF

SUPPORT

18 19 20
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a) Met de handmomentsleutel is een acceptabele nauwkeurigheid te behalen tot circa 400. [Nm]

b) ‘Torquen’ door middel van accu- en hydraulisch gedreven tools hebben een acceptabele
nauwkeurigheid over de gehele range van gemeten flenzen.

c) Met multi-tooling bij zowel accu- als hydraulisch gedreven tools is het mogelijk om door
optimalisering van het aanhaalpatroon significante tijdswinst te bereiken zonder afbreuk te doen
aan de nauwkeurigheid.

d) ‘Tensioning’ geeft bij de metingen de grootste onnauwkeurigheid in vergelijk met de andere
aanhaalmethodieken.
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FIM Model

FIM = Flange Integrity Management NO LEAKAGE

EMISSION IN CONTROL
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BEHAVIOR TRAINING INSTRUCTION CERTIFICATION COMPETENCY

TESTING
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Project partijen
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