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Deep Sea Scientific Drilling:

e Climate and Ocean Change

* Biosphere Frontiers

e Earth Connections

e Earth in Motion (earthquakes and tsunami)
e Education and Outreach



Intro: Drill Collar connection to be tested

Drill Collars:

- Large thickness pipe
sections

- Uniform section from
end-to-end

DRILL COLLAR

Present analysi
- Connection spec.

Drill Pipes at Top of the drill string 5-1/2 FHMOD
Drill Collars at Bottom of the drill string - AlSI 4145H Mod.
Sy = 830 MPa

S, = 1030 MPa



Intro: Resonant test rigs at University of Pisa, Mechanical department

In-plane resonant fatigue test rig:
Short and heavy section
Drill Collar connections



In-plane resonant fatigue test rig
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In-plane resonant fatigue test rig

How it works
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—1\ L. Bertini, M. Beghini, C. Santus, A. Baryshnikov, Resonant test rigs for
—| fatigue full scale testing of oil drill string connections. International
Journal of Fatigue. Vol. 30 (6), pp. 978-988, 2008




In-plane resonant fatigue test rig

How it works
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L. Bertini, M. Beghini, C. Santus, A. Baryshnikov, Resonant test rigs for
fatigue full scale testing of oil drill string connections. International
Journal of Fatigue. Vol. 30 (6), pp. 978-988, 2008




In-plane resonant fatigue test rig

How it works

Bending load control 2
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In-plane resonant fatigue test rig

Resonance modeling
In-plane resonant bench

1 DOF dynamic model
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In-plane resonant fatigue test rig

Resonance modeling

Basic dynamic model, no dumping
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In-plane resonant fatigue test rig

Resonance modeling
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In-plane resonant fatigue test rig

Resonance modeling
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In-plane resonant fatigue test rig

Resonance load control 1: mass phase shift
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In-plane resonant fatigue test rig

Resonance load control 2: working frequency control (inverter) - Ok
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In-plane resonant fatigue test rig

Resonance load control with frequency during crack propagation

Working frequency shift
0 _ progressively increasing
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Strain-gage calibration

Load controlled with strain-gages — (Static) calibration recommended

Half-bridge (bending)



Strain-gage calibration

Actuator:
Static load (Load cell ELE KT :
T Ty :
Fh ____________ _'\_ﬁF : 2 2
T D - D,
510 mm i 4 D¢
Teommd8mm L] o = Fb
" [ lb=1344mm; | W
255 mm I ‘ -------------- '
—— O
D, _I. R frooefpe e = E

D, =177.8mm & &, T

Verification: /
Calibration:

E1p) = 4 S Stress to voltage ratio
o nB VB G kSG g
>10% difference Tread (T) Crpy = —

E
<5%difference Pin (P) VTP)



Monitoring during test running

Initial strain gage signal (no crack)

Control panel

— Controllo

Cont. Manuale

Cont. Automatico

Tarature banco

| Meerpasso | [ @

— Comunicazione/Acquisizion

Campionijacquisiziona(n)

Reg. campionamento(s)

240

600

=
=3

AmpiezzallPa)

Tensione{MPa)

frequenza(Hz)
Segnale estensinetrico

Estensimetro 1 (Can,B)
Estensimetro 2 (Can,C)

— Campione in pro

— Stato macchina/Contatori

tenpals)

Cicili/sec

Tensicne (picco-picco)f 2

Tensione media

Tempeo totale prova

IMumero cicli effettuati

Angelo sfasamente masse

24.3

E1:89.1 - E2:90.3

EL:3.2565, E2:3.3217

1167

24573

Hz Conferma file ‘ prova_T2.txt File...
MPa.
Conferma cartella ‘ home/accime/Dropbox/Avviamento banc Dir...

MPa

Impostazioni prova

Cestione dati | Reset contatori prova J

Fausa prova J Ferma prova J

adeg — e —

!
W

effettuato salvataggio campionamento su file: prova_T2.txt
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Monitoring during test running
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Crack initiation/ failure Maximum crack -
size before pipg,,,fg‘w sk
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Crack initiation/ failure

Alw[IN|F-

N_n N_f sigma_a, MPa
7.80E+05 | 1.09E+06 90
3.10E+05 | 4.90E+05 90
4.50E+05 | 6.40E+05 90
1.02E+06 | 1.65E+06 70

100

B D [e¢]
o o o

Stress amplitude c,, MPa

N
o

1
g0 Ol B Ut/ ol fi )
1
1
1
1
. . 1
Initiation
N ¥ ti
Yok 1" > Propagation i
1! 1|, 1 l' 1] 1
1t e !
1 ll 1 ll | : 1 1
'. I l. ! Il ! I| ' !
0f 1k i K I
I I '
Ly O:0p § | ,
N O —— N \
[— 1
| | | I/ II | / f |
1 2 3 5 6 7 10
5
Number of cycles, N x 10 21



Test results S-N plot, comparison with similar DC data
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FE analysis for prediction of the crack thread root position

Evidence of fatigue crack position
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FE analysis for prediction of the crack thread root position

7. = p - Make-Uptorque /
stop face interference

—b C. Santus, L. Bertini, M. Beghini, A. Merlo, A.
— | Baryshnikov. International Journal of Pressure
Vessels and Piping. 2009
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FE analysis for prediction of the crack thread root position

Contact loss loading sequence Load
Make-Up Tensile step
Tensile step Torque _
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FE analysis for prediction of the crack thread root position

Contact loss loading sequence

Contact stresses, MPa
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FE analysis for prediction of the crack thread root position

Goodman prediction of thread root n N f sigma_a, MPa
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FE analysis for prediction of the crack thread root position

Goodman prediction of thread root N_n N f sigma_a, MPa
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Final remarks

Conclusions

Resonant bench used for Drill Collars 5-1/2 FHMOD connection
Very similar strength as previous Drill Collar NC 50 connection
Incomplete threads need to be disengaged in FE simulation for
correct fatigue crack thread root

Future work (UniPi — JAMSTEC)

Similar Drill Collar connection (different manufacturer) with
improved strength

Several tests on Drill Pipes with the Rotating resonant test rig
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