wo 2015/09400°7 A 1[I I P00 0O N R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/094007 A1

25 June 2015 (25.06.2015) WIPO I PCT

(51) International Patent Classification: (72) Inventor; and
GOIN 3/40 (2006.01) (71) Applicant (for US only): PICO, Yamid [EC/RU]; Ly-

(21) International Application Number: usinovskaya str., 29-39, Moscow, 115093 (RU).

PCT/RU2013/001132 (74) Agent: ARKHIPOVA, Vera Nikolaevna, Technology

(22) International Filing Date: 1C109n;1éa;n(yR S)cfhlumberger, ul. Pudovkina, 13, Moscow,

18 December 2013 (18.12.2013)
ore . (81) Designated States (uniess otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(71) Applicant (for GB, JP, NL only): SCHLUMBERGER DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HOLDINGS LIMITED; Craigmuir Chambers, PO Box HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
71, Road Town, Tortola (VG). KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(71) Applicant (for AL, AU, AZ, BG, CO. CZ DE, DK, GO, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
GR, HU, ID, IE, IL, IT, KR, KZ, LT, MX, MY, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
OM PL, RO, RU SI; SK TD, TM TN, TR, TT, UZ, 74 SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
only): SCHLUMBERGER TECHNOLOGY B.V. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
[NL/NL]; Parkstraat 83-89, NL-2514 JG The Hague (NL). ZW.

(71) Applicant (for CA only): SCHLUMBERGER CANADA (84) D.esignated. States (unle.ss othefﬂwise indicated, for every
LIMITED [CA/CA]; 7th Floor 525-3rd Avenue S.W., Eau kind of regional protection available): ARIPO (BW, GH,
Claire Place 1, Calgary, Alberta T2P OG 4 (CA). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 8Z, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(71) Applicant (for all designated States except AL, AU, AZ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
BG, C4, CO, CZ, DE, DK, FR, GB, GO, GR, HU, ID, IE, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
IL, IT, JP, KR, K7, LT, MX, MY, NL, NO, NZ, OM, PL, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
RO, RU, SI, SK, TD, TM, TN, TR, TT, US, UZ, Z4): PRAD TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
RESEARCH AND DEVELOPMENT LIMITED; KM, ML, MR, NE, SN, TD, TG).

Craigmuir Chambers, PO Box 71, Road Town, Tortola .
Published:
VG).
(71) Applicant (for FR only): SERVICES PETROLIERS —  with international search report (Art. 21(3))

SCHLUMBERGER [FR/FR]; 42 Rue saint Dominique,
F-75007 Paris (FR).

(54) Title: METHOD FOR DETERMINING MECHANICAL PROPERTIES OF A MATERIAL

(57) Abstract: A tool having at least one vibration sensor and at least one standoff is disposed in a contact with a material and the at
least one standoff of the tool is pushed into the material. Vibration is excited by the at least one vibration source and at least one
coupling frequency of the tool is measured by the at least one vibration sensor. Based on the determined coupling frequency determ -
ining a contact stiffness of the at least one standoff and the mechanical properties of the material are determined taking into account
mechanical properties of the at least one standoff.



WO 2015/094007 PCT/RU2013/001132

METHOD FOR DETERMINING MECHANICAL PROPERTIES OF A
MATERIAL

FIELD OF THE INVENTION

This invention relates to methods for determination of mechanical
properties of materials, namely Young modulus and Poisson ratio, and can be
used, for example, for studying a formation surrounding a borehole, a ground

floor or any surface for which material properties are to be measured.

BACKGROUND OF THE INVENTION

Many none destructive methods for determining mechanical properties of
materials are known, such as wave propagation methods and micro/nano
indentation methods (see, for example, General relationship between contact
stiffness, contact depth, and mechanical properties for indentation in linear visco
elastic solids using axisymetric indenters of arbitrary profile, Yang-Tse Chenga,
Che-Min Cheng. 2005, APPLIED PHYSICS LETTERS 87, 111914, or An
analysis of nanoindentation in linearly elastic solids. B. Poon a, D. Rittel b, G.
Ravichandran. s.1. : International Journal of Solids and Structures 45, 2008, pp.
6018-6033). The known method provides for measuring hardness based on
loading and unloading of specimens and can be accomplished only in
laboratories.

The proposed method provides for easy and fast determination of
mechanical properties of materials which requires only information on dynamic

properties of a tool being used and can be done in situ.
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SUMMARY OF THE INVENTION

The method for determining mechanical properties of a material
comprises disposing a tool having at least one vibration sensor and at least one
standoff in a contact with a material. Then the at least one standoff of the tool is
pushed into the material and vibration is excited by at least one vibration source.
At least one coupling frequency of the tool is measured by the at least one
vibration sensor and a contact stiffness of the at least one standoff is determined
based on the determined coupling frequency. The mechanical properties of the
material are determined based on the determined contact stiffness of the at least
one standoff and on dynamic properties of the at least one standoff.

The vibration source can be disposed inside or outside the tool.

The material can be a formation surrounding a borehole.

The tool can be clamped to the material.

The mechanical properties of the material and of the at least one standoff
are Poisson ratio and Young modulus of the material and of the at least one

standoff.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained by drawings where Figure 1(a) shows an
example of a tool with three standoffs, Fig.2 shows a dynamic diagram for the
tool showed in Fig.1, Fig. 3 shows two variants of possible shapes of the

standoffs.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

On Fig. 1 it is shown an example of a tool according to the proposed

invention. The tool has standoffs (contact points) 1 and holes 2 for vibration
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sensors. The vibration sensors can be geophones or accelerometers that can
measure direction of vibration. At least one vibration source also can be
disposed inside the tool. The vibration source can be a shaker type or any
vibration device capable of generate controlled vibration in a defined wave
band. All those vibration sensors and vibration sources can be located in
different positions in the tool and with different orientation. This is with the
purpose of having the possibility of excitation of different vibration modes. It is
especially important for addressing anisotropy materials and for quality control
of measurements.

Then the at least one standoff of the tool is pushed into the material and
vibration is excited by the vibration source. Vibration can be excited by any
external or internal vibration source. At least one coupling frequency (a
frequency at which the tool starts to vibrate due to the contact (coupling)) of the
tool is measured by the at least one vibration sensor disposed inside the tool.
The coupling frequencies are measured by examining a spectrum of the acquired
readings of the vibration sensors.

A clamping force and a mass and moment of inertia of the tool are known,
a shape and mechanical properties of the standoffs are also known. A
combination of dynamic equations and equations for contact can be solved to
find the unknowns - Young modulus and Poisson ratio of the material where the
tool is located (and if necessary clamped). For the case of an isotropy material,
the configuration can be freely chosen and can be used two or more standoffs for
quality control. Knowing two first coupling frequencies of a particular
configuration of the tool allows to calculate the Young modulus and Poisson
coefficient of the material where the tool is located. Even with only the first
coupling frequency registered for any configuration, it is possible to have a good
approximation of the Young modulus regarding a good initial estimation of

Poisson ratio. For the case of anisotropic material the larger the number of the



WO 2015/094007 PCT/RU2013/001132

4

frequencies, the more is the number of material properties that can be
determined.

Below it is described a procedure for obtaining the equations for the case
of using a tool with three standoffs shown on Fig.1.

Equations of motion give the relationship to calculate coupling

frequencies (Lagrange equation of the system) for the tool. We obtain:

_ ’k1+k2+k3
Qcoupl — m
_ ’k2d2+k3d2
QcoupZ - I, ( 1 )

0 __ [kpc?+kzc?+k a?
coup3 —

I3

where Qcoupi, Qeoup2, Lcoups are the coupling frequencies of the tool, k;, ks,
k; -contact stiffness of three standoffs. Based on specific design it is possible to
achieve very similar values of the contact stiffness so we can assume them
equal: k,= k,=k;. Parameters d, c and a are distances from a center of mass to the
location of the standoffs (see Fig.2); m is a mass of the tool, and I,, I3 are
moments of inertia of the tool body/package respect to an axis of rotation.
Making several measurements of the frequencies, a more robust value of the
frequencies can be obtained.

Below, based on contact theory several relationships for the contact

stiffness are derived, the main relationship is

VA
k=2Erf
YA

where k is a contact stiffness and A is a projected contact area.

E, is a reduced stiffness modulus that is defined as
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1 _(1—v)+(1—v')

E, E E

Here, v, E are Poisson ratio and Young modulus of the material to be
tested respectively. v’, E’ are Poisson ratio and Young modulus of the standoffs.

The definition of the contact area A depends on a shape of the standoff. It
is calculated using Hertz contact theory.

Bellow there are examples of calculation for two shapes of the standoffs

(Fig.3a and 3b).
Semi spherical stand off

Using Hertz contact theory, is possible to relate a clamping force of the
tool to the contact area. For a shape as indicated in the Fig.3a, an area of contact
will be

A? = z.R.h

where R is a radius of a round standoff, h is a height of penetration of the
standoff into the material. A force is related to the reduced modulus and area of
contact by

1 3
F=A-Er -3R5-h5

From this the following relationship is obtained

1
3-F-R)E

4-E,

-

Using this the relationship for the stiffness contact for the round standoff
(with v, E) pushed with a force F into a sample (with v’, E’) is obtained

1

_Z'Er(3'F'R)3
- Vi 4-E,
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The obtained value of the contact stiffness can be introduced in the

formulas of the frequencies (1):

o _ fg_z\/zkl+2k2+2k3
coup | m m
& kz-dz+k3 d?
{Qcaup, = 2 = 2
m r2 )7’1"'2
B n _ |ky-ct+k,-c?+k -a’
coup 3 m - r32 m - rzz

with

1
_Z-Er(B-F-R)§
B 4-E,

E; is found and then Young modulus and Poisson ratio of the tested

material are determined.
Conical stand offs (Spikes)

As for the previous case Hertz contact theory is used to relate a clamping
force to a contact area. For a shape as indicated in Fig.3b, the area of contact

will be

2 E_ 2
. h”.tan (2 )

T

Where 0 is an angle defining a sharpness of the standoffs, h — a depth of
penetration into the material. The force is related to the reduced modulus and

area of contact by
A-E,
2-tan (% - 0)
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From this the relationship is obtained

[=

F-tan(E—G) 2
va = 2-L§r

Using this the relationship for the stiffness contact for a conical standoff
(with v, E) pushed with a force F into a casing (with v’, E’) is obtained

2-E,(2-F-tan(5-0) 2

Vr Ex

The obtained value of the contact stiffness can be introduced in the

formulas of the frequencies (1):

a 2k, + 2k, + 2k,
coup| ;
k,-d>+k,-d’
coupz m_r22 .
k,-c’+ky,-c’+k -a’
coups m-r22

with

N =

2-E, 2-F-tan(lzr-—9)
Vi E,

K1,2,3 =

Then it is solved for E; and then Young modulus and Poisson ratio of the
tested material are determined.
The described procedure is general, for any shape or mechanical design of

the tool and any shape and material of the standoffs.
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Claims

1. A method for determining mechanical properties of a material comprising;:

- disposing a tool having at least one vibration sensor and at least one standoff in
a contact with a material,

- pushing the at least one standoff of the tool into the material,

- exciting vibration by the at least one vibration source,

- measuring at least one coupling frequency of the tool by the at least one
vibration sensor,

- determining a contact stiffness of the at least one standoff based on the
determined coupling frequency and

determining the mechanical properties of the material based on the determined
contact stiffness of the at least one standoff and on mechanical properties of the
at least one standoff.

2. The method of claiml wherein the at least one vibration source is disposed
inside the tool.

3. The method of claiml wherein the at least one vibration source is disposed
outside the tool.

4. The method of claim 1 wherein the mechanical properties of the material and
of the at least one standoff are Poisson ratio and Young modulus of the
material and of the at least one standoft.

5. The method of claim 1 wherein material is a formation surrounding a
borehole.

6. The method of claim 1 wherein the tool is clamped to the material.
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Fig.1
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Fig.3
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