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e 85-year old company, spun off from Amerada Petroleum Corp.

Privately held Tulsa firm

Worldwide leader in downhole data acquisition

Design and manufacture HTHP gauges and surface readout tools

Measure, record and deliver downhole oil well data

Extremelyreliable and accurate, with high resolutions



TULSA, OK

HOUSTON, TX v
NEW IBERIA, LA

CIUDAD OJEDA, VENEZUELA
VILLAHERMOSA, MEXICO
SINGAPORE

BENING, CHINA

MUMBAI, INDIA

DUBAI, UAE

ABERDEEN, SCOTLAND




UNMATCHED RANGE O
1001 1100 i
MECHANICAL & MEMORY GAUGE DATA SOLUTI

e B!
PERMAN ENT DOWN HOLE GAUGE SYSTEMS

2 4

i
. o

ESP SENSOR SOLUTIONS

—
PCP SENSOR SOLUTIONS

o alniEe L = =
ESP & PCP SENSOR SOLUTIONS

OPTIMOTIEG

QUARTZ TUBING INSTALLED ELECTRONL GAULE

INTEGRAQMR

QUARTZ MEMORY RECORDER

ENDUROPMR

PIEZORESISTIVE MEMORY RECORDER

._f'- TIDITMNM !SRO
AM EE A D;" RPG

RECORDING PRESSURE CAUGE




g T [T i m\ {5
3 -I\:f.'u.l: f } : I:\' y
/ \/ \
Bellows High Temperature Hermetically Sealed
Electronics Board Feedthrough Pin for
Electrical Connection/Cable

Quartz Pressure Sensor

-..é-(-)_'_'lﬁﬁgﬁ?ﬁkif‘iké’fé_?-?__'-?—f;—f_-_'__:_'-_‘--‘—_‘_‘_-_ =

October7-2010



a1 i AT TIN

e (ESEESE

-. GouthamRKJrrkera: e
October7-2010 S



B

du

pa== ;

~ Pressure Tran T

Electrical
Connectivity to

PCB Board
Electrode

GOUthamRKlnkera :.______;.__T%.: : — N

October7-2010



Final
Sensor
Assembly

Hollow Resonatorwith Resonatorwith
Endcap noelectrodes electrodes __—

T —

October7-2010



Quartz Sensor

Electrode Access Gold Tab Electrode
Chamfer To Chamfer Area

Gold electrode

T —

October 7 -2010 ————— SGRC



4 Endcap

— Glass frit
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Requirements:

* Pressurerange: 20,000psi

» Temperature range: 200°C/392F

* Overallaccuracy <0.02% Full Scale
* Drift: <0.02% Full Scale

* Resolution: 0.01psi
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Figure. 5t overtone of a quartz piezoelectric thickness shear resonator
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Figure. Normalized displacement indicating that the energy
is contained within the resonator —




 Fracturing

*Quartz has a tensile strength of 20,000 psi? as opposed to a compressive strength of

319,000psia. Hence the sensors are designed to apply only compressive stress as
opposed to tensile stress.

*Buckling
*For the dimensions used in this study, buckling is not of primary concern.

*Twinning
*Twinning is the primary mode of failure. Excessive thermal or mechanical stress causes
twinning. Twinning causes a reversal (rotation of 180° around the optical axis, Z-axis) of the
electrical axis (x-axis) and changes the physical properties of the quartz thus rendering the

sensor useless for this application. Twin limits for sensors for a few angle of cuts have
been shown by EerNisse et al2 and Anderson et al°.

a E.P.EerNisse, R.W.Ward, Quartz Resonator Sensors in Extreme Environments, Forty-Fifth Annual Symposium on Frequency
Control, pg 254 — 260.

bT.L.Anderson, R.E.Newnham and L.E.Cross, Coercive Stress for Ferrobielastic Twinning in Quartz, 31t Annual Symposium on
eqguency Control, 1977, pg 171-177.
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AF= Amplification Factor / Transfer Function
7,= Re sonator Stress (psi)

T.in = COercive Stress for twinning (psi)

P, .= External Hydrostatic Pressure (psi)

ext—

Tl’
AF = y Tp < T

ext

7, = AF*P

ext

‘;i?

—=K*r,

K = Stress Frequency Coefficient ( }/psi) =1.9*10"" Af

Af =Change in frequency (Hz)
f = Base frequency (7.21MHz)
S = Sensitivity(Hz / psi)
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Gibbsfree eunergydensity (psi) is negative throughout the resonator. This means all the

locations of the resonator will twin. Locations under the endcap have a magnitude which is
14 times smaller (harder to twin) than the central section of the resonator (easier to twin).
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Figure. 2D quarter section model
of the sensor. Note that the
actual sensor does not have

sharp corners as shown in this
figure.
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7, = AF*P

ext

The goal is to reduce AF and provide leeway for
an increase in P, in order to keep t, the same
and less than t,;.

Reduction in AF can be achieved by varying the
following

(a) Thickness of the resonator (h)

(b) Thickness of the top wall of the endcap (t)
(c) Thickness of the side walls of the endcap (w)
(d) Length of the endcap (L)
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GRC'’s resonators are bi-convex energy trapped resonators and
operate at 7.21MHz and at 5" overtone. The oscillation circuits
that drive the crystal are designed for this frequency and |
overtone. Hence the choice was made not to vary the thickness |
of the resonator at this time. Nevertheless, a thick resonator
would offer the maximum resistance for the endcaps to displace
and flex under the influence of external hydrostatic pressure.
Therefore a thick resonator should aid in increasing the pressure
range of the quartz pressure sensor.

thickness shear resonator
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Figure. Commercially available GRC's quartz gauge with a diameter of linch and ____ i ) N
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Figure. Normalized displacement indicating
that the energy is contained within the
resonator
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h=1.178mm / 0.0464in
W=2.527mm/ 0.1in
L=7.62mm / 0.3in

t = vary
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Figure. Variation of sensitivity and maximum pressure range
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L=7.62mm / 0.3in
t=6.209mm/0.24in
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Figure. Variation of sensitivity and maximum pressure range
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Quartz Sensor

Two designs are compared based onthe results
simulated in COMSOL. Design 1 has a sensitivity
of 2.5Hz/psiand Design 2 a sensitivity of
1.45Hz/psi. Notice that the AF has significantly
reduced as expected allowing for a increased
pressure and temperature response.




Conclusions

« a large top wall thickness 't', large side wall width 'w' and a short endcap
length 'L' aids in increasing the pressure range.

* The maximum pressure range achievable in an AT cut pressure sensor is
limited by twinning. By appropriately choosing the dimensions, a quartz
pressure sensor capable of withstanding 200°C and 20,000psi has been
designed and commercially available to GRC’s customers.
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» Partial funding for the some of the research reported in this presentationwas made
possible by OARS (Oklahoma Applied Research Support), projectnumber AR101-036,
from the Oklahoma Center for the Advancementof Science and Technology (OCAST).
This projectis in collaborationwith Prof. Raman Singh of OSU.
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