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FOREWORD

~ This report summarizes the work performed for the first six month
period of Phase IV of the DOE/DGE Contract Number 07-7298, I"P\r'ogr'am
for ihe Improvement of Downhole Drilling Motdr Bearings and Seals."

This reporting period saw four main areas of development for the
project:

1. Design and fabrication of a dynamometer and a mud cod]ing system

for‘the Bearing-Seal Package Test Facility;

2. Modification of the Bearing-Seal Package Test Facility based

on test results;

3. Testing of new lubricant samples from Pacer Lubricants, Inc.,

in the Terra Tek High Temperature Lubricant Tester; and

4. Testing of new‘seal types in thejTerra Tek Seal Tester.

This report will have four major sectionsi Seal Testing and
Evéluation, Bearing-Seal Package Testing and Evaluation, Lubricant
Testing and Evaluation, and Program Plans and Schedule. It will cover
progress on the contract through April 30, 1980.

The Maurer Engineering Report, "Semi-Annual Progress Report on
- Improvement of.Downho1e_Motor Bearings and Seals - Sandia Contract
No. 46-3054f by Jeff L. Barnwell, has been inc]uded as Appendix B

of this report.
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INTRODUCTION

This report deals with the work comp]eted dufing the first}six
months of the DOE/DGE‘Contfact_Number 07-7298; "Pfogram for the
Improvement:of Downhole Dri]iing Motor Bearihg; and Seals." The specific
objectives of this program are:‘

(1) Develop a lubricated Bearing-Seal PackaQe with a life of

over 200 hours;

(2) Develop an improved rotafy seal which allows bit pkessure

~drops over 1,000 psi; and | |

(3) Develop a Bearing-Seal Package to operate at 250°F circulating

bottomhole temperature.

This report presents recent test results on seals and high temperature
lubricants, and work on the Bearing-Seal Package Test Facility. An
overall program summary is givén fn Appendix C, and the major milestones

of this phase of the prbgram are shown in the following chart, Table I.



o1

TABLE I

MAJOR MILESTONES

Nov. 1, 1979 Nov. 1, 1980 Nov. 1, 1981

MILESTONES Feb 1~ May 1 Aug T Feb T Way 1 Aug 1

T 1 T T

SEAL TESTING
With:
New Candidate Seals , :
New Shaft Coatings ) A
High Temperature Lubricant | '

Optimization of best Seal-Shaft , A A
Coating Combination with High
Temperature Lubricant

FULL SCALE SEAL-BEARING TESTS
Seal-Bearing Test Stand Modifications A
Seal-Bearing Heat Up Observation Tests A
Major Project Review A
Seal-Bearing Tests A A A A A A

FULL SCALE MOTOR TESTS
Test Facility Design A
Complete Test Facility : Y
Acquire PDM Motors A

Laboratory Verification of Interfacing| = : A
Members .

Conduct Full Scale _Testé ’ : - . - AT A

FIELD TESTING :
Dynamic Full Scale Tests A : A A
Locate and Arrange for Field Site ' A
Perform Field Tests _ A A




SEAL TESTING AND EVALUATION
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SEAL TESTER

A major mddification to fhe Seal Tester was made during this
- reporting period. This modification involved the complete redesign of
the heating systemrfor the tester.

The Downhole Motor Seal Tester was ofigina]]y designed for a
maximum operating temperature of 600°F. This high temperature require-
ment resulted in a design heat capacity for the tester of 30 kilowatts.
This high heat ;apacity prevented the use of band heaters in the
original design because of the limited watt density that can be obtained
from this type of heater. As a result, the heater system incorporated
30 one-kilowatt cartfidge-heaters in the heater carrier which surrounded
the main vessel seal carrier. ‘

There is an inherent problem in using cartridge heaters in the
Seal Tester. Space is limited inside the tester vessel, and the leads
from the cartridge heaters must be bent at the junction with the heater
in order to fit. This causesfcracking of the ceramic ihsulation, which
allows the heaters to short. |

A11 of the seal tests are run at a femperaturefof 250°F. This

temperature was established after the original design of thé Seal Tester.

" Thus, the original desjgn'heat-éapacity of 30 kiiéwatts is Eo longer
required. B | | |

fo solve the problem with the cértridge heaters the heater carrier
" was removed from the main vessel seal carrier and a band heater system
was designed tq fit directly around the main vessel seal carrier.

These heaters have a watt density of 35 watts per square inch and are

13
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1.5 inches wide. There are a total of six band heaters, and the total
heét capacity is 8.2 kilowatts. Surrounding the band heaters is a'b)anket
of insulation. ’

Figure 1 shows a photograph of the main yesse] seal carrier with
the new band heater system installed. Figure 2 shows a photograph of

the insulation blanket around the band heafer system.

Figure 1

Seal Tester Band Heater System



Figure 2

Insulation Blanket
For Band Heater System

The controls for the band heatér system were also redesigned.
The old controller was a Phase Angle Fired SCR Power Controller. This type
of controller has some inherent prob]ems for the Seal Tester heater system.
A phase dng]e controller can cause RFI (Radio Frequency Interference) which
will affect all of the other instrumentation in the Seal Tester. Also,
the phase angle fired controller is complicated and difficult to trouble-
shoot. This tybe of_contfo]]er is primgri]y used in a situation where

the resistance of the heater changeé with temperature. The band

15
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heaters do not change resistance with temperature. )

A Zero Voltage Switched SCR Power Controller was ordered and
installed in the new heater system. This type of controller turns
on when the waveform is near the zero voltage point, eliminating the
RFI problem connected with the phase angle fired controlier. Also,
the zero voltage switched controller is simpler and easier to trouble-
shoot than the phase angle fired éontro]]er.

The new band heater system and SCR power controller will increase
the number of tests that can be performed in the seal tester and

wil] allow the completion of all scheduled tests in the program. The

equipment has been installed and is-functioning properly.



SEAL TEST RESULTS

Four seal tests were completed during this reporting period.

Two tests were run with GrafbiZR-Phosphor Bronze seals with Zero

Clearance Back Up System III (flexing leaves), one test was run

with GrafbiZR-Phosphor Bronze seals with Zero Clearance Back Up

Syétem I and one test was run with the generation II Canted Seal -

Buna-N.

The test results are shown in Table II and Appendix A.

GrquiZR'with Zero Clearance 111

. Two tests were run with the GrafbiZR-Phosphor Bronze seals with

Zero Clearance Back Up System III. DMT-034 tested the seals with three-

1/32" thick flexing leaves, and the test lasted 3.48 hours. The follow-

ing is a brief description of the test:

a.

, '
0 to 0.83 hours, AP-1500 psi

The test seal was leaking substantially and the dummy seal

had a very small leak. If the test were continued at the present
leak rate the test seal would fail in a Very short time. There-
fore, at 0.83 hours it was decided to increase the AP to 1750
psi to see if this had any affect on the test seal leak rate.
0.83 to 2.75 hours, AP=1750 psi

During this same time period the test seal leak rate dropped off
significantly. One possible exb]anation for this is that

the three-1/32" thick ringé wére too stiff to create a'zero.
clearance at 1500 psi. At 2.75.hours it was decided to drop the
pressure back down to 1500 psi to complete the test.

2.75 hours to 4.0 hours, AP=1500 psi )

The test was resumed and run until one'gallonkof lubricant had

leaked past the test seal.

17
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COMPLETED SEAL TESTS

Chrome Diametral
' Shaft Clearance:
. No. of Coating Shaft to
Test Ending Seal Pressure Back Up P Duration Finish Back Up
ID Date Type  Rings Rings  (psi) RPM (Hours) (rms) Rings
034 2-25-80 GrafbiZR- 3 Back Up III 1750/ 42 3.48 4-8u Flexing Leaves:
: Phosphor w/3 ea 1/32" 1500 ‘ Back Up Ring
Bronze Leaves '
R
035~ 3-28-80 Grafoil - 3 Back Up III 1500 02 32.3 4-8u  Flexing Leaves:
Brorpe. w/h ea 1/64" Back Up Ring
Leaves
036 4-03-80 Canted 2 9 C Aluminum 1500 412 -0- 8-12u 0.008
- Buna-N Bronze :
.037 ~5-20-80: GrafbiZR- 3 Back Up I - 1500 412 Aborted 4-8¢ . 0.001
Phosphor SAE 660 ‘
Bronze Bronze
TABLE II

.001
: .170

.001
: .170



[ 3]

Inspection of the seals after DMT-034 showed a loss of seal
material from the GrafbiZR seals. Figure 3 shows a photogfaph of the

Upper (Test) Seal from DMT-034, and Figure 4 shows a photograph of the

Tower (Dummy) Seal from.DMI7934t‘?T '

'Figurexg‘/

‘ DMT-034; Uppér (TeSt) §éai |
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'Figuré 4‘“ s

. - "DMT-034, Lower (Dummy) Seal

Based onmfhe experience from DMT-034, it was decided to reduce the

thickness of the flexing leaves for DMT-035. DMT-035 tested the GrafbiZR-
Phosphor Bronze seals with four-1/64" thick flexing leaves, and the test
lasted 32.3 hours, the second longest running test to date. Some of the
observations from this test are as follows:

a. There was a high torque initially, probably due to the wear-in of
the flexing leaves. After a couple of hours the torque dropped
to below 100 ft.-1b., wherekit remained during the duration of

. the test. |

b. The seal leaked very slowly (periodically) during the test,

and the test was terminated when one gallon of Tubricant had

leaked past the test seal. N -



Inspection of the sea]s after the test showed that much 1ess
'Graszz had been 10$t from the seal cav1ty 1n DMT 035 than from
previous tests w1th Grafbtl sea]s w1th Zero C]earance Back Up
System I. " : » vv 7 f' |
Inspection of the sea] sleeve after the test showed that 1t had
been worn - much more than previous tests w1th Grafbtl sea]s w1th
Zero C]earance Back Up System I The f]ex;ng leaves had worn;ai
groove in the seal sleeve. The upperlsea] back up leaves hadvmorn
a groove 0.014“ deep in the seal sleeve, and the lower seal back

up leaves had worn a groove 0.004" deep in the seal sleeve.

Figure 5 shows a photograph of the Upper (Test) Seal from DMT-035;
and Figure 6 shows a photograph of the lower (Dummy) Seal from DMT-035. *

Figuhe 5

~ DMT-035, Upper (Test) Seal-
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Figure 6

DMT-035, Lower (Dummy) Seal

GTafbiZR with Zero Clearance I

DMT-037 tested the GrafbiZR-Phosphor Bronze Seal with Zero Clearance
Back Up System I. Two attempts were made to run this test and in each
attempt a new set of back up rings were machined to a 0.001 inch diametrical
clearance with the shaft s]éeVe. Rotation was attempted after both test
set ups, and the Seal Tester was shutvdown'immédiate]y after torqués in
excess of 500 ft.-1bs. were noted. k

DMT-Q37.wasﬂdesigned to duplicate the test results from DMT-024, the
1ongest‘sea1 tgsf to‘date.’vaefy attempt was made to»dup]icate‘thertest
set up for DMT-béA. One conclusion that suggests itself from comparison of
DMT-024 and}DMT-037 is that the material properties of the back up rings may
have been different for the two tests, since the back up rings for each test
were machined from different stock pieces of SAE 660 Bronze. Hence, the flexing
properties of the 1ip may have been changed between the two sets of back up

rings. This problem may be solved by establishing a flexing tolerance for ‘i;

the 1lip rather than machining the 1ip to a certain dimensional tolerance.



>

Canted - Buna-N

DMT-036 tested the geﬁeration'II Canted Seal (Buna-N). This-new
generétion séa] had a different\Tip from the first geﬁeratioh'seal."z.
Thfs new 1ip was more flexible and allowed the shaft sleeve té be installed
without damaging the 1ip. This seal would not holdvpfessufe and the test _
was terminated. InSpéctidn;of the seaTs‘after>the test showed that the
outside diametef and He{ght‘of ﬁhe seals had degraded and, hence,
would nof séal“prOperly._.Utex’Industries'was'fnfdrmed of these results
and they are working on a new generation Canted seal that could solve the

degradation problém.'

23
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CONCLUSIONS

There may be a limit to the life of non-e]astdmervsealsywith
Zerg Clearance Back Up Systems. The back up system may wear
out before the seal Qears out. »

Testing should be performed with Zero Clearance Back Up
System III to-qetermine the proper thickneSS.of the leaves for
the fdi] scale‘Bearing;Seal Package tests with lower pressure
drdps'across the seals. | |

Further testing with Back Up System I should be suspended
until the system can be evaluated at the next review.meetfng.
Back Up System III should be used in the tests reqdiring a
Zero Clearance Back Up System.

The canted seal concept has not been proved or disproved from
the testing because of the Buna-N material degradation. High
temperature materials are required for this seal to prevent

degradation of the material at high temperatures.



FUTURE . WORK

¢
Several new seal types have been proposed for testing during the

second six month period of Phase IV. These seal types include the

hybrid assemb]y (a combination of elastomer and non-e]astomér’seals),
HTCR (High Temﬁerature Corrosion Resistant) elastomer and the new:
generation mesh matrixséals. Table III shows the Tist of bkopogeﬂ‘sea1
tests, and a description of each seal type follows. After thé completion
of these‘tests, a review;meeting will be held to p]an thevremaining seal

tests for the Seal Tester.

25
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No. Of

PROPOSED SEAL TESTS

Test Seal Pressure Back Up &P Finish
ID Type Rings Rings (psi) RPM “{rms)
038 Hybrid 3 Zero Clearance 1500 412 f4-8ﬁ(
Assembly SAE 660 :
"V" Design Bronze

039 Hybrid 3 SAE 660 1500 412 8-12u
Assembly Bronze
"SF" Design

040 HTCR- 3 SAE 660 1500 M2 8-12u
"SF" Design Bronze

041 Mesh Matrix 3 Sintered 1500 412 4-8p
Copper Wire Graphite : '

" 042 Mesh Matrix 3 Sintered 1500 412 4-8u

Glass Fiber Graphite 5 :

043 Mesh Matrix 3 Sintered 1500 412 4-8y
Carbon Fiber Graphite ' ‘

044 Grafoil®- 3 Zero Clearance 1500 n2 4-8y
Horizontal SAE 660
Laminates Bronze

045 Graphite 3 Zero Clearance 1500 M2 4-8y
Homogeneous SAE 660 B

Bronze
TABLE ITI



Hybrid Assembly - V Design

The Hybrid AsSemb]y - V Design consists of a Top Adapter, three
pkessure rings and a Zero Clearance Back Up System. The three pressure
rings consist of an RD-172 (Grafoii’-Phosphor Bronze) ring on top, an
RD-239 (HTCR-Homogeneous) ring in the middle, and an RD-172 (GrafbiZR—
Phosphor Bronze) ring on tﬁe bottom. - The Top Adapter and Zero Clearance
Back Up System are made out of SAE 660 Bronze. This seal assembly is

shown in Figure 7.

Top Adapter

RD-172 (Grafoil®-Phosphor
Bronze)

RD-239 (HTCR-Homogeneous)

RD-172 (GrafoiiR-Phosphor
Bronze)

Zero Clearance Back Up
Ring - .

(@

Figure 7 ‘
‘Hybrid Assembly - V Design
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Hybrid Assembly - SF Design

The Hybrid Assembly - SF Design consists of a Top Adapter,
three pressure rings and a Bottom Adapter. The three pressure rings.
consist af an RD-241 (HTCR-Fabric) ring on top, an' RD-214 (Graphite-
Homogeneous) ring in the middle, and an RD-239 (HTCR-Homogeneous)
ring on the bottom. The Top and Bottom Adapters are made out of SAE 660

Bronze. This seal assembly is shown in Figure 8.

Top Adapter

RD-241 (HTCR-Fabric)

RD-214 (Graphite-Homogeneous)

RD-239 (HTCR-Homogeneous )

XK,

Bottom Adapter

Figure 8
Hybrid Assembly - SF Design

28



HTCR Fabric - SF Design

The HTCR Fabiric - SF Design assembly consists of a Top Adapter,
three pressure rings and a Bottom Adapter. The three pressuré-rings
all consist of RD-241 (HTCR-Fabric) rings. The Top and Bottom Adapters
are made out of SAE 660 Bronze. This seal assembly is shown in ‘

Figure 9.

[ Top Adapter

RD-241 (HTCR-Fabric)

\\\\\\\:;//,!// ' : RD-241 (HTCR-Fabric)
N‘\\\\\:i”/,x’/ RD-241 (HTCR-Fabric)

. Bottom Adapter

o Figure 9
HTCR Fabric - SF Design
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Mesh Matrix - Copper Wire

The Mesh Matrix- Copper Wire assembly consists of a Top Adapter,

three pressure rings and a Bottom Adapter. - The three pressure rings all -

consist of RD-249 (High Temperature Binder with Copper Wire Reinforcement)

' rings.’ The Toprand Bottom Adapters are made out of sintered graphite.

This seal assembly is shown in Figure 10.

Top Adapter

RD-249 (High Temp. Binder w/ Copper Wire)

RD-249 (High Temp. Binder w/ Copper Wire)

RD-249 (High Temp. Binder w/ Copper Wire)

e

Bottom Adapter

Figure 10

Mesh Matrix - Copper Wire



Mesh Matrix - Glass Fiber

The Mesh Matrix - Glass Fiber assembly consists of a Top Adapter,
three pressure rings and a Bottom Adapter. The three pressure
rings all consist of RD-250 (High Temperature Binder with Glass Fiber
'Reinforcement) rings. The Top and Bottom Adapters are made out of

sintered graphite. This seal assembly ié shown in Figure 11.

Top Adapter

RD-250 (High Temp. Binder
With Glass Fiber).

-25 (High Temp. Binder
RD-250 (Hi h G]ags Fiber)

RD-250 (High Temp. Binder
With Glass Fiber)

Bottom Adapter

Lt

Figure 11

Mesh Matrix - Glass Fiber
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Mesh Matrix - Carbon Fiber

The Mesh Matrix4Carboﬁ‘Fiber assembly consists of a Top Adapter,
three pressure rings and a Bottom Adapter. The three pressure rings all
consist of RD-251 (High Temperature Binder with Carbon.Fiber Reinforcement)

rings. The Top and Bottom Adapters are made.out of sintered graphite.

‘This seal assembly is shown in Figure 12. -

Top Adapter

RD-251 (High Temp. Binder with Carbon Fiber)

RD-251 (High Temp. Binder with Carbon Fiber)

RD-251"(High Temp. Binder with Carbon Fiber)

T

Bottom Adapter

Figuré 12

Mesh Matrix - Carbon Fiber



G%quiZR (Horizontal Laminates)

The GrdféiZRr (Horizontal‘Laminates)'aSsembly‘consists of a Top
Adapter, three pressure rings and a Zero Clearance Back Up System. The
three pressure riﬁgs'a1]*consist of RD~172.Gfafb£ZR (Horizontal Laminates)- -
Phosphor Bronze rings. The Top Adapter and Zero Clearance Back Up
System are made out of SAE 660 Bronze. This seal assembly is shown in

Figure 13.

‘Top Adapter

RD-172 (GrafbiZR(Horiz.)-Phosphor Bronze)

RD-172 (Grafoii”(Horiz.)-Phosphor Bronze)

RD-172 (Grafoii®(Horiz.)-Phosphor Bronze)

Zero Clearance Back Up Ring

@@

Figure 13

GrafoiZR (Hbrizonta'l ‘Lami nates)
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Graphite - Homogeneous

The Graphite - Homogeneous assembly consists.of a Top Adapter,
three pressure rings and a Zero Clearance Back Up System. The three
pressure rings all consist of RD-214 (Graphite-Homogeneous) rings.
The Top Adapter and Zero Clearance Back Up System are made out of SAE 660

Bronze. This seal assembly is shown in Figure 14.

Top Adapter

RD-214 (Graphite-Homogeneous)

RD-214 (Graphite-Homogeneous)

RD-214 (Graphite-Homogeneous)

Zero Clearance Back Up System

[ 494¢

Figure 14

Graphite - Homogeneous



BEARING-SEAL PACKAGE TESTING AND EVALUATION
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" BEARING-SEAL PACKAGE TEST PROGRAM

‘Désign Cr1ter1a

The des1gn cr1ter1a for the Bear1ng Seal Package Test Fac111ty
were first presented in the Phase I Sem1-Annua1 ‘Report (TR77 107)
The basic range of test cond1t1ons which forwed the ba51s for the

‘design of the test fac111ty are shown in Tab]e IV

- 'PARAMETER ' | RANGE 0F TEST CONDITIONS
Pressure 0-5,000 psi
Differential Pressure 0-2,000 psi
across Bearing-Seal - : '
Package
Pressure Pulsation 0-500 psi
Flow Rate | 100-200 GPM
Temperature 32- 250 F C1rcu1at1ng
' - 600° F Non-=circulating
Rotational Speed 100-1,000 RPM
Dynamic Load 60,000 1bs. + 60,000 random load
' 7 : at 3 to 10 Hz
Circulating Fluid Water, Mud, Abrasives -
Table IV
- Des1gn»Parameters for the Bearing-Seal

Package Test Facility

In the same report a number of additional design criteria and
test requ1rements were 11sted |
1) Be able to vary the test cond1t1ons over the range 1nd1cated

in Tab]e IV;
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2)

3)

4)

5)

6)

7)

Be able to "soak"-the Bearing-Seal Package at 500°F for

short times and at 350°F for many hours prior to testdng;

Be able to measure (a) the ax1a1 load, (b) axial d1sp1acement,
(c) torque, (d) RPM (e) mud pressures, (f) mud temperatures,

(9) lubr1cant temperatures, (h) bear1ng and seal temperatures,

(1) 1ubr1cant 1eak rate, and (J) contam1nat10n or deter1orat1on |

of the lubrlcant wh11e the test 1s in progress;

Be able to ma1nta1n the temperature of the circulating flu1d
at about 250°F;

Be able to easily insert'and rempve the Bearing?SeaL,Package
from the test vessel;

Be able to protect the re¥usab1e Bearing-Seal Package from
damage;

Be able to.adapt the_Bearing-Sea1 Package Test Facility to

test full-scale downho]e,motors.

The following lists some of the design features of the Bearing-Seal

Package Test Facility:

1)

2)

3)

The pressure vessel has a 2 inch wall thickness and will

operate at 5,000 psi.

‘The closures are attached to the pressure vessel by means of

Gray]oc seal r1ngs and c]amps The Gray]oc coup11ngs allow

for easy 1nsta11at1on of the Bear1ng Sea] Package 1nto the

pressure vesse] These coupllngs also prov1de for easy

attachment of additional lengths of the pressure vessel to
accommodate the testing of full-scale downhole motors.
The Bearing-Seal Package Test Facility is fully instrumented

to measure the parameters listed in Item 3 above.



- Test Results

4) A dynamic actuator, programmable function generator and
servocontroller are used te?centrof:the;dynamic Toad.

5) 'The rotational speed is controlled by a hydraulic drive motor,
electrohydraulic flow control valve and. servocontroller.

6) The difterehtia]’pressure across the Bearing-Seal Package -
1s created by rep]aceab]e nozzles in’ the nozz]e sub

7) The contro]]ed soak temperature of the Bear1ng Sea] Package

- 1s prov1ded by a pressur1zed hot water system

The hot water system, shown schemat1ca1]y in. Figure ]5, uses the

)geothermal vessel equipped with cartridge heaters to heat the.water.T
‘The water is piped from the geothermal vesseT to ‘the Bearing-Seal
1Package Test Facility. Inside the test facility there is an 1nsu1ated
-metal jacket (called the hot water jacket) which surrounds the Bearihg-
jSea] Package. The hot water jacket keeps the Bearing;Seal Package '
'-surrounded with hot water and prevents the hot water system from be1ng

‘contam1nated by the drilling mud inside the test facility.

An air 1ntensif1er is used to pressur1ze the hot water system o
The hot water system must be pressur1zed to keep the hot water from
f]ash1ng to steam. The pressure on the. inside and outside of the
hot water jacket must be balanced to prevent failure of the hot water ‘;

Jacket.

L .
- AL UL e

Six tests using the hot water system have been run in the Bearing-

 Seal Package Test Facility. These tests‘have demonstrated the following:
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1. The;tdéqﬁeé dﬁ‘tﬁé Beéring?Sea1 baékage‘wéré'félét{Jély o
low, below 100 ft.-1bs. " R
2. There may be high temperatures Qénékatéd“in4fhé area of the
N deating piston in the Bééking-SeéinPéckagé. o
3. It is difficult for the water in the hot water system to Flow
* without a circulation pump. s i ‘

‘Bearing-Sed1l Package

A new floating piéton was de§i§nedxddfihg thfﬁ‘feﬁofiihg'peridd.
The new pisfbh‘is requffed because of the highjfempefétureé 6b§érved
‘during the tests and the damage that occurs to the floating piston
duriﬁg'assémbly‘and disaésembly of'thé'Béaéing-Séaleackage;' Figbfe 16
shows a cross section of the new piston; which. is a bidirectiona1'1ip
seal. It was proposed and manufactured by Utex Industries,'éndnfs a‘
one-piece molded seal made out of RD-239 HTCR (High Temperature

Corrosion Resistant) elastomer.

‘Figure 16

New Floating PiSton'
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Several new float1ng p1ston des1gns were cons1dered before
deciding on the b1d1rect10na1 1ip seal. These de51gns included using
GTafth sea]s and V&rtseals on the 1ns1de d1ameter and “0“ rings on
the outs1de d1ameter. A]] of these des1gns were thoroughly eva]uated,
and Technical Serv1ces personne] from Parker Hann1f1n Corporat1on,
Packing Division, Salt Lake City, were consu]ted on the des1qns ustng
"0" rings. They did not recommend using "0“ rings on the float1ng_ |
piston because contam1nat1on problems from the dr1111nq mud wou]d
cause the "o" r1ng seal to fa1] It was dec1ded that the b1d1rect1ona1 _
Tip sea] offered the best promise because of the s1mp11c1ty of construct1on,
easy of 1nsta11ation and the potent1a1 problems w1th the "0" r1ngs on the ;
other des1gns.

Hot Water System

A reduced flow system was des1gned and tested dur1ng this reporting
period in an attempt to maintain the temperature of the Bearing-Seal ’
Package. The system is shown schematically in Figure 17. The fluid
flows from the Triplex Mud Pump through a flow divider, part of the fluid
flowing through the test facility and the other part of the fluid flowing
through the adjustab]e choke. The fluid flowing through the test facility
passes through‘two nozzles; one nozzle is located in the nozzle sub and
the second hozz]e is located in the flom restrictor. By varying the nozzle
sizes the‘f10w:rate“through the test facility can be adjusted.

The reduced ttow'system was successfully operated, but it did not
keep the Bearing-Seal Package at the elevated temperature. Following
the test of this system, a survey of pump-manufacturers was performed

to Tocate a circulating pump for the hot water .system. The design
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conditions for the pump were:

Maximum Operating Temperature = 500°F
Maximum Operating Pressure = 5000 psi
Flow Rate =10 gpm
Fluid = Water

The Thomas Register was used to obtain the names of pump manufacturers to

contact. In addition, the chemical process, 0il and gas, boiler and
nuclear industries were all consulted for pump recommendafibns.

The extreme temperature and pressure requirements for the pump
e]iminatéd.most pumps from consideration. Two pumps were located that
would meet the specifications. Both of these pumps are magnetically
driven and have no shaft seals. One pump is ménufa‘ctur‘ed by Autoclave
Engineers, Inc., Erie, Pennsylvania, and the other pump is manufactured
by The Kontro Company, Inc., Orange, Massachusetts.

Although both pumps meet the specifications, it will not be practical
to use either pump because both carry very high prices and very long
delivery times. The reason for this is that the two pumps are not stock
items and would have to be specially built for the Bearing-Seal Package

Test Facility.

Test Matrix

From- the seal testing program it has been demonstrated that the
test seals will generate a considerable amount of heat. In fact, there
are times when the heat generated by the test seals is sufficient to
keep the Seal Tester at the 250°F temperature without the heater system

operating.



Since it is not practical to continue the test matrix with the
hot water system as designed, the hot water system will be eliminated
from_ﬁhevtest faci]ity.  The Bearing-Seal Package will then be tested
using thevse]f-generating heat of the seals and other flow modifications
to establish base1ine data. The test matrix will then continue with

adjustments made for thevhot water system elimination.
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FULL SCALE MOTOR TEST PROGRAM

 Downhole Motors

Arrangements have'been made with Dyna Drill and Eastman Whipstock
to use their motors in the full scale motor tests. These two companies
have provided valuable support in the design of the intercoﬂnééting
parts for the Bearing-Seal Package, machining the connecting motor
threads on these parts and in making arrangements to provide motors for
the tests.

Dynamometer

The dynamometer system is required to load the downhole motors and
turbines during the full scale motor tests. The system will be mounted
at the bottom of the test vessel and the motors and turbines will be
connected to the dynamometer by a splined cfbss-over shaft. It should
be noted that when the test'vessel is comp]etely assembled, the components
of the dynamometer which are attached to the vessel base will be completely
inaccessible. This factor dictated that the system must be very reliable
and have minimal maintenance requirements.

The dynamometer is shown schematically in Figure 18. The system
selected is a hydraulic type and operates in the following manner. A
large hydrau]ic pump is attached to the base of the vessel. This fixed
displacement pump is driven by the motor or turbine being tested. High
pressure piping is p]umbed‘up to the main working level where the

monitoring components are located. These components consist of a flow

meter, a pressure transducer and housing, and a remote operated relief

valve. The pump generates flow and pressure by pumping against the
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relief valve. Thus, with the pressure and flow rate known, the output

power is determined by the following equation:

f ) %%%% Np
where F = Power (horsépower) |
Q = Flow rate (gallons per minute)
P = Pressure (pounds.per square inch)
Np = Pump efficiency (97%)

After passing through the relief valve, the oil is cooled by a filter to
tube and shell heat exchanger. It is then sent through a

remove any contaminants, and then stored in a 300 gallon reservoir.

The flow then enters the suction line to the pump and the cycle continues.
The major advantage to this system is that it is very reliable; all
components except the pump are accessible and the technology is known.

Mud Cooling System

The mud cooling system is required to remove the heat generated
during the full scale motor or turbine test. The following parameters

were used to size the system:

Pressure Drop (Maximum) = 5500 psi
Flow Rate (Maximum) = 360 gpm
Fluid Density = 9.5 1b/gal
Maximum Particle (Diameter) = 0.025 in.

- These parameters represent the worst case condition for the Drilling
Research Laboratory mud handling system. This analysis indicated that a
cooling capacity of 1,000,000 BUT/Hr was required‘for the full scale

motor and turbine test.



The mud cooling system is shown schematically in Figure 19. The
main components of the system are the heat exchangers, cooling tower
and cooling wéter circulating pump. The most criticaT“component of the
: System is the heat éxchanger, since it has to be able to handle the
abrasive slurry without clogging or erosion problems. The type selected
was é plate and frame heat exchanger. The plate and frame system operates
by passing the hot fluid mud between two thin stainless steel plates and
on the outside of the twb plates, and cooling water is circulated in the
. opposite direction. Thus, every other space between the plates contains
either coo]iﬁg waterAOr.drilling mud. The unit has nearly 210 square
feet of heat transfer area which consists of 64 stainless steel plates.
The frame can accommodate 200 plates and thus triple the present heat
transfer capacity.as required. |

To remove the heat from the watek a cooling tower was purchased.
The tower is approximately 8 feet high and nine-1/2 feet 1ong. The
all plastic ¢onsfruction will maximize Tife and minimize maintenance.

- The cooiing water is circu]ated at a flow rate of 450 gpm.

-Referring to the flow diagram in Figure 19, the operation of the mud
cooling system is as‘_ follows.  The mud is stored in a beservoir or mud
pit.  From this pit,ﬂthe mud is pumped to the Triplex Mud Pump by a
charging pump. The Triplex pump then pumps the mud to the Bearing-Seal

Package Test Facility through the nqzz]é sub and out the test faci]ity. The

mud is then pumped through the heat exchanger and back to the mud pit.
The cooling system will provide the Drilling Research Laboratory mud
handling system with the capability of operating continubusly for extended

periods of time with minimal temperature increase.
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LUBRICANT TESTING AND EVALUATION

Lubricant Test Results

Candidate high temperature‘lubricénts'are tested in the Terra Tek
High Temperature LUbriqant Tester which was described in the Phase I1I-
Final Report (TR78-285. Thermachine was a statica]]y loaded wear
block which contacts a rotating ring that‘is partia]1y-submerged 1h‘the
test lubricant. The testef is similar to the A]phé Model LFW-1 Friction
and Wear Testing Machine describéd in ASTM Standard 02714—68, "Sténdard,
Method for Calibration and Operation of‘the‘Alpha,Model LFW-1 Friction
and Wear Testing Machine."

Results of tests on twenty thfee candidate high temperature lubricants
were reported in the Phase Il1I-Part 2 Semi-Annual Report (TR79-38).
Pacer PLX-014, a synthetic o0il deveioped‘by_Pacerﬂqu%icants,;inc., was
found to be superior to any other sample tested. Baséd‘on’these screening
tests, Pacer PLX-014 was selected as the candidate lubricant for testing

&

in the Bearing-Seal Package.

Since the initial lubricant 5creenihg tests, Pa¢er Ldbricants has
submitted several new ]ubricaht samples for testing in the‘Térra Tek
High Temperature Lubricant‘Tester. These new samples aimed at optimizing
the PLX-014 formulation which was the best Tubricant sample tested in the
initial screening tests. The following describes the new lubricant
samples tested and gives the qualitative results of the tests:

I. PLX-022

a. Description: Similar to PLX-014, but with'an additional
anti-wear agent. c ‘ ' .
b. Compatible with Elastomers:'No,

€. Results: Good - Comparable to PLX-014
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IT. PLX-023

‘a. Description: More viscous- version of PLX-022
b. Compatible with Elastomers: No
C. -Results: - Good - Comparable to PLX-014

ITI. PLX-024 -

a. Description: More viscous version of PLX-014
~ b.. Compatib]e_with;E]astomers: Yes
c. Resu]ts Good - Comparable to PLX-014

IV PLX 025 "

a. Descr1pt1on PLX-014 with Tef]on swelling agent
b. " Compatible with Elastomers:  Yes
Cc. Results: Poor lead-carrying ability

V. PLX-030

a. Description: Similar to PLX-022 with additives to =
improve lubrication below 135°C
" b. Compatible with Elastomers: No
-C. Results: Lubricant caused seizing and test terminated

VI. PLX-031

a. Description: Same as PLX-030
b. Compatible with Elastomers: No
c. Results: Lubricant caused seizing and test terminated

VII. PLX-042 (1)

a. Descr1pt1on Similar to PLX-014 with an additional EP
.additive. Both PLX-014 and PLX-042 contain suspended
graphite ‘ '

b. Compatib]e.with Elastomers: Yes
PLX-043 (2)

a. Description: Contains no solids and is a blend of two oils
having different viscosities

b. Compatible with Elastomers: Yes
PLX-044 (3)

a. Description: Contains no solids and uses one base 0il having
a viscosity similar to PLX-043

b. Compatible with Elastomers: Yes

o
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PLX-045 (4)

a. Description: Contains no solids and uses very high
viscosity base 0ils

b. Compatible with Elastomers: Yes
PLX-046 (5)

a. Description: Contains no solids and uses very high
viscosity base oils

b. Compatible with Elastomers: Yes

Results: PLX-042 to PLX-046 were designed to evaluate the effect
of molecular weight and suspended solids on the load bearing ability
of very high viscosity synthetic hydrocarbon oils. The conclusions
from these tests were:

a. Suspended solids are not necessary

b. Higher molecular weights has a slight beneficial effect.

VIII. PLX-014X6

a. Description: PLX-014 without suspended graphite
b. Compatible with Elastomers: Yes
c. Results: Good - comparable to PLX-014, but not exceeding

the results of PLX-014
The testing of these lubricant samples was performed under the
project "Improved Seals and Lubricants for Geothermal Rock Bits," Sandia
Contréct No. 13-8783. Thése lubricant test results will be bublished in
the ﬁext report for this project; The main conclusion that can be drawn
for the Downhole Motor Project from these'tests is that Pacer PLX-014 is

still the best candidate lubricant for use in the Bearing-Seal Package.
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PROGRAM STATUS, PLANS AND SCHEDULE

 seal Testing and Evaluation

Thirty-seveﬁ seal tests have been‘completed in the DHM Seal Test
Machine. During this reporting period the second longesf test to date
(33.1 hours)rwas cempletedeifh a set of three GrafbiiR;PhOSphor Bronze
Seals Wfth ierd Clearance Back Up System I1I (four-1/64" thick flexing
leaves); Additional testing with this back up system will be pefformed
in the second six month period of Phase IV.

During the second six month period of Phase IV, testing will be
performed on new seal types. Some of these seal types are:

a. Hybrid Assembly »

b. HTCR (High Temperature Corrosion Resistant) Elastomer

c. New Mesh Matrices

d. GrafbiZR-Horizontal Laminates

e. Graphite-Homogeneous

A11 of the seals listed in the proposed seal tests in Table III
have been received and testing is in progress. At the completion of

these tests a review meeting will be held at Terra Tek to evaluate the

. test results and plan for the future seal testing in Phase IV.

‘Bearing-Seal Package Testing and Evaluation

Testing will be performed in the Bearing-Seal Package Test Facility

without the hot water system to establish baseline data for the heat

~ generation of the seals in the Bearing-Seal Package. These test results

will be evaluated at a review meeting at Terra Tek, the test matrix will

be reviewed and the testing started. The number of tests that will be

performed will remain the same as that.listed in the Phase IV Proposal.

—
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- The design for the mud cooling system and dynamometer have been
completed and all materials have been received. Installation of these
two systems in the Drilling Research Laboratory is ih progress.

Lubricant Testing and Evaluation

The main lubricant testing program has been completed. New

candidate high temperature lubricants will be tested as they are received.
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Maurer Engineering'qpntracted'to participéte in the rofary'seaTAand
bearing-package development program. The following tasks were laid out in the
work statement: ' '

Task I - Manufacture Motor Interface Parts

‘The parts required to adapt the Bearing-Seal Package to commercial

downhole motors will be manufactured by Maurer Engineering. The manufac-
turing will include materials selection, construction, and heat treatment
of parts to make the Bearing-Seal Package with the motors.

Task Il - Design and Manaufacture an Improved Floating Piston

The Bearing-Seal Package uses a floating piston, exposed on one side
- to mud pressure and on the other side to the bearing lubricant, to main-
~tain pressure on the bearing lubricant. To do this more reliably, a new
floating piston will be designed and manufactured.

Task III - Design and Manufacture Improved Redundant Seals

Results from the initial tests with redundant seals will be evalu-
ated, and improved redundant seals will be designed and manufactured for .
use in the seal tester or in the DOE Bearing-Seal Package.

Task IV - Design and Manufacture Improved Rotary Seals

Design and manufacture improved Grafoil rotary seals based on the
results of previous seal tests and on the use of the seals in the Maurer
geothermal turbodrills in the LASL Hot Dry Rock experiment.
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Task V - Bearing-Seal Package Testing Evaluation

Assist Terra Tek personnel in post-mortem examinations of worn parts
in Bearing-Seal Package and in redesigning any parts which may fail.

Task VI - Assist Terra Tek in Conducting and Evaluating Full-Scale

~ Motor Tests

Assist Terra Tek in designing and conducting full-scale tests in the
Downhole Motor Test Facility.

At the time of this reporting, the work which has been completed is re-
viewed below:

Task I - The four interface parts (Nos. 79-71, 79-72, 79-73, 79-74) were
manufactured in Houston. Then, parts which required such work were sent to
the respective positive displacement motor manufacturers to have proprietary
threads machined on them. As of this date, all of these parts have been

received at Terra Tek. These parts, along with a set of assembly drawings
(Nos. 79-67, 79-68), will allow the use of both Dyna-Drill and Eastman-

Whipstock motors with the Bearing-Seal Package.

Task II -~ Using information gained from LASL and Sandia spénsored motor
tests, a new floating piston (No. 80-80) was designed and manufactured. The
new concept incorporates the use of a Ryton body. Besides lower friction and
less chance of seizure, this material weighs far less than bronze, thus pre-
venting anonpening of the seals by dynamic inertia "whipping." Also, the new
piston uses the Variseal® seal design. A cross section of the Variseal® is
shown in Attachment 1.



Task III - The first redundant seal assemb1y (Nos. 79-444, 79-445, 79-446,
79-447, 79-453, 79-454, PI-256) was manufactured and sent to Terra Tek during
this period. Several other conceptual designs have been completed. After the
feasibility of each design has been evaluated; a final choice will be detailed
and manufactured.

Task IV - MEI personnel have been involved in both the evaluation of test
results and design of new seal concepts. The Variseal® design was used to
come up with an assembly for the lower seal of the Bearing-Seal Package.
Also, Variseals® and housings necessary to test them in the seal tester were
supplied (Nos. 80-83, 80-84) to Terra-Tek.

Task V - MEI personnel assisted in réplacing thé mesh springs in the Bearing .
Pack with the newer Belleville springs. Most of the work under this task will
be performed after the Bearing Package/Motor System becomes operational.

Task VI - The work under this task will be performed as the Bearing
Package/Motor System becomes operational.
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SUMMARY OF PROGRAM RESULTS

Pnase I Major Accomplishments

(1) Gathered background information to determine current needs
of industry and estab11sh a range of cond1t1ons needed to

's1mu]ate geothermal conditions -

A meeting was conducted w1th downho]e motor‘experts at
Rice University.

Jeddy Nixon presented his experiences in downhole motor
development at a review meeting at Terra Tek, Inc.

~ John Jeter was consulted on the Bearing-Seal Package
design and the DHM Seal Test Mach1ne.

- Industry contacts and correspondence were established.

Information from the Geothermal Bit Program such as

~ downhole geothermal temperatures, rock formations, and
drilling problems was used to establish des1gn limits
of the seal and bearing test equ1pment

(2) Determine the state-of-the-art in motor deye]opment,and

the feasibi]ity of neW'motor‘concepts Q

° Maurer Engineering conducted a patent search on downhole
motors and reported the results in the Semi-Annual

(TR76-59) and F1na1 (TR77-29) reports.

Maurer Engineering presented‘a review of tne economic
jncentives for geothermal downhole motor development.
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(3) Performed the preliminary design of the Bearing-Seal
Package -

The Bearing-Seal Package design was‘described'in the
Semi-Annual (TR76-59) and Final (TR77-29) reports.

(4) Candidate'high temperatuke seals were identified'-

A descr1pt1on of the candidate seals was presented in
the Semi-Annual (TR76-59) and Final (TR77-29) reports.

Bearing application was presented in the Semi-Annual
(TR76-59) and Final (TR77-29) reports.:

(5) Design and fabr1cat1on of the DHM Seal Test Machine was
completed -

PreliminarquOncebts.and evolution of the final design
were presented in the Semi-Annual (TR76-59) report.

John Jeter was consu]ted on the design of the DHM Seal
Test Machine.

Detailed design and fabrication of the DHM Seal Test
Machine was completed.

(6) Conceptual design of the Bearing-Seal Package Test

Facility was completed

Phase II Major Accomp]ishmehté

(1) Seal Testing and Evaluation -

Debugging tests on the DHM Seal Test Machine were
completed.

The first evaluation tests on the baseline seals were
completed.

Contacts were established with majdr seal manufacturers.
* Candidate seals for future testing were obtained.
(2) Bearing-Seal Package Testing and Evaluation -

Preliminary design of the Bearing-Seal Package Test
Facility was completed

Fabrication of the Bearing-Seal Package was completed.



(3)

Phase III

Lubricant Testing and Evaluation -

The Terra Tek High Temperature Lubricant Tester was
made operational

Part 1 Major Accomplishments

(1)

(2)

(3)

Seal Testing and Evaluation -

* Baseline tests on a standard industry seal were

completed.
Several of the new candidate seal types were tested.

Additional high temperature candidate seal types were
tested.

The DHM Seal Test Machine underwent several modifi-
cations to improve ease of handling and for more
reliable operation.

Bearing-Seal Paékage Testing and Evaluation -

A design to solve the fluid erosion problem was

~completed and successfully tested.

Final design of the Bearing-Seal Package Test Facility
was completed. Fabrication of parts was started.

Machining of the Grayloc connections in.the pressure
vessel tubes was completed.

Design and fabrication of the pressure vessel holding
fixture was completed. ,

The Dynamic Actuator was received and modifications for -
the Bearing-Seal Package Test Facility were started.

The 100-HP hydrau]ic power sdpply'to drive the dynamic

. -actuator and Bearing-Seal Package was de51gned and
purchased.. _

e

Lubricant Testing and Eva1uation -

Wear rings and blocks for the Terra Tek High Temperature
Lubricant Tester were obtained.

. A survey.of downho]e motor manufacturers was made to

obtain lubricant recommendat1ons The candidate Tubricant

7 matr1x was revised.
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Phase II1 Part 2 Major Accomplishments

(1) Seal Testing and Evaluation -

Second and third generation seals were obtained and some
of these seal types tested. p

New seal back up system designs were completed and tested.

(2) Bearing-Seal Package Testing and Evaluation -

Bearing-Seal Package Test Facility was completely assembled
and debugging was started. _

The hot water system was completed and operated. Three tests
were performed.

The electronics from the DHM Seal Test Machine system
were interfaced with the Bearing-Seal Package Test Facility.

(3) Lubricant Testing and Evaluation -

Initial screening of candidate high temperature
lubricants was completed in the Terra Tek High
Temperature Lubricant Tester.

The candidate lubricant was selected for testing in the
Bearing-Seal Package.

Phase IV Major Accomplishments

(1) Seal Testing and Evaluation

Second generation canted seals were tested

Flexing leaves back up system was tested

(2) Bearing-Seal Package Testing and Evaluation -

The dynamometer and mud cooling system were designed,
parts received, and assembly is progressing.

Three tests run to operate hot water system and measure
breakout torques of Bearing-Seal Package.

(3) Lubricant Testing and Evaluation

Several new lubricant samples were tested in the Terra
Tek High Temperature Lubricant Tester '
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