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ABSTRACT temperature lubricants. (Tibbitts, et.al. 1979) 
f o r  t h i s  application. 

The major l im i ta t i on  o f  downhole mud motors 
f o r  geothermal wel l  d r i l l i n g  as well as straight-  
hole and o i l  well d r i l l i n g  i s  the bearing section. 
Reduced bearing l i f e  has been a d i rec t  resu l t  o f  
the i n a b i l i t y  t o  seal lubr icant i n  the bearing sec- 
tjon. A re l i ab le  rotary seal i s  needed t o  extend 
bearing l i f e  and t o  allow high pressure drops a- 
cross the d r i l l  b i t  f o r  improved bottomhole clean- 
i ng  and increased d r i l l i n g  rate. The endurance o f  
"high temperature" rotary seal candidates i s  being 
measured i n  a fu l l -sca le laboratory seal tester ca- 
pable o f  simulating the pressures and temperatures 
o f  geothermal well d r i l l i n g .  A description o f  the 
current ly most successful "high temperature" seals 
and seal test  resul ts  and f indings are presented. 

This paper discusses the test ing and work 
done t o  develop a rotary  seal t o  be used with 
downhole d r i l l i n g  motors i n  geothermal wells. Two 
seals made from h igh temperature materials, an e- 
lastomer seal and a special back up system have 
been tested and the resul ts  are discussed. 
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TEST CONDITIONS 

Conventional d r i l l  b i t s  require a pressure 
drop across the b i t  o f  approximately 1.000 ps i  f o r  
good bottomhole cleaning. The d i f f e r e n t i a l  pres- 
sure carr ied by the rotary seal i s  equal t o  the 
pressure drop across the b i t .  

Work performed f o r  the U.S. Department o f  
EnergylDivision o f  Geothermal Enerqy, Contract No. 
37-7298 with Terra Tek, prime contractor, and 
R F l  

The t e s t  system i s  capable o f  test ing seals 
a t  tmperatures of SOOOF. The subject seals were 
tested a t  ambient temperatures o f  25OOF OR a 5 
inch diameter shaft  turning a t  412 rpm (Table 1). 
Rotary speed can be varied up t o  1,500 rpm. A 
pressure d i f f e r e n t i a l  up t o  5,000 p s i  can be ap- 
p l i ed  t o  the t e s t  seal. 
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The l i m i t i n g  factors i n  the l i f e  o f  the bear- 
4 - 1  ings are the mud environment that  they operate i n  

and the high loading they are subjected to. The 
d r i l l i n g  mud may contain sand, cuttings from the 
well bore, other solids, and caustic chemicals. 
The bearings are much more dependable, stable and 
predictable when operated i n  a lubricant, and a 
r o l l e r  thrust  bearing wi th  higher load capabi l i ty  
can be substituted f o r  a b a l l  thrust  bearing. 
Testing i s  being done t o  screen and formulate high 

wi th  Test Parameters Seal Test 

The surface o f  the shaft  which rotates against 
the seals can be varied. I n i t i a l l y ,  a l l  seals were 
tested on a f i n i s h  o f  approximately 16 pinches. 
The non-elastomer seals are now being tested on 
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surface finishes o f  4 pinches. 

The f i r s t  non-elastomer seals, CrafmZR- BeCu, 
are made wi th  a material manufactured by Union Car- 
bide and a preformed beryllium-copper ring. The 
seal i s  formed by sandwiching a 0.005 inch th ick 
"V" r i n  of ium-copper between b o  layers of 

/ .  
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krylllldopper The f a i l e d  seals from tests DMT-019 through 
DMT-021 exhibited a loss of GmfoiZR o r  graphite. 
The ?eta1 reinforcement i n  both types o f  seals was 
i n t a c t  and s t i l l  i n  the seal cavity, but  a notice- 
able amount o f  the mater ia l  was missing from the 
f a i l e d  seal. 

The back up system was examined and means 
uere discussed by which t o  contain the seal mater- 

most promising were fabricated and have been test -  
ed. 

The f i r s t  new back up system consists o f  an 
SAE 660 bearing bronze seal r i n g  and an O-ring 
( f ig .  1). The l i p  on the inside diameter of the 
bronze ring is undercut to minimize contact area 

area into the ring that will allow it to flex un- 
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back up r i n g  can be optimized f o r  contact area, 
wear compensation and operating pressure. These 
parameters w i l l  be varied as t h i s  back up system 
increases the l i f e  o f  the non-elastomer seal types. 

The second back up system consists o f  a TFE 
r i n g  and an SAE 660 bronze r i n g  ( f ig .  4). The TFE 
r i n g  i s  so f t  and w i l l  f l e x  under pressure, forc ing 
the bronze r i n g  t o  zero clearance w i th  the ro ta t -  
ing shaft. 

L c k  Up Ring 

Figure 1 w d p -  BeCu Seal Pack with New Back i a l ,  Several designs were proposed and the two 
The graphite-metal matrix seal, the second 

non-elastomer seal, i s  formed from powdered gra- 
ph i te  which i s  cold pressed i n t o  a woven metal core 
and held together i n  a "V" cross section wi th  an 
adhesive binder. The assembly i s  heat cured and 
resul ts  i n  a re la t i ve l y  hard and b r i t t l e  ring. It 
has a high gloss surface; the pattern Of the w i t h  the rotating shaft and to  introduce a weak 'mesh i s  v i s ib le  on the surfaces; and f ree ends o f  
the metal mesh protrude from the surface ( f i g .  2). 
There have been three generations o f  t h i s  seal type 
tested so far. Each u t i l i z e s  a d i f f e ren t  binder 
u i t h  the graphite powder. The posi t ion and depth o f  the undercut i n  the 
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re inforcing . 
the aluminum-bronze back up r i n g  was reduced t o  
mlnimize the clearance t o  the rotat ing shaft. Due 

tinued a t  that  point  wi th  the manufactured back up 
r ings providing a 0.010 - 0.015 inch diametrical 
clearance. 

TEST RESULTS Early i n  the testing, the inside diameter o f  

t o  thermal expansion, the back UP r i n g  closed down Nine seal tests  were performed on f i v e  d i f f e p  
seals and three different back up systems with 

The program goal i s  not aimed a t  optimizing a 

On the shaft and stopped rotation' Tests were 'On- duration varying from two hours t o  forty-one hours. 
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r ings as supplied by the manufacturer o f  the seals. 
The r i n g  used i n  the f i r s t  t e s t  had a diametrical 
clearance of Q.003 inches and the r i n g  used for 
the second test had a clearance o f  0.015 inches. 

The inside sealing surface o f  the pack tested 
i n  DMT-022 a m a r e d  worn smooth. Wear and d is tor -  
t i o n  were me pronounced on the low pressure side 
o f  the seal pack. The corresponding surface o f  
the seal pa& tested i n  DMT-023 was more severely 
worn and distorted. The l i p  o f  the seal r i n g  on 
the low pressure side o f  the pack was worn away 
camp1 etely. 

Useful imfonnation i s  being gained from other 
ro ta t i ng  seals used i n  the t e s t  vessel. There are 
two such seals, each one a redundant s a1 composed 
o f  t y o  sizes of Johns-Manville lhteepd seals, 
both w i th  an inside dtameter h a l f  t ha t  o f  the t e s t  
seals. These t e s t  vessel seals ro ta te  on replace- 
able chrome =faced sleeves. Cooling water c i r -  
culat ing constantly on the inside of the sleeves 
carr ies heat may from these seals. 

A problem persisted o f  f r e t t i n g  and scoring 
o f  the chrome sleeves by the seals. Bscause o f  
i t s  high thema? conductivity, C r a f a i t  was added 
t o  each vessel seal pack. While rebui ld ing the 
vessel l e a l  packs f o r  a test, a t h i n  layer o f  
mfdt  tapewas inserted between the e igh t  seal 
r ings o f  ea& seal pack i n  an attempt t o  solve 
t h i s  problem. 

Post-test inspection o f  the vessel seals and 
the chrome surface showed a d e f i n i t e  improvement 
i n  the condition of both components over the same 
components nnn approximately the samg length o f  
time without the addit ion o f  GrafoiZ . 

A hybrid seal o f fe rs  the p o s s i b i l i t y  o f  i n -  
creasing the f i f e  o f  elastomer seals and extend- 
i ng  the upper femperature l i m i t s  f o r  elastomers. 
The pressure rings could be o f  any o f  the higher 
temperature elastomeric compounds a1 ternated wi th  
r ings o f  so l i d  GMfoiZB material. Thls seal con- 
cept for the Jbhns-Manville seals, u t i l i z e d  i n  
the t e s t  vessel, proved a successful solut ion for  

seal a t  t h i s  time with regards t o  torque, tempera- 
ture, abrasion o r  other operating characteristics, 
but rather t o  develop a seal that  w i l l  survive 200 
hours downhole. A detriment t o  the l i f e  o f  the 
seal pack, par t icu lar ly  elastomer seals, has been 
that  the seal r ings a t  the low pressure side of the 
seal pack may never come i n  contact wi th  f lu id ,  but  
due t o  the transmission o f  f l u i d  pressure through 
the stacked seals, the seal rings app1y.a rad ia l  
pressure on the shaft  surface. ThiP 4enerates heat, 
a l t e rs  the surface f i n i s h  and unnecessarily d iss i -  
pates horsepower tha t  could be delivered t o  the bi t .  

A s ingle pressure r i n g  o f  the Type I graphite- 
metal matrix was tested i n  DMT-020. An aluminum- 
bronze back up ring, ident ical  t o  the one used i n  
DMT-019, was used i n  t h i s  test. The surface f i n i s h  
o f  the rotat ing shaft  was measured a t  13 uinches. 
This s ingle seal had almost three times the l i f e  o f  
the three seals tested i n  DMT-019. 

Type 11 graphite-metal matrix seals were test -  
cd i n  DMT-025 and DMT-026. The seal pack contained 
three pressure rings; the shaft  surface f i n i s h  was 
measured a t  4 pinches; and the back up system was 
the second new design, i.e., TFE and bronze. The 
seals tested i n  Di.1T-026 had a l i f e  o f  about two 
hours. The leakage o f  lubr icant began soon a f t e r  
the tes t  started and was qui te rapid t o  the end of 
the test. Test OMT-026 was a r e p i t i t i o n  o f  DMT-025, 
since the l a t t e r  t e s t  was terminated a f t e r  two 
hours because the seal was damaged i n  handling. 

-027 was a t e s t  o f  Type I11 graphite-metal 
Gals. The seal pack contained three pres- 
gs; the shaft surface was ground t o  a 4 - 8 
nish; and the back up system was the f i r s t  

new design, i.e., SAE 660 bronze and an O-ring. 
The l i f e  o f  t h i s  seal was 23.5 hours. 

he .CMfo i f -  BeCu seals were tested i n  DMT- 
and DMT-024. These seal r ings were ident ical  

lest DMT-021 used a shaft surface f i n i s h  o f  

w l th in  manufacturing tolerances. 

17 - 18 uinches and the back up system was an alum- 
inum-bronze r i n g  supplied by the manufacturer. The 
seal had 8 l i f e  o f  almost 6.0 hours. 

DMT-024 was also a tes t  o f  a three seal r i n g  
pack. The shaft  surface f i n i s h  was measured a t  4 
pinches and the back up system u t i l i z e d  the f i r s t  
new design wi th  bronze r i n g  and O-ring. The l i f e  
o f  the seal i n  t h i s  tes t  was nearly 41 hours. It 
had been removed and re insta l led three times dur- 
i ng  the test. 

The seal leaked about 4% i n  the f i r s t  three 
hours, but  d i d  not leak again u n t i l  the twenty- 
seventh hour. A t  t ha t  time, 35% o f  the lubr icant 
leaked past the seal. Only 61% o f  the lubr icant 
had been l o s t  a t  40 plus hours when the seal fa i led 
catastrophically. 

The Johns-Manville uneepacR seals were tested 
i n  DMT-022 and DMT-023. The seal rings were iden- 
t i c a l  wi th in  manufacturing tolerances. The surface 
f i n i s h  of the shaft used i n  tes t  DMT-022 was 17 - l8 
vlnches and that  used i n  t e s t  DMT-023 was 17 uin- 
ches. The back up systems were both aluminun-brona 

tested on shafts of 
12 - 16 uinchs f i n i s h  as recommended by the manu- 
facturer, and the carbon seals were tested on 
shafts of 4 - 8 pinches f in ish,  except as noted. 
Between tests DMT-019 -and DMT-020, the surface 
f i n i s h  was ippmved from 16 t o  13 uinches. The 
number o f  pressure r ings was decreased from 3 t o  1, 
but the seal l t f e  increased by nearly a factor  o f  
three. The life o f  non-elastomer seals i s  enhanc- 
ed wi th  the furface f i n i s h  o f  the shaft. O f  the 
two parameters that  were changed (i .e., the shaft 
surface finfsh, and the number o f  pressure r ings) 
between DMTOt9 and DMT-020, i t  i s  believed the 
greater effect on the seal l i f e  was due t o  thg im-  
proved shaft  f f n i s h  because reducing the amount o f  
seal material should reduce the l i f e  o f  the seal. 
Further workmay reveal an optimum f in ish,  but for  

. t he  present, the surface f i n i s h  w i l l  be 4 uinches 
f o r  a l l  shafts. 
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the n 6 b e r  o f  seals or-amount o f  sealing material 
would have a negative e f fec t  on the l i f e  o f  non- 
elastomer seals. Conversely, i t  appears tha t  with 
elastomer seals, one pressure r i n g  w i l l  perform 
longer than three pressure rings under the same 
conditions. I n  a seal pack o f  more than one ring, 
the f i rst  r i n g  carr ies a l l  o f  the pressure i n i t i a l -  
ly. This pressure d i f f e ren t i a l  on the f i r s t  r i n g  
i s  transmitted t o  the r e s t  o f  the rihgs, effective- 
l y  loading those r ings and creating higher than 
normal rad ia l  forces on the shaft  due t o  the Pois- 
son ef fect .  Consequently, the torque i s  higher 
and the pressure r ings not sealing any f l u i d  are 
heated, worn and destroyed f i r s t .  

Both the Graf&tR and graphite deteriorated 
when i n  contact w i th  heated lubricant. The 
cMfoiZR tended t o  come apqrt i n  small flakes. In  
the graphite seals, the heat weakened the adhesive 
binder resul t ing i n  the release o f  graphite powder. 
Both the crafoitff f lakes ( f ig .  5) and graphite pow- 
der migrated t o  the low pressure side o f  the seal 
pack. Due t o  additional design changes, the l a t e r  
generation graphi te-metal matrix seals are sustain- 
i ng  longer seal l i f e  than t h e i r  predecessors. 

It i s  believed that  an areaRof great impor- 
tance t o  the l i f e  o f  the CrafoiZ and graphite 
seals i s  the number o f  seals i n  a pack or  the a- 
ount of material i n  the seal cavity. Thus i t  ap- 
ears tha t  the cross sectional geometry o f  the non- 
lastomer seal i s  not as c r i t i c a l  as i t  i s  f o r  e l -  
stomer seals. 

GrofoiZR 

undercut 

back up rink 

Figure 5 Grafdp Bui ld  Up a t  the Back Up Ring 

Progress has been made t o  Increase the l i f e  
the non-elastomer seals by concentrating on the 

sign o f  a back up system. By custom machining a 
ck up r i n g  t o  fit each shaft  sleeve wi th in  0.001 
ch clearance on the diameter, the loss o f  seal 

material has been reduced; and, consequently, the 
endurance o f  non-elastomer seals has been s g n i f i -  
cant ly improved. The longest l i v e d  Grufoit - BeCu 
seal (more than double the l i f e  o f  the next long- 
est  t e s t  o f  t h i s  seal type) and the longest l i v e d  
graphite-metal matrix seal (an increase o f  55% over 
the next longest t es t  o f  t h i s  seal type), were both 
backed up wi th  the bronze r i n g  wi th  the f l ex ing  

The TFE and bronze back up system, as des- 
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cribed, does not improve the l i f e  o f  non-elastomer 
seals. This conclusion i s  demonstrated i n  tests  

CONCLUSIONS 

(1) The non-elastomer seals as tested have inher- 
ent lubr icat ing qua l i t i es  and are not  as dam- 
aging t o  the surface f i n i s h  o f  the ro ta t i ng  
shaft  as the elastomer seals tested. The 
non-elastomer seals can operate without the 
introduction o f  external lubricants. This a- 
l lows the non-elastomer seals t o  operate on a 
h igh ly  polished shaft, generating less torque 
and heat, wearing less and exhib i t ing longer 
l i f e .  

(2) The l i f e  o f  non-elastomer seals i s  increased 
wi th  improved shaft  surface f in ish.  

(3) Tests show that  the l i f e  o f  non-elastomer 
seals i s  d i r e c t l y  related t o  the amount o f  
material i n  the seal cav i ty  a t  the beginning 
o f  a test. Increasing the amount o f  seal ma- 
t e r i a l  increases the l i f e  o f  the seal given 
tha t  the ra te  o f  migration o f  material out  o f  
the seal cav i t y  i s  constant. 

(4) Reducing the clearance between back up system 
and r o t a t b g  shaft  t o  essent ia l ly  zero i n -  
creases the l i f e  o f  non-elastomer seals. 
These conclusions are based on the tests  per- 
formed t o  date. 

High temperature, ro ta ry  seal test ing i s  an 
ongoing project. As developments are forthcoming 
i n  the area o f  high temperature materials, the d i -  
rect ion o f  the t e s t  matrix can be altered. For 
the present, however, test ing w i l l  continue t o  fo- 
cus on the non-elastomer seals and on improvements 
i n  the geometry o f  the back up system. 
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