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ADJUSTABLE-BLADE TURBINE RUNNER
E#t & I TECHNOLOGY: WATER FILLED HUB /4
A2 INWHA TECHNICAL
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Cole Sergi, PE USACE

Calvin Carr PNNL

01 May 2025
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HISTORY OF KAPLAN HUBS

US Army Corps
US.ARMY of Engineers.



« Static oil pressure to keep water out

e Some history of failures

« Servomotor piston caps
« Link pins

e Bushings rotating in housing

7{2

us Afmy Corps
US.ARMY of Engineers.
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oy WHY OIL-FREE

« Dramatically reduce risk of oil entering water

passageway

« Reduce impacts associated with fixing oil leaks

« No capital replacement costs for ol

« Reduced O&M in dealing with oil accountability

 Reduce risk of lawsuits associated with ol

« Could reduce permitting requirements

« Improve public image/high visibility

« Oil-free hubs may end up with smaller hubs due to

I
B %

UVS Rry Corps
US.ARMY of Engineers.

lower coefficients of friction, higher bearing
pressures, and corrosive resistant materials

HDC!

BEST SEALING
CONDITIONS

DIFFICULT SEALING
CONDITIONS




12T KNOWN PAST ISSSUES

and some end users of oil-free.

Case studies indicate failures were largely due

to two major sources:

1. Poor bushing material/design
2. Poor design practices

N

; lE»Army Corps
US.ARMY of Engineers.

HDC conducted interviews with all vendors
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M3 CONCERNS FOR WATER-FILLED HUBS

ﬁﬂsh@\,nnn

\ 250 YEARS A¢
B 1775 @ 2025 4P

Other water-filled hub concerns:

1.Corrosion induced fatigue
2.Blade trunnion bushing wear and friction

USACE and PNNL have led efforts to conduct
testing to reduce technical risks.

US Army Corps
US.ARMY of Engineers.



CORROSION-INDUCED FATIGUE TESTING

US Army Corps
US.ARMY of Engineers.



electronics rack '_"\

The removal of oil exposes highly
stressed, critical Kaplan
components to a corrosive
environment.

Testing was completed that
accelerated the impacts due to
stainless steels exposed to water.

|

— ‘= \ Servo loading
US Army Corps |\ \ system
US.ARMY of Engineers. VAN ,




RESULIS @

600
17-4PH H1075 Wrought 2 Hz, R=0.07
Max possible Sa without Max possible Sa without
. | exceeding 90°C UTS exceeding 21°C UTS
= . . 500 - o o__l_..
- When compared to data in air, there - .
: ‘ = - T 500 Mpa ~
is life reduction for 17-4 in waterata _ | . 72500ps
. . . © 4 3 pts 2 ’u“
similar stress amplitude. = 0 - o A
S Dts Ry ~~@
£ 38 o\e o .
« When compared to cool 3 PN~ 1
= : = @ 300 1 . \ ~<. ACRW, 90°C
temperatures, there is life reduction ¢ ° | Asor2rc 5@ W2ps 0
7 [ ®90°C DCRW-+ABLW, 90°C
for 17-4 at hot water temperatures | 4 arzc
(there is a corrosion acceleration) 2o |8 ACRMW 160
® ACRW90C . .
1 DCRW 90C Sonsino, cast, air
T+ @ DCRW+A 90C
« Rust inhibitor reduced life in the --zgggzzggiggngM} Sonsino, cast, water
Iaborator 100 | —ASMEFig. 3-F.2M  (various steels in 20°C air) || —
| y 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
‘\;7 A cycles to failure
o ﬁéArmy Corps

US.ARMY of Engineers.
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CONCLUSIONS FROM FATIGUE TESTING @

Fatigue testing and selection of 17-4 PH (wrought or forged) allows for more
design flexibility for designs for Improved Fish Passage ( )

Testing identified little difference between Columbia River Water and ASTM Type
4 water. This indicates a blade seal failure does not require an immediate forced
outage and can be done during a scheduled outage ( )

The addition of a rust inhibitor did not increase life. In fact, there is risk that it may
have an adverse effect. Additionally, there was indication from one self-lubricating
bushing manufacturer that rust inhibitors could negatively affect bushings. Rust
inhibitor will not be included in any oil-free designs. This will reduce the O&M
efforts associated with maintaining inhibitor quality and potential reporting
requirements and reduce scope of bushing testing ( )

17-4 PH has a higher material cost, about four times greater than carbon steel per
pound (bad news)
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SELF-LUBRICATED BUSHING (SLB) TESTING

AND

US Army Corps
US.ARMY of Engineers.




"PNNL BUSHING TESTING

¢ Bushing Test Stand designed and built by PNNL for
" USACE to assess Kaplan trunnion self-lubricating
bushing (SLB) replacement of bronze at John Day Dam.

« Accelerated testing simulates 50 years life in 1 month

« Two phases of testing: Set & Creep, Friction & Wear

« Key parameters: Coefficient of Friction (COF) & Wear

« Comparative testing enables the relative
performance (i.e. better/worse) to be directly
applicable, although some absolute values
determined from testing may not scale directly to the
field.

Key Test Stand features applicable for this testing:
» Oscillating radial loads to 126,000 Ibs.
Bronze 60,000 Ib. base load with + 15,000 at 2 Hz
SLBs 90,000 Ib. base load with £ 15,000 at 2 Hz
‘ « Oscillating rotations with minimal backlash, torque up
L\ to 8,300 ft-Ibs. available
N 3 = - 1l . lat 4030
= Sy 5 million Minor oscillations of + 0.3° at 4-5 Hz
US.ARMY of Engineers.

—

Pacific
Northwest
NATIONAL LABORATORY
Test Stand
Overall

Radial Load Actuator

126,000 Ibf (Max Design Load)

105,000 Ibf (Max Test Load)

For Oil Free Bushing Testing ”

90,000 |bf Preload i

+15,000 Ibf Oscillating Load at 2 Hz s .

* ¥ Load Axis
. e LoadCel
Rotation :

est Block with Bushing
& RTD Locations (RTDs

OLShOW™)  pitary Encoder (Outboard)
A/

Axis
[ Bearing ‘,)‘
Shaft and Tapered Test
::’S‘I’:\ A Sleeve Undereath
' Horizontal Components
eeeee . A (Not Visible)

Shaft Rotation Actuator
8,300 ft-Ibf (Max Design Torque)
10.3° Oscillating Load at 5 Hz
+30° Max Oscillation Motion

Test Stand Lower Frame



OVERALL VIEWS kol

Northwest

NATIONAL LABORATORY!

Test Stand
Radial Load Actuator
(Cross Section)

2 §
o o
Q o]
[ o]
o o]
o TestStand 4
o UpperFrame
o o]
(o] Q
o o}
o (o}
) d
Sliding
Rails
Radial
Load
Actuator
$F shaft chiller i
I‘ Fluid Outlet Shaft Assembly Hydraulic
l‘ Ram
Load |
Rotary Rotary Button
(fntf()dedr) Bearin, Wear censor B OEnCl;’derd
nboar: i —
Locating Rgmgs Immersion Brackels Immersion Locafi‘:.rgm.%ns (ottaard) Tapered Test Block
- Bearing Chamber Chamber 1 haft End & Guides
Retainer ¥ ) . ) - S ot En Shaft Chiller Test Sleeve
Bearing - Bearing il Bearing /P Fluid Inlet
Spacer K N B Spacer ‘ : = ¥ 'l
— C T -, ] Bushing

Test Block

| , ey ‘ :
| Sleeve g r W |
& SSELE ) — J ; i

Short End Insertion

Tapered 1;es( Sleeve Bu’i“"g Shaft

LB LA

g l o -,>____.E_..1L, *F
.f » 3 : =
/ A /\
'\ il | Spherical Spherical
\‘ ] 140mm Keyless Roller 1252‘;‘1;5:‘:‘“5 ‘ nscmo";gz‘r"e“ Roller Bearing Test Stand Lower Frame

\ Coupler Bearing L immersion _J
Encodeér Chamber Clamps

N US Army Corps o

US.ARMY of Engineers. r 5 1

Encoder
Stand
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Northwest

L& SPECIAL TESTING FEATURES 7

Scaled down bushing to 5-inch diameter (actual size 24 & 32-inch diameter)

The following are improvements over similar bushing testing done in 1990s

« Maintained bushing and bushing medium temperature at 10 - 15°C utilizing
specialized cooling features
« Bushing submerged in bushing fluid medium
 Instrumentation — numerous, accurate, high resolution
« Continuous complex operational routine with remote monitoring and alerts
« Periodic Matrix testing added (starting Test 4A) to assess scaling to
prototype (actual)
« Calculation of “Equivalent Cycles” compared to “Cycles” or “Time”

US Army Corps
US.ARMY of Engineers.



U.S. ARMY

ljé Army Corps
of Engineers.:

Numerous Temperature Measurements:
Bushing (center of bushing thickness) — 3 on radial load centerline, 3 off centerline by 15°
Bushing/Sleeve Interface — 2 on radial load centerline

Bushing Medium — 2 at inlet and outlet lines to immersion chambers

RTD Locations in Bushing

0.75in
0.75iry/

0.75in

© Embedded RTDs
(half bushing thickness)

Nominal
Bushing
width is 3
inches

> TEMPERATURE MEASUREMENTS i

Northwest

NATIONAL LABORATORY

RTD Holes Through Test Block

! RTD tip
1 embedded in
! bushing

Test Sleeve

Test Block
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TEST STAND - BUSHING MEDIUM FLUID i ?

E\lﬂgrthwest

IONAL LABORATORY

Immersion Chamber Cooling Around Bushing
(Cross Section)

Test
Immersion Block Immersion
Chamber Clamp Chamber Clamp
RTD Holes
No pressure (x8)
differential, same as full
scale Bushing

[ b Q i Q Q O immersion Chamber TEGEL (;hlller Fluid

= O o o Shown in Blue

- ' Tapered Test Sleeve ‘ m
Immersion Fluid \ ~
(ol Gl Shaft Chiller
Cooling Channels
(x15)

NS
/ "\

Ué Army Corps
US.ARMY of Engineers.

Shaft Chiller Flow — €—ov




TEST STAND - Sl
COOLING

Cooling Channels (x15)
Shown Under Sleeve

1775 |8 2025

;:.; 250 YEARS

= L

| |

Shaft

Tapered Test Sleeve*

*Replaceable Bushing Wear Surface Hole

*Clamps to Shaft with 2 Keyless Couplers

e S &

(<]

P
“’*)
- Test Block,/?leeve RID
& Bushing .
o ¢
Sleeve RTD Bushing

AFT AND TEST BLOCK ~7

Pacific
Nortiwest
Bushing
RTD Holes
o %W l N
l
O-Ring Groove
RTD Holes
Immersion Immersion
Chamber Test RTD Chamber
Clamp Block Holes (x8) Clamp
Test Block
Cooling
chfnnels (x4) Bushing Shaft Chiller
() Q) Q Dynalene Fluid

Immersion Chamber Shown in Blue

Tapered Test Sleeve

[
a ? u
O-Ring (Keeps Cooling Shaft Chiller Stagnant
Fluid Contained) l Channels (x15) 4[ Fluid Under Sleeve
— — Shaft — FHow

US Army Corps

US.ARMY of Engineers.
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"WEAR - MEASUREMENTS

PHYSICAL WEAR

Before and After Testing

« Repeatable locations

« 8 radial positions

« 7 axial depths

« Up to 56 total
measurements

—ane®
asurements at 7 different depths BtoH=90

Bushing Right Side View Bushing Front View
(Not to Scale)

2l BtoD .
BtoE

Total bushing depth: 3"

Pacific
Northwest

NATIONAL LABORATORY!

TRENDING WEAR

During Testing

Wear Sensor gap : " >/ a
H |

2 ultrasonic wear sensors

Measure shaft movement as bushing wears
Single line wear under load centerline only
Shows wear rate changes over time

Nominal
Bushing

L
i
%’ I width is 3

inches

Wear § nso
(inboa

l
l
l
i
\ | -

b I & Wedr Sensor
I : (outboard)
l

: |

?Tapered Test Slefive clam' ed to shjjft

7N Y 3
® © ()




TEST STAND - EQUIPMENT & INSTRUMENTS ?f/

Northwest

NATIONAL LABORATORY

Key Instruments

2%0 YEARQ y
s s g « Temperature (RTDS)
N , ?{?\/—*—ﬁ—“—“— Oil Free Bushing P&ID
: . : : a .
Bushin g, Bushin g Medium - s o C©g Eed e 1 Test System with HX Loops
. = = Revised: 05/14/2024 Rev: 2
Am b I e nt c-o8 w E-10 RaAdci:auI;::ad ! !
- . HX-50 Process Information
« Force - Radial (Load Cell) g S e |
X (Flow: <2 gpm, Pressure: up to 50 psw:
- Torque (Torque Sensor) S e
Radial Load ng page ;

Actuator Ram

« Shaft Rotation (Rotary @

EnCOderS) - (- EC30 LC-OATLC-10B
480V 2 | N
. - C301%EDH2) :—2; :E §§ $ Test Block \ Side B Tx,g@ ,fnuc@ — , %
; - A Bushi = — .
One on each side of bushing D e | E ETTmC S — 5
L2 -1 -| I—( —+ ( Torque Side T;QE@ T;‘EE@ TOMC@ Non-Torque Slﬂe) Shaft

 Wear (Distance Sensor) Cm R

One on each side of bushing

jon- ng
QD-60
1 4
V-55

®
H
g
S
]
BeH
2|0
Ll B0
3
3
0
IER EN
E
®
0

V80 QD62 v-es H HX-40 Process Informatios
. i Immersion Cha mb Loop (15° c 2C) | V45
K ev Eq u I p I I l ent TK-80 % V-d4 i Oil or Distilled Water |
Inert Gas Cylinder Dmsg 1 (F\ow <2 gpm, Pressure: up to 50 psi) !
| See details on Immersion Chamber H | |
§v55 QD-an | Exchange (HXJOJ Looj pC nfiguratior i

Force — Radial Actuator
* Rotation - Shaft Actuator o

Internal to Chiller HX-60 (20A) B4 [P 4 :

FM-60 = Discharge flow rate (A . - = CO0F » ;
* Chillers P0= Duchaga s ¥ noaein
T-80 = Inlet temperature
E = T-61 = Outlet temperature HX-60 Process Information Q o)
T-62 = Reservoir temperature Shaft/Bushing Chiller Loop (-40°C) 480V

S h aft, B U S h I n g M e d I U m y Test PRV-80 = Pressure refef @ 80 psig Dynalene HC-50 (Flow: ~8 gpm, Pressure: <60 psi) C-60 c61 (25A @BOHZ) Page 20f6
Block
« Data Acquisition & Control

System
A =@
b/ 8 - « Remote Monitoring & Control

US Army Corps
US.ARMY of Engineers.

w_,,_@_( (ater. water only) on separate ol
ipa n !
V-80 i

FM-70
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PNNL BUS

(7/2024)

» Testing performed comparison of baseline bronze to three different SLBs (Orkot, deva.tex,

KAron V)

« Repeatability testing performed on bronze and one SLB (Orkot)

INGS TESTED — COMPLETED

x§/

Pacific
Northwest

NATIONAL LABORATORY

Minor Runtime % Long Wear £8° Wear/Major Load

Test# Bushing Fluid Purpose Cycles Major-N Major-S (Hours) Term (in) (in*E-6) (Ibs.)
Shakedown Bronze Oil System Test 2,153,120 4485 299 269.6 42.7%  Unknown Unknown 60,000
1 Bronze Qil Long Term Wear 5,132,267 10694 719 642.8 101.8% 0.00485 0.45 60,000
2 Orkot TXMM Water Long Term Wear 5,269,723 10979 732 660.0 104.6% 0.00069 0.06 90,000
3 KAron V Water Long Term Wear 5,117,030 10665 711 641.1 101.6% 0.00479 0.45 90,000
4A Bronze Qil Scale Load 1,220,506 2602 169 156.4 24.8% 0.00152 0.58 60,000
4B Bronze Qil Scale Viscosity 1,239,210 2593 172 155.9 24.7%  Unknown Unknown 60,000
41C Br Square Groove Oil Scale Grooves 302,863 633 42 38.1 6.0% 0.00643 10.16 60,000
4D Br Round Groove Qil Scale Grooves 1310437 2 273b 182 164.4 26.0% 0.01771 6.48 60,000
1A Bronze Qil Bronze Repeat 1,282,659 2678 178 161.0 25.5% 0.00312 1.17 60,000
2A Orkot TXMM Water Rerun with Matrix 3,996,205 8500 565 510.9 81.0% 0.00065 0.08 90,000
Shake 2024  Orkot TXMM Water Post-Move Test 1,583,506 3311 220 199.0 31.5% 0.00043 0.13 90,000
5 deva.tex Water Long Term Wear 5,049,120 10519 700 641.0 100.2% 0.00076 0.07 90,000

Total 13 33,657,000 70,400 4,689 4,240

\
S

US Army Corps

US.ARMY of Engineers.



LOADING & MOVEMENT MAP 7

Northwest
(Two Testing Phases per Bushing, Total Test Duration: Less than 30 days continuous 24/7)
5.7 minutes . .y s . .
B G FB @aosecsy  Set & Creep Phase - Bushing Conditioning for Testing Lesend
| ~ 10 secs : :’I Oscillation Cycles (£5.0°) Completed = 247 Legend
N sweep Pause (Hold at Preload ! Duration for This Test Phase: 24 hours
:( 1 cycle ! Loading:
Complete Cycle 247 Times Friction & Wear Phase — Bushing Operational Testing
Minor Oscillation (£0.3°) Cycles Completed: 5,040,000 Preload Only
Major NORMAL Oscillation Cycles (+8.0°) Completed: 10,500
Major SLOW Oscillation Cycles (+8.0°) Completed: 700 Preload with

Oscillating Load
Durations for This Test Phase:
Note: Durations shown in figures are for movements and set pauses only. These times do not include

Minor - Intermediate

B c < A ‘ A B _ additional pause times for data queries for operational switching and movement ramping.
4 secs Move:|:4 secsl Move'lE Move’,' * 20 Minor cycles: 8 secs
N 20 20 MZO ! * 60 Minor cycles: 24 secs
1 Minor Minor inor 1 . . . .
! cycles cycles cycles ' . er.\or cycle (8) repeats + Major-Norm?I cycle: 3 minutes, 3§ secs +0.3° Oscillations Centered
I : * Major-Normal cycle (15) repeats + Major-SLOW cycle: 54 minutes, 16 secs .
i . . . ) on Lettered Locations
I | * Total Test with 700 Major-Slow cycles: 641 hours, 26.7 days
| :
1
Pttt ' Major - NORMAL
: Complete Cycle 8 Times B B E D B
: .;\fter |2 secs 10 secs |
t
: epeats Pause Sweep -1 cycle :
1
1 1
D e ior -
: Complete Cycle 15 Times Ma]or SLOW D E
I B B E D B
oy F G (ge

: After L | 2 secs 350 secs (8 )5") A g C (5")(8 )
1 R t: ° ° °
: epeats Pause Sweep — 1 cycle : (3 )(0 ) (3°)
] 1 Not to Scale

4 < __________________________________________________________________ .

x\; m Complete Cycle 700 Times
L
= US Army Corps

US.ARMY of Engineers.



Coefficient of Friction
EEsiE

CONCLUSION: Bronze and
SLBs both meet 50-year life
conditions.

Test Results

Bronze bushings
* Increasing COF with time

Self-lubricated bushings (SLBSs)
» Decreasing COF with time

For SLBs, COF decreases at
_ higher loads, therefore,
I _ smaller bushings can be
7 N — utilized compared to bronze
. US Army Corps = -
us.ARMY of Engineers. for the same application.

COF FOR ALL BUSHING TESTS

~7

Pacific

Northwest

AAAAAAAAAAAAAAAAAA

0.4 T

035

03[

0.25

Time-Averaged Dynamic Coefficient of Friction

0.05

D Test 1
0 Test 2
Test 3
D Test 40
+ Test 4B
Test 4C
% Test 4D
O Test 1A
O Test 2A
[>Shakedown 2024
O Test 5

Equivalent Cycles, Neq



* TYPICAL WEAR TRENDS FOR BRONZE & SLB .7,

Northwest

AAAAAAAAAAAAAAAAAA

<103

Test 1
Test 2
5 Test 3 i
Test 5

Wear

CONCLUSION: Bronze and SLBs both meet
50-year life conditions with maximum wear on
the order of 0.005 inches.

F =N
I
|

KAron V

W
T
1

Test Results

e

Orkot TXMM

N
|

» Bronze bushing wear increases with time Bronze

« Self-lubricated bushings (SLBs) wear levels
off with time

—
T

Time-Averaged, Nomalized Wear (in)

Note: Ty " b deva.tex 552
Immediately after testing, learned that KAron V
manufacturer is no longer supporting bushings !

for this application.

1
/ 0 1 2 3 4 5 6
\;' LW m Equivalent Cycles, N, « 108
A
"

U Army Corps
US.ARMY of Engineers.




TEST EVENT CHART (TYPICAL) — TEST 5 7

Porthwest
TEST'NG KEY FEATURES ‘ ‘ ‘ |Temperatures| |
isc | l
‘@ B0 G i ERC LR
» Direct comparison of all data over time. |
- Test events can be seen in data. LR @' | t

30°C

« Gaps for Matrix testing

« Temperature manipulation from Matrix ' K}\\/\l\@\/\/\i\/\/\/\/\/\m/yw\/

| K s ‘-u\l'—-v'—"-——-

testing m\_ i Wu.mm W.Am o o |
f06]~ %rf“ T | . {
Note: Test pauses or equipment LB ]
excursions outside of normal parameters .| [nfialCOF~0.14] [ Coefficient of Friction |
affects data. . “”N IW
| i m' MM“ ‘M M [Final COF ~ 0.08 |
* Increased temperatures decrease COFin - ‘ o Mgy Wiy TR LT

SLBs
» Actual temperatures will be in narrow

\*% operatlng range 01_‘ 1Q - 15°C so these

e effects will be minimized.

US.ARMY of Engineers.



Performed at test start, periodically during testing, and at end of test
3 factors were varied in a matrix for 30 or 60 total combinations of conditions
« 5 angular velocities with increased sweep angle for stable dynamic torque
« 3varied loads for bronze and 4 varied loads for SLBs

15

14 r

13 |

121

2 14}
©
o
©
4
LL
S §
= 09
= 09

08 [

0.7

06

Pacific

Northwest

AAAAAAAAAAAAAAAAA

« 3 varied temperatures — 12.5°C, 18°C, 30°C

i@ _oad = 30K

i@ L 0ad = 45K | 7

Load = 60K

i Load = 90K |

0.5

U.S. ARMY

100 200

US Army Corps

of Engineers.:

300 400
Elapsed Time (h)

500 600

700

Normal Related Angle : Angular Taret Ayg.
= — Continuous Velocity Tangential No. of
TeSt peral et Sweep VeIOCity Repeat
Conoitions == Cycie (deg) |(deg/sec)| (cmisec) | cycles
Description _
((in./sec))
Al/B1 30/45 Prototype 8 0.0 0.003
C1/D1 60/90 minor ' -0.001
A2/B2 30/45 Prototype 3 0.06 0.0133 5
C2/D2 60/90 minor ' -0.005
A3/B3 30/45 Prototype 0.154
C3/D3 60/90 |int diat 2 =59 2
intermediate 20,061
A4/B4 30/45 Test scale 0.355
C4/D4 60/90 ' 8 3.2 °
e 0.14
A5/B5 30/45 Test scale 3 48 0.532 -
C5/D5 60/90 minor : -0.209




PNNL BUSHING TEST CAPABILITIES & REPORT:C{/

Northwest
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See Report for More Information
& Report Title: Self-Lubricating Bushing Testing for John Day Dam Kaplan Turbine Replacement
Report Number: PNNL-37577

Test Stand Operations Test Preparations Test Analysis

* Run Testing Scenarios in Test Stand « Test Design « Data Analysis
* Procurements & Fabrications - Data Reporting
« Test Setup

* Procedure Development

« Software Development

Test Development

» Test Definition & Planning
» Scaling Assessment

» Test Plan

PNNL Bushing Test Stand Team Members

Kyle DeSomber PNNL Hydro Systems Technical Interface kyle.desomber@pnnl.gov
Carl Enderlin PNNL Test Design, Scaling & Analysis cougar.enderlin@pnnl.gov
Eric Berglin PNNL Bushing Test Stand - Test Director & Design Interface eric.berglin@pnnl.gov
Philip Schonewill PNNL Bushing Test Stand — Data Analysis and Chiller Systems philip.schonewill@pnnl.gov
Jake Tucker PNNL Bushing Test Stand — Control & Software jake.tucker@pnnl.gov
Calvin Carr PNNL Bushing Test Stand - Test Operations and Assembly calvin.carr@pnnl.gov

Jason Serkowski PNNL Bushing Test Stand - Test Stand Design jason.serkowski@pnnl.gov
Daniel Deng PNNL Hydro Systems Program Interface zhigun.deng@pnnl.gov

US Army Corps

US.ARMY of Engineers.
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CONCLUSIONS

US Army Corps
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CONCLUSIONS FROM BUSHING TESTING @

* The quality of data coming from PNNL far exceeds any testing to date

( )
* The testing has been determined to be a valid test for comparison
purposes on a cycle-per-cycle basis ( ). This is based on

rigorous testing all variables associated with scalability of the bushing
testing (speed, loading, viscosity).

« Analysis shows that test results will be more adverse or comparable to
what is installed in the field. This is for both friction and wear and for all
materials ( ) to varying degrees. This means absolute scaling to
the field is not possible (less than ideal).

* There is adequate data to make feasiblility level decisions on comparison
between self-lubricating bushings and oiled-bronze for design purposes

= US Army Corps ( )
US.ARMY of Engineers.



OVERALL CONCLUSIONS

« Technical concerns with corrosion-induced fatigue were
addressed; there appears to be about a 3 times improvement
In fatigue life with 17-4 PH

« Technical concerns with self-lubricating bushings were
addressed; friction and wear for self-lubricating bushings
performed better than oiled-bronze

« Cost estimates for switching to water-filled hubs have
uncertainty but came in at $1M - $2M per unit

 O&M efforts are anticipated to be equal to or less than oil-filled

hubs

US Army Corps
US.ARMY of Engineers.



QUESTIONS
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