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CLEAN
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French River Land Company's Website!

French River Land HYDROLEC DIS-ASSEMBLY
Company's Home
Page! This page discusses the dis-assembly of the Hydrolec Unit. Please see the Hydrdrolec rebuild page for the
re-assembly process. The original page became to big with 42 photos and text!! It took forever to load.

Poetry of Power
The Freshwater hydraulic turbo-generating set was made by the Hydrolec Division of Leroy Somers, in Granby

FRL Historx Quebec, in the mid 1980s. Hydrolec went out of business in 1989. One has to be inventive to obtain
spare/replacement parts.

E¥§£9£EE The unit is a Model H9H-18 with four, automatically adjusted, cast aluminum blades. The total
Disassembly assembly, minus the butterfly valve, weighs 3550 pounds. At a nominal head of 18 feet, the unit produces 84

. kilowatts. It spins at 328 rpm and drives a 5.6:1 ratio, planetary, speed increaser that in turn, drives an
Hydrolec Rebuild 84 kilowatt, 1200 rpm induction generator. The generator is rated 3 phase, 60 hertz, 150 amps at 480 volts.
The generator frame is a 405 T. It has 4 poles and spins at 1835 RPM. The power factor is 0.85. The water
Key Personnel is shut off with a 60" butterfly valve.
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For Sale

HYDROELECTRIC
SITES:

Alternatives Hydro

Anasagunticook Lake
Dam Replacement-
C.Fay & W.Fay

Appleton HEP-
Jim Lichoulas

Badger Pond Dam
Removal

Senor Bonifettis'
sites in Chile

Buttermilk Hydro
Chittendon Falls
Claytor Dam

Collins Bascule Dam

ESAC WORKS
July 1985

Fiske Mill

1852 Fourneyron

Golden Pond Hydro

Hunts Pond
Indian River

Jaffery Fire
Protection

Konkapot Creek

Lake May Pelton
Wheel Removal
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The way the blades are actuated is quite clever. This unit, including the generator, sits submerged in
the water column. The blades are actuated by the use of a large return spring and a Firestone industrial
air bag. The generator rotor, planetary speed increaser and inner workings of the Kaplan hub are all
immersed in pressurized oil. As the oil pressure is increased, the Firestone air bag, on the end of the
machine, expands outward and pushes the cross head plate outwards. This pulls the turnbuckles, attached to
the ends of the blade trunion, bell cranks, which rotates all four blades equally. As the pressure in the
bulb is decreased, a large spring pushes the crosshead plate back in and reverses the rotation. Due to the
pressurized oil, in the generator and blade hub, careful consideration is given to sealing the machine, to
prevent oil from entering the environment. The main shaft is sealed with a low profile, mechanical/spring
bed and carbon contact, surface seal. The blades and rotating parts are sealed with neoprene o-rings.
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Livermore Falls
Martinsville Hydro
osv

Shaker Mill Dam

Silk Knitters- Ron
Macleod

South Village Dam

Sparhawk Mills

Tannery Pond

Turners Falls
Generator Rewind

Valatie Falls

Valley Paper

USEFUL ENGINEERING:

Air Admission to
Hydro Runners

The Banki Water
Turbine Mockmoore
and Merryfield

Barrel Stave
Bearing Repair

Bishops Method-
STABGM Program

Blade Pitting-
Boving LTD 1930
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Research, Allis
Chalmers Research
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Mobile plate

Draining plug

Open spiral spring
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As we disassembled the unit, we found numerous problems. The generator stator windings were burned
out. The Firestone airbag, that actuates the runner blades, was rotten. The mechanical oil seal was worn
out. The large conical roller bearings were bad. The oil lines were rotted. The planet needle bearings, of
the planetary speed increaser, were corroded. The blade trunion wear sleeves were chrome plated. The chrome
was worn out where the rubber o-ring seals had rotated and abraded the chrome surface with dirty water. The
main shaft sealing surface was corroded.

All these issues were painstakingly resolved.
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Vibration of a
Draft Tube

Cavitation-
Prevention &
Reduction, Allis
Chalmers Research

Causes & Effects of
Cavitation in
Hydraulic Turbines

Chain Turbine by:
Nguyen Minh Duy

Chain Turbine
Mechanics-
Discussions with
Duy

Characteristics of
Modern Hydraulic
Turbines-Chester

Larner This is the Kaplan hub as we first saw it. Note the black rubber doughnut is the Firestone airbag. The
plate and nosecone are attached to the top of the airbag. The bottom of the air bag is attached to the
Comparative Tests spinning hub. As the internal pressure is increased the aluminum blades are actuated.

On Experimental
Draft Tubes- C M
Allen & I A Winter
1923

Design of an
Overshot Waterwheel

(by Carl Weidner)

Design of Pelton
Buckets

Design of Small
Water Turbines for
Farm and Small
Communities

Design of the
runner of a Kaplan
turbine for small
hydroelectric power
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plants: Timo
Flaspohler

Draft Tube Design

Draft Tubes of
Hydro-Electric
Stations by M. F.
Gubin

Draft Tube Tests

Ejection into
Tailraces of
Hydropower Plants:
S. M. Slisskii

Fall Increaser-
Henry Ford

Fall Increaser
Herschel Venturi
Tube

Fall Increaser
Moody Ejector
Turbine

Fall Increaser
Hydraulic Jump
Apron

Feasibility Studies

for Small Scale
Hydropower
Additions, A Guide
Manual, US Army
CORPS of Engineers

Flashboard Pins

Gatecase Design-
Kovalev

Governor Theory for
the Plant Operator

Graphics of Water

The discharge end.
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Wheels- William Fox

Hydraulic Motors-
M. Bresse & F. A.
Mahan 1869

Hydraulic Turbines-
Robert Long
Daugherty

Hydraulic Turbines
by Arnold Pfau

Hydraulic Turbines
Gelpke & Van Cleve

Hydrokinetic Energy
in Massachusetts-
William D. B. Fay

Hydrostatic Beam
Analysis

Impulse Turbines
by Ely Hutchinson

Kaplan Blade Design
NACA Air Foil-
Report No. 460

Kaplan Blade Design
NACA Air Foil-
Report No. 628

Kaplan Design-
Kovalev

Kaplan Design Marko
Kogovsek.xls

A Laboratory Study
to Improve the
Efficiency of
Crossflow Turbines-
N. Aziz & V. Desai

Meggering
Generators
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Meggering
Earth Resistance

Operation &
Maintenance of
Hydro-Generators

Out Gassing

Parallel Operation
of Turbines

Analysis

Pelton Design-
Daugherty

Powerhouse Design-
Miniwatt Hydro

Powerhouse Design-
Natick Dam

Power Plant
Inspection

Rake-Leonard
Rake-Newport News

Rack Design-
Chicopee-Olav
Hotvedt

Rack Design- PHI-
Bill Fay

Rack Design-
PHI-Brian French

Rack Design-PHI-Ken
Smith

Rack Design-ASCE

Rack Design-
Hydraulic Institue
of Munich
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The inside of the hub. Note one blade is assembled and you can see the bell crank and tie rod. Note
the Federal Mogul, Glycodur plastic journal bearings. Note the large neoprene o-ring and plastic grit ring.

Here is the new Firestone airbag attached to the runner cover. It is an Airide, model 119B. Order
number W01-358-7478. At 100 psi its maximum diameter is 17.4 inches. With a three inch assembly height, at

40 psi, it applies 6920 pounds of axial force.
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Rack Design-Flow
Induced Vibrations

Selecting Hydraulic
Reaction Turbines
BUREC

Shafts- Kovalev
Shaft Couplings

Snows Improved
Water Wheel
Governor

Standard for
Hydraulic Turbine
and Generator Shaft
Couplings and Shaft
Runout Tolerances

Stoplog Design
Calculation

A typical blade. The shiny cylinder on the bottom of the blade is a replaceable wear sleeve that

Stoplog Structure rotates in the Glycodur bearing. The original was chrome plated. The chrome was worn through where the

Design Calculation sandy water lodged in the o-ring and abraded the chrome surface. We were going to grind the chrome off,
) re-chrome the surface and regrind the chrome. We finally purchased a solid bar of stainless steel. The
Stress Analysis of Wizard turned four new sleeves out of the solid bar.

Hydraulic Turbine
Parts, BUREC- F.O.
Ruud

Some Fluid Flow
Characteristics of
a Cross Flow Type
Hydraulic Turbine-
Durgin & Fay

Tenth Census of the
Us, 1880, Water
Power of the US,
Part I- Professor
Trowbridge

Tenth Census of the
Us, 1880, Water
Power of the US,
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Part II- Professor
Trowbridge

Tests on a Kaplan
Hydraulic Turbine

Theoretical
Conditions Related
to an Open Channel
Flow Linear
Turbine- Ishida &
Service

Theory of Turbines-
De Volson Wood

Treatise relative
to the Testing of
Water-Wheels and

Machinery, James

Emerson 1879

Turbine Water-Wheel
Tests- Robert
Horton

Turgo, A High Speed y, A l“tﬁu
Impulse Turbine- { :
Paul Wilson

Vortices at Intakes

Water Hammer-
Lorenzo
Allievi-Text

Water Hammer-
Lorenzo Allievi-
Figures

Water Hammer-ASME
Symposium 1933

Water Hammer _
Norman Gibson

Water Hammer-
E.B.Strowger
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Waterpower
Engineering-Daniel
Webster Mead

Water Wheel Design-
Ken Smith

Weights

WHAMO

Wooden Penstocks
TRADE CATALOUGES:

Bradway Turbine
(progressive gate)

Brook Waterwheel
Charmilles Turbines

Christiana Machine
(register gate)

Dayton Globe

Electric Machinery
Company (EM)

English Pelton
ESAC

Essex Turbines
GE WW Vert Gen
GE Springbed Brg
Gilkes Turbines
GilkesWaterpower

Head Gate Hoists-
S. Morgan Smith

Holyoke Hercules
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Co-conspirators!!! We needed to remove the old wear sleeve from the blade trunion. It was held on by
LockTite. In order to remove it, we needed to heat the assembly up to 500 deg F. While Carol was teaching
ballet, Celeste and Will snuck the blade into our kitchen. They put the blade in the electric stove and
baked it at 500 deg F. I think they may have told Carol that they were baking brownies!!! The high
temperature broke the bond and we were able to remove the sleeve.

Looking down into the planetary gear housing The ring gear is still installed.
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Hunt Cat 29 As&B
Hunt cylinder

J & W Jolly
(cylinder gate)

Kingsbury Brg

Leffel Bulletin 38
Leffel Bulletin 54
Leffel Hoppes Unit

Leffel Laboratory
Unit

Leffel
Miscellaneous

Lombard Direct-
Connected 0Oil
Pressure Governors

Bulletin NO. 113 The planet carrier with the planets removed.
October 1st, 1912

Lombard Governor

Lombard Governor
Company Type T
Instruction Book

Lombard Governors
for Waterwheels and
Steam Engines-1902

Lombard Water Wheel
Governors Catalouge
26

Pelton Wheel (1909)
Pelton Wheel (1925)

Ridgway Perfection
Water-Wheel
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Rodney Hunt

Samson PamK

Smith Bulletin 110
Smith Power Tables
Smith Kaplan

Smith Power

Smith Pelton

Smith Develop

Smith Turbines:
Bulletin 105

Swain Turbine

Trump Hydraulic
Turbines

Trump Turbines
Tyler Turbine

Vertical Shaft
Water Wheel Driven
Generators- General
Electric

Wellman Seaver
Morgan

Westinghouse Small
Vertical
Waterwheel-Driven
A-C Generators,
July 1944

Westinghouse WW
Generators

Woodward Governor
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A view of one of the planets, a planet axle, the thrust collar and 25, 6 mm dia. by 60 mm long needle

rollers. The rollers on one of the planets were corroded by water of unknown origin.

The Torrington Division of Timken Bearing Company said they could make the new needles. The
we needed to order 3000 needles, at $3.00 each. We thought $ 9000.00 for 75 rollers was a little
noticed that Torrington listed the surface hardness and finish at 60 Rockwell and 25 microns. We

hardened dowel pins sold by Fastenal Company. The pins were listed at 72 Rockwell and 30 microns.

pins cost $28.00. We installed the dowel pins.

catch was,
steep. We
found

The 75
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Links:
Swiftriverhydro.com
damengineers.com

Smith Alternative
Energy
(www.smithtest.com)

Grinding a replacement needle to the correct length

http://www frenchriverland.com/hydrolec _disassembly.htm
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Machine for grinding new needles.
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Partially assembled planetary housing carrier with two of the planets in place.

This is the main shaft of the speed increaser. The bearing is new. Note the grey band on the shaft.
The shaft was worn at this location where the mechanical oil seal rode. The Wizard cut a dove tailed slot
on the shaft. We packed it with Belzona, let it dry overnight and turned it down to the same main shaft
diameter. The main bearing is a Consolidated FAG No. 32226. The upper radial bearing is an FAG 30221.
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This is a Timken bearing nut. The original was Locktited on. We did not want to damage the shaft by
heating it so we cut the nut off. The Wizard made a new nut.
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The original oil seal was a Hydrolec OEM. It is a special low profile seal. Andy Lemaider has several
of these units running on the Royal River in Falmouth, Maine. He steered us to the FLOWSERVE Company, Fluid
Sealing Company of Kalamazoo, MI who supplied us with a replacement seal shown here. It is a single inside
BRO, B/M No. 354352, shaft size: 110 mm, seal size: 4.331, assembly drawing 2D-352679. Note the row of tiny
compression springs that press this rotating component against the stationary carbon element (not shown).
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It was impossible to get a spanner wrench down into the gearbox case to take out the Timken nut. The
Wizard said "no problem!!". He then made this tool to reach down inside the case and turn the nut off. Note
one of the square tangs on the bottom left used to engage the square notches on the side of the bearing
nut. Note the 1 1/4 inch diameter nut welded to the top of the tool, to turn it with a socket.
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A view of the generator rotor. We replaced both end bearings. The inboard bearing is an FAG-6317-2ZRC.
The outboard bearing is an SKF-6314-2Z/C3.
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This is the heavy steel tank that houses the generator. It has been sandblasted and painted. Note the
heavy corrosive pitting on its outside surface.

This is the inner cone. The generator/speed increaser assembly fits inside this cone. After the water
flows through the propellor, it discharges through an annular draft tube. The annulus is formed by the
outside of this cone and the inside of the larger, outer cone. Note the ten 2 inch diameter, torch cut
holes in the surface. We think some one was trying to tighten a hydraulic fitting and cut the holes in
order to find the fitting. They are allowing the vacuum on the downstream side of the runner to escape. We
put heavy card board on the inside of each hole, traced the individual outline and cut out a template. We
flame cut the rough outline of the plug out of 3/8 inch trashrack stock. We pasted the cardboard template
on the rough piece and used the large bench grinder to trim the piece to an exact fit. We then welded all
the pieces in place.
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Patches welded in place.
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Fresh paint applied to newly patched inner cone.
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This is the outer cone. The inner cone is attached to this cone by an angle iron frame on the
discharge end and three, tensioned, spokes on the propellor end.
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