                                                      February 11, 2002

Mechanical construction of the PLL small hydro controller - version 12.x

    (PLL = Phase Lock Loop; formerly called VPT for Virtual Parallelling & 

Throttle control, which at this date has been abandoned as a term in most 

cases throughout the design, since it has been found to be a somewhat 

clumsy description of the product. The term VPT may still be found here and 

there in literature related to this product for several years yet; in all 

cases VPT may be used synonymously with PLL, the more standard industry 

term). 

    Overall, the unit consists of a water tank with the ballast heaters, 

triac switches, controller board, and optionally an electromechanical 

actuator driver, a pilot relay for emergency shutdown, a fuse for the load 

management line, and in some cases a headpond level detector. Add-on 

modules may be connected externally. Most specialized options connect via 

the system bus connector, a 40 pin male IDC header on the controller board. 

There are several other connectors as well - see the electronics info for 

version 12. External options may be daisy chained along a flat cable to 

this bus, and each option will only use those conductors which are 

appropriate for it. 

    Electronics module:

Components located on the system board include the Motorola MC68SEC811E2FN

MCU and all circuitry needed to interface to the constant load ballast, 

except the power switching triacs which are mounted on the aluminum tank 

for cooling; and everything needed to interface to a personal computer, to 

remote load management decoders, to the tank temperature sensing digital 

thermostat and to the local LCD screen. For actuator motor drive and 

emergency shutdown, raw drive signals from the system board must be fed to 

appropriate power switching devices. Other I/O signals use terminals on the 

system bus, the one-way SPI bus, or are displayed directly by the on-board 

LEDs.

    The board is approximately 3 by 5 inches in size. Along the front edge 

are, from left to right, the damping adjustment pot, 5 display LEDs, the 

reset button, the on/off switch and the 9 pin AT-style serial port. A 6 

inch wide, 3 1/4 inch high front panel is mounted to the board at right 

angles with the above components projecting through, except the reset 

button which is accessible through a small hole. The panels are currently 

being manufactured from double-sided un-etched copper/fiberglass/copper

circuit board material and the size & shape of the panels has been selected

to give 100% utilization of the existing sheets of material, which are 18

by 9¾ inches in size and yield 9 panels each after scoring and snapping.

    A specially designed manual indexer is used to drill the system-board 

component holes and the LCD mounting holes in the front panel according to 

CAD data derived from the main board design files. See tooling descriptions 

for front panel scoring and drilling details. 
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    The damping pot's plastic holder serves as a mount for the lower left 

corner of the panel, and the 2 mounting screws on the serial port DB9 

connector serve as a mount for the lower right corner. The top corners of 

the panel are braced back to the two rear mounting holes of the system 

board by L-shaped aluminum brackets. A 2 X 20 character text LCD module is 

mounted on the front panel above the row of system-board components, behind 

a lexan plastic window. The panel's angle brackets share the two top LCD 

mounting screws.

    The front panel is mounted on the outside of the enclosure surface by 4 

screws in the extreme corners, and then supports the system board which 

extends rearward through a rectangular hole in the enclosure and is not 

otherwise attached to the enclosure. The depth required behind a one-eighth 

inch thick enclosure panel is slightly less than 3 inches, since the total 

depth of the system board measured from the back surface of its front panel 

is somewhat under 3 1/8 inches. This interfaces well with the aluminum 

tanks used for these controllers, which make use of 3 inch aluminum flat 

bar for all 4 sides and 1/8 or 3/16 inch aluminum sheet stock for front and 

back.

    The system board's high voltage terminals (generator in, ballast out) 

are on the rear edge and right edge. Wires are brought in through 

enclosure knockouts and standard electrical wiring practice is used. At 

present this design is not suitable for in-home installation approval due 

to the lack of a regulation physical barrier between high voltage and SELV 

sides of the circuitry. However, several thousand volts of electrical 

isolation is present, as well as proper clearances and safety ground traces 

to separate the circuits on the system board. 

    A good investment might be a punch set for making the odd shaped holes 

for the D type connectors. Although expensive, a punch of this type 

produces a professional appearance and saves a considerable amount of 

labor. The rest of the holes are round (can be drilled) or rectangular (use 

a nibbling tool).
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MANUAL INDEXING TABLE FOR DRILL PRESS

Procedure for drilling faceplates for VPT12.1

 (tick off as steps are completed):

[] Install drill no. 1 (5/16 inch).

[] Place work on manual X-Y table.

[] Set table so damping pot mounting hole is in drilling position.

  Drill each hole (below) in all work pieces before proceeding to next hole.

--------------------------------------------------------------------------

   HOLE 1

[] Drill a hole for damping pot (absolute position: X = 0.700, Y = 0.218).

--------------------------------------------------------------------------

   HOLE 2 

[] Install drill no. 2 (13/64 inch).

[] Turn X crank   9.00 turns clockwise.

[] Turn Y crank   1.90 turns counterclockwise.

[] Drill a hole for speed low LED (absolute position: X = 1.150”, Y = 0.123”).

--------------------------------------------------------------------------

   HOLE 3 

[] Turn X crank   5.00 turns clockwise.

[] Drill a hole for speed ok LED (absolute position: X = 1.400”, Y = 0.123”).

--------------------------------------------------------------------------

   HOLE 4 

[] Turn X crank   5.00 turns clockwise.

[] Drill a hole for speed high LED (absolute position: X = 1.650”, Y = 0.123”).

--------------------------------------------------------------------------

   HOLE 5 

[] Turn X crank   8.00 turns clockwise.

[] Drill a hole for out of phase LED (absolute position: X = 2.050”, Y = 0.123”).

--------------------------------------------------------------------------

   HOLE 6 

[] Turn X crank   8.00 turns clockwise.

[] Drill a hole for phase lock LED (absolute position: X = 2.450”, Y = 0.123”).

--------------------------------------------------------------------------

   HOLE 7 

[] Install drill no. 3 (7/64 inch).

[] Turn X crank   6.00 turns clockwise.

[] Turn Y crank   0.54 turns clockwise.

[] Drill a hole for reset button access hole (absolute position: X = 2.750”, Y = 0.150”).

--------------------------------------------------------------------------

   HOLE 8 

[] Turn X crank  13.28 turns clockwise.

[] Turn Y crank   2.00 turns clockwise.

[] Drill a hole for DB9 connector left mounting screw (abs. pos.: X = 3.414”, Y = 0.250”).

--------------------------------------------------------------------------

   HOLE 9 

[] Turn X crank  19.73 turns clockwise.

[] Drill a hole for DB9 connector right mounting screw (abs. pos.: X = 4.4004, Y = 0.250).

--------------------------------------------------------------------------

   HOLE 10 

[] Install drill no. 4 (3/16 inch).

[] Turn X crank  26.01 turns counterclockwise.

[] Turn Y crank   1.40 turns counterclockwise.

[] Drill a hole for on-off switch (absolute position: X = 3.100”, Y = 0.180”)

--------------------------------------------------------------------------

Holes for LCD module mounting

-Not required to be in exact alignment with the above - separate piece

-Starting from lower left mounting hole:

1) Drill 1/8" mounting hole.

2) X+85 turns - drill 1/8" mounting hole.

3) Y+22.5 turns - drill 1/8" mounting hole.

4) X-85 turns - drill 1/8" mounting hole.
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                            Heater Tank Overview

    These tanks are being fabricated from 3 inch aluminum flat bar 

and 1/8 or 3/16 inch aluminum sheet according to the existing layout 

diagrams. They form a complete controller once the electronics are mounted 

and wired. At present an all-bolted, no-welds design is being used for 

precision and reliability of construction. This requires machining of some 

surfaces as described in the tooling lists below. Extensive use is made of 

jigs and indexers. 

    The tanks are currently being made in 6 and 10 hole versions with space 

for 6 or 10 electrical water heating elements depending on kilowatts to be 

absorbed. Unused holes may be covered with square plates.

    Each tank consists of two rectangles of flat aluminum sheet forming a 

front and a rear, with 3 inch flat bar stock around the edges to space the 

two flat panels 3 inches apart, inside measure.  3 inch by 3/4 inch stock 

is used for the sides and 3 inch by 1/2 inch stock is used for the top and 

bottom. Such thick material makes possible the use of blind holes for all 

mounting bolts and screws, eliminating many corrosion and leakage hazards. 

It also permits the front & back to be directly bolted to the edge pieces 

and the top and bottom edges to be bolted to the sides, resulting in a 

weld-free tank which is very reliably leak-free after fabrication, and does 

not suffer from heat-induced distortion. Jigs and indexers partially 

automate the drilling of the many holes required. Special "super-bottomer" 

taps are used to machine proper threads all the way to the bottom of the 

blind holes after normal tapping, to maximize the usable bolt lengths. 

Carbide hole saws are used to make the larger holes, with the saw chucked in 

a machine lathe and the work mounted on an electrically driven hole indexer 

attached to the lathe carriage.

The hole spacing for bolting the front and back plates to all flat-bar 

pieces is standardized in such a way as to give proper sealing, as follows:

    Bolt size: 1/4-20 NF.

    Header edge hole spacing: 1 3/4" from end with pipe hole (or 

alternistor hole if no pipe hole, as in a few asymmetric 5-hole units with 

inlet and outlet on the same header), and every 1 3/4" from there to end of 

header.

    20 inch top bars: 5/8" from end of bar then every 1 7/8".

    23 1/2" bottom bars: Mark at 1 3/4", then same as top ones - 5/8" from 

mark then every 1 7/8" from there to a similar mark 1 3/4" from 

the other end.

    The above measurements put a bolt near each corner. Spacing around the 

tank is suitable for correct seals but not exactly symmetrical, so bars 

cannot be reversed once front and back panels are drilled.
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    Yet to be devised is a simple method for quickly positioning the tank 

assembly holes in the front and back panels. Methods considered have been a 

number of spring-loaded marking devices placed in the assembled side bars, 

one in each panel bolt hole, or a special thin tank-edges assembly with the 

holes drilled all the way through, set on the panel which is then center 

marked using a special punch through the holes, which have the same spacing 

as normal tank assembly holes. the first prototype of a weldless tank was 

more or less successfully marked using powdered chalk applied to the bars 

after assembling them to each other, but this was less than satisfactory 

since the existing half-by-three and three-quarter-by-three bar stock is 

just different enough in width to cause gaps in the marking near the 

corners. White grease has proven to work somewhat better than powdered chalk,

and accuracy has been improved in hole marking by placing two aligning pins

(now part of the tank manufacture special tool kit) about 6 inches long, with

an inch or so of ¼-20 thread on one end, in two of the bolt holes which must

be located accurately by measurement and drilled first.

    Control computer front panel mounting on a 23 1/2" wide enclosure 

front: left edge of panel is 11 inches from left edge of enclosure.

    The left, top and right edges of the front & back plates project beyond 

the flat-bar tank sides enough to provide space for heater wiring and triac 

mounting on both sides, where the heaters are mounted in an alternating 

left-right arrangement; and to allow space for the controller, internal 

add-on options and signal and power wiring along the top of the tank. 3 

removable covers made of 1/8 inch aluminum enclose these spaces, except 

where two small fixed (non-removable) panels make up the top 4 inches or 

so of each side cover. These fixed panels are where the signal and power 

wiring "knockout" holes are located. The rear panel has 3 mounting "ears", 

one at centre on the bottom and two spaced along the top, which can be used 

to mount the unit to a wall or panel. Half-inch thick aluminum slugs 

created by a small hole saw make good spacers to place on the 3 mounting 

bolts, allowing room for the rear tank bolt heads to clear the wall. These may be attached behind the mounting ears with 2 - 6/32 screws each.

    The bottom flat bar extends to the outside edges of the front & back 

panels, so that its ends may serve as a mount for the bottoms of the side 

covers. The fixed panels serve as the remaining mounting surfaces for the 

removable panels.

    The side panels are extensively drilled as "headers" for attaching the 

heaters and their triac switches. Earlier units had a large cleanout 

cover on the bottom in most cases, but since these units may be fully 

disassembled for cleaning, none is used here.

    The standard 3/4 by 3 headers each have a pipe-threaded hole at one 

end, for cooling water inlet and outlet. With one header placed one way up 

and one the other way up, cooling water can flow in one side of the tank at 

the bottom and flow out the other side at the top. The outer side covers 

are drilled to allow the water pipes to pass through. The rest of the holes 

are drilled with the correct spacing so that when one header is placed with 

pipe connection hole up and one is placed with pipe connection hole down, 

the heaters end up evenly spaced and staggered left and right alternately. 

This is important since the left and right mounted heaters will physically

obstruct each other inside the tank otherwise. See the hole spacing data for

the tanks below.
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    Near the outlet fitting, a blind hole, tapped for half-inch SAE (NF) 

thread is provided, to mount an electronic thermostat for 

overtemperature shutdown of the unit. Standard trip points are 60 degrees 

celsius for orderly shutdown using a throttle actuator, and 70 degrees 

celsius for immediate emergency shutdown.  The electronic thermostat is a 

chip potted in plastic resin inside a brass fitting with half inch NF 

thread. The thermostat is connected to the system bus and works by 

informing the firmware of an overtemperature situation so the firmware can 

shut off the heaters.

    Power wiring is physically supported either by stick-on plastic tie 

anchors or by plastic ties threaded through pairs of holes in the rear 

panel. Support for these large wires is important to avoid excessive stress 

on semiconductor terminals. One large wire per heater connects to a triac.

    Split-bolt connectors connect the individual heater wires and the feed 

wires together inside the top cavity near the right hand side of the tank. 

Wires to the heaters on the left side header are run under a light gauge 

aluminum shield beneath the system board. In a 3-phase system, this shield may also run up the right hand side of the computer module where it can be used as a mounting surface for the 3-phase converter board (see photos of the Moulin Jegu 15-kw controller).


A bracket attached to the rear panel to the left of the computer module supports the DC cable terminal block. It should be mounted high enough for easy wiring but low enough to give good clearance under the top cover.

Tank Labels

Graphics for tank front and terminal identification labels are included in this file. A laser printout of the following page on transparent full sheet sticky label material is used. Scissors are used to cut apart the individual labels.

-Apply the terminal identification list to the underside of the top cover.

-Apply the wiring warning label to the inside of the right hand cover.

-Apply the front panel graphics and external tank graphics as required.

-The labels use the TrueType font Crillee. 
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   TERMINAL IDENTIFICATION - VPT12.1 SMALL HYDRO CONTROLLER

6-pin terminal on tank

4-pin terminal on circuit board
5-pin terminal on circuit board

1 -  GND



1 -  POWER TRANSFORMER - A1
1 -  GND





2 - LOAD MANAGEMENT OUT 
2 - POWER TRANSFORMER - A3
2 - LOAD  MANAGEMENT  OUT

3 - PITCH DIRECTION CONTROL
3 - POWER TRANSFORMER - A2
3 - PITCH DIRECTION CONTROL

4 - PITCH ACTUATION CONTROL
4 - POWER TRANSFORMER - A4
4 - PITCH ACTUATION CONTROL

5 - EMERGENCY SHUTDOWN




5 - 12 VDC IN - TO COMPUTER

6 – NO CONTACT


Pin headers on circuit board



See literature.  




10 - pin terminal on circuit board
1 -  BALLAST DRIVE #1
5 - BALLAST DRIVE #3
9 - BALLAST DRIVE #5

2 - BALLAST DRIVE #1
6 - BALLAST DRIVE #3        10 - BALLAST DRIVE #5

3 - BALLAST DRIVE #2
7 - BALLAST DRIVE #4

4 - BALLAST DRIVE #2
8 - BALLAST DRIVE #4

Do not remove wires from board terminals - unplug entire terminal block by pulling upwards.

[image: image1.png]CONTROLLED E H H E D N
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      VPT 12.0 small hydro controller


DAMPING        SPEED
    PHASE
   ON


- <------> +     LO   OK   HI      OUT     LOCK 
  OFF             COMPUTER

   MANUAL
INCREASE
COOLING 
COOLING


    WATER
 AUTO

 WATER

 WATER


 CONTROL
DECREASE
   IN

  OUT

CONTROL CONNECTIONS
  POWER CONNECTIONS
L1    L2
GND
SUPPLY CONNECTIONS - 220 V 50 HZ 4-WIRE STAR CONFIGURATION
Connect individual phase lines to the 3 bundles of white wires.

Connect neutral to the bundle of black wires (larger split bolt connector).

Connect incoming ground wire to ground terminal near AC line entry points.

Tape all pigtail connections thoroughly  and lay in wiring space carefully.

IMPORTANT - HEATING ELEMENTS ARE ISOLATED FROM GROUND.
To prevent possible corrosion, maintain isolation if heater replacement is requited.

Place an insulating gasket under the heater, and an insulating washer and sleeve

on each mounting bolt.

ALL SCREW & BOLT HOLES IN TANK ARE BLIND - THEY DO NOT PENETRATE TO THE INSIDE.

Forcing excessively long bolts into any threaded holes in tank may cause penetration,

leakage, corrosion and/or stripped threads.
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   IDENTIFICATION DES TERMINAUX - CONTRÔLEUR MICRO-HYDRO VPT12.1
bloc à 8 écrous, panneau arriere
bloc à 4 écrous sur carte d’ordinateur 
bloc à 5 écrous sur carte d’ordinaterur

1 -  MASSE


1 -  TRANSFORMATEUR DE PUISSANCE -  A1
1 -  MASSE





2 - SORTIE DE GESTION
 
2 - TRANSFORMATEUR DE PUISSANCE -  A3
2 - SORTIE A GESTION

3 - CONTRÔLE D'EAU: MOTEUR, 1
3 - TRANSFORMATEUR DE PUISSANCE -  A2
3 - CONTRÔLE D"EAU: DIRECTION, NIVEAU BAS

4 - CONTRÔLE D'EAU: MOTEUR, 2
4 - TRANSFORMATEUR DE PUISSANCE -  A4
4 - CONTRÔLE D"EAU: MARCHE/ARRÊT, NIVEAU BAS

5 - ARRÊT D’URGENCE (NORMALEMENT FERMÈ)



5 - +12V PUISSANCE DE SAUVEGARDE


6 - ARRET D'URGENCE (NORMALEMENT FERMÈ)



     POUR ORDINATEUR

7 - +12v, SAUVEGARDE

Terminaux à broches sur carte d'ordinateur:
8 - MASSE

Voir la littérature.  




bloc à 10 écrous sur carte d’ordinateur
1 -  CHARGEMENT CONSTANT #1
5 - CHARGEMENT CONSTANT #3
9 - CHARGEMENT CONSTANT #5

2 - CHARGEMENT CONSTANT #1
6 - CHARGEMENT CONSTANT #3        10 - CHARGEMENT CONSTANT #5

3 - CHARGEMENT CONSTANT #2
7 - CHARGEMENT CONSTANT #4

4 - CHARGEMENT CONSTANT #2
8 - CHARGEMENT CONSTANT #4

Sur la carte d'ordinateur, n'enlevez pas les fils des blocs de vis..Debranchez les blocs entieres en tirant vers le haut.





   CONTRÔLEUR MICRO-HYDRO VPT12.1

           ACCORD P.I.D.   FREQUENCE
    PHASE
    1
    ORDINATEUR






     remise


- <------> +         -   60   +      HORS      EN 
    0           RS-232 3 FILS





        SYNCHRO

   COMMANDE
 AUGMENTER
PRISE DE L’EAU DE
SORTIE DE L’EAU DE


     MANUEL
 AUTO

REFROIDISSEMENT
REFROIDISSEMENT


  DE TURBINE
DIMINUER





CÂBLES DE COMMANDE
  CÂBLE DE GÉNÉRATEUR

CONNEXIONS DE PUISSANCE - 240 V 60 HZ 1-PHASE 45.5 kW
Rélier le fil de masse au borne près de la point d’entrée de la C.-A.

Isoler complètement toutes les connexions avec bande d’isolation et placer

soigneusement dans l’espace de câblage.

IMPORTANT – LES ÉLÉMENTS DE CHAUFFE SONT ISOLÉS ÉLECTRIQUEMENT DU RÉSERVOIR.
Pour empêcher la corrosion, remplacer l’isolation si le remplacement d’un element de chauffe est requis.

Placer une garniture isolante sous la surface de montage de l’élément de chauffe, et placer une rondelle

isolante et une douille isolante sur chaque boulon de fixation.

Pour enlever un élément, enlever d'abord son lien non-isolé et son relais.












          numèro de serie 012
VEUILLEZ NOTER: LES TROUS DE BOULON DANS LE RÉSERVOIR NE PENETRANT PAS A L’INTERIEUR.
          45.5 kW 240 V 1 phase
Forcer les boulons excessivement longs dans ces trous peut causer l’endommage.

          étiquettes/logiciel en français
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Hole spacing - non-welded type, version 12 hydro controller tank - universal 6-hole header (use on one side of tank for 3 to 6 heaters; two on opposite sides of tank for 7 to 12 heaters).

[Copied from rough shop notes containing the original calculations]

-Hole vertical center line is 1/8" toward tank from header center line.

-Space heaters on 3 1/2" centres and space so that when 2 are used on opposite sides, the heaters are accurately staggered. This assumes that headers are opposite ways up but same side forward!

-Therefore the heater holes should start closer to one end of the header than the other (1/4 of spacing - one up 7/8"; one down 7/8" = 1 3/4").

[INSERT HEADER DRAWING HERE]

Centerline hole spacing - index numbers (in 1/16" increments) - for vertical drilling indexer in machine lathe. Numbers in inches on left are relative to previous hole.












    Designator:

0 point: end of header ------------------------ abs   0 / rel  0

1 1/4": pipe fitting - use center drill only -- abs  20 / rel 20   D

2 5/8": heater - use hole saw ----------------- abs  62 / rel 42   H1

1 3/4": alternistor - make center mark only --- abs  90 / rel 28   C1

1 3/4": heater - use hole saw ----------------- abs 118 / rel 28   H2

1 3/4": alternistor - make center mark only --- abs 146 / rel 28   C2

1 3/4": heater - use hole saw ----------------- abs 174 / rel 28   H3

1 3/4": alternistor - make center mark only --- abs 202 / rel 28   C3

1 3/4": heater - use hole saw ----------------- abs 230 / rel 28   H4

1 3/4": alternistor - make center mark only --- abs 258 / rel 28   C4

1 3/4": heater - use hole saw ----------------- abs 286 / rel 28   H5

1 3/4": alternistor - make center mark only --- abs 314 / rel 28   C5

        end of header ------------------------- abs 320 / rel 34

-A one-of-a-kind tank to get construction in sync with material supplies - and for special uses. 4-step 5-hole: 12,6,3,1.5 kw = 22.5 kw (or 5.625 kw)

Or 6,3,1.5,750 & cover 1 hole, or use 2 - 3's as 6 = 11.25 kw (or 2.81 kw)

Stock - 10 1/4" long X 2 pieces

Spacing - 7/8 between flanges, so 3 3/8 centres.

Drill for coolant fittings, punch for alternistors, holesaw for heaters.

From top end,

the 3-hole end is -


2-hole end - 

3/8     - punch



1       - drill

2 1/8   - saw



2 1/8   - punch

3 13/16 - punch



3 13/16 - saw

5 1/2   - saw



5 1/2   - punch

7 3/16  - punch



7 3/16  - saw

8 7/8   - saw



9 1/4   - drill

After that, each 20 ft. (2 - 10 ft.) of aluminum 3 X 3/4 bar will make 5 - 5 holers X 2 and 1 - 3 holer X 2. Leftover (about 3") can be made into water cooled heat sinks (see http://www.carsons.ca/images/mindcool.gif) or general use.

Normal 6-holer: like 10-hole but reduce each header by 2 holes (or 7 inches), to 13 inches.

End Drilling Jig Setup – set rails 4¼” apart. To maintain this setting, shim screws as required and avoid damage in storage. Be sure rails are parallel to quill and jig surface is perpendicular to press bed. Extend drill press head out past press bed and center on workpiece in jig.
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    Add-on modules:

    1) The throttle actuator switching module (internal or external add-on)

    Version 12 of the system board was the first version to eliminate the 6 

amp power switching circuitry from the throttle actuator section of the 

board. This is now a separate module driven by logic level signals from the 

system board, so that various current and voltage capabilities can be 

arrived at using the same system board.

    The standard module consists of a relay socket used to mount not only 

the relay but all the other components of the switch module. No other 

chassis or board is used. Two transistors, one for motor drive and one for 

relay drive, are used, creating a module with signal inputs for motor 

run/stop and motor forward/reverse. The relay is used to reverse the motor. 

All solid state modules are planned in future using an h-bridge of MOSFET 

transistors and isolated driver chips. A diode matrix allows the connection 

of a high-current spdt center off switch which will override commands from 

the system board and directly operate the actuator motor and its 

directional relay with no electronics involved other than the diode matrix 

itself, for relatively failsafe manual operation of the turbine wicket 

gates or deflectors. This toggle switch can be mounted on the front panel 

of the tank unit. Holes for a mounting screw and the alignment tab of the 

module's relay socket are drilled in the top of the tank, to the left of 

the system board and between the system board and the DC terminal block.


Heavy-duty switching modules requiring larger relays may be mounted externally in their own case. If no turbine trip-off mechanism exists, logic may be included in the switch module to allow the emergency shutdown signal to override other motor control commands and shut down the turbine with the actuator motor (see documentation for the Moulin Jegu controller).

    2) The linear throttle actuator (external add-on)

    Recent experience has reaffirmed my desire to AVOID using electrically 

powered hydraulic pumps (i.e. Oildyne) as actuators wherever possible due 

to potential reliability problems. If used only for occasional head-water 

level compensations they might be OK but for constant, rapid 24 hour a day 

riding of the throttle on the turbine, I would use a mechanical actuator. Our tried-and-true design has a very long service life and can be easily built (diagram at: www.carsons.ca/images/qmactua.gif). 

    These units consist of a string of 3-holed metal plates strung along 2 

pieces of threaded rod, and carrying the bearings, limit switches and 

motor. A screw and nut driven by the motor provides linear drive.

    The metal plates all have an identical hole pattern and could be 

punched from flat stock in large quantities by arrangement with a suitably 

equipped fabricator. The center hole should be sized to allow free 

clearance to the actuator screw and at the same time allow easy bearing 

mounting so that "one size fits all" as far as the plates are concerned.

    3) The load management system decoders (external add-on)

    The version 12.x system board retains the power circuitry for the load management line, since this is fixed at a relatively low power output level. A half-amp fuse and protection zener should be mounted externally.
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    For load management, the system board puts out a serial control signal which will control up to 15 loads using one pair of wires. This must be decoded and sent to the individual loads at the receiving end of the load management line. Current types of decoders are small circuit boards mounted to a blank but otherwise standard ivory or white household wall plate, which serves as an attractive front panel. They fit in a 1-piece standard rectangular electrical box (the type with the switch or outlet mounting ears pointing inward, not outward) but not in a standard gangable box. After mounting all the components except the LEDs on the component side of the decoder board, the LEDs are placed in their through-holes from the solder side, but not soldered in. The board is then mounted, using the correct spacers, to the front panel. The LEDs are moved forward into position in the panel holes, and their leads are soldered to the board from the component side, working between the series resistors adjacent to the LEDs but on the component side of the board.

    Some cover plates make somewhat brittle panels; try to find ones of the most durable, tough plastic. For example blank covers found at Radio Shack will generally be durable; those from a hardware store will tend to be the brittle type.

    A specially made manual indexing machine is currently being used to drill the holes in the front panel according to position data derived from the decoder board CAD files.

    From the decoder, up to 15 light gauge wire pairs carry signals to solid state relays mounted near the electrical loads to be controlled. Alternatively, a decoder can be mounted on an electrical box containing several solid state switches and the load circuits to be controlled can be routed through this box. The decoders have power supplies allowing them to be powered by local 120V AC power or by power derived from the incoming signal. As with the system boards, no approval inspections have been carried out regarding physical barriers between high voltage and SELV circuitry. 

    4) The Emergency Shutdown Pilot Relay Module

    This currently consists of a small relay with a driver transistor and associated components potted in plastic resin among the terminals on the relay base. One mounting system which has proven itself is a piece of self-stick velcro loop material on the relay and a piece of self-stick velcro hook material on the inner side of the controller tank front panel, in the electronics space. An extra screw terminal board is mounted on top the tank for the leads to the relay's NC contacts. The control signal for the relay is taken from the system bus, as is the 12 volt relay coil power. It is important to note that many pins of the 40 pin bus header were given different functions between versions 12.0 and 12.1 of the system board, in order to accommodate the addition of a separate LCD drive header plug and to reduce the danger of shorts between the 5 volt and 12 volt lines.

    Other modules are still under development. 
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╔════════════════════════════════════════════════════════════════════════╗

║ Tool and Jig List for Hydro Controller and Other Equipment Manufacture ║

║ This is a list of currently existing devices used to improve speed,    ║

║ accuracy and/or convenience in small quantity cottage-industry type    ║

║ manufacturing. All are in-house designs.                               ║

╠══════════════════════╦═════════════════════════════════════════════════╣

║   DEVICE             ║        USE                                      ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Vertical electric    ║  Holesawing of header faces, and center marking ║

║ indexer for machine  ║  of other holes by touching holesaw center      ║

║ lathe, with scale    ║  drill to header (mark alternistor/pipe holes). ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Carriage clamp and   ║  Milling flat faces on ends of headers and      ║

║ chuck-mounted machine║  top/bottom plates for gasket faces and for     ║

║ lathe tool holder    ║  obtaining precise lengths.                     ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Heater bolt pattern  ║  Correct positioning on drill press for blind   ║

║ drill guide, steel   ║  bolt holes when 2 attached aluminum pucks are  ║

║ with 2 aluminum pucks║  set in 3½" CL spaced holesawn heater holes.    ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Set of two aligning  ║  Aligning front and back plates of tank to the  ║

║ pins, ¼” X 6” w/1 end║  side, top and bottom plate assembly for marking║

║ pointed & 1 threaded ║  of holes.                                      ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Vertical drill press ║  Drilling holes in ends of headers and top and  ║

║ jig with left and    ║  bottom bars of tank. Fixed left/right stops    ║

║ right travel stops   ║  give hole spacing; centering is by press adj.  ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Edge-on drill press  ║  Correctly spacing and drilling holes in edges  ║

║ jig with scale rule  ║  of headers and side pieces for mounting the    ║

║ attached             ║  front and back plates to form the tank.        ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Special short-shank  ║  Tapping blind holes in aluminum. Short shank   ║

║ super-bottomer taps, ║  stops tap before breakage; extreme bottoming   ║

║ 3/16, 1/4 & 5/16 N.C.║  cutters provide full thread to bottom of hole. ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Manual X-Y indexing  ║  Drilling holes in front panels, mainly on a    ║

║ table for drill      ║  0.1 X 0.1 inch grid to match standard circuit  ║

║ press, 0.05" index   ║  board layouts. Can do other spacings also.     ║

╟──────────────────────╫─────────────────────────────────────────────────╢

║ Electronic thermostat║  Potting LM56 thermostat chips in Weatherhead   ║

║ Potting jig, multiple║  #100X5 brass fittings. Solder chip to cable and║

║ position             ║  add resistors to set 60 & 70 C before potting. ║

╚══════════════════════╩═════════════════════════════════════════════════╝

Additionally, a small carpenter’s square clamped to the drill press bed can be used as a general purpose jig for providing repeatable hole positions in a variety of workpiece shapes.
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╔════════════════════════════════════════════════════════════════════════╗

║ Special tap drill sizes for easy tapping in aluminum; Minimal Breakage ║

║       (Slightly larger than standard but make sufficient thread)       ║

║   Apply Relton A-9 or similar tapping fluid or ordinary kitchen lard   ║

╠══════════╦═══════════╦═════════════════════════════════════════════════╣

║  THREAD  ║   DRILL   ║        USE                                      ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║  Control computer mounting screws               ║

║   4-40   ║   3/32"   ║  Throttle actuator relay socket mounting screw  ║

║          ║           ║  DC terminal block mounting screws              ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║  Alternistor/triac mount                        ║

║   6-32   ║   1/8"    ║  Throttle driver transistor mount               ║

║          ║           ║                                                 ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║  Cable bracket mounting holes in headers        ║

║ 3/16" NC ║   5/32"   ║  Cover plates for wiring and electronics spaces ║

║          ║           ║                                                 ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║                                                 ║

║ 1/4" NC  ║   7/32"   ║  Front & back of tank to sides                  ║

║          ║           ║                                                 ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║                                                 ║

║ 5/16" NC ║   17/64"  ║  Tank top & bottom to tank headers              ║

║          ║           ║                                                 ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║                                                 ║

║ 1/2" NF  ║   7/16"   ║  Electronic thermostat mounting hole            ║

║          ║           ║                                                 ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║  Electrical cable connector holes (small)       ║
║ 1/2" NPT*║   11/16”  ║  Cooling water inlet and outlet in header       ║          ║          ║           ║                                                 ║

╟──────────╫───────────╫─────────────────────────────────────────────────╢

║          ║           ║                                                 ║

║ 3/4" NPT*║   15/16”  ║  Electrical cable connector holes (large)       ║

║          ║           ║                                                 ║

╚══════════╩═══════════╩═════════════════════════════════════════════════╝

*For pipe thread, DO NOT USE SKC BRAND TAPS! All tapered pipe thread taps of this make obtained locally have been completely non-functional – they appear to have been erroneously manufactured with no clearance behind the cutting edges, preventing successive removal of material in the tapered hole. This works for straight taps (where nearly all cutting occurs at the machined tip) but not for NPT tapered ones (where considerable cutting must be done all the way up the tap).
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