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PowerSpout Contact details Web:



www.powerspout.com



PowerSpout is a product proudly designed and manufactured by: EcoInnovation Ltd 671 Kent Road New Plymouth R.D.1 New Zealand 4371 Web:



www.ecoinnovation.co.nz



If you need to contact EcoInnovation by phone then email first via our web site and check the local time in NZ if calling from overseas. Business hours are 9:00am to 5:00pm (NZ time) weekdays only. EcoInnovation is closed for up to 3 weeks over the Christmas break. Notice of Copyright Copyright © 2017 All rights reserved Notice of Trademark PowerSpout – is a USA registered Trademark PowerClamp – is a non registered Trademark Notice of Company Registration EcoInnovation – is a NZ Registered Limited Company Disclaimer UNLESS SPECIFICALLY AGREED TO IN WRITING, ECOINNOVATION LIMITED: (a) MAKES NO WARRANTY AS TO THE ACCURACY, SUFFICIENCY OR SUITABILITY OF ANY TECHNICAL OR OTHER INFORMATION PROVIDED IN ITS MANUAL OR OTHER DOCUMENTATION. (b) ASSUMES NO RESPONSIBILITY OR LIABILITY FOR LOSS OR DAMAGE, WHETHER DIRECT, INDIRECT, CONSEQUENTIAL OR INCIDENTAL, WHICH MIGHT ARISE OUT OF THE USE OF SUCH INFORMATION. THE USE OF ANY SUCH INFORMATION WILL BE ENTIRELY AT THE USER’S RISK.
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1. Safety 1.1. Electrical Safety These notes are intended to guide qualified technicians in the setup of PowerSpout turbines with PowerClamps (PCs). In some cases this also includes LV (higher than ELV voltages) MPPT controllers and Grid-Tied Inverters (GTIs). Please ensure you abide by all the safety warnings in the PowerSpout Installation Manual and the product user manuals that you must read in conjunction with this document. NEVER work on your renewable energy system with the hydro in operation. Turbines must be turned off at the valve and the electrical breaker turned off prior to removing either cover. EcoInnovation will not be liable if you connect this equipment incorrectly and in doing so damage other equipment in your system. VERY IMPORTANT: Check the Voc of your turbine does not exceed the maximum for your chosen equipment. If you are not skilled then have a suitably qualified professional install the equipment for you.



1.2. Fire Safety The resistive element is a potential fire hazard in dry environments. Ensure that the PC and resistive element are mounted on fire resistant materials and protected from direct rain. Ensure dry leafs, twigs, rubbish and other combustible materials do not accumulate in or over the resistive element. In tinder dry environments where fire risks are high/extreme we suggest that you install all equipment in a suitable steel or concrete enclosure. Assessing the fire risk is the owner/installers responsibility.



2. PowerSpout Introduction PowerSpout turbines are micro-hydro generators that convert the potential energy of water descending in a watercourse to electrical energy. This is achieved by using water to spin the rotor and hence the generator, which generates electricity (3-Phase AC power internally that is always rectified to DC, either within the turbine or within the PC). This can be used for battery charging in stand-alone situations or it can be fed into the electricity grid using solar GTIs. The PowerSpout range includes turbines that can operate in particular situations, primarily dictated by water flow rate then available head (vertical fall height): Version



Head (m)



Flow (l/s)



PowerSpout PLT (Pelton)



3 – 130



0.1 – 10



PowerSpout TRG (Turgo)



2 – 30



8 – 16



PowerSpout LH (Low Head)



1–5



25 – 56



PowerSpout LH-mini



1-5
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For a the complete specification of PowerSpout hydro turbines refer to the INDEX file called PS all Technical Specifications.



3. Understanding voltage terminology Renewable energy sources such as photovoltaic (PV) panels, wind and hydro create a DC voltage between their output wires (wind and hydro are often rectified to DC internally and can also have 3-phase AC output wires). This is not a regulated voltage as would be the case for a battery or an engine-driven generator. The voltage depends on the resource (sunshine, wind, water flow) and also on the "load". A load is something that draws current and hence absorbs energy from the source.



3.1. Short circuits Whereas a short circuit a in a conventional electricity supply would blow fuses or trip breakers, renewable sources can usually be short circuited without any problem, and this brings the voltage down to zero. Short circuit current is modest, so it is easy to design the wiring such that this condition is safe.



3.2. Open Circuits Whereas an open circuit in a conventional supply (turning off all loads) would not have much effect on the voltage, renewable sources tend to have a much higher voltage under open circuit conditions. The Voc (open circuit voltage) of a PV panel might be 25% higher than its Vmp (voltage for maximum power). Wind and hydro turbines have less clearly defined and much higher ratios of Voc/Vmp from their permanent magnet alternators (PMAs).



3.3. Maximum Power Point Any renewable energy converter will have a voltage where the maximum power (energy transfer rate) is obtained. Designers are careful to match the load to the source in such a way that this Vmp voltage is achieved. For battery charging this is often done using a Maximum Power Point Tracking (MPPT) controller. Grid-tied inverters also contain MPPT technology and software for maximising the power of solar and other sources. Most solar controllers and GTIs also work well with PowerSpout turbines.



3.4. Why do we want a high Vmp? Vmp can be adjusted during the design of the turbine and its alternator. We need Vmp to be above battery voltage (where relevant). Modern battery systems are often based on 48-V batteries that must be charged to 60V or more. Another reason to want higher operating voltage is the efficiency of transmission cables/wires. Using higher voltage and lower current helps to reduce the losses in these wires and to avoid the need for very heavy and costly cables.
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3.5. Why should we worry about Voc? Higher Vmp leads to higher Voc. Excessive voltage can damage connected equipment. MPPT controllers and GTIs are sold according to their maximum Voc. Many controllers (for example) are labelled "150", which typically means that they will be damaged by voltages above 150VDC. System designers must ensure that Voc cannot exceed this limit. Often there is a lower voltage threshold (say 140V) where the device quits working, and so this lower limit must also be observed if we want the system to operate reliably.



3.6. Extra Low Voltage Electricity can be dangerous. A properly designed system will make sure that there are no over-currents that could start fires, but also more importantly that there is no risk of contact with lethal voltages that could kill people or animals. Designing and installing electrical equipment and wiring is a specialist job, and in many countries you will need to pay a qualified electrician. Even at so-called Low voltage (LV) there is a shock hazard. But working on Extra Low Voltage (ELV) is much safer and may not require special qualifications. What is ELV? Two definitions exist in NZ: 1. Any voltage normally not exceeding 50 volts AC or 120 volts ripple-free DC. 2. Any voltage not exceeding 50 volts AC or 120 volts ripple-free DC. AS/NZS5033 also defines “ripple free DC” as: 1.4.62 Ripple-free DC. For sinusoidal ripple voltage, a ripple content not exceeding 10% r.m.s. NOTE: The maximum peak value does not exceed 140 V for a nominal 120 V ripplefree d.c. system. If a system is designed so that Voc is below 120V DC then there are practical advantages for the installer and the customer. They may not need to employ a qualified electrician at a remote location, and wire protection standards may be less onerous than for LV.



3.7. Using a PowerClamp to control Voc The PowerClamp's function is to reduce the Voc of a turbine so as to protect connected devices and in some cases to avoid the shock hazards of working above 120VDC while allowing DIY installers (in some countries) to install this equipment legally. Choose a PowerClamp with voltage higher than normal operating Vmp, so that it is dormant in normal operation. If the MPPT device is not ready to draw current and an open circuit condition arises, then the PowerClamp will act to ensure that turbine Voc does not reach a level where it could cause problems, damage or danger.
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4. PowerClamp Introduction 4.1. Description The PowerClamp is a device for limiting the maximum output voltage of a PowerSpout hydro turbine, so as to protect sensitive equipment such as charge controllers or grid-tied inverters (GTIs) that are connected to it. It is an external device, wired to the output of the turbine. It uses PWM diversion of current to a heating load as a means to limit the voltage that is passed on. For added security it incorporates an independent fail-safe crowbar that safely short-circuits the turbine's entire output current.



4.2. Warranty The PowerClamp can also be used with other makes of hydro and wind turbines following appropriate approval testing by the manufacturer concerned. The PowerClamp has a modular design and can be easily repaired if parts ever fail. Any DIY client buying a PowerClamp to protect a generator of their own making, do so at their own risk and no warranty is offered in such a situation. Any warranty offered on a PowerClamp is only valid when used on a PowerSpout hydro turbine connected to an approved MPPT or GTI and purchased at the same time as the PowerSpout turbine. The warranty on the PowerClamp is the same as that which applies to the PowerSpout turbine if purchased together, but excludes any warranty extension period you may have purchased on the turbine. PowerClamps purchased after the sale of the PowerSpout only receive a 12-month warranty but the same terms and conditions apply. For more warranty information refer to our PS all Warranty and terms.



4.3. Application and benefits The primary purpose of the PowerClamp is to allow PowerSpout turbines to operate at a more appropriate (higher) voltage when connected to common MPPT and GTI equipment. Open circuit condition is prevented by the PowerClamp's diversion load, so there is no danger of damage. For example there are many low cost 150V MPPT solar PV controllers on the market. Without a PowerClamp we would recommend operating at Vmp=40V input to these devices, so as to avoid problems with Voc. With a PowerClamp we can design for the Vmp to be around 80-120V. This means that:    



12/24/36/48/60V batteries can be charged using common 150V controllers. Cable losses are much lower than they would be at 40V. Generation can be ELV (rather than LV as applies to 200, 250 & 600V controllers). Voc damage is no longer a concern.



Note: Not all low cost 150V MPPT solar regulators can be used with PowerSpout hydro turbines. Refer to our INDEX for the approved/tested models. If you buy a non-approved MPPT or GTI no warranty or support is offered. It is likely most will work fine, but some do not. There are also 200 & 250V MPPT regulators available. Without PowerClamp protection we would specify 80V turbines for 250V controllers, but with the right PowerClamp it becomes feasible to operate the PowerSpout turbine at 200V. On sites with longer cable runs, this offers big savings on cable cost. Likewise, there are also 400 to 600V GTI’s (and 600V MPPT regulators) available and on very long can runs operating the PowerSpout turbine in the 200-350V range is desirable with the appropriate PowerClamp.
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4.4. PowerClamp (DC turbine) Operational Schematic



In this case the rectifier is included within the turbine, so the turbine output is DC.
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4.5. PowerClamp (3-Phase AC turbine) Operational Schematic



In this case there is no rectifier included within the turbine, so the turbine output is AC. Output of the PowerClamp is rectified to DC, and protected from overvoltage.
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5. How it works 5.1. Pulse Width Modulation diversion to a resistive load Within a Powerclamp there is an Arduino Nano micro-computer. Within the software we set the appropriate PWM voltage so that the Nano will attempt to hold the output voltage steady within a few volts. When a PowerSpout turbine is started, the voltage will rapidly increase. The rate of this increase is delayed by the inertia of the rotating parts and the capacitor bank inside the PowerClamp. During this delay period an internal 12V power supply starts, which powers up the Nano. The Nano measures the incoming voltage (range 40-400V) via a 0-5V voltage divider. As the turbine voltage reaches the set PWM voltage the Nano puts out a PWM signal to an internal "solid state relay" (SSR), which turns on/off the connected external resistive load. Current into the load discharges the capacitor bank during the "on" part of the pulse cycle, thus limiting the voltage to the level set. The capacitor bank in combination with the fast switching of the resistive load maintains a close to constant voltage. After the passage of a delay time (typically 1-60 seconds) the connected MPPT or GTI will wake up. As it begins to draw current for the battery (or the grid) it will drive the voltage lower until the MPPV (where the most power can be harvested) is reached. The PowerClamp resistor turns off and waits until it is required again. Reasons why the voltage might later rise, due to reduced loading, include:  MPPT (off-grid charge controller) batteries are full, so demand is reduced.  MPPT (off-grid charge controller) a new Voc and sweep to ensure maximum power.  GTI (on-grid) grid is down, or out of tolerance, so operation is halted.  GTI (mini-grid) system is down or batteries are full.



5.2. Crowbar included for failsafe operation The crowbar short circuits the turbine output poles in response to rising voltage above the set PWM voltage, thereby reducing the voltage to zero. Should the 12V power supply, Nano or resistive load fail then this secondary crowbar protects connected equipment from being damaged by overvoltage. The Crowbar is triggered by a Zener diode (which is factory set to a voltage above normal PWM operation and tested) and is independent of all other components used for the primary PWM protection circuit. It does not short the outgoing cable to the MPPT/GTI or the internal capacitor bank, as these are diode-blocked to prevent reverse flow. The crowbar maintains the short until the turbine is turned off by closing the valves. The design meets the intent (in the USA) of NEC 690.72 (B) requirements for two levels of voltage protection as follows. To comply with NEC 690.72 (B), the following requirements apply when using a diversion charge controller on an unregulated charging source: Second independent means if the diversion load controller is the only means of regulating the battery charging, and then a second independent means to prevent overcharging the battery must be added to the system. The second means can be another diversion controller, or a different means of regulating the charging.
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5.3. Efficient use of surplus energy Operation of the PowerClamp for long periods is a waste of energy (diverted to its resistive load) that could be fruitfully used for water heating or other purposes instead. Some method of diverting surplus energy from the battery is recommended. If you have no use for surplus energy then we suggest you generate less, by closing valves or using smaller jets. One solution is to use a dedicated diversion load charge controller at the battery, in which case the MPPT controller would be kept in "bulk" charging mode with slightly higher charge set-points than the diversion controller. This arrangement keeps the turbine loaded and avoids surplus power being diverted and wasted to the PowerClamp's external air resistor. Alternatively your MPPT controller may have AUX relays which can trigger an SSR to divert surplus power on the battery side of the controller to a suitable DC water element or even via your inverter (on the AC side of that) to an AC water element. Some MPPT controllers also have provision for PWM diversion on the DC input side of the MPPT controller as well, but with a PowerClamp fitted you will not need to use this feature. Some GTI mini-grid systems use frequency shift to indicate that the batteries are full and this shift can be used to turn on a resistive heater in some cases. Some GTIs together with monitoring of the direction of the AC power flows in the home can turn on loads to prevent your power being sold to the grid at a low price. Self-consume rather than sell your power. More detail on how you can divert surplus power to discretionary loads is detailed in the MPPT & GTI documents in our INDEX.



6. Specifications There are several PowerClamp models available in either 3-phase AC or DC from the connected turbine. The model name reflects the chosen SSR and the operating voltage. Give us all the details of your site and the MPPT controller or GTI that you plan to use and we will help you to choose the best PowerClamp for the job.



6.1. PWM voltage and Crowbar voltage These voltages need to be above your operating voltage and below the Voc limit of the device you are protecting. The PWM voltage needs to be below the maximum operating voltage, and the crowbar needs to be below the absolute maximum voltage.



6.2. Power Rating Watts This is determined by the chosen voltage and SSR. Power rating must be above or equal to the turbine maximum output (Watts) at the set PWM voltage in order for the PowerClamp to work effectively. Remember that your turbine may turn out to produce more power than predicted, so a margin of safety is advisable.



6.3. Element Resistance Ohms The PowerClamp air resistor is made from 1-3 standard stove resistors. We commonly use:  1.5kW, 120V, 9.6 Ohm.  1.5kW, 240V, 38.4 Ohm. These are connected as described in the table below.
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6.4. SSR fitted We list the Solid State Relays used in each device for your information. These are supplied and installed within the PowerClamp unit but can easily be replaced in case of failure. We reserve the right to fit an SSR appropriate to the turbine power rating at time of order.



6.5. Table of Specifications PowerClamp Name



PWM Voltage VDC



Crowbar Voltage VDC



DC1-45/60 Or AC1-45/60



45



60



Max Power Rating Watts 500



Element Resistance Ohms



3x9.6 Ohm in parallel 3.2 Ohm DC1-100/120 120 100 1600 2x9.6 Ohm in Or parallel AC1-100/120 4.8 Ohm DC1-100/140 100 140 1600 2x9.6 Ohm in Or parallel AC1-100/140 4.8 Ohm DC2-180/200 180 200 1200 2x9.6 Ohm in Or series AC2-180/200 19.2 Ohm DC2-200/240 200 240 1200 3x9.6 Ohm in Or series AC2-200/240 28.8 Ohm DC4-220/240 220 240 1600 3x9.6 Ohm in Or series AC4-220/240 28.8 Ohm DC4-350/400 350 400 1600 2x38 Ohm in Or series AC4-350/400 76 Ohm *D4D07 or D4D12 or D5D07 or D5D12 or similar may be fitted



Turbine Options



SSR fitted



Notes



PLT40 TRG40



D1D40



ELV DC, 60V Micro GTI



PLT80 TRG80 LH150 PLT80 TRG80 LH150 PLT170 TRG170 LH350 PLT170 TRG170 LH350 PLT200 TRG200 LH400 PLT300 TRG300 LH600



D1D40



ELV DC, 150V MPPT



D1D40



LV, 150V MPPT



D2D12



LV, 200V MPPT



D2D12



LV, 250V MPPT



*D4D12



LV, 250V MPPT



*D4D07



LV, 450V MPPT or GTI



6.6. Equipment current ratings (limits) The short circuit current is higher than normal operating current. Sometimes it may be nearly twice the operating current. It will be measured during production of the turbine for the site. The crowbar must work safely with this current. The DC crowbar is rated for up to 40A continuous current. Internal and external MC4 type wiring connectors and the 4mm2 PV wires are limited to 30A. But AC current (rms in each wire) is only about 75% of full DC current after the rectifier. So the maximum allowable DC short circuit current of the connected PMA(s) is:  



DC PowerClamp = 30A. AC PowerClamp = 40A.



The AC version has one more wire and connector. Each AC wire carries only 30A rms at the rated 40A DC output. So the AC version can handle a 40A DC short circuit current. Our design calculations will reveal whether the short-circuit current is likely to exceed 30A. Also the measured short-circuit amps is listed on the turbine nameplate. In the event that a higher short-circuit current may arise (from multiple turbines for example) you may need to fit multiple PowerClamps. Installation of multiple PowerSpout turbines with PowerClamps is detailed later.



March 2017



© 2017 EcoInnovation Ltd (NZ)



12



Fit a correctly sized (10-25 amp) DC breaker for the rated (not short circuit) current, after the PowerClamp where it attaches to the transmission cable. If the cable run from PowerSpout to MPPT/GTI is short then only one DC breaker is required. Otherwise fit a breaker at each end of the cable. Label this/these DC breaker “Turn off hydro turbine at valves before turning off here.” (They are not usually designed to withstand the stress of switching off under load.)



7. Pros and Cons of DC and AC options 7.1. DC Powerclamp Pros:    Cons:  



Has an ELV option available. Each PowerClamp can be fed by more than one turbine. Can be located at either end of the transmission cable. Lower 30 amp short-circuit rating. Some power is lost (about 1%) in the internal diode block.



7.2. AC PowerClamp Pros:   Cons:   



Higher 40 amp short-circuit rating. Does not need a diode hence no un-necessary losses (up to 1% more efficient). No ELV option because AC wiring exceeds 50V rms. Requires one PowerClamp for every PowerSpout turbine installed. Can only be located at the turbine, or a more costly 3-core cable is required.



8. How we choose the correct PMA parts and PowerClamp for your situation PowerSpout turbines are made to suit your site based on the data you provide. Turbines are fitted with a Smart Drive PMA that can deliver the power at the required voltage and RPM. To determine the correct PMA to fit to the turbine (for the site data supplied) online calculation tools are employed:   



PLT turbine TRG turbine LH turbine



It will be helpful if you enter the site data to the extent of your knowledge. Share this with your chosen dealer using "Save and Share". This does not commit you to anything, and it helps us to work with you to assess what is feasible. The design load voltage must be entered. Factors to consider here are the operating range of your MPPT or GTI device, and the question of whether you wish to have ELV status rather than the more demanding LV (above 120VDC). The higher this voltage the thinner the cable between the turbine and the MPPT/GTI can be. Once the data is entered, possible permanent magnet alternator (PMA) options are listed (by the calculator tool) that are close to the desired load voltage. These are chosen from the range of Smart Drive parts that we can supply.
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8.1. Example: site with a long cable run For example, this PLT turbine (click link to see the online calculation ref=PS57413ACCBC9D) requires 2000m of transmission cable, which is potentially very costly. The turbine can produce 1582W, but the client needs less power than this to run his home. We intend to run 4mm2 solar PV wire (11 AWG), which results in a 20% loss of power, but is an economic solution for the client. You will note the design load voltage we chose was 300V (you can experiment with changing this value) and the online tool lists the following PMA options: SD code 60R100-12S1P-D-HP 100-14S1P-S-HP 60R110-12S1P-D-HP 60-7S2P-D-HP 60R90-12S1P-D-HP 60dc-6S2P-D-HP 60R120-6S2P-S-HP 60R110-6S2P-S-HP



Vo 370 336 407 366 333 360 389 357



Voc V/rpm 1174 0.328 1065 0.266 1293 0.361 1161 0.29 1056 0.295 1142 0.319 1235 0.345 1133 0.317



The 60R90-12S-1P-D-HP is a good choice. Maximum power will be at about 333V and if used without a PowerClamp the Voc would be 1056V, which would damage the PMA itself, and all connected equipment. With a DC4-350/400 PowerClamp installed (at the load end of the transmission cable), the Voc will be 350V and the MPPV will be about 333V. The diversion load will PWM from about 350V and the crowbar will short the PMA from about 400V. All these voltages are approximate only. The 333V MPPV is close to the 350 PWM voltage and a larger gap is desirable, to allow for measurement errors etc. If you enter 275V load voltage into the data file you will see this PMA option appear: SD code 60dc-3S4P-S-HP



Vo Voc V/rpm 316 1003 0.28



This is a better choice, as there is a larger gap between the operating voltage (316) and the PWM (350) voltage. The reason for the difference between the design load voltage (275V) and the operating voltage is due to the high cable loss on this site and a limited selection of Smart Drive PMA stator options. Cable losses are more typically 5% (not 20%) and the maximum cable loss is sometimes mandated in national energy efficiency standards. We often opt for high cable losses on good hydro sites with very long cables so as to optimise the economics of the whole project.
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9. Installation 9.1. Guidelines   



Attach the PowerClamp (mounts and fixings supplied) to a fire resistant material (such as fibre cement board) close to the PowerSpout so the 2m cables supplied reach. Directly above the PowerClamp fit the air resistor (mounts and fixings supplied onto the same board. Above the PowerClamp air resistor fit a fire resistant roof (corrugate steel or fibre cement board) to ensure rain does not fall directly onto the PowerClamp. Water could ingress over a period of many years.



9.2. PowerClamp location (at turbine, or at load end of the transmission line) The PowerClamp is connected between the turbine and the load (MPPT or GTI device input) so there are two locations where it can be sited. Advantages of siting at the turbine  If the turbine's inherent Voc is above 120VDC and you wish to have an ELV system then you must install the PowerClamp at the turbine end of the cable. If you install it at the other end and it becomes disconnected–due to loose, corroded or damaged connection or damage to the cable itself–then your cable will become a shock hazard and the system is classed as LV and must comply with more rigorous standards.  The cable downstream of the PowerClamp can be protected by a circuit breaker. You cannot put a breaker between the turbine and the PowerClamp. If there is no breaker then the cable must be sized to safely carry the short-circuit current (listed on the turbine nameplate). Short circuits will not damage the turbine alternator. Advantages of siting at the load end Another possibility is to site the PowerClamp beside the MPPT controller or GT inverter at the load end of the cable. This may have some advantages as follows:  More stable voltage. The PowerClamp will be subject to higher voltage than the load (due to volt-drop in the cable) so you will need a wider margin between operating Vmp at the load, and the PowerClamp's PWM voltage. There may also be "noise" issues created by the transmission line.  You have the opportunity of using the PowerClamp's diversion load as a source of useful heat (for example heating a drying room or bathroom). There must not be any kind of switch or thermostat other than for safety compliance, as this would disable the unit.  Better weather protection. The unit is sealed, so this is a minor benefit, but some turbine sites may be extremely wet, so we advise rain protection if the PowerClamp is mounted outside.



The wiring schematics on the next few pages show good installation practice for AC or DC options at each end of the transmission cable.
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9.2.1.



PowerClamp Installation Schematic - DC version at turbine
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9.2.2.



PowerClamp Installation Schematic - DC version at load
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9.2.3.



PowerClamp Installation Schematic - AC version at turbine
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9.2.4.



PowerClamp Installation Schematic - AC version at load



This option requires a long AC cable run that is less efficient in its use of copper than a DC cable run would be. So this is not a preferred option in most situations.
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9.2.5.



10.



Typical PowerClamp Installation Picture



PowerClamps on sites with multiple turbines



Multiple turbine sites can use any of the following configurations:   



A single DC PowerClamp is used for all the turbines whose combined short circuit current is less than 30A. This PowerClamp can be at either end of the cable run. Several DC PowerClamps are used, so as to break the turbines into clusters with short circuit current less than 30A per cluster. These PowerClamps would be sited close to the turbines as shown below. Outputs are combined into one cable. Equal number of PowerClamps to turbines (one each) these PowerClamps would be sited at the turbines. These could be either AC or DC PowerClamps but most likely to be DC.
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11. Conversion of an existing PowerSpout turbine for use with a PowerClamp If you already own a PowerSpout turbine these can be easily converted for use with a DC PowerClamp or converted to AC output if required. The only time we believe you would consider doing this is as follows:  



You have an early model ME120, ME140, ME250 or GE400 turbine and you wish to replace the internal failed “Smithies Technology” circuit board with an external PowerClamp. Your own a PLT100C or TRG100C turbine, with a "Klampit" crowbar inside it, and you wish to upgrade to an external PowerClamp.



To choose between AC and DC PowerClamps, consider the pros and cons discussed above. If the short circuit current is above 30A then you must use an AC PowerClamp.



11.1. Procedure with an AC PowerClamp:        



Remove the ME120, ME140, ME250 or Klampit from within the turbine. Blank off any holes left in the bulk head once these parts have been removed. Remove the DC output wires from the turbine. (These terminate inside the turbine on rectifier +ive and –ive terminals.) Leave the green earth wire in place. Take 3 lengths of 4mm2 red PV wire, 2.5m long, and crimp a 5mm eye terminal onto one end of each. Connect these 3 wires to the internal 3-phase rectifier module (now used as a terminal block) together with each AC wire from the PMA stator. The order of these wires is not important. Note the +ive and –ive rectifier terminals are no longer used. Route the 3 red AC wires and the green earth out of the turbine by the same means as the DC wires you removed. You may need a larger cable gland than that originally supplied to do this. Fit the MC4 plugs (supplied with your AC PowerClamp) to the end of the cables ready for connection to your AC PowerClamp. Recommission the turbine again as though starting from new. (See next section).



11.2. Procedure with a DC PowerClamp:      



Remove the ME120, ME140, ME250, GE400 or Klampit (if fitted) from within the turbine. Blank off any holes left in the bulk head once these part have been removed. Connect these 3 AC PMA wires to the internal 3-phase rectifier module. Check that the +ive (red) and –ive (black or blue) output wires are connected to the rectifier module and tight. Connect these wires to your DC PowerClamp with the MC4 plugs provided. Recommission the turbine again as though starting from new. (See next section).



March 2017



© 2017 EcoInnovation Ltd (NZ)



22



12.



Commissioning procedure



Commissioning the PowerClamp is relatively easy. Here is a checklist:          



 







 



   



Install your PowerSpout turbine as per the installation manual but do not start it up yet. (There are also "installer checklists" in our documents index to remind you of the important aspects of the PowerSpout installation that may help you.). Connect the (stopped) PowerSpout to the PowerClamp input. Any breaker must be after the PowerClamp (not between it and the PowerSpout). Do not yet connect the resistive air element to the PowerClamp with the supplied cable. Earth the PowerSpout (except LH-mini), PowerClamp case and air element case. Connect the PowerClamp output to a DC breaker or terminal block large enough to hold the transmission cable wires. Do not connect these wires yet. Connect a voltmeter to this breaker or terminal block (before you start the turbine) see photo on right. Also attach a DC current clamp meter (if you have one) around one of the wires between turbine and PowerClamp, to measure turbine output current. Turn on (open) the PowerSpout turbine valves slowly. Do not touch any temporary wiring when the turbine is running. Watch the voltmeter rising. Confirm that the crowbar activates at about the voltage indicated on the nameplate. Voltage will drop to zero when this happens. Measure and record the short circuit current (if possible). Turn the turbine off and connect the resistive load air element to the PowerClamp with the supplied cable. Turn the turbine back on fully, and check that the maximum voltage is close to the (slightly lower) PWM voltage stated on the PowerClamp. Record this voltage for future reference. The diversion resistor element should now be hot. Using your DC clamp meter (if fitted) and the attached voltmeter, measure current, voltage and hence power (= current x voltage) delivered to the air element. This may be a little less than indicated on the PowerSpout nameplate, because we are not working at Vmp. Record the readings for future reference. Stop the turbine. Check your MPPT/GTI is correctly installed at the load end of the cable, and powered up from the battery or grid side. Verify that is it rated for a voltage larger (at least 10%) than the crowbar voltage you have measured on the voltmeter during the above tests. Remove the voltmeter (and clamp meter) and connect the transmission cable to the breaker or terminal block. Fit the covers. Turn turbine on slowly, with all breakers on. Check your MPPT/GTI tracks to the expected Watts and voltage. This may take several minutes. The voltage on the controller (or GTI) display should now fall below the PowerClamp PWM voltage. Verify that its load element now goes cold. Check your diversion strategies are working: o For grid failure (GTI) or o Full battery bank (MPPT or GTI mini-grid)
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12.1. Internal picture (lid removed) – DC version Note AC version looks very similar.



   



13.



The capacitor bank (100V, 200V & 400V configurations) is positioned in the RHS compartment. The Arduino nano, 12V power supply, voltage divider and connectors are positioned in the upper LHS compartment. The diode block, SSR and crowbar are all thermally mounted in the lower LHS compartment. Cooling of these components is via a large heat sink attached to the back of the alloy enclosure. The black foam pads ensure all components are held securely once the lid is attached.



Further Reading



Our INDEX contains a wealth of good information. As the installer of the PowerClamp you need to be familiar and be able to refer to the following documents (as applicable):        



PS all Technical Specifications. PS Higher Voltage guide. PS all Install Manual. PS MPPT Diversion Loads Guide. PS all PLT MPPT GTI installer checklist. PS all TRG MPPT GTI installer checklist. PS all LH checklist. PS MPPT guides.
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