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1 Purpose

The purpose of this specification is to establish technical characteristics for the procurement of battery chargers.

2 Standards and References

Unless otherwise specified in this document, the design, manufacture and tests shall be conducted according to applicable standards from following organizations:

	CGSB
	Canadian General Standards Board

	CSA (ACNOR)
	Canadian Standards Association (CSA-C22.2 n° 107.2 – "Battery Chargers")

	EEMAC
	Electrical and Electronic Manufacturers Association of Canada

	NEMA
	National Electrical Manufacturer Association

	IEC
	International Electrotechnical Commission

	IEEE
	Institute of Electrical and Electronics Engineers

	ANSI
	American National Standard Institute

	UL 1012
	Power Units Other Than Class 2

	ANSI/NEMA (PE5-1985)
	Utility Type Battery Chargers


Most recent amendments to the above mentioned standards and codes are mandatory.

2.1 Canada

The battery chargers shall be certified according to CSA-C22.2 n° 107.2 "Battery Chargers".

2.2 United States of America

The battery chargers shall be certified according to UL 1012 "Power Units Other Than Class 2".

3 Lexicon

Battery Charger

A battery charging system including a rectifier, protection devices, local PMI, communication ports, alarm system, etc.

Fail Safe Battery Chargers
Means a system with 2 redundant battery chargers working in parallel. Both shall be dimensioned to the required nominal capacity in order to be able to supply the load by itself. Both battery chargers shall include a rectifier, protection devices, local PMI, alarm system, and communication ports, etc. Both chargers shall be housed in separate and fully independent cabinets.

Rectifier

Means the battery charger power circuit.

Local PMI

Means the person-machine interface. Includes an LCD display screen, control buttons, alarm and signal lights.

Float Voltage

The float voltage is the voltage normally present at the rectifier output, thus it is the voltage normally applied to the battery.

Equalize Voltage

The equalize voltage is higher than the float voltage. It is present at the rectifier output when it is charging the battery.

Boost Voltage

The boost voltage is higher than the equalize voltage. It can be used for a short limited period. It allows for restoring voltage unbalances that may happen between cells of a battery.

4 Characteristics
4.1 Main Characteristics
4.1.1 Cabinet

· The cabinet shall be of freestanding NEMA 1 type. 

· The cabinet structure shall be sturdy cold-laminated steel of thickness higher than 2 mm (14 gauge). 

· It shall be painted semi-gloss grey ASA61.

· One ground bus shall be provided inside the cabinet. 

· It shall include a ground lug of proper AWG size allowing for grounding of the cabinet.

· In case of redundant chargers, they shall be housed in separate and fully independent cabinets.

4.1.2 Battery 

The battery shall:

· be dimensioned as per IEEE485 specification if they are lead-calcium batteries or recombination (VRLA);

· be dimensioned as per IEEE1115 specification if the are nickel-cadmium batteries;

· include a 10% design security factor;

· include a 25%  ageing factor.

4.1.3 Cabinet with Integrated Battery (if applicable)

· The battery shall be installed in an isolated section of the battery charger cabinet.

· The complete cabinet shall be covered with an alkali resistant paint.

· The battery section shall be adequately ventilated.

In the case of nickel-cadmium batteries only:

· the cabinet shall have two doors: one for the charger section and one for the battery section;

· the cabinet charger section shall include a fan.

· The fan shall operate only when the charger outputs the equalize voltage;

· the battery shall be installed on a sliding stand for easy maintenance. It shall:

· allow for entirely pulling out the battery; 

· be covered with an alkali resistant paint; 

· be grounded with a mobile cable of proper gauge.

4.1.4 Accessibility

· All components shall be accessible from the cabinet front.

· The printed circuit boards shall be provided with male-female type connectors for easy maintenance and possible replacement.

4.1.5 Ventilation

The rectifier ventilation shall be by natural convection.

4.1.6 Acoustical Noise

The acoustic noise shall be lower than 65 dBA at one meter from the battery charger, under nominal power.

4.1.7 Environmental Conditions

Operating temperatures:
–10°C to 50°C 

Storing temperatures: 
–20°C to 70°C

Relative humidity:
0 to 95% at 25°C 

A capacity degrading of 1%/°C is allowed above 40°C.

4.2 Person-Machine Interface

The charger shall be provided with a local person-machine interface (PMI).

4.2.1 General

The PMI shall include the following items:

· an LCD display screen with 114 mm (L) by 64 mm (H) minimum dimensions;

· a minimum of 4 buttons used for charger configuration;

· indicator lights signalling: 

· VCA voltage presence;

· rectifier ON;

· one or many alarms;

· voltage switching mode (manual/automatic);

· float, equalize or boost voltage selection;

· operation at rectifier current limit;

· operation at battery recharge current limit.

The PMI shall allow for:

· selection of menu operating language French/English;

· system and alarm configuration;

· system calibration; 

· simultaneous display of at least four (4) measurements or following data;

· rectifier output voltage;

· rectifier output current;

· battery voltage;

· battery current;

· VCA voltage (3 phases in case of 3-phase systems);

· battery residual capacity (ampere-hour meter)

· information about actual equalization;

· information about actual alarms.

· displaying these measures with the following accuracy:

	
	Range
	Accuracy

	DC voltmeters
	0 to 120%
	±0.2% of full scale

	DC ammeter
	0 to 120%
	±1.0% of full scale

	AC voltmeters
	0 to 120%
	±0.5% of full scale


· providing alarms details; 

· history displaying of at least 200 events.

4.2.2 PMI Security Levels

Security levels (passwords) shall secure the system. 

· There shall be at least two (2) user levels. 

· System Level: allowing for full access to charger parameters and controls.

· Operator Level: allowing for consultation of some charger parameters and controls.

· Upon delivery, the supplied security level shall be System Level.

4.2.3 Communication Interfaces

The charger shall:

· be provided with a local RS-232 serial communication port using MODBUS/RTU Slave communication protocol;

· be provided with a local RS-485 network communication port using MODBUS/RTU Slave communication protocol;

· allow for execution of all PMI available tasks from these ports.

4.2.4 Battery Test Mode

The battery test mode shall:

· allow for stopping the charger and powering the load from the battery only;

· allow for programming the expected discharge rate (capacity % in battery ampere-hour) and the minimum voltage limit acceptable during the test;

· upon failure, trigger a "Battery Test Failure" alarm and immediately start the rectifier;

· accept activation only if none of the following conditions exist:

· charger executing equalization cycle;

· battery charge lower than 90% of its ampere-hour capacity;

· alarm displayed.

· be programmable at regular intervals (interval quantity in months, date, day, hour);

· be activated manually.

4.2.5 Alarms and Indicating Lights

The alarm and indicating lights shall:

· have dry contacts ("C" with capacity : 120VAC/125VDC, 0.5A); 

· provide an audible alarm (that can be put ON/OFF from the PMI);

· accept local configuration (PMI) or via local and network communication interfaces. This configuration shall include, for each alarm:

· alarm threshold;

· time delay;

· capacity to latch (or not) the alarm; 

· alarm (or signalling) ON/OFF switching.

· be tested from the PMI.

The following alarms are mandatory:

· Rectifier Failure – General alarm signalling if the rectifier is operating or not.

· The corresponding "C" contact shall simultaneously indicate upon VDC and VAC total power loss. 

· This alarm also shall be displayed upon failure of the control board microprocessor. 

· This alarm also shall be triggered if voltage regulation is out of range, that is when the output voltage is way off (in %) from the required voltage.

· VAC Failure – Shall be triggered when at least one phase of VAC power is missing.

· AC Voltage Over Limit – Shall be triggered when at least one phase of VAC power is out of range.

· Frequency Out of Range – Shall be triggered when VAC power shows out of range frequency.

· Rectifier High Temperature – Shall be triggered when one of the main heat sink temperature is too high. This shall stop the rectifier.

· High Rectifier Current – Shall be triggered when rectifier current goes over the designed threshold. 

· Open Circuit Breaker – Shall indicate that at least one protection circuit breaker with auxiliary contacts (optional) is open. 

· Display Module Failure – Shall indicate non operating LCD display board

· High Battery Voltage – Shall be triggered when battery voltage is higher than the corresponding alarm threshold.

· Very High Battery Voltage – Shall be triggered when battery voltage is higher than the corresponding alarm threshold.

· This shall force rectifier electronic shut down.

· Optionally, this also shall trigger opening of rectifier VAC input breaker that shall be equipped with a shunt trip device (option).

· Low Battery Voltage – Shall be triggered when battery voltage is lower than the corresponding alarm threshold.

· Very Low Battery Voltage (battery discharge end) – Shall be triggered to indicate that the battery is near end of discharge or fully discharged.

· Ground Fault – Shall be triggered to indicate battery loss of isolation from the ground. Value of leak shall appear on the LCD display.

· Battery Symmetry Fault – Shall allow for detection if one (or more) battery cell is defective with a test point between two cells at the battery centre.

· Battery Test Fault – Shall be triggered to indicate a battery test failure.

· Excessive Battery Recharging – Shall be triggered when battery recharge current threshold has been maintained for a too long period. This means that a battery fault cause battery recharge to be abnormally long.

· This alarm shall cause the end of equalization cycle and, thus, return to float voltage.

· High Battery Recharge Current – Shall be triggered when battery recharge current goes over the designed threshold. 

· Battery High Temperature – Shall be triggered when measured temperature on one of battery cells is over the corresponding threshold. 

· This alarm shall cause return to float voltage if output voltage was at equalize or boost voltage.

· High Ambient Temperature – Shall be triggered when ambient temperature in the cabinet is over the corresponding alarm threshold.

· Extra Alarms – More inputs shall accept dry contacts. It shall be possible to connect external devices on these unused inputs to trigger alarms (for future use).

The following indications are mandatory:

· Equalize voltage;

· Boost voltage;

· Manual voltage switching;

· Current limit.

4.2.6 Log

All possible events shall be logged in the order they occur.

The logbook shall:

· show the event number, description and start/end dates;

· be read on the PMI;

· include the possibility of Excel format downloading;

· consist of a circular list of at least 200 events;

· manage records following first in, first out principle (greyhound rule).

4.3 Electrical Characteristics
4.3.1 Capacity

The rectifier current limit shall be adjustable between 20 and 110% of nominal capacity, factory preset at 100%.

The charger also shall include a limiting device for the battery recharge current.

4.3.2 Regulation and Residual Ripple

Measured with battery not connected to the system:

· Output voltage regulation shall be better than ±0.5% for:

· a load variation from 0 to 100% of nominal capacity combined with

an input voltage variation of +10%/–12% combined with 

a frequency variation of ±5%.

· Residual ripple shall be lower than 2% rms of the output voltage with charger outputting nominal current.

4.3.3 Efficiency

The charger efficiency at nominal power shall be equal to or higher than 85%.

4.3.4 Reference Voltage

The charger shall provide for:

· reference voltage measurement directly from battery terminals in order to regulate the voltage at the battery.

· Upon reference voltage lost, the charger shall return automatically regulate the voltage at the rectifier output.

· easily selection of voltage regulation at battery or at rectifier output.

4.3.5 Output Voltage Switching

The battery charger shall be able to work on three output voltage levels: 

· float voltage (maintaining battery voltage);

· equalize voltage;

· boost voltage.

4.3.5.1 Equalize Voltage

The PMI shall:

· allow for manual switching from float voltage to equalize voltage.

· The duration of manual equalization shall be adjustable through a timer.

· The equalization shall automatically end at the end of the timer timeout.

· offer many automatic switching schemes from float voltage to equalize voltage:

· when charger operates at rectifier current limit for more than 72 seconds (adjustable time delay);

· when charger operates at battery recharge current limit for more than 72 seconds (adjustable time delay);

· when battery has remained at minimum voltage threshold for more than 72 seconds (adjustable time delay);

· upon a VAC power failure that lasts many hours (adjustable time delay);

· when a periodic switching to equalize voltage is required. In such a case, it shall be possible to select the number of months for the interval, the day and the hour of the periodic equalization;

· at starting up, or after a total VAC and VDC power failure;

· each of these situations shall easily be switched ON or OFF through the PMI.

· The duration of automatic equalization shall be adjustable through a timer.

· The equalization shall automatically stop at the end of the timer timeout.

4.3.5.2 Boost Voltage

The PMI shall allow for:

· manual switching from float voltage to boost voltage.

· adjusting boost voltage duration through a timer. The boost mode shall automatically stop at the end of the timer timeout.

During boost mode, the current that may be supplied by the rectifier may be limited to less than 100% of the rectifier current limit.

4.3.6 Temperature Compensation (if applicable)

· The rectifier output voltage shall be compensated for battery temperature. 

· The correction to be done shall be in adjustable in mV/°C. 

· The compensation shall be applied from the 25°C reference temperature.

· The compensation shall be automatically disabled if the read temperature is invalid.

· The compensation may decrease the output voltage but it shall not be allowed to increase it when the charger is operating at equalize voltage or at boost voltage.

4.3.7 Input/Output Isolation

The VDC output voltage shall be isolated from the VAC input voltage by a transformer.

4.3.8 Reverse Current Protection

The rectifier output shall be equipped with a diode preventing the current to flow from the battery to the rectifier.

4.3.9 Redundant Chargers (if applicable)

The redundant chargers shall: 

· both be dimensioned to the required nominal capacity;

· work in parallel and equally share the load (at ±5%) when the load is between 10 and 100% of its nominal capacity;

· allow for load sharing as well in equalization as in rectifier current limiting or in battery recharge current limiting;

· upon one charger going to equalization, the other shall follow and be also in equalization;

· upon one charger being defective, the other shall take all the load;

· be optically isolated regarding the signals between the two chargers that permit the load sharing.

In order to prevent too fast recharging of a battery discharge, a device shall be provided to decrease the capacity of each charger to 50% of their nominal capacity instead of 100% when the two chargers are operating. If one charger is stopped or defective, then the remaining charger shall automatically go back to its 100% nominal capacity. This device shall be easily switched ON or OFF through the PMI.

4.4 Protection

4.4.1 Input Breaker

A 2 or 3-pole thermal-magnetic breaker with a breaking capacity of at least 10kA (14kA for the 600VAC chargers) is required at the charger VAC input.

Also, optionally, the breaker shall:

· have a locking device;

· be equipped with an auxiliary contact to indicate the "Breaker Open" alarm;

· be equipped with a shunt trip allowing automatic trip when the "Very High Battery Voltage" alarm is triggered.

4.4.2 Output Breaker

The VDC output of the charger shall be equipped with a 2-pole thermal-magnetic breaker with a breaking capacity of at least 5kA.

Also, optionally, the breaker shall:

· have a locking device;

· be equipped with an auxiliary contact to indicate the "Breaker Open" alarm.

4.4.3 Battery Breaker (if applicable)

The charger shall be equipped with a 2-pole thermal-magnetic breaker with a breaking capacity of at least 5kA to isolate the battery from the charger and the load.

Also, optionally, the breaker shall:

· have a locking device;

· be equipped with an auxiliary contact to indicate the "Breaker Open" alarm.

4.4.4 Fuses 

The other measurements from the battery (battery voltage, battery symmetry voltage, battery current) shall enter the charger through fuses permitting easy isolation of the charger from the battery.

5 Quality Assurance

The supplier shall have an existing quality assurance program in accordance with the ISO 9001:2008 standard.

6 Warranty 

The battery charger shall be guaranteed against any defect for a period of one year following the commissioning date or 18 months following the delivery date whichever comes first. The tenderer shall include with the tender all information concerning the warranty conditions.

7 Tests

A testing schedule shall be supplied for approval. 

· All chargers shall be submitted to the following trials and routine tests:

· visual check;

· functional and technical tests;

· electric strength test: EIC 60255-5;

· run in tests (3 hours minimum at 100% of charger nominal current).

· All trial and routine tests reports shall be transmitted to the customer upon test completion.

· The chargers shall be able to satisfy the following tests (typical test reports shall be supplied on request):

· surge withstand capability test (SWC): as per IEC 60255-22-1/-4 (IEEE C37.90.1);

· impulse voltage withstanding: as per 60255-5;

· electrostatic discharge: as per 61000-4-2;

· fire resistance: as per UL94V0;

· immunity to radiated radiofrequency electromagnetic fields: as per IEC 61000-4-3 (10V/m);

· electromagnetic pollution, radiated only: as per CISPR 22 Class A, scanning from 30MHz to 1GHz;

· continuous damp heat: as per IEC 60068-2-78 (40°C/93% HR, 24 hours).

8 Manuals and Diagrams

The manufacturer shall provide one copy of the manual with each battery charger. This manual shall contain all information pertinent to commissioning, maintenance and troubleshooting. It also shall include outline drawing, block-diagrams and all electrical diagrams. All information shall be provided in French (or English) language.

9 Spare Parts

The manufacturer shall provide with his tender a list of all recommended spare parts so that upon a fault occurrence, the charger can rapidly be returned to service.

10 Training

The manufacturer shall include in his tender a training plan. The training shall provide for theoretical part and practical part. The following items shall be covered: charger operation, checking, calibration, and troubleshooting. 

11 Technical Questionnaire

	Description
	Required
	Tenderer compliance

	General, battery charger
	
	

	Quantity of required chargers
	_____
	

	Required configuration:

- standard (non redundant) __

- redundant (parallel configuration) __
	standard/redundant
	

	Manufacturer
	Gentec (or accepted equivalent)
	

	Model
	RS Series
	

	Rectifier type
	thyristors
	

	
	
	

	Cabinet
	
	

	Cabinet type
	NEMA 1 freestanding
	

	Cable entry
	Top/bottom
	

	Colour: semi-gloss grey ANSI-61 
	Required
	

	Dimensions (mm)
	
	_____ (H)

_____ (L)

_____ (D)

	Weight (kg)
	
	_____ kg

	Certification

· CSA-C22.2 n° 107.2 – "Battery Chargers" __

· UL 1012 Power Units Other Than Class 2 __
	Required
	

	Quality assurance program: ISO 9001:2008
	Required
	

	
	
	

	VAC Input
	
	

	VAC input voltage 
	_____ VAC

(+10/–12%)

__ phase(s), 60Hz
	

	Input Breaker VAC
	Required
	

	Padlockable
	Yes/No
	

	Auxiliary contact
	Yes/No
	

	Shunt trip
	Yes/No
	

	Type 
	Thermal-magnetic
	

	Current breaking capacity _____ kA

 (Recommended: 10kA (14kA at 600VAC)
	_____ kA
	

	
	
	

	Transformer
	
	

	Type
	Dry 
	

	Wiring
	Copper
	

	2 isolated coils (primary/secondary)
	Required
	

	
	
	

	VDC Output
	
	

	Nominal voltage
	125VDC
	

	VDC output breaker (2-poles)
	Required
	

	Padlockable
	Yes/No
	

	Auxiliary contact
	Yes/No
	

	Type 
	Thermal-magnetic
	

	Current breaking capacity _____ kA

 (Recommended: 5kA) 
	_____ kA
	

	Float voltage range
	100-145VDC
	

	Equalize voltage range
	100-145VDC
	

	Boost voltage range
	100-145VDC
	

	Output voltage compensated for battery temperature
	Required/Not required
	

	Regulation
	±0.5%
	

	Maximum residual ripple (with no battery connected)
	2% rms of output voltage
	

	Charger Capacity


	____ AMP.
	

	Current limit adjustment range
	20 to 110%
	

	Device to limit battery recharge current
	Required
	

	Efficiency (at 100% of nominal power)
	≥85%
	

	Acoustical noise at one meter (at 100% of nominal power)
	65 dBA max.
	

	Alarm contact

·  ("C" type, capacity: 120VAC/125VDC, 0.5A)

· one regrouped contact __

· separate contact for every alarm __ 
	Required
	

	Ventilation
	Natural
	

	Automatic switching mode of output voltage (float – equalize)
	Required
	

	Manual switching mode of output voltage (float – equalize – boost)
	Required
	

	Reverse current output protection diode
	Required
	

	Surge protection
	Required
	

	PMI (person-machine interface)

LCD screen, minimum dimensions:

- mm: 114(L) x 64(H), (in: 4.5 x 2.5)

- Minimum 4 lines of 16 characters
	Required
	

	Available measurements on LCD screen:

Rectifier voltmeter/ammeter, battery voltmeter/ammeter, and other various measurements and information
	Required
	

	Remote network access:

RS-485 serial port (MODBUS/RTU slave communication protocol) 
	Required
	

	Local access:

RS-232 serial port (MODBUS/RTU slave communication protocol) 
	Required
	

	
	
	

	Battery (if applicable)
	Required/Not required
	

	Nominal voltage
	125VDC
	

	8-hour Capacity
	_____ Ah
	

	Final voltage
	105VDC
	

	Battery type:

-vented lead-calcium, 20 years lifespan __

-valve regulated lead-acid(VRLA) 5 to 10 yrs lifespan __

-valve regulated lead-acid(VRLA) 10 to 15 yrs lifespan __

- nickel-cadmium, 20 years lifespan __
	____________
	

	Number of cells:

- lead-calcium battery/VRLA: 60 cells __

- Ni-Cd battery: 92 cells __
	_____
	

	Battery nominal ambient temperature
	15°C to 35°C
	

	Battery installation:

- in the same cabinet as the charger __;

- in the same cabinet as the charger, along with a fan in the battery section __;

- on a non-seismic rack __;

- on a seismic rack __;

- in a cabinet other than the charger cabinet __.
	Required/Not required
	

	Battery rack (or cabinet) dimensions (mm) (if applicable)
	
	_____ (H)

_____ (L)

_____ (D)

	Battery total weight (kg)
	
	_____ kg

	Manufacturer maintenance standard accessories
	Required
	

	Battery breaker (2 poles) (if applicable)
	Required/Not required
	

	Padlockable
	Yes/No
	

	Auxiliary contact
	Yes/No
	

	Type
	Thermal-magnetic
	

	Current breaking capacity _____ kA

 (Recommended: 5kA)
	_____ kA
	


Non-compliances, alternatives and details:

Where appropriate, describe here the non-compliances, alternatives and details related to your proposal compared to the technical specification.

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________
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