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 1 Introduction 1.1 Scope This document specifies requirements and gives recommendations for a static (semi-conductor) A.C. Uninterruptible Power Supply (UPS) unit comprising rectifier, battery, inverter and static bypass switch. The unit as specified is required to serve as a secure (uninterruptible) alternating current source of power to vital systems that perform a controlling, monitoring and safeguarding function in an industrial environment. 1.2 Definitions 1.2.1 General definitions The Contractor is the party which carries out all or part of the design, engineering, procurement, construction, commissioning or management of a project, or operation or maintenance of a facility. The Principal may undertake all or part of the duties of the Contractor. The Manufacturer/Supplier is the party which manufactures or supplies equipment and services to perform the duties specified by the Contractor. The Principal is the party which initiates the project and ultimately pays for its design and construction. The Principal will generally specify the technical requirements. The Principal may also include an agent or consultant authorised to act for, and on behalf of, the Principal. The Purchaser is the party which buys the Static UPS Unit. The Purchaser may be either the Contractor or the Principal. The word “shall” indicates a requirement. The word “should” indicates a recommendation.
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 1.2.2 Specific definitions Autonomy Time The specified time that the battery shall be capable of supplying rated
 current to the inverter within the specified voltage limits. Battery design capacity
 The battery power required as determined by the battery calculation.
 Bypass supply The alternative mains supply to provide a standby source to the load in the event that the inverter is unavailable.
 C10 capacity The nominal battery capacity based on a 10 hour discharge rate at 20 °C (68 °F).
 C5 capacity The nominal battery capacity based on a 5 hour discharge rate at 20 °C (68 °F).
 Conditioned room A ventilated room where provisions have been incorporated to minimise dust ingress and maintain an equable temperature
 Crest factor The ratio of the peak value to the r.m.s. value of the total periodic waveform.
 Discharged condition The condition reached when the battery has been discharged to the point where the inverter can no longer deliver its rated output within the permissible output tolerances.
 Equalisation charge or Commissioning/ Initial charge
 Special battery charging mode by applying a higher voltage to equalise the individual cell voltages across the battery string. This is normally time limited and carried out with the inverter off line.
 Float charging Normal battery charging mode by applying a constant voltage from the charger such as to maintain the battery in a state of charge.
 High rate charging (Boost charging)
 Elevated and time limited charging mode by applying a controlled voltage from a rectifier, so as to restore the battery to a predetermined state of charge in a limited time span.
 Inverter supply The normal output of the UPS Unit via the rectifier-battery-inverter-string. Low maintenance nickel cadmium batteries
 Valve regulated- or recombination plug equipped nickel cadmium batteries designed for ultra low maintenance and which require a controlled maximum charging voltage.
 Maintenance bypass switch
 A manually operated “make-before-break” switch incorporated into the UPS unit to provide a supply to the load in such a way that the main components of the UPS unit become isolated and voltage free.
 MTBF Mean Time Between Failure. MTTR Mean Time to Repair. Power factor The power factor of the fundamental wave, cosϕ (sometimes referred to
 as the displacement factor). Rated output The apparent power, expressed in kVA, which can be continuously
 delivered by the unit. Relative harmonic content
 The ratio of the r.m.s. value of the harmonic content to the r.m.s. value of the total non-sinusoidal periodic waveform, as follows:
 where g1 = r.m.s. value of the fundamental component of
 current or voltage and g = r.m.s. value of the total waveform of current or
 voltage. UPS An Uninterruptible Power Supply unit consisting of a rectifier, battery and
 inverter string with a static switch connected to a bypass supply. Vented, flooded, batteries
 Battery cells incorporating liquid electrolyte in an enclosed container having one or more vents through which gaseous products may freely pass, and which can accept high rate charging following a discharge (can be lead acid or NiCd).
 Vital service A service which, when failing in operation or when failing if called upon, can cause an unsafe condition of the process and/or electrical installation, jeopardise life, or cause major damage to the installation.
 VRLA Batteries Valve regulated lead acid, battery cells in containers which are sealed under normal conditions, and in which the electrolyte is absorbed in plate separator material such that oxygen evolved from the positive plates transfers to the negative plates and `recombines' to form water. The containers incorporate a pressure relief device to permit the escape of gas if the internal pressure exceeds a certain value.
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 1.3 Cross references Where cross-references to other parts of this document are made, the referenced section number is shown in brackets. Other documents referenced in this specification are listed in (8). 2 General Requirements 2.1 Basic standards The UPS unit shall comply with the product standard series IEC 62040. In the event of conflict, this document shall take precedence. UPS systems for installation in countries which are part of the European Union (EU) Trading Area shall comply with the applicable EU directives and shall be supplied with the required CE declaration and markings. For other areas, equivalent certification shall be provided together with any additional requirements necessary to meet local regulations or as otherwise specified by the Principal.
 2.2 Design basis The UPS shall be of the electronically regulated type. Units incorporating magnetic stabilisers (e.g. constant voltage transformers) are not acceptable. The design of the UPS shall be such as to minimise the risk of short circuits and shall ensure personnel and operational safety at all times. The electrical load to be energised by the UPS comprises a high proportion of digital electronic equipment incorporating switched-mode power supply units which exhibit non-linear characteristics. The design and selection of equipment and components shall be based on achieving the following minimum lifetimes:
 - 20 years for rectifier, inverter, static switch and associated auxiliaries with appropriate maintenance schedule applied;
 - 20 years for NiCd battery cells when operating in an average room ambient temperature of 25°C (77 °F);
 - 15-20 years for vented Lead Acid battery cells when operating in an average room ambient temperature of 25°C (77 °F);
 - 10 years for VRLA battery cells when operating in an average room ambient temperature of 20°C (68 °F).
 Additionally, the UPS modules shall be designed to operate totally maintenance free for a 4 year continuous period except cleaning in dusty environments. All components shall be of a quality and reliability that satisfies the requirements of a secure A.C. source of power to vital equipment performing a controlling, monitoring and safeguarding function in continuously operating petrochemical process units, production facilities and utility installations. Components shall be capable of withstanding the thermal and dynamic stresses resulting from internal and external short circuits and circuit switching operations etc. Damage arising from component failure should be limited to the component concerned with associated protective devices. Metal sheets shall segregate the rectifier-, inverter- and static bypass section from other UPS compartments such as incoming-, maintenance bypass- and distribution panels. Component materials shall be non-flame propagating and non-halogen. For tropical applications, the UPS components shall be suitably protected against moisture and fungus. 2.3 Operating principles 2.3.1 Single static UPS unit This basic UPS set-up shall be considered as the minimum requirement for a secured power source. It shall also be used to build up more complex multi-module architectures.
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 2.3.1.1 Functional description Fig. 1 illustrates the main functional blocks of a single UPS system with mains bypass.
 Bypass Section
 UPS Section
 Secu
 red
 Load
 Bus
 SSW Inv.
 SSW Byp.
 Manual Bypass Switch
 Bypass Transformer
 Battery Bank
 Inverter
 Rectifier Input
 Rectifier
 Bypass Input
 Fig. 1 Single UPS System Block Diagram
 The rectifier block converts three-phase mains AC to DC power. The “intermediate DC circuit” comprises the battery bank, acting as energy storage tank, which is continuously kept in a fully charged condition by the rectifier as long as mains is available. This circuitry is feeding power to the inverter, the next conversion stage. Its duty is to convert DC back to pure AC. A static switch (SSW) connects or disconnects the inverter stage to the UPS output. Single- or three- phase outputs are individually configurable. The bypass mains input is linked via an optional matching transformer to a second static switch, which is normally open and leading to the UPS output. The inverter is constantly synchronised to the bypass voltage as long as the voltage quality is sufficient. This allows uninterrupted changeover from inverter to bypass source in case of heavy overload, inverter malfunction or if requested by operating personnel. An additional, segregated manual make-before-break switch allows a smooth transfer of the critical load to the bypass supply and vice versa. This mainly during maintenance and repair activities where a de-energised rectifier- and inverter part is mandatory for safety reasons. Finally the secured UPS power distribution board is supplied from there. 2.3.1.2 Operation modes There are three major operation modes:
 a) Normal operation: (1st priority) Rectifier and inverter are in operation and feeding the load through the closed static switch and manual bypass selector switch. The batteries are maintained in fully charged condition. The bypass branch is typically energised with its static switch open. This mode is also called “online operation” and is maintained as long as possible.
 b) Battery operation: (2nd priority) Rectifier is shutdown due to input power failure. The batteries, now supplying the inverter, are being discharged. The load is still fed by the inverter with continuous high power quality and the bypass circuitry can either be available or not. The latter would prevent an uninterruptible changeover to the alternative mains.
 c) Bypass operation: (3rd priority) The load is directly fed by the alternative (bypass) supply through the static- and manual bypass switch. Rectifier and inverter may be still operational but are no longer supplying the load. Bypass operation should be considered as emergency operation mode only (drained batteries, inverter breakdown, short circuit) since the load is no longer properly backed-up and power quality depends very much on the mains. Unless the system is forced to switch to bypass by manual intervention this mode has the lowest priority and should therefore be avoided if possible.
 2.3.2 Parallel redundant static UPS unit A parallel redundant system shall comprise at least two UPS modules which are paralleled at the output. This allows a significant increase of the system’s availability and improves the total power capability in regard to overloads and short circuits.
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 2.3.2.1 Functional description
 UPS Module A
 UPS Module B
 Common Bypass Bypass Input
 Rectifier Input Module A
 Rectifier Input Module B
 Secu
 red
 Load
 Bus
 Fig. 2 Parallel Redundant Configuration
 Both UPS modules shall have the same priority and are equally sharing the total load while 50% of the nominal power rating of either unit shall not be exceeded. A common bypass source is distributed to the two static bypass switches and can be routed directly to the load by means of the manual “make-before-break” switch. Two communication lines together with associated control gear obtains proper load sharing and synchronisation to the bypass source. All operation modes are duly co-ordinated. Even though a common battery bank is possible, individual battery banks are recommended (i.e. 2 x 100% or 2 x 50% capacity). 2.3.2.2 Operation modes
 a) Normal operation: Each part of the overall system is available with any power sources in tolerance. Both, rectifiers -and inverters units are sharing the total output power. Bypass source is stand-by and acting as synchronisation source.
 b) Power failure on one module: This particular UPS module switches to stand-by operation while the other one will carry the full load. No power re-routing by means of switches is required. This also preserves the precious battery power for as long as possible.
 c) Power failure on both modules: Both modules call up battery operation simultaneously and discharge the battery bank(s) equally yet still delivering 50% of the total output power. Co-ordinated changeover to bypass takes place if the battery capacity is completely used up.
 d) System fault on one module: The concerned module is immediately set to stand-by mode while the remaining one takes the full load without disturbing it.
 e) Overload condition: Both modules are capable to continuously supply 100% of their nominal rating which equals to 200% overall power performance. In case this value is exceeded and after the given overload profile an uninterruptible transfer to bypass mains would occur by closing both static bypass switches simultaneously.
 2.3.3 Dual static UPS configuration The dual UPS configuration is a combination of two single modules. It is preferred for dual feed distribution schemes with associated double input loads. Each UPS module is related to its own distribution board. There are no common components for both UPS blocks.
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 2.3.3.1 Functional description
 UPS Module A
 UPS Module B
 Bypass Input Module A
 Rectifier Input Module A
 Rectifier Input Module B
 Bypass Input Module B
 Secu
 red
 Load
 Bus
 B
 Secu
 red
 Load
 Bus
 A
 Fig. 3 Dual UPS Configuration
 Each individual UPS module operates similarly to a stand alone single system. It is recommended to connect different power sources per UPS module in order to extend the availability in case of a failure on one supply. The distribution boards shall not be connected together (tie-up) as there is no load sharing or synchronisation control gear available. However, a tie-up is possible provided both systems are operating in bypass mode with exactly the same bypass supply. 2.3.3.2 Operation modes
 a) Normal operation: Both UPS modules are available, operating in normal operation mode and supplying the loads connected to their distribution boards. Load sharing depends on a well-balanced load schedule only.
 b) Power failure on one module: This particular module will first change to battery- and finally to bypass operation mode if latter is available. The other module continues to supply their loads in normal operation mode.
 c) Power failure on both modules: Both modules will call up battery operation. The individual batteries are discharged according to the actual loading, which is not co-ordinated between the two units.
 d) System fault on one unit: The captioned module tries to maintain the load by changing to another operation mode if possible.
 2.4 Unit rating Unless otherwise specified by the Principal, only industrial grade, true 1-phase UPS units with 110/125V or 220V intermediate DC voltage should be used for 1-phase loads. 3-phase UPS units shall be applied for 3-phase loads respectively. Large system ratings, i.e. above 100kVA for 1-phase-, respectively 160kVA for 3-phase UPS units may apply higher DC intermediate voltage levels. In all cases the rectifier input supply shall be three phase, 3 wires. The separate bypass supply should be 3 phase, 4 wires, or 1 phase, 2 wires, as appropriate. 3 wires are also possible for UPS units with 3 wires output or in connection with a bypass isolation transformer.
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 The UPS shall be rated to continuously energise the load at a load power factor of 0.8 lagging while maintaining an output voltage within the permissible tolerances as defined in (3) and satisfying the performance requirements specified in this document. The inverter shall also be capable of energising loads with power factor between 0.4 lagging to 0.9 leading within the specified tolerances. No power de-rating should be accepted for this power factor range. The UPS unit shall be capable of supplying a load consisting of principal computer and/or digital electronic equipment incorporating switched-mode power supply units which may have a crest factor of up to 3,5. 2.5 Service conditions Unless otherwise specified in the requisition, the UPS shall be located inside a ventilated room or enclosure in which the following conditions apply:
 - Average ambient air temperature : -10 °C to 40 °C / 14 °F to 104 °F - Maximum ambient air temperature : 45 °C / 113 °F - Relative humidity not exceeding : 95% non condensing - Maximum altitude without de-rating : 1 000 m / 3280 ft - Maximum altitude with 20% de-rating : 4 000 m / 13123 ft - Seismic withstand level : 0.5 g in any direction - Ingress Protection Degree acc. IEC 60529 : at least IP21
 2.6 Mains electricity supply The UPS shall be capable of operation with the nominal voltage and frequency as indicated in the requisition and on the basis of the following: The input supply variations shall be limited under steady state conditions to:
 - Nominal system voltage : plus 10% and minus 10% - Nominal system frequency : plus 6% and minus 6%
 The AC power supply to the UPS will be symmetrical and sinusoidal within the limits defined by IEC 60146-1-1, Immunity Class B, although the input voltage may be subject to transients comprising short term voltage depressions up to 20% of nominal during motor starting, and to voltage interruptions during system short circuits. Transient high frequency voltages of up to 2 kV may also be superimposed on the input voltage as a consequence of system switching operations.
 2.7 Tie-in of UPS unit to electrical supply system The Manufacturer shall specify the current rating of general purpose fuse links (utilisation category gG, in accordance with IEC 60269-2) which the Principal shall provide in the mains supply switchboard for energising the rectifier and bypass circuits. The fuse rating shall be based on maximum input current values. The Principal shall provide all the interconnecting cables between the UPS and external equipment such as switchboards, including those to the battery, unless otherwise specified. For the parallel redundant configuration, all control bus cabling/wiring shall be supplied by the Manufacturer. All batteries should be located in a suitably conditioned environment separate from the UPS. The Manufacturer shall specify the size of the conductors required for the battery cables, based on a cable length not exceeding 20 m, or as otherwise specified in the requisition. The Manufacturer shall provide a suitable, lockable, fused load-switch or MCCB to facilitate on-load isolation of the battery for the purpose of performing battery maintenance. The MCCB shall be in accordance with IEC 60947. The switching device should be installed adjacent to the battery, and shall be suitably classified for hazardous area operation, if applicable. If the nominal output voltage of the UPS and/or the neutral earthing scheme is different from that of the mains supply, the Manufacturer shall provide an isolation transformer in the bypass circuit (bypass transformer). For single phase units the transformer shall be connected across two phases of the three phase supply. V-Transformers should be used for single phase UPS ratings above 40kVA which are connected to three phases. The secondary neutral of the transformer shall be earthed unless otherwise specified (IEC 62040-1-2). 2.8 Information to be submitted with the tender The Manufacturer shall submit a technical specification of the UPS which shall include a description of the design, operation, construction, performance and maintenance aspects of the equipment, and list all deviations from this specification. The information shall include relevant calculations of the nominal battery capacity and the number of battery cells needed to meet the specified performance requirements of the UPS.

Page 11
                        

Q320.110-1_AC_UPS_System_Guide_Specification.doc Q320.110 Revision 01 11 / 22
 The Manufacturer shall also submit the information requested in the requisition by completing the document as specified and returning this with the tender. The Manufacturer shall include sufficient spare parts to fully cover the on-site commissioning activities. In addition, if specified in the requisition, the Manufacturer shall provide a detailed quotation for 2-year and 5-year operation spares. For technical support and servicing at site, the Manufacturer shall indicate the nearest service organisation recommended for the location at which the static UPS will be installed.
 3 Performance Requirements 3.1 Rectifier 3.1.1 General 6- or 12-pulse heavy-duty thyristor rectifier bridges shall be used to convert the 3 phase AC input to DC. An isolation input transformer shall be applied for best immunity to mains disturbance and galvanic isolation to the DC branch. The rectifier shall operate according to the constant voltage, current limiting principle (IU characteristic) and shall incorporate a soft-start feature to gradually accept load on initial energizing. The rectifier shall restart automatically upon restoration of the mains power supply following a supply interruption with a programmable delay for co-ordinated start-up. The rectifier shall be rated to recharge the battery to 90% within 10 hours following a discharge at rated load for the specified autonomy time, whilst at the same time meeting the inverter input requirements when the inverter is delivering its rated output at 0.8 power factor lagging. For vented types of battery, the rectifier shall perform battery charging at the dual rate corresponding to the float charge and high rate (boost) charge requirements. For VRLA and low maintenance NiCd batteries, the rectifier shall perform battery charging in accordance with the operational stipulations of the battery supplier and high rate charge facilities shall be interlockable. For vented NiCd batteries, the rectifier shall also be capable of delivering the battery initial charge as specified by the battery supplier. 3.1.2 Rectifier input The UPS unit shall be capable of operating from the mains electricity supply as defined in (2.6). The total harmonic current consumption shall not exceed 28% of the fundamental current for 6-pulse-, and 12% for 12-pulse configurations. Lower values, if specified by the Principal, shall be achieved by adding a passive filter at the mains input. Transients and surges on the mains input, as defined in (2.6), shall not result in a trip of the rectifier unit or the initiation of battery discharge. 3.1.3 Rectifier output The superposed AC ripple voltage on the DC terminals shall not exceed 1% rms of the nominal DC level at full load conditions with no battery connected. The residual rms ripple current in the battery circuit shall not exceed 5% of the C10 capacity for VLRA batteries. 3.1.4 Temperature compensation For VRLA batteries, temperature compensation of the battery charging voltage shall be provided for the rectifier, with an accuracy of plus and minus 1%. The temperature sensor shall be located in the centre of the battery rack and shall adjust the rectifier output voltage in line with the battery Manufacturers' recommendations. Temperature compensation shall also be considered for other batteries in locations where sustained ambient temperature variations in excess of plus or minus 5 °C (9 °F) are expected. 3.1.5 Battery float-charge operation The rectifier steady-state DC output voltage variations shall be controlled to within less than plus and minus 1% of the set value of the temperature compensated battery float-charge voltage specified by the battery Manufacturer during load variations between zero and the rated output of the rectifier. This shall be achievable throughout the range of steady-state input voltage and frequency variations defined in (2.6). The instantaneous value of the output voltage shall not deviate by more than 10% at load steps from 10 to 100% or 100 to 10% with a regulation time of less than 500ms to +-1%. 3.1.6 Battery high rate charge operation (Boost charge) For vented batteries only, facilities shall be provided to initiate battery high rate charge operation by both manual and automatic means. Automatic initiation of battery high rate charge operation shall occur following any period of battery discharge which would result in the application of current limiting recharging.
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 The duration of high rate charging after leaving the current limitation shall be programmable. 3.2 Battery and DC circuit 3.2.1 General The battery voltage and capacity shall be such as to fulfil the inverter input power requirements when the inverter is delivering its rated kVA output at specified power factor, for the autonomy times specified in the requisition. The battery discharge performance shall be fulfilled as follows:
 - During the design lifetime as specified in (2.2).
 - During repeated cycles of the battery from the fully charged to the partially discharged condition and subsequent restoration; and
 - Following at least 4 years' continuous operation under battery float-charge conditions with appropriate maintenance activities carried out.
 The nominal ampere-hour (Ah) capacity of the battery supplied with the UPS shall be calculated in line with a battery manufacturer’s approved battery sizing tool and shall include all necessary allowances as specified in the datasheet, required to compensate ageing effects that result in the progressive loss of capacity. VRLA batteries shall be classified to BS 6290-4, category 1H23 minimum, or equivalent. The batteries should be located separately from the UPS unit in a suitably conditioned environment on freestanding support racks, which shall be of steel. Battery cabinets should be avoided if ever possible due to limited accessibility. Steel racks shall have a plastic or epoxy coating to provide suitable protection against the effects of electrolyte spillage. The batteries shall be positioned so that possible leakage of electrolyte or emission of gaseous products shall not cause damage to other equipment, components, or adjacent cells. Battery spacing for VRLA cells shall be a minimum of 10 mm (0,4 in) to ensure an even temperature distribution. Vertical separation between layers shall be sufficient to permit free and safe access for cell measurements and/or replacement. 3.2.2 On-line battery monitoring and testing All UPS units shall be provided with online battery discharge test facility, which keeps the rectifier on stand-by for immediate restoration in case of fatal battery failure. The UPS shall also provide an on-line battery testing by means of a partial battery discharge into the load (typically 25%), either manually or automatically. The facility shall be programmable to define the automatic testing periods. The monitoring system shall compare the discharge values with the actual pre-programmed battery discharge characteristics and shall be capable of providing a detailed analysis of the battery condition and indication of remaining back-up time. Additionally, provision shall be included to manually select a full battery discharge test. In addition or as an alternative, the battery monitoring facilities shall also incorporate provisions for individual cell measurement, recording and alarm. Single cell- or single block- battery management systems should be considered for very critical applications. Each battery cell or block shall be wired to the centralised monitoring device. The battery current and temperature shall be monitored for each string. Apart from generating comprehensive reports on battery cell voltages, current and temperature with history- and discharge data, the battery management system shall be capable to individually equalize weak cells by means of automated single cell charging. Communication to an Ethernet network or local computer shall be established through a TCP/IP Interface. No special software shall be required except a standard Web browser running on a local or remote PC for overall configuration and monitoring. 3.3 Inverter 3.3.1 General PWM (Pulse Width Modulation) technology shall be used to convert DC back to AC. IGBT (Insulated Gate Bipolar Transistors) should be applied for the power stacks. The inverter shall be short circuit proven and have nominal output voltage and frequency as specified in the requisition. An isolation transformer shall provide galvanic isolation between the DC- and AC- power circuits for best immunity to disturbance and to allow a floating (unearthed/IT) output if specified. A static thyristor switch connects or isolates the inverter from the UPS output. The inverter output voltage and frequency shall not exceed the operational tolerances given below, as measured at the output terminals of the unit, during the following conditions of UPS loading:
 - Steady-state load variations between zero and the rated output of the UPS.
 - Load power factors over the range 0.4 lagging to 0.9 leading within the kW/kVA rating of the unit. The inverter shall be sized for unity power factor.
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 - Load current waveform having a relative harmonic content varying between 0% and 50%, the latter waveform having a crest factor up to 3,5.
 - D.C. input voltages over the range corresponding to battery high rate charge, where applicable, and battery discharge operation during the specified discharge times as defined in (3.2).
 The inverter shall control the output of the UPS so as to maintain synchronism with the bypass voltage during variations in mains frequency up to the limits specified in paragraph. 3.3.5. During variations in mains frequency exceeding these limits, the inverter shall revert to internal frequency control. 3.3.2 Rated output The rated output of the UPS shall be as specified in the Requisition Datasheet. 3.3.3 Output voltage static regulation The output voltage static regulation shall be maintained within plus and minus 1% of rated output voltage. For 3-phase inverters, the phase-phase- and phase-neutral voltages shall not exceed ±1% of rated voltage when the load current in any two phases differs from the rated output current by up to 50%. 3.3.4 Output voltage dynamic response The dynamic output voltage variations shall not exceed ±4% of rated output voltage in the event of instantaneous load steps of 100% rated output. The output voltage shall be restored to within the steady-state limits of ±1% of rated output voltage within 25ms. 3.3.5 Frequency deviation Synchronous operation of the inverter and bypass supplies shall be maintained for deviations in frequency of up to ±8% of mains rated frequency, at a programmable frequency slew rate of up to 4 Hz/s (1 Hz/s for parallel systems), above which the inverter will revert to internal frequency control. When operating independently, the inverter output shall be maintained within ±0.1% of nominal rated frequency. 3.3.6 Output voltage waveform The waveform of the output voltage shall be sinusoidal with a relative harmonic content not exceeding 4% for linear- and 5% for non-linear loads (according IEC 62040-3) with any individual harmonic < 3%, unless otherwise stated in the requisition. 3.3.7 Output voltage symmetry For 3-phase inverters, the angular displacement of the phase voltages shall not exceed 120° ± 2% when supplying a balanced, linear load at rated output, 0.8 power factor lagging, and 120° ± 5% when the load current in one phase differs by 100% from the rated output current. 3.3.8 Short circuit current and overload As a minimum the inverter shall be capable of delivering the following short-circuit / overload levels based on the nominal rating:
 - 200% for 100 ms - 150% for 1 min - 125% for 10 min - 105% continuously
 For fuse clearing and excessive overloads the unit may switch to bypass without interruption to the vital power, unless this is specified otherwise in the UPS datasheet. Over sizing of the inverter power stacks up to 400% for 100 ms shall be available if specified in the requisition. 3.4 Bypass circuit 3.4.1 Circuit rating The bypass circuit shall be rated for at least the full UPS unit rating at continuous duty with the overload profile as specified in (3.3.8). Oversizing up to 200% of the inverter rating shall be possible if specified in the requisition. The whole bypass circuit except the static switch shall be segregated from the rectifier and inverter parts for the ease of safe access and maintenance.
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 3.4.2 Bypass transformer A dry isolation transformer with screen shall be applied to the bypass circuit in case of unequal mains configurations and/or unequal voltage levels (bypass mains input to UPS output). It is also required in case of different earthing schemes (IEC 62040-1-2). The short circuit impedance shall be less than 4%. 3.4.3 Bypass stabiliser A servo controlled voltage stabilizer shall be applied in case of unstable or weak bypass mains. It shall provide galvanic isolation with a short circuit capacity of at least 1000% for 100ms. Static output voltage tolerance shall be less than ±2% with steady load variations between 0% and 100% of the bypass circuit rating in conjunction with mains voltage variations of ±15% from nominal value. The short circuit impedance shall be less than 6%. Phase shift from input to output shall be zero. 3.4.4 Static bypass switch The bypass load transfer-switching device shall comprise a continuously rated thyristor switch. It shall have a continuous current rating as specified in (3.4.1) and shall be short time rated to meet the following requirements:
 1000% of UPS rating for 100 ms 150% of UPS rating for 1 min 125% of UPS rating for 10 min
 3.4.4.1 Load transfer criteria Facilities shall be provided to initiate manually and automatically transfer of the load from the inverter supply to the bypass supply, and vice versa, without interruption of the vital supply. The criteria for load transfer shall be as follows: Transfer of the load from the inverter to the bypass. Load transfer shall only be possible when:
 - The bypass voltage is within ± 10% of rated UPS output voltage, and - The bypass frequency is within ± 6% of rated frequency, and - The inverter output and bypass voltages are synchronised.
 Automatic transfer of the load shall be initiated when:
 - The inverter output voltage drops below 90% of the nominal output voltage. Transfer should be accomplished before the voltage reaches 88% of the nominal value, or
 - The inverter output voltage exceeds 110% of the nominal output voltage. Transfer should be accomplished before the voltage reaches 112% of the nominal value, or
 - The inverter output current limit is exceeded.
 Re-transfer of the load from the static bypass to the inverter. Load re-transfer shall be possible only when:
 - The inverter output voltage is within ± 5% of the nominal output voltage for more than 3 seconds.
 - The inverter output and bypass voltages are synchronised.
 - The fault which resulted in the initiation of the transfer has been cleared.
 After a number of repeated unsuccessful attempts at re-transfer back to the inverter (minimum 8 attempts within 2 minutes), the automatic transfer of the load to the inverter shall be inhibited and the load shall remain connected to the bypass supply. It shall also be possible to complete an interrupted transfer when the inverter output is not synchronised to the bypass, which shall be effected within not less than 40 ms and not more than 100 ms. 3.4.5 Maintenance bypass switch A manually operated make-before-break changeover switch in a segregated compartment shall be provided in order to bypass the UPS power circuits (inverter and static switch) for maintenance and repair purposes. It should have three switching positions:
 “Auto”: Inverter is connected to the vital loads with the static bypass energised for automatic transfer. “Test”: Vital loads are connected to the bypass circuit with the static switch circuit
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 energised for synchronisation tests. “Bypass”: Vital loads are connected to the bypass circuit with the static switch circuit isolated.
 3.5 Reliability The hardware, including control circuitry of the UPS, shall be suitable for the temperatures and other environmental conditions as mentioned in (2.5) that will occur during full load operation including associated overload profile. Burn-in tests under full load conditions shall be carried out to minimise the possibility of early component or system failures and to prove the UPS design. The Manufacturer shall provide evidence to confirm that the minimum MTBFs of the individual units at 20 °C (68 °F) are as specified below:
 Rectifier: 100 000 hours Inverter: 80 000 hours Static switch: 500 000 hours Entire UPS module 200 000 hours
 The design of the UPS shall be such that the Mean Time To Repair (MTTR) shall be minimised by the use of self-diagnostic- and monitoring features, with clearly labelled removable control cards. In all cases, the MTTR shall be less than 4 hours except for power magnetics. The Manufacturer shall maintain complete spare parts programme and support capacity, including software for at least 20 years after installation. 3.6 Electromagnetic compatibility (EMC) All UPS units shall comply with the requirements for EMC as defined in IEC 62040-2, in order to ensure:
 - conducted emissions in both, the power supply input and output of the UPS are controlled within acceptable limits;
 - any electromagnetic disturbance generated by the UPS and its individual components do not exceed a level which would affect the correct operation of both, radio and telecommunications equipment;
 - the UPS has an adequate level of intrinsic immunity to external electromagnetic- and conducted disturbance to enable it to operate as intended.
 3.7 Noise limits The measurement of noise levels shall be carried in accordance with ISO 7779 or, subject to the Principal’s agreement, another standard. The sound pressure level measured at 1 m (39 in) distance from the UPS, at any position, shall not exceed 70 dB(A) at any load between zero and the rated output of the unit. 4 Constructional Requirements 4.1 Enclosure, cooling and accessibility 4.1.1 Unit enclosure The rectifier, inverter and static switch shall be installed in one or more freestanding, self-supporting steel cabinets forming an enclosure. Thickness of the steel sheets shall be at least 1,5 mm (0,06 in) for back- / side-panels and 2,0 mm (0,08 in) for doors. Stainless steel panels shall be applied for offshore installations if specified in the requisition. Each cabinet shall be suitable for operation and maintenance with its rear panel against a wall and with similar units located immediately on both sides. Provisions shall be made for floor anchoring. The enclosure shall provide a degree of protection of at least IP 21 in accordance with IEC 60529, unless otherwise specified. The floor shall not be considered as forming part of the enclosure. 4.1.2 Cooling The unit shall be self-ventilated. The unit shall be capable of continuously delivering its rated output, without switching to bypass mode under normal operating conditions, with any one forced air ventilation fan out of service (N+1 redundancy). Under the latter conditions, the maximum specified temperature of components shall not be exceeded. All fans shall be equipped with contactless monitoring facilities (hall effect sensors) to provide an alarm in the event of fan failure and shall allow on-line replacement. 100% redundant fans shall be provided if specified in the requisition / datasheet.
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 4.1.3 Accessibility and maintenance safety Items requiring access for maintenance such as cooling fans and filter capacitors shall be so located as to facilitate any required maintenance from the front of the unit. If rear access is required to carry out any form of maintenance this shall clearly be identified in the documentation. All live terminals of door-mounted equipment having a maximum voltage of greater than 60 VDC or 42 VAC (60 V peak) shall be shrouded or otherwise protected by barriers to a degree of protection of at least IP20. Barriers shall be of rigid transparent, flame retardant, insulating material to enable the screened components to be identified or metal sheets. All bare busbars and all live terminals of equipment and components located within the enclosure shall be similarly protected by barriers or shrouds to a degree of protection of at least IP 20, unless adequately located within the enclosure to prevent inadvertent contact or short circuit by personnel when performing any standard operations and to enable maintenance of the unit to be safely carried without any possible contact with live parts. The maintenance bypass switch should be preferably located in a separate cubicle behind a separate door. If the switch is located in the main unit cubicle, it shall be so configured that it is completely electrically and mechanically segregated from the power electronics, static bypass switch and control circuitry. All incoming and outgoing cables to and from the unit shall be terminated in the maintenance bypass switch cubicle or separated incomer panel so that when on maintenance bypass, the inverter and static switches and their components are safely isolated. 4.2 Electrical components Main circuit switches or MCCBs (mechanical) shall comply with IEC 60947 and be of the independent manually operated air-break type for continuous duty. They shall comply with utilisation category AC22 and DC22 for A.C. and D.C. switches, respectively. Transformers and reactors shall be of the air-cooled type with Class H insulation system according to IEC 60085. 4.3 External connections The UPS enclosure shall have facilities for the entry of cables from top or bottom, as specified in the requisition. For cable entry from above, the incoming terminals shall be located at the top of the unit, otherwise a separate distribution cabinet shall be used to terminate the incoming cables. The terminals and gland plates shall be so arranged that ample space is available for terminating the cores of external cables. A minimum distance of 250 mm (9,8 in) from gland plate to terminal block shall be provided. If specified in the requisition, additional load terminals shall be provided to facilitate connection of a temporary load to test the UPS unit while the permanent load is energised via the bypass supply circuit. 4.4 Earthing An earth bar, with a suitable number of earthing bolts or screws, shall be provided. The earth rail shall be connected to the structure of the cabinet, effectively bonding the entire cubicle. It shall be possible to connect at least two 6 mm² (AWG 9) earth cables to the earth rail for UPS units below 5 kVA, and two 25 mm² (AWG 3) for UPS units above 5 kVA. Electrical conductivity between the exposed, non-current carrying conductive parts of the UPS components and the enclosure, and between the enclosure and the earth rail, shall be so arranged as to maintain effective and reliable continuity of the protective circuit. Earth bonding conductors shall be utilised between enclosures and doors, and wherever else required to achieve effective protection. The neutral of the bypass transformer output (if provided), connected with the inverter neutral, shall be earthed to the earth rail by a bonded connection within the enclosure unless a floating output (IT network) is specified. The gland plates for termination of outgoing cables shall be securely bonded to the earth bar.
 4.5 Marking All terminals of equipment and components shall be identifiable by alphanumerical markings in accordance with the Manufacturer's drawings. Terminals of input and output supply cables shall be clearly and uniquely marked to indicate their purpose and the phase/polarity of the supply. All wires shall be marked according to the electrical diagrams with closed loop markers (ferrules) or stamped ink. The following information shall be inscribed on a non-destructive, corrosion-resistant, indelible name/rating plate attached to the inner side of the unit enclosure door:
 - Purchaser's order number. - Year of manufacture.
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 - Name of Manufacturer. - Type and serial number of unit. - Nominal input current and voltage (incl. nature of current an number of phases). - Rated nominal output current and voltage. - Nominal DC / battery voltage. - Ingress protection degree.
 All other labels/nameplates shall be of corrosion resistant material with indelible inscriptions in the language specified in the requisition. 4.6 Battery construction and transport requirements Cell containers shall be manufactured from either steel or non-flame propagating, mechanically shock resistant plastic. Plastic containers of vented, flooded cells shall permit the electrolyte level to be viewed through the container material. Vented, flooded cells shall be fitted with flame arresting vent plugs. Inter-cell connectors and pillar terminals shall be insulated or otherwise provided with protective covering to prevent inadvertent short circuiting. Battery cells shall be transported fully in accordance with the Manufacturer's instructions and shall be delivered as specified in the datasheet. Nickel-cadmium cells should be delivered filled and charged, but if the cells cannot receive a commissioning charge within 6 months of leaving the factory, then the cells shall be supplied dry and discharged for indefinite storage. Vented Lead Acid battery cells should be delivered dry and charged and can be stored indefinitely. VRLA battery cells shall be delivered filled and charged. These cells must receive a commissioning charge within 6 months of leaving the factory. Air-freighting of cells shall be considered as an alternative to delivery by sea-freight if the above commissioning requirements cannot otherwise be met. 5 Measurement, Protection and Control Equipment 5.1 General The UPS shall incorporate all the necessary equipment to enable operation, protection and control of the UPS in accordance with this specification, and to safeguard the unit and its components from the consequences of internal and external short circuits, overvoltages and any main or control circuit malfunctions, howsoever caused. The UPS main controller shall be based on a multi-microprocessor architecture with digital signal processing, control and monitoring. Operating, status and diagnostic indications shall be provided by liquid crystal displays (LCD) with a keypad driven menu and light-emitting diodes (LEDs). Each LED/alarm circuit shall have built-in test facilities, with the exception of LEDs associated with PCBs. Failure of an LED/LCD shall not cause UPS maloperation or affect the correct functioning of the remote common alarm signal. Indication by means of filament lamps is not acceptable. 5.2 Status Indications At least the following indications, in the form of LED/LCDs and/or measuring instruments, shall be provided on the front outside panel of the unit to enable verification of the operational status of the UPS. The indications shall be superimposed on a customised mimic diagram of the UPS to identify the relevant component or circuit. Additionally these indications should be available for remote signalling via the serial interface specified in (5.6).
 - Rectifier input supply available. - Alternative/bypass supply available. - Rectifier on. - Battery operation. - Inverter on. - Load on inverter. - Load on static bypass. - Inverter/bypass synchronised. - Battery on high rate charge (if specified). - Inverter output within tolerance. - Status of input-, battery- and output MCCBs or switches.
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 5.3 Measurement The following data shall be provided on the front outside panel via a menu driven LCD display. Additionally, this information should be available for remote signalling via the communication interface:
 - Rectifier input voltage per phase. - Rectifier input current per phase. - Alternative/bypass voltage per phase. - D.C. circuit voltage. - Rectifier output current. - Battery charge and discharge current. - UPS output voltage per phase. - UPS output current per phase. - UPS output peak current per phase. - UPS output frequency. - Battery autonomy time remaining (if specified). - Battery temperature (if specified).
 5.4 Protection and alarms 5.4.1 Individual alarms on the UPS front panel The status of the alarm and protection functions shall be visually verifiable by individual LED indicators with first failure feature. The following alarm and protection functions shall be provided as a minimum:
 - Common alarm - Rectifier input out of tolerance alarm and trip rectifier - Alternative/bypass voltage out of tolerance alarm and trip static bypass - Rectifier failure alarm and trip rectifier - D.C. overvoltage alarm and trip rectifier / inverter - D.C. undervoltage alarm and trip inverter - Battery discharged alarm only - Battery disconnected alarm only - Inverter failure alarm and trip inverter - Inverter / static bypass overload alarm only - Bypass static switch inhibited alarm and lock transfer - Inverter static switch inhibited alarm and lock transfer - Inverter fuse failure alarm and trip inverter - Rectifier fuse failure alarm and trip rectifier - Inverter/bypass not synchronised alarm only - Individual fan failure alarm only - Magnetics/power module overtemperature alarm and delayed trip - Fault in internal power supply alarm only - Load on maintenance bypass alarm only - Load feeders open or tripped alarm only - Earth fault on DC alarm only Earth fault on output (if floating) alarm only
 The above alarms shall be appropriately interconnected to a terminal block so as to provide one normally closed, potential-free, changeover contact per alarm for remote cabling if specified. Two normally closed, potential free, changeover contacts with adjustable delay shall be provided for the common alarms. Additionally this information should be available for remote signalling via the serial interface.
 5.4.2 Detailed alarms and operation indication through LCD display Comprehensive alarm- and status indications shall be available through keypad driven menus in addition to (5.4.1). All arisen alarms and changes in operation modes shall be time stamped and stored in a non-volatile memory whose capacity shall keep at least the last 250 entries in a “first in – last out” rolling manner. 5.5 User menu / set-points and calibration A keypad driven user menu shall contain at least the following:
 - Choice of menu language. - Bypass static switch control. - High rate (boost) charge command. - Selection of automatic high rate charge. - Battery discharge test.
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 - Battery diagnostic test. All voltage-, current-, and protective settings including calibration data shall be digitally stored in a non-volatile memory. Analogue potentiometers are not adequate. Different password levels shall allow selective access to trained maintenance- or service engineers. 5.6 Engineering access and communication facilities The UPS shall be provided with a standard RS232 or RS485 connection facility. Where specified by the Principal, it shall be also possible to connect the UPS, via either a RS485 or fibre optic link to a DCS or SCADA system for selected analogue and digital data to be made available to a higher level controller. The communication shall function utilising standard MODBUS protocol (master/slave). In addition, if specified in the requisition / datasheet, the UPS shall have connectivity to an Ethernet Network with TCP/IP protocol for remote or local monitoring and diagnostic using a standard WEB browser. No additional software shall be required in this case. The event log shall be locally downloadable through a RS232 port by means of common terminal software.
 6 Inspection and Tests 6.1 General The UPS Manufacturer shall make available for review by the Principal a quality plan, which includes the required inspection and testing of the components, including those of major sub-suppliers. Prior to despatch, the Manufacturer shall verify by test (tests according to IEC 62040-3) that the operation of the assembled UPS complies with the requirements specified in the purchase order documents, and shall submit to the Principal a report incorporating measurements and results of all tests performed as defined in (6.2). If specified in the requisition, a representative of the Principal shall witness the functional tests as defined in (6.2) and shall carry out an inspection of the assembled unit and related documents to verify compliance with the requirements of the purchase order and this specification. Unless otherwise specified, testing of the assembled UPS at the Manufacturer's factory will not include the battery that forms part of the purchase order. UPS tests shall be confined to verifying the performance of the UPS unit and related auxiliaries. Tests to verify the capacity of the purchased battery shall be performed by the Principal as part of the commissioning procedure after site erection. Prior to the commencement of tests, the Manufacturer shall make all relevant adjustments to the protection and control circuit components of the UPS, as necessary to fulfil the requirements of the purchase order and this specification. The rectifier output voltage and current limits shall be set to the appropriate values for the type and number of battery cells to be supplied with the UPS, and to the relevant cell temperatures referred to in (2.5). 6.2 Routine Tests Each UPS system shall be tested in accordance with IEC 62040-3. The Principal shall specify in the data/requisition sheet, which, if any, of the tests he will witness. The Manufacturer’s standard test protocol will be acceptable provided it is not less stringent than that specified below. 6.2.1 Insulation tests The voltages specified in the following table shall be applied for one minute to the circuits indicated:
 Control electronics < 60 VDC
 Power electronics Un1
 Auxiliary circuits Un2
 Withstand voltage voluntary To earth 700 V D.C. 2 x Un1 + 1000 V 2 x Un2 + 1000 V To control electronics
 - 2 x Un1 + 1000 V 2 x Un2 + 1000 V
 To power electronics
 2 x Un1 + 1000 V - 2 x Un1 + 1000 V
 To auxiliary circuits
 2 x Un2 + 1000 V 2 x Un1 + 1000 V -
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 D.C. test voltages may be applied instead of AC The magnitude of DC test voltages to be applied shall be sqrt(2) times the above mentioned AC (r.m.s.) values. 6.2.2 Load-duration test All UPS units to be supplied as part of the purchase order shall be subjected to a load-duration test performed at rated voltage and rated output current to verify the correct functional operation of the unit under full load stable operating conditions. Ambient temperature and temperatures within the unit shall be monitored and recorded for future comparison purposes. 6.2.3 Functional tests A complete functional test shall be performed on each UPS unit. If, during the execution of functional tests, an electronic component of the UPS is required to be replaced, e.g. due to UPS malfunction or failure of the unit to fulfil the performance requirements of the specification, then the UPS load-duration test shall be repeated at rated current following which the functional tests shall be carried out. The re-charge current limitation of the rectifier, as defined by the type of battery, shall be verified. 6.2.4 UPS unit static load tests
 a) 1-phase Units
 Measurements shall be carried out at 100% of unit rated output current and shall be repeated for inverter DC input voltages corresponding to battery float-charge operation (nominal input voltage) and the rated maximum and minimum inverter input voltage. The following shall be measured: - Input voltage. - Input current. - DC voltage. - DC current. - Output voltage, frequency and waveform distortion. - Output phase current(s). - Output power. - Output waveform distortion. - Determination of unit overall efficiency (at nominal input voltage only).
 b) 3-phase Units
 Measurements shall be carried out for 3 phase inverters under balanced conditions as described in a) for 1-phase using a balanced 3-phase load. Measurements shall be carried out for inverter D.C. input voltages corresponding to battery float-charge operation (nominal voltage) and the rated maximum and minimum inverter input voltage. The following shall be measured: - As specified for a 1-phase Unit. Asymmetric loading tests shall be verified by type testing.
 6.2.5 UPS unit dynamic load tests Measurements of inverter output voltage variations, in the form of oscillograms, shall be recorded in response to:
 - Instantaneous load changes of 100% rated output. Measurements shall be recorded when the load is switched to/from the inverter.
 - Application of a short circuit to the inverter output.
 6.2.6 Load transfer tests Measurements shall be carried out to verify the correct functioning of the bypass circuit voltage and frequency monitoring circuit, and the inverter/bypass synchronous operating controls. Measurements of the load voltage waveform(s), in the form of oscillograms, shall be carried out during the following load transfer tests which shall be performed with the UPS delivering full load and with the inverter operating in synchronism with the bypass circuit supply:
 - Load transfer to bypass initiated by manual operation of static load transfer switch. - Load transfer to bypass initiated by simulating inverter malfunction.
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 - Load transfer to bypass initiated by low DC voltage (rectifier failure). - Load transfer to bypass initiated by input voltage out of tolerance. - Load retransfer to inverter initiated automatically and manually. - Load transfer by maintenance bypass switch.
 6.2.7 Auxiliary equipment and control circuit tests The correct functioning of all measuring instruments, alarms and indications, protection and controls referred to in (4) and (6) shall be verified. 6.2.8 DC ripple measurement The DC ripple current shall be measured at full load and unity power factor. 6.2.9 Battery certification requirements A battery certificate shall be provided stating the design capacity and the discharge voltage per cell after the specified discharge time as stated in the requisition, for the battery in as-new condition. 7 Documents The Manufacturer shall provide technical manual(s) and drawings in accordance with the purchase order requirements, which shall include at least the following documents (preferably on a CD ROM):
 - Single line diagram of the unit.
 - General arrangement drawings.
 - Main and control circuit schematic diagrams.
 - Bill of material.
 - Recommended spare parts lists.
 - Test reports and performance curves, including oscillograms.
 - Operating manuals incorporating installation, commissioning, operating and maintenance instructions, and fault-finding procedures.
 CD ROMs shall incorporate all viewer software necessary to access the information provided.
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 8 References In this Guide Specification, reference is made to the following publications:
 NOTE: Unless specifically designated by date, the latest edition of each publication shall be used, together with any amendments, supplements or revisions thereto.
 BRITISH STANDARDS
 Lead-acid stationary cells and batteries: Part 4: Specification for classifying valve regulated types BS 6290-4
 INTERNATIONAL STANDARDS
 Uninterruptible Power System (UPS) Part 1-1: General and safety requirements for UPS used in operator access areas IEC 62040-1-1
 Uninterruptible Power System (UPS) Part 1-2: General and safety requirements for UPS used in restricted access locations
 IEC 62040-1-2
 Uninterruptible Power Systems (UPS) EMC Requirements
 IEC 62040-2
 Uninterruptible Power Systems (UPS) Method of specifying the performance and test requirements
 IEC 62040-3
 Semiconductor converters IEC 60146
 Low-voltage fuses: Part 2: Supplementary requirements for fuses for use by authorized persons (fuses mainly for industrial application)
 IEC 60269-2
 Degrees of protection provided by enclosures (IP Code) IEC 60529
 Low voltage switchgear and control gear IEC 60947
 Thermal evaluation and classification of electrical insulation IEC 60085
 Acoustics – Measurement of airborne noise emitted by information technology and telecommunications equipment ISO 7779
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