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1-1	INSTRUCTIONS





This guide is intended to be used as a standard reference when performing Power & Grounding Audits. This is an internal document and is not to be generally copied. Due to liability reasons, guidelines outlined in this book must be followed without deviation.





Changes or modifications to this guide can be made by forwarding requests/suggestions to LAT. AMER.  Power & Grounding Team, (attn  DONIZETI B. LUZ/ EDUARDO BOELART).





Inspections will be performed by a group of Field employees trained in this procedure by the National Power & Grounding Team. The Installation SpecialistS will work with the local Power Teams to identify the location and timing of projects within each area, the inspection can be performed at any time during the installation process, and will not interfere with equipment transfer.
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1-2	PROCESS OWNERS











DOCUMENTATION:				














CERTIFICATION OF AUDITORS:			














PROGRAM OVERVIEW:				








1-3	LIST OF CONTACTS
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2-1  SAFETY PROCEDURES


When connecting test equipment, power should be turned off.  Apply Lockout/Tagout power source procedures as required. 


Caution :  Use extreme care when measuring live circuits.


Never hold test meters in your hands while power is on.


Follow the defined test equipment procedures.


Test lead integrity and compatibility should be confirmed; remember, standard test leads are rated at 600V RMS. Never connect test leads that are not attached to the test equipment.  Never connect alligator type clips while circuits are live.


Jewelry should be removed or taped before working on any equipment.


Be aware of your surroundings.


When working on systems powered from a UPS remember that battery power can still be applied when the main breaker is off.


Use extreme caution when inspecting inside a UPS, lethal voltages from the batteries are present!


�
2-2  WORKING ON ENERGIZED POWER CKTS LESS THAN 600 VAC





All safety procedures apply.


Second person (Electrician) present that can de-energize the system.


One hand method to be used.


Verify test equipment setup prior to connection.


Special attention should be given to test lead placement and integrity.�
2-3  CIRCUIT BREAKER AND FUSED DISCONNECT CONCERNS


The disconnecting device is designed to quench the arc when the disconnecting device lever is pulled, this is providing the load does not exceed the disconnecting device specifications. That is the case when the conditions are perfect. Dust in the disconnecting device can sustain the arc across the open contact leads and can explode. These explosions can rip the covers off the disconnecting device boxes and when this happens the intense heat can cause fires and burns. The voltage check called out at the end of this procedure is very important because the support mechanism between the contacts can break. This becomes more probable as the disconnecting device ages.


Anytime you decide to pull the disconnecting device you should take certain precautions:


A.	Deactivate all systems powered by the disconnecting device


B.	Assure yourself that the disconnecting device door is closed securely


C.	Stand to the side of the disconnecting box


D.	Look away and close eyes


E.	Deactivate the disconnecting device (open the circuit)


F.	Open the disconnecting device door and check for voltage at the output side of the disconnecting device.
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THE 10 COMMANDMENTS OF AUDITORS:


I.	PERFORM AUDITS ONLY ON ELECTRICAL DISTRIBUTION SYSTEMS 	WHICH SERVE THE PHILIPS IMAGING EQUIPMENT





II.	DO NOT PRESENT YOURSELF AS A PE.





III.	REPORTS SHOULD STAY COMPLETELY FACTUAL, DO NOT MAKE 	ANY “ENGINEERING” RECOMMENDATIONS.





IV.	ONLY “CERTIFIED” AUDITORS CAN PERFORM THE INSPECTIONS.





V.	A LICENSED ELECTRICIAN (QUALIFIED FACILITY REPRESENTATIVE) 	MUST BE PRESENT DURING THE INSPECTION.





VI.	BE CAREFUL WHAT YOU SAY, DO NOT PUT THE FACILITY STAFF ON 	THE DEFENSIVE.





VII.	PRESENTED REPORTS/LETTERS MUST BE ON THE STANDARD 	“APPROVED” FORM





VIII.	WHEN IN DOUBT GET A SECOND OPINION BEFORE COMMENTING





IX.	UNLESS OTHERWISE STATED BY LICENSED PE, ALL REPORTS THAT 	ARE GENERATED IN A NON EXEMPT JURISDICTION MUST BE COPIED 	TO THAT PE





X.	ARCHIVE ALL REPORTS TO CENTRAL POINT (SERVICE FOLDER)
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3-2





The following States clearly require that Power and Grounding Audits be performed by or under a Professional Engineer 
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Transfer Switches -





	1.  Identify incoming and outgoing conductors and neutrals, power sources, and 	  	     grounding components


	2.  Is the switch a synchronus or time delay type


		a. If time delay type, what is the time (i.e. 400 msec)


		b. If synchronous, how close (i.e. 10-20 degrees)


	3.  Is switch a 3 pole or 4 pole switch


	4.  Identify common ground bus





Alternative Power Sources -





Uninteruptible Power Source


Record data plate information, KVA, KW, Voltage, manufacture


Record wire size.


Treat as a separately derived source if a 4 pole transfer switch is being used (must be grounded to the closest building steel or body serving as building steel).


Have facility personnel examine the message log for activity;  battery charging, UPS transfers or other relevant messages.


Ambient temperature should be below 80 degrees F or expect battery degradation.





















































Engine Generators


Record data plate information, KVA, KW, Voltage, manufacture


Identify the load characteristics, by estimated KVA, for the engine generator, lighting, x-ray, AC, etc.


Treat as a separately derived source if 4 pole transfer switch is being used (must be grounded to the closest building steel or body serving as building steel).


Record wire size.


Find out the testing schedule and does it include full load or partial.





CO-Generation / Peak Generation


Are they full-time generation or peak saving, if peak saving, how do they control it.














































































































Environment -





The power audit will cover many locations from our equipment room to small electrical closets to main switch gear rooms.  With the variety of the electrical system components comes the same variety in acceptable environments.  For example, our equipment room is the most critical environment and the closet with an electrical panel is not as critical.  Therefore, the same standard can not apply for the entire electrical distribution system.





Equipment Room


Good air flow


Clean, dust and lint free


Temperature >SEE SPECIFIC EQUIP SPEC


Humidity - not to sticky, not to dry, around 30% to 60% non condensing.


Inspect all air intakes and output registers for blockage form dirty filters and items placed in air path.





Electrical Closet


Is it being used as storage area?  Make note.


Temperature should be reasonable


Signs of water damage?





Switch Gear Room


Temperature should be reasonable


Note general condition


Is it being used as storage area?


Signs of water damage?



























































Building Ground -





Identify grounding system type and its components and how many conductors travel to the grounding device.


ground rod


round rod aray


water pipe


other


Check mechanical connections in the grounding system


Visually inspect ground bus inside switch gear


missing grounds


Grounding wire size


Measure and record ground current








































































































CIRCUIT BREAKERS





Record specifications


Amp


adjustable settings


GFI


Molded case type


carefully feel for heat (breakers should not be hot)


measure voltage drop across breaker with load (make note of any breaker with voltage drop >100mv)


Examine arc shoots for discoloration and carbon tracing


Examine lugs for signs of arcing











































































































TRANSFORMERS





Record all information in data section


Winding configuration, delta : wye, or delta : delta, etc.


Input neutral should not be present and definatly not connected to the primary!


Watch for single phasing in primary


Must have current present on all primary phases even if there is no load on secondary.  


It is possible to have three phase output on secondary with single phase on primary -- Synthized through transformers magnetic field.


How is it grounded








�
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SECTION 4-COMMONLY FOUND PROBLEMS





Neutral - Ground bond is missing


Neutral pulled in to x-former with primary windings and connected to the wye secondary neutral.


Neutral connected to the neutral of the primary side of the wye to delta x-former put in a reverse configuration with the wye winding in the primary.


Ground connected to primary neutral connection of a wye to delta x-former installed with the wye winding in the primary.


System installed as a 60kw and later upgraded to 80kw.  System originally installed with 112.5kva x-former which is not large enough for 80kw system.


Ground does not travel with the circuit conductors.


Conduit is used as a ground with no ground wire providing a redundant ground path as required by NEC 517-13/ NB3 ( BRAZIL).


Newly-derived source has not been grounded.


Loose connections!!!!!!!!!!!!!!!!!!!!!  On all wires!!!!!!!!!!!!


Neutral and ground conductors are swapped either at the equipment or the power vault.
























































Multiple Neutral - Ground bonds.


Grounds bolted to the side of the breaker boxes or sub-panels on painted enamel surfaces with no conductive path other than thru the metal and paint of the panel or box.


Ground does not come from the same origin point as the power feeders.  (acceptable when working with separately derived sources)


Ground coming into the room is the correct size, but the grounds at the sub-panel are very small or nonexistent.


If a 3 phase delta supply is brought into a suppressor-filter the ground is connected to the Neutral connection of the filter.


CT and MR vans have multiple neutral to ground bonds.


Multiple grounds brought into the same facility.


Earth grounding conductor (ground rod) was installed years ago and nobody knows where or what it is.  Usually it is covered by a new building or parking lot.


Our equipment is installed on circuits that have high seasonal or instantaneous peak loading.



























































SECTION 5 AUDIT PROCEDURE








I. 	IMAGING EQUIPMENT ROOM





		1. What is present breaker and wire sizes, note wire   type.





		2. What is it presently feeding





		3. Will the wiring be changed





		4. Where is it fed from











































































































II.	PANEL FEEDING ROOM








		1. What size is the panel (i.e. 225 KVA/600a /delta/wye)





		2. What are sizes of breakers in panel (be CAREFUL, ratings on molded 			    handles could be different than actual breaker ratings. Check the plug 			    ratings on the breaker)





		3. Anything over 30 amps find out where it goes and what it serves





		4. What are the feeding wire sizes and type and estimate length of run to 			    PHILIPS equipment





		5. Is there a ground brought into the panel





			A.	Does it have an approved ground block bonded to the panel





			B.	 Are outgoing grounds connected to the incoming grounds





			C.	What are ground currents between panel and source, and 					between panel and our system








		6. Any signs of heating at any of the breaker connections





		7. What is typical panel load at 11:30 am





		8. Is the box fed from a main distribution gear, a secondary panel or from 			    transformer inside facility





			A.	If main gear go to section IV





			B.	If secondary panel repeat section II





			C.	If transformer refer to section III




































































III.	TRANSFORMERS





		1. Note size (KVA), manufacturer, impedance, and configuration (delta-			    delta, delta-wye etc.)





		2. What is “H” voltage and “X” voltage





		3. Are they stepping up the voltage





		4. What are incoming and outgoing wire sizes





		5. If primary side is a wye





			A.	Has neutral been brought into primary of transformer





			B.	Has neutral to ground bond been eliminated





			C.	Has ground been brought into transformer





		6. If secondary is wye





			A.	Has neutral been grounded





			B.	Is there a ground wire into and out of transformer





			C.	Are all grounds on an approved block





			D.	Is there a ground to water pipe or building steel





			E.	Any signs of heat at wire connections





			F.	What are ground currents





.			G.	Are the rods accessible (or are they under concrete or 					asphalt)














IV MAIN DISTRIBUTION





	1. What is rating (primary/secondary voltages and current)





	2. Manufacturer and model





	3. Is it ground fault protected





	4. Feed to our panel or system





			A.	Size of breaker


			B.	Wire type and size same as what is entering previous panel


			C.	Are wires to panel or system all in the same conduit 						(including ground)


			D.	Is ground attached to ground bus, sheet metal, separate 					points, to painted surfaces or on separate lugs?





	5. Are there any pull boxes between the main switch and the next panel or switch, 		    if yes are there splices





	6. How much current is there on the grounding  conductor





	7. Is there a ground wire to a water main, if so is it made before first joint after 	      	    entering building. What is the current on the ground wire?





	8. Is there a ground wire to a rod system





	9. Identify which ground is actually the effective the ground;  rod, water pipe, 	       


                building steel, or other supplemental ground.





	10. What is connected to this panel (elevators, chillers, etc.)





            11. What size utility transformer is feeding panel





			A.	If secondary is wye, identify the neutral to ground bond
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SECTION 6 


FAQ’s








Questions and Answers








Q:	If Your System Is Rated At 60 Kva Why Then Do You Require A 112.5 	Kva Distribution Transfromer?





a:	Typical impedance (regulation) of a standard transformer is 5% (rated at full load), using a 60 kva xfmr would make it impossible to achieve the required 4-6% regulation for the entire circuit supplying the ge device. With the primary and secondary feeders of the transformer each estimated	at 1-2%, this leaves only 1-3% for transformer regulation. In order to avoid the necessity of using a special low impedance transformer we recommend using a 112.5 kva, in which the impedance at a 60 kva load is approximately 2.5%.








 Q:	If we find anomalies with the customer’s power, does Philips correct them or sell equipment to resolve the problem?











A:	We will identify the faults and suggest resolutions. For some circumstances, Philps has  power  regulation equipment which the customer can purchase,  or once the problem is identified, the customer can seek external resolutions.

































































Q:	What are the customer benefits of receiving a Power and Grounding inspection.





A:	Identification and resolution of problems can help enhance system reliability, improve image quality, and reduce costs associated with downtime. It can also reduce direct repair costs because costs related to site power issues are typically excluded from service contract coverages and can result in incremental, unplanned expense





Q:	How valuable is a power survey?





A:	A power survey can identify possible problems with the distribution system. These  problems can be things such as: 


		


			�symbol 183 \f "Symbol" \s 10 \h�	Improper transformer sizing and connections


			�symbol 183 \f "Symbol" \s 10 \h�	Undersized conductors


			�symbol 183 \f "Symbol" \s 10 \h�	Poor ground (earth) reference


			�symbol 183 \f "Symbol" \s 10 \h�	Improper neutral-ground bonds


			�symbol 183 \f "Symbol" \s 10 \h�	Problems in distribution panels





	The power survey can also give an indication of the quality of the power serving the equipment. This "indication" would only be a "snapshot" of the power quality during the time the monitoring takes place.













































































Q:		How can I determine what type of power protection is required?





A:		A power survey along with gathered information about past trends and problems with your power and/or equipment can point to potential resolutions.





Q:		Would a UPS address all my power problems?





A:		Yes, assuming the grounding system in your facility is adequate.





Q:		Why wouldn't I just go with a UPS and be done with it?





A:		Adding a UPS can increase the cost and complexity of the distribution system. The 	average cost of a UPS is between $500 and $1000 per KVA.





Q:		How much protection should I install for my equipment?





A:		The correct amount to address your needs.... and no more. Most sites do not require 	any special devices, just correcting simple system distribution errors will do the trick.

































































Q:	What does Philips require with respect to power to insure proper operation of their 	equipment?





A:	POWER - Supplied line voltage shall not exceed a 2% variance from nominal as 	measured at the input to the PHILIPS equipment. Also, in the imaging suite, a lockable 	disconnect is to be installed just prior to our equipment to insure safety. 	





	GROUNDING - A verifiable connection to the source of the power system i.e., 	transformer, or first access point into the facility. This ground can only be spliced with 	exothermic welds, high compression fittings or at an approved grounding bus.





	GROUND WIRE - The ground wire must be copper with the same size as the power feeder conductors.





	Power and grounding requirements are specified on the installation drawings 	supplied with your equipment.
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7-1  HVAC GLOSSARY


Anemometer	An instrument to measure air flow. Readings can be ft per minute or cubic feet per minute (note that outside airflow is measured in miles per hour or knots). Data is developed from velocity of fan blades, moving vanes, heated wire, etc.


British  Thermal Unit	BTU. One BTU is the amount of heat required to raise one pound of water one degree Fahrenheit at standard pressure. One BTU equals 252 calories or 1060 joules. If an air conditioner is rated at 3000 BTUs, this means the air conditioner will transfer 3000 BTUs every hour, for example,  from the inside of a house to the outside of that house.  


Calorie	Cal. One calorie is the amount of heat required to raise 1 gram of water on degree Centigrade or Celsius at standard pressure. One calorie equals 3.968x10-3 BTUs or 4.19 joules.






































Condensation	A change in state from vapor to liquid. 540 cal/gm of heat is released reducing the molecular potential energy.


Dew Point	The temperature at which moisture will start to condense. This means the relative humidity is at 100%.


Enthalpy	Is a measure of the energy content of a substance, ie, heat content in BTU/lb 	


Entropy	A measure of the unavailable energy in a closed thermodynamic system.















































EV APORATE	To convert into vapor (Also see Vaporization)


HEAT	The energy in a substance. Heat flows from the hot to cold (sounds like current). All forms of energy tend to be converted into heat (to relatively low temperatures in fact).


HUMIDITY	Describes the amount of water vapor or moisture contained in the air. Remember air absorbs moisture.


HYGROMETER	provide a reading of relative humidity directly. See Phychrometer which includes the Aspirating Phychrometer.
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Latent Heat	The heat required to change states. For example to change one pound of solid water (ice) to liquid water requires 144 BTUs. To change one pound of liquid water to water vapor (steam) requires 970 BTUs. Heat required for conversion of a solid to liquid is called ”Latent Heat of Fusion” while the conversion from a liquid to a vapor is called ”Latent Heat of Vaporation.” This heat cannot be detected with a thermometer of felt and is known as molecular potential energy.


PSIA	Pounds per square inch absolute.


Standard  Pressure	Standard pressure is one atmosphere which is defined as 14.7 pounds per square inch, 29.9 inches of Hg or 76.0 cm of Hg.


Relative Humidity	is the amount of moisture in the air compared to the amount of moisture the air can absorb at the existing temperature and pressure. For example, 50% relative humidity means the air is at 50% of its total moisture capacity (saturated).









































Temperature	Is a measure of the average energy of a substance. In a solid, at absolute zero (-459° F or -273° C or 0o Kelvin), the average energy is zero. As the solid warms up the molecules begin to vibrate but are held in position (restricted motion) by the electrical forces exerted by the molecules on each other. This warming means the temperature is increasing which means the molecular kinetic energy is increasing. At some energy the electrical forces  are not strong enough to restrict the position of the molecules and and molecules begin to wander freely but are still being held together like an attractive force.  As the energy continues to build the molecules gain enough energy to overcome the attractive force and break free as molecules of gas. These transitions are referred to as ”melting” and ”evaporation.”


Ton (of air conditioning)	Converting 2000 pounds of ice at 32°F to liquid in 24 hours.  This implies 288,000 BTUs per 24 hours or 12,000 BTUs per hour.


Vaporization	Is a change from liquid to gas caused by the addition of some energy, ie, water to steam. The process for converting water to steam requires the addition of 540 cal/gram of water. This added energy shows up as molecular potential energy (Also see Evaporate)
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7-2  POWER GLOSSARY





Active Power	Sometimes called “Real Power”.  It is the positive power that flows from the source to the load.  Active power is measured in watts.


Apparent Power	The product of RMS voltage times the RMS current.  Apparent power defines the total power in the circuit and is comprised of active and reactive power.  Apparent power may flow from the source to the load or from the load to the source.


Autotransformer	A type of transformer where the primary and secondary winding share a common winding.  No electrical isolation is provided with an autotransformer.  It is normally used where the transformation ratio is 2 of less.


Common Mode	Common Mode noise refers to an electrical interference that is ground referenced and is normally found on all current carrying conductors at the same time interval.  This type of signal is not easily coupled through a transformer as the potential difference is minimal.
































Equipment Grounding Conductor	This is the conductor used to connect the non-current carrying metal part of the equipment, raceways and other enclosures to the grounded conductor and or the grounding electrode at the service equipment or at the source of a separately derived system.


Grounded Conductor	This is a circuit conductor that is intentionally grounded.


Grounded Electrode	A conducting item such as a metal water pipe, building steel, concrete encased electrode, bare copper conductor, rod, pipe or plate in contact with the earth.


Grounding Electrode Conductor	This is the conductor used to connect the grounding electrode to the equipment grounding conductor.
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Isolation Transformer	Electrical isolation is accomplished through the use of isolation transformers.  These transformers eliminate common mode transients and allows for a new ground point close to the load.  The electrical connection is accomplished by the mutual inductance between the primary and secondary windings of the transformer.  Normal mode transients can be eliminated with the addition of a filter capacitor.





KVA Calulation	1.73(line-to-line voltage)(maximum phase current)


		          1000


KW	1.73(line-to-line voltage)(maximum phase current)(PF)


		          1000





















































Lightning Strikes	The lightning strike can cause reclosures, power outages, etc., and always produces an impulse.


Main Bonding Jumper	The connection between the grounded circuit conductor and the equipment grounding conductor at the source.


Normal Mode or Transverse Mode	Transverse mode noise occurs on one conductor and because a potential difference exists it can be coupled through a transformer with ease.


Power Factor	Power factor is a measure of the phase shift between the voltage and the current.  A power factor of 1 implies zero phase shift.  The most common change in power factor is inductive resulting from motor loads.  The power utility compensates for this by switching in capacitor banks usually at the same time each day.  The time is important because the industrial work begins on a periodic schedule.  If these capacitor banks are not switched out at the proper time a capacitive phase shift can be observed.





















































Lightning Strikes	The lightning strike can cause reclosures, power outages, etc., and always produces an impulse.


Main Bonding Jumper	The connection between the grounded circuit conductor and the equipment grounding conductor at the source.


Normal Mode or Transverse Mode	Transverse mode noise occurs on one conductor and because a potential difference exists it can be coupled through a transformer with ease.


Power Factor	Power factor is a measure of the phase shift between the voltage and the current.  A power factor of 1 implies zero phase shift.  The most common change in power factor is inductive resulting from motor loads.  The power utility compensates for this by switching in capacitor banks usually at the same time each day.  The time is important because the industrial work begins on a periodic schedule.  If these capacitor banks are not switched out at the proper time a capacitive phase shift can be observed.



























































Surges	Sags occur when line voltages deviate from the nominal voltage to a higher voltage.  Surges are not common.


Transverse Mode or Normal Mode	Transverse mode noise occurs on one conductor and because a potential difference exists it can be coupled through a transformer with ease.


Voltage Regulating Transformer	Voltage regulating transformers use a ferroresonant circuit that will produce a stable output voltage that can be maintained providing the input voltage swings do not exceed specifications.


Wave Shape Distortion	Sine wave distortion can occur when transformers are overloaded and through the application of non linear loads, for example scr conduction.
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