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�1. Scope



This standard, covers the physical aspects of both detachable and bottom connected watthour meters and associated registers. These include ratings, internal wiring arrangements, pertinent dimensions, markings, and other general specifications. Refer to C12.1-1995 for performance requirements.



2. References



The following publications shall be used in conjunction with this standard:



[1] ANSI C12.1-1995, American National Standard Code for Electricity Metering.



[2] ANSI MH10.8M-1993, American National Standard Specifications for Bar Code Symbols on Unit Loads and Transport Packages.



[3] The Handbook for Electricity Metering, 9th edition, Pub #06-92-01, The Edison Electric Institute, 1992



3. Standards Applicable to Watthour Meters



	3.1 Mounting.	Mounting arrangements shall be (1) detachable (socket or type "S") or (2) bottom-connected (type "A").



	3.2  Voltage and Frequency.	The typical voltage and frequency ratings are 120, 240, 277, or 480 V and 60 Hz.



	3.3 Current Classes and Test Amperes (TA).	The normal current classes and test amperes shall be as listed in Table 1:

�

	Table 1 - Current classes and test amperes



�PRIVATE ��	CURRENT CLASS�	TEST AMPERES��	10�	2.5 A��	20�	2.5 A��	100�	15 A��	200�	30  A��	320�	50  A��

		NOTE: Current Classes 200 and 320 in "S" type only



Other values of test Amperes may be used.



	3.4 Typical Form Designations. The form designations for watthour meters are listed in table 2.



Table 2 - Typical form designations



Form Designation�Elements�Current

Circuits�External

Circuit

Wires�See

Figure��1S�One�One�Two�10��2S�One�Two�Three�10��3S�One�One�Two�10��4S�One�Two�Three�10��5S�Two�Two�Three�11��6S�Two�Three�Four Wye�11��7S�Two�Three�Four Wye�11��8S�Two�Three�Four Delta�11��9S�Three�Three�Four�11��10S�Three�Three�Four�11��11S�Three�Three�Four Delta�11��12S�Two�Two�Three�12��13S�Two�Two�Three�12��14S�Two�Three�Four Wye�12��15S�Two�Three�Four Delta�12��16S�Three�Three�Four�12��17S�Three�Three�Four Delta�12��24S�Two�Three�Four Delta�11��25S�Two�Two�Three�12��26S�Two�Two�Three�11��28S�Two�Four�Four�20��29S�Two�Three�Four Wye�11��35S�Two�Two�Three�11��36S�Two�Three�Four Wye�11��45S�Two�Two�Three�11��46S�Two�Three�Four Wye�11��56S�Two�Two�Three�11��66S�Two�Two�Three�11��1A�One�One�Two�17��2A�One�Two�Three�17��3A�One�One�Two�17��4A�One�Two�Three�17��5A�Two�Two�Three�18��6A�Two�Three�Four Wye�18��8A�Two�Three�Four Delta�18��9A�Three�Three�Four�18��10A�Three�Three�Four�18��11A�Three�Three�Four Delta�18��12A�Two�Two�Three�19��13A�Two�Two�Three�19��14A�Two�Three�Four Wye�19��15A�Two�Three�Four Delta�19��16A�Three�Three�Four�19��17A�Three�Three�Four Delta�19��18A�Two�Four�Five�19��29A�Two�Three�Four Wye�18��35A�Two�Two�Three�18��36A�Two�Three�Four Wye�18��45A�Two�Two�Three�18��46A�Two�Three�Four Wye�18��48A�Three�Three�Four�18��



	3.5 Rotor (electromechanical meters only)



		3.5.1 Direction of Rotation. Viewed from the top, the direction of rotation of the rotor shall be counter clockwise.



		3.5.2 Provisions for Testing (see figure 2). Meters shall provide the following means for testing:



		3.5.2.1 Radial Markings



		Two rings of radial markings shall be placed on the top outer surface of the rotor disk. The outer ring shall have one hundred equally spaced marks and the inner ring shall have 180 equally spaced marks.



		3.5.2.2 Index Markings



		Index markings shall be provided on the rotor disk as shown in figure 2.



		3.5.2.3 Holes



		(a) For single stator watthour meters, two holes 180° apart and equidistant from the center of the rotor disk shall be provided.



		(b) For multistator meters, one or two holes shall be provided. When two holes are used they shall be as described in 3.5.2.3(a).

		



	3.6 Calibration Adjustments (Electromechanical Meters Only)



		3.6.1 Means required for making calibration adjustments shall be readily accessible.



		3.6.2 The direction of control of light load and full load adjustments shall be marked with the letter "F" for fast and "S" for slow.



		3.6.3 All calibration adjustments shall be loaded to prevent change in meter adjustment during normal handling or vibration.



		3.7  Meter Nameplates. Nameplates shall contain the following information:



		(1) Form designation(s) or circuit description

		(2) Watthour meter or other description

		(3) Manufacturer's name or trademark

		(4) Manufacturer's serial number

		(5) Manufacturer's type

		(6) Current Class

		(7) Rated voltage

		(8) Number of Wires

		(9) Frequency

		(10) Test amperes

		(11) Watthour meter constant

		(12) Watthour meter test constant (where applicable)

		

		Transformer rated meters shall contain space for the following additional information:



		(13) Primary watthour meter constant

		(14) Current transformer ratio, eg., 200:5

		(15) Voltage transformer ratio, eg., 20:1 



		3.7.1 Permissible Abbreviations



		FM	=	Form designation(s)

		CL	=	Current Class

		V	=	Rated voltage

		W	=	Wires

		Hz	=	Hertz

		TA	=	Test amperes

		Kh	=	Watthour meter constant

		PKh	=	Primary watthour meter constant

		CTR	=	Current transformer ratio

		VTR	=	Voltage transformer ratio

		Kt	=	Watthour meter test constant



		3.7.2 Marking



		(1) Items 6 through 8 in 3.7 should preferably be placed in the order listed in a row, which may run from left to right at the top of the nameplate or from top to bottom at the left side of the nameplate. On self contained meter nameplates, the figures in these items shall be at least 0.100 inch high.



		(2) On the nameplates for transformer rated meters, the space allowed for marking of primary ratings shall be adequate for numerals of at least 0.125 inch high and shall be sufficient width for the highest current and voltage ratings in normal use.



		(3) The manufacturer's serial number shall be bold faced and shall be 0.187 inch in height.





		3.7.3 Location of Nameplate. The nameplate shall be so located as to be readily visible for reading from the front of the meter.



		3.7.4 Material. Nameplates shall be made of durable material that will remain legible when exposed to sunlight.



		3.7.5 Space for Utility Data  or  Company (Utility) Number.



		3.7.5.1 Space for Company Number. Slots for holding a 2.50-2.75 inches long and 0.500 inch wide company number badge may be provided. This same space can be used for utility data specified in 3.7.5.2.



		3.7.5.2 Space for Utility Data. A space on the nameplate shall be provided for bar coded information as specified below. Specifications for bar coding are provided in ANSI MH10.8M-1993.



		3.7.5.3 Bar Coding Specifications.



		3.7.5.3.1 The bar code shall be Bar Code 39 using the 43 character ASCII set, printed 9.4 characters per inch.



		3.7.5.3.2 There shall be three lines in the bar code in the following order:



			Line 1 (top line): Free text, specified in the buyer's purchase order (eg., utility name)

			Line 2 (middle line): Bar Code 39

			Line 3 (bottom line) : Bar Code Interpretation Line



		3.7.5.3.3. The height dimensions of the three lines should be as follows:



			Line 1: 0.090 to 0.140 inch

			Line 2: 0.187 to 0.250 inch

			Line 3: 0.070 to 0.100 inch



		The minimum spacing between lines should be 0.020 inch. The sum of the three line heights plus the spaces between the text should not exceed 0.600 inch.



		3.7.5.3.4. There shall be 19 characters composed of 17 characters and two start/stop asterisks plus a quiet zone of 0.200 inch minimum at the beginning and at the end of the characters.



		3.7.5.3.5. The format of the characters shall be as follows:



@ 1 2 3 	@ 4 5 6 7 8 9 10 11 12 	@ 13 14 15 16 17 @



user		@ serial number		@ user

specified	@ (manufacturer serial	@ specified

		@ number or utility 	@

		@ number)				@



		Positions 1-3 are user specified, positions 4-12 are for manufacturers serial number or utility meter number, and positions 13-17 are user specified.



	3.8 Displays



	All displays on the meter that are essential for billing purposes shall be readable from the front of the meter.



	A register constant, when required, shall be preceded by the words "multiply by" or "mult by". This wording may be contained on a removable plate that shall provide a minimum space of 0.5 x 0.185 inch for insertion of a multiplier.



		3.8.1 Types of Displays



		3.8.1.1 Pointer Type Register



		3.8.1.1.1. A pointer type register shall have each dial divided into ten equal parts, the division marks being numbered from zero to nine, starting at the top. The gearing between the dial pointers shall be such that the relative movements of adjacent dial pointers are in the opposite directions and in a 10:1 ratio.



		3.8.1.1.2 The fastest moving dial pointer shall turn clockwise. It shall be to the right when viewed from the front.



		3.8.1.1.3 The finish of the register dial face shall be nongloss white, aluminum, or the equivalent.



		3.8.1.1.4 The dial circle printing, etching, or equivalent, and the dial pointers shall be black.



		3.8.1.1.5 The dial centers shall lie on a horizontal straight line or on the arc of a circle whose chord is a horizontal straight line.



		3.8.1.1.6 The minimum diameter of the dial circle shall be 0.5 inch for four and five dial registers.



		3.8.1.1.7 The register ratio shall be clearly marked in a position preferably visible from the front without removing the cover and in numbers not less than 0.125 inch in height.



		3.8.1.1.8 The word kilowatthours, or the abbreviation kWh or KWHR, shall appear immediately above or below the dial circles on the front of the register.



		3.8.1.1.9 Registers for class 10 and Class 20 meters shall be provided with four or five dials and may be of such ratio that the required register constant will be equal to the ratio of the current transformers, or the product of the ratios of the current and voltage transformers, to which the meter is connected.



		3.8.1.2 Drum Type Cyclometer Register. 



		3.8.1.2.1 Cyclometer registers shall be provided with four or five indicating drums. 



		3.8.1.2.2 Each drum shall be divided into 10 parts with divisions of zero through nine. The gearing between indicating drums shall produce relative motion between adjacent indicating drums of 10 to 1. 



		3.8.1.2.3 The fastest moving indicating drum shall be to the right. 



		3.8.1.2.4 The indicating drums shall feature high contrast numerals such as white-on-black. The centers of the numerals as presented for reading shall be on a horizontal line. The minimum height of a numeral on the indicating drums shall be 0.200 inch. 



		3.8.1.2.5 The finish of the register dial plate shall be non-gloss white, aluminum, or equivalent non-reflecting surface. 



		3.8.1.2.6 The register ratio shall be clearly marked in numbers not less than 0.125 inch high and visible from the front. 



		3.8.1.2.7 The word kilowatthours, or kWh, or KWHR, shall appear immediately above or below the indicating wheel numerals. 



		3.8.1.2.8 The registers shall be direct reading or of a ratio corresponding to the product of direct reading and the transformer ratios employed.



		3.8.1.3 Solid State Type.



			3.8.1.3.1 Size of Digits. The digits for visual reading of measured quantities shall be not less than 0.195 inch high.



			3.8.1.3.2 Number of Digits. A minimum of five digits shall be provided to display the measured quantities. The decimal point in the displayed demand quantities shall be programmable for up to three decimal places.



			3.8.1.3.3 Code Indication. If a digital display is used to display several different quantities, a code shall be used to identify each quantity displayed. The code characters shall be in addition to the number of display digits in 3.8.1.3.2. Annunciators with appropriate legends shall serve as an acceptable "code".



			3.8.1.3.4 Display Time of Measured Quantities. Display time of measured quantities may be programmable.



			3.8.1.3.5 Display Modes. Registers should have three display modes: normal, alternate, and test.



			3.8.1.3.6 Indicator for Time of Use Period. Time of use registers should have a means to indicate either the active time of use period or the active quantity being measured.



			

	3.9 Requirements for Solid State Registers 



			3.9.1 Switch Points. The starting and ending switch points of a time of use period shall be capable of being set to within 60 minutes of each other.



			3.9.2 Demand Interval (nonthermal). Typical demand intervals are 5, 15, 30, or 60 minutes.



			3.9.3 Power Outage. Program and data shall be maintained during a power outage.



			3.9.3.1 Power Outage Carryover (When Applicable). Registers shall maintain time during a power outage for a minimum of 24 hours over a temperature range of -30°C to +70°C and shall return to normal operating mode when power is restored.



			3.9.4 Optical Communication Interface. The dimensions for the optical communication interface probe or coupler, exclusive of remote reading devices, shall be Type 2 (see figure 1)



			3.9.5 Security. Security shall be provided to prevent unauthorized access to programmable registers.



			3.9.6  Register Nameplate Information.



		 The register nameplates shall contain the following information:



	(1) Manufacturer

	(2) Serial number

	(3) Type or style number designation

	(4) Space shall be provided on the register for insertion of utility information.



Note: Where the register is included as an integral part or parts of a meter assembly and is not wholly detachable, the information in 3.9.6 shall be included on the meter nameplate.



		3.9.7 Auxiliary Switching Outputs. Auxiliary switching outputs, when provided, may include the following functions:



	(1) Customer alerts

	(2) Load control

	(3) Pulse initiator

	(4) End of demand interval indicator

	(5) Demand threshold alert



		



4. Requirements Applicable to Detachable Watthour Meters



	4.1 Dimensions. Dimensions to assure mounting and connecting interchangeability are shown on figures 3 through 9. For metric conversions, multiply inches by 25.4 to obtain millimeters. Round off to the nearest 0.02 millimeter.



	4.2 Hanger. A hanging device shall be provided on the back of the base.



	4.3 Sealing. Meters shall be provided with facilities for sealing the cover to the base, the demand reset lever, and the battery access port. The hole in a meter base for the T-seal shall not exceed 0.131 inch in diameter or the rectangular equivalent.



	4.4 Connections



		4.4.1 The internal connections shall be as indicated in figures 10, 11, 12, and 20.



		For external connections, refer to reference [3] or the latest revision thereof. (The socket jaw position identification is shown in Figure 13).



		4.4.2 When pulse initiator contact terminals are provided, they shall be located and may be identified as shown in figures 11, and 20. K and Z shall be used for two-wire contacts; K (common), Y, and Z shall be used for three-wire contacts.



5. Requirements Applicable to Bottom-Connected Meters



	5.1 Dimensions. Dimensions to assure mounting and connecting interchangeability are shown in figures 14 through 16.



	5.2 Hanger. A hanging device shall be provided on the back of the base.



	5.3 Sealing. 



		5.3.1 Meters shall be provided with facilities for sealing as shown in figures 14 through 16. 



		5.3.2 The meter cover shall be provided with separate sealing facilities to seal the cover to the base, the demand reset lever, and battery access port when applicable.



		5.3.3 The terminal cover seal shall seal both the terminal cover and the meter cover.



	5.4 Connections



		5.4.1 The terminal arrangement and internal connections shall be as indicated in figures 17 through 22. For external connections, refer to reference [3] The Handbook for Electricity Metering or the latest revision thereof.



		5.4.2 When pulse initiator contact terminals are provided, they shall be located and may be identified as shown in Figures 18 and 19. K and Z shall be used for two-wire contacts; K (common), Y, and Z shall be used for three-wire contacts.



	5.5 Terminal Blocks. Terminal blocks shall be of arc resistant material.



	5.6 Terminals



		5.6.1 Current Terminals. The current terminals shall accommodate the following wire sizes:



		(1) Self contained meters: from No. 14 to No. 2 AWG, inclusive.



		(2) Transformer rated meters: from No.14 to No. 4 AWG, inclusive.



		5.6.2 Voltage Terminals



		(1) The voltage terminals shall accommodate wire sizes from No. 14 to No. 10 AWG, inclusive, on single element and 2-element 3-wire meters.



		(2) The voltage terminals of other multi-element meters with more than six terminals shall accommodate wire sizes from No. 14 to No. 6 AWG, inclusive.



		5.6.3 Grounding Terminal. It shall be possible to ground the exposed metal base of the meter by one of the following methods:



		(1) A #10-32 tapped hole shall be provided on the front, lower right corner of the base. See Figure 17 for the location. A #10-32 binding head machine screw (washerhead) shall be provided in the tapped hole.



		(2) As an option, an untapped 3/16 inch hole entering the base from the right side and intersecting with the tapped hole may be provided.



6. Performance Requirements for Solid-State Registers for Electromechanical Meters



	6.1 Initial Conditions - Accuracy Tests. A solid-state register can be tested for accuracy of the register and its input pulse initiator using the electromechanical watthour meter disk revolutions as the input source for tests 6.2 and 6.3. For testing the accuracy of the solid-state register only, an auxiliary input pulse source may be used, bypassing the input pulse initiator. A minimum count of 1000 for the measured quantity is required to establish the test accuracy. The tests in 6.2 and 6.3 must recognize the ambiguity of ±1 least significant digit. These tests shall be made with the solid-state register and meter combination energized with rated voltage, rated frequency, and at an ambient temperature of 23°C ±5°C.



	6.2 Effect of Voltage Variation. The accuracy of the measured quantities shall not differ from the input source by an amount exceeding that specified in Table 3.



	6.3 Effect of Variation of Temperature. The test shall be made at rated voltage and rated frequency. The register, while energized, shall be exposed to each specific test temperature for at least 2 hours prior to the test. The accuracy of the measured quantities shall not differ from the input source by an amount exceeding that specified in Table 4.

	

Table 3 Effect of Variation of Voltage on Solid-State Registers



�PRIVATE ��	Conditions�Percent of Rated Voltage�Permissible Deviation From The Input Source Measured Quantity��	1�	100�	Reference��	2�	90�	±0.1%��	3�	110�±0.1%��



Table 4 Effect of Variation of Temperature on Solid-State Registers



�PRIVATE ��	Conditions�Air Surrounding Register�Permissible Deviation From The Input Source Measured Quantity��	1�	+23°C ±5°C�	Reference��	2�	-30°C ±5°C�	±0.1%��	3�	+70°C ±5°C�±0.1%��







7. Procedure for Assigning Form Designations



The form designation system denotes the circuit arrangement to which the meter is applicable, with due consideration given to the variations in terminal arrangement and wiring. The purpose is to provide a system of meter nomenclature that will assist in the selection and installation of equivalent meters independent of the make of the meter and of successive types of the same manufacturer.



Each form designation corresponds to an internal connection diagram in this publication and in reference [3] and recorded at the National Electrical Manufacturers Association (NEMA). The suffix "A" or "S" in the form designation refers to bottom connected or detachable meters, respectively.



In as much as the form designation relates to the wiring and terminal arrangement, it does not change with current or voltage ratings; the number of voltage disconnects used; or the addition of auxiliaries such as demand indicators, detents, voltage indicators, pulse sending devices, and the like.



When a new variety of meter should be assigned a new form designation, a request for the assignment designation is filed with the secretary of the Technical Committee of the NEMA Electricity Equipment Section, NEMA Headquarters, 1300 North 17th St, Suite 1847, Rosslyn, VA 22209. The Secretary of the NEMA Technical Committee shall assign the form designation and advise the Accredited Standards Committee C12. Upon counsel of this committee, the assigned new designation shall be considered approved.
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	Figure 1 External View of ANSI Type 2 Optical Port
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Figure 2 - Markings for Watthour Meter Rotors.
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Figure 3 Envelope of Surfaces That Project into Socket for 4- to 6-Terminal Meters
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Figure 4 Envelope of Surfaces That Project into Socket for 5-Terminal Meters in 7-Terminal Sockets
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Figure 5 Envelope of Surfaces That Project into Socket for 7- and 8-Terminal Meters
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Figure 6 Envelope of Surfaces That Project into Socket for 8-Terminal and 13- to 15-Terminal Meters
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Figure 7 Mounting and Terminal Dimensions for Detachable Single Element and Multi-element Watthour Meters with 4 to 8 Terminals
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Figure 8 Mounting and Terminal Dimensions for Detachable Multielement Watthour Meters with 8 Terminals and 13 to 15 Terminals
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Figure 9 Envelope of Round Covers for Detachable Single Element and Multielement Watthour Meter

�



� EMBED Word.Picture.6  ���� EMBED Word.Picture.6  ���







� EMBED Word.Picture.6  ���� EMBED Word.Picture.6  ���



Figure 10 Internal Connections for Detachable Single Element Watthour Meters (Front Views)
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Figure 11 Internal Connections for Transformer Rated Detachable Multielement Watthour Meters (Front Views)
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Figure 12 Internal Connections for Self Contained Detachable Multielement Watthour Meters (Front Views)
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Figure 13 - Socket Jaw Position Identification (Front View of Socket).
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Figure 14 Outline and Terminal Dimensions for Bottom-Connected Single Element Watthour Meters
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Figure 15 Outline and Mounting Dimensions for Bottom-Connected 2-Element 3-Wire Network Watthour Meters

���

*     Location of mounting stud to obtain universal mounting of all meters.�Ø    Location of grounding lug.

Notes :�	(1) Dimensions marked L apply only to 2-stator meters. These dimensions are not�	     standardized for meters having more than two stators.�	(2) All dimensions are in inches.�	(3) Unless otherwise specified, tolerances shall be 1/64 inch on single dimensions�	     and 1/32 inch on cumulative dimensions.

Figure 16 - Outline and Mounting Dimensions for Bottom Connected�Multielement Watthour Meters.
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Figure 17 Internal Connections for Bottom-Connected Single Element Watthour Meters (Front Views)
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Figure 18 Internal Connections for Transformers Rated Bottom-Connected Multielement Watthour Meters (Front Views)
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Figure 19 Internal Connections for Self Contained Bottom-Connected Multielement Watthour Meters (Front Views)

























































































































Figure 20 2-Element, 4-Wire (universal) Form 28S
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