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(57) ABSTRACT 

A meter for measuring poWer parameters on one or more 

electrical poWer lines/loads is con?gured to operate With our 

Without a removable metering options module. The meter 

includes a meter housing designed and dimensioned for rack 

mounted installation in a bay of an equipment rack or 

cabinet, and metering circuitry con?gured to provide rev 
enue accurate metering and poWer quality analysis for a 
poWer line/load. The metering options module may be 
mounted to an externally accessible surface of the meter to 

change the functionality of the metering circuitry Without 
increasing the dimensions of an outer envelop of the meter, 
and Without disturbing tamper-proof seals included on the 
meter. 
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RACK-MOUNTED POWER METER HAVING 
REMOVABLE METERING OPTIONS MODULE 

RELATED APPLICATIONS 

[0001] The present patent document claims the bene?t of 
the ?ling date under 35 USC §119(e) of Provisional US. 
Patent Application Ser. No. 60/717,688, ?led Sep. 16, 2005, 
(Attorney Ref. No 6270/ 172) Which is hereby incorporated 
by reference. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention relates to poWer metering, 
and more particularly to a rack-mounted revenue and poWer 
quality poWer meter With an options module that is remov 
able to provide an adaptable modular meter. 

[0004] 2. Background and Relevant Art 

[0005] PoWer metering technology is evolving toWards 
multi-functional metering systems. PoWer meters provide 
feedback for voltage, current, and poWer in one or more 
poWer lines. The meter also may be con?gured to provide 
control functions for a load connected to a poWer line. 
Commonly, a meter may be con?gured for revenue meter 
ing, including circuitry and features that alloW monitoring of 
energy usage for the purposes of determining energy costs. 
Alternatively, a meter may be con?gured to provide poWer 
quality metering, including precisely calibrated circuitry to 
accurately determine dynamics of one or more poWer lines. 
PoWer meters may include communications features that 
alloW bi-directional communication With the meter. An 
integrated communications circuit alloWs the meter to com 
municate With other devices such as a computer, other 
meters, control panels and the like. The communications 
feature may communicate over an open netWork using a 
communication protocol. 

[0006] Certain classes of poWer meters are physically 
designed to be installed, or mounted, in a rack. The enclo 
sure of a rack-mounted meter has predetermined maximum 
external dimensions to alloW the meter to be inserted in a 
standard rack. The rack-mounted design also has electrical 
connections having a standardized con?guration that alloWs 
the meter to be connected to standard connections on a rack. 
The arrangement of the electrical connections is ?xed so that 
the rack-mounted meter may be used in standard con?gu 
ration racks. 

[0007] PoWer metering needs often differ from installation 
to installation. The meter may need a customiZed con?gu 
ration to be integrated Within an existing poWer distribution 
system. Existing rack-mounted poWer meters needing such 
a customiZed con?guration may have additional hardWare 
installed under a front cover plate of the meter, or in some 
other location internal to the meter housing. Such an instal 
lation not only requires the meter be physically dismantled, 
but also requires removal of utility or veri?cation seals. 
Removal of such seals requires that the meter be sent out to 
a veri?cation shop, or otherWise taken out of service until 
the meter can be re-veri?ed and/or inspected, and neW seals 
applied by the appropriate third party. 

BRIEF SUMMARY OF THE INVENTION 

[0008] By Way of introduction only, a rack-mounted 
poWer meter includes a removable, or replaceable, exter 
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nally mounted metering options module. The rack-mounted 
poWer meter and the metering options module may be 
mounted in a bay of an equipment rack. The architecture of 
the rack-mounted poWer meter may be achieved by one or 
more apparatuses, devices, systems, methods, and/or pro 
cesses. 

[0009] The rack-mounted poWer meter is an adaptable 
poWer meter that may be modi?ed and/or updated to meet 
current and future needs Without requiring disassembly of 
the enclosure of the poWer meter, or disturbance of tamper 
proof seals included on the poWer meter. A removable, 
metering options module may be mounted Within a slot, 
cutout or shoulder of a meter housing of the poWer meter. 
The metering options module may be externally affixed to 
the rack-mounted poWer meter Without exceeding the stan 
dard maximum external dimensions for a rack-mounted 
meter. Once mounted, the metering options module may be 
interfaced With, and enhance/change the functionality of 
metering circuitry included in the meter. 

[0010] The metering options module includes circuitry 
that provides various additional features and functionality to 
change, enhance or upgrade the functionality of the meter. 
The metering options module is self-enclosed and may be 
sealed With a tamper-proof seal that is independent of the 
poWer meter. The metering options module may be coupled 
With the poWer meter to provide the additional functionality. 
The metering options module may provide functions not 
presently provided by the metering circuitry present Within 
the meter. The metering options module may provide func 
tionality that may add to, augment, supplement or substitute 
for an existing metering circuitry function, Whether that 
function is communications, metering, monitoring, control 
or the like. The metering options module also may provide 
alternate or neW modes to monitor, measure, or calculate 
electrical parameters. The metering options module is 
removable Without substantially affecting the essential func 
tions of the poWer meter. In addition, the metering options 
module may be installed and removed Without disturbing a 
tamper proof seal, such as a calibration seal included on the 
poWer meter. The metering options module may have a 
separate housing that meets the standard meter enclosure 
requirements for mounting in an equipment rack assembly. 

[0011] The foregoing summary is provided only by Way of 
introduction. The features and advantages of the rack 
mounted poWer meter having a removable metering options 
module may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the claims. Nothing in this section should be taken as a 
limitation on the claims, Which de?ne the scope of the 
invention. Additional features and advantages of the present 
invention Will be set forth in the description that folloWs, and 
in part Will be obvious from the description, or may be 
learned by practice of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a perspective front vieW of an example 
rack-mounted poWer meter that includes an external remov 
able metering options module. 

[0013] FIG. 2 is a perspective front vieW of an example 
rack-mounted poWer meter of FIG. 1 Without an external 
removable metering options module mounted thereon. 
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[0014] FIG. 3 is a perspective front view of an example 
rack-mounted power meter of FIG. 1 that includes an 
external removable options module illustrated with a cover 
in an open position. 

[0015] FIG. 4 is a perspective rear view of the rack 
mounted power meter of FIG. 1 and an external removable 
metering options module. 

[0016] FIG. 5 is a perspective rear view of the rack 
mounted power meter of FIG. 1 without an external remov 
able metering options module mounted thereon. 

[0017] FIG. 6 is a perspective rear view of an example 
rack-mounted power meter of FIG. 1 illustrated with a cover 
in an open position that also includes an external removable 
metering options module. 

[0018] FIG. 7 is a front view of the rack-mounted power 
meter of FIG. 1. 

[0019] FIG. 8 is a front view of the rack-mounted power 
meter of FIG. 1 with a cover in an open position. 

[0020] FIG. 9 is a front view of another example of the 
rack-mounted power meter of FIG. 1. 

[0021] FIG. 10 is a perspective front view of the rack 
mounted power meter of FIG. 9, and a removable metering 
options module. 

[0022] FIG. 11 is a front view of the rack mounted power 
meter of FIG. 9, with a removable metering options module 
mounted thereon. 

[0023] FIG. 12 is a rear view of the rack-mounted power 
meter of FIG. 1 that includes an external removable meter 
ing options module. 

[0024] FIG. 13 is a rear view of the rack-mounted power 
meter of FIG. 1 without an external removable metering 
options module mounted thereon. 

[0025] FIG. 14 is a perspective partially cutaway view of 
the rack-mounted power meter of FIG. 1 illustrating an 
example of an internal connection for the rack-mounted 
meter of FIG. 1. 

[0026] FIG. 15 is a perspective rear view ofan example of 
a metering options module for the rack-mounted power 
meter of FIG. 1. 

[0027] FIG. 16 is a rear view of an example ofa metering 
options module for the rack-mounted power meter of FIG. 
1. 

[0028] FIG. 17 is a perspective front view of an example 
of a metering options module for the rack-mounted power 
meter of FIG. 1. 

[0029] FIG. 18 is a front view ofan example ofa metering 
options module for the rack-mounted power meter of FIG. 
1. 

[0030] FIG. 19 is a block diagram of an example of a 
power meter and a removable metering options module of 
FIGS. 1-18. 

[0031] FIG. 20 is a block diagram of an example of an 
input/output module that may be included in the metering 
options module. 

Mar. 22, 2007 

[0032] FIG. 21 is a block diagram of an example of a 
communications module that may be included in the meter 
ing options module. 

[0033] FIG. 22 is a block diagram of an example of an 
access key module that may be included in the metering 
options module. 

[0034] FIG. 23 is a perspective top view of an example of 
the rack-mounted power meter of FIGS. 1-8 that includes an 
external removable metering options module, and is 
mounted in an equipment rack. 

[0035] FIG. 24 is a perspective front view of an example 
of the rack-mounted power meter of FIGS. 1-8 that includes 
an external removable metering options module, and is 
mounted in an equipment rack. 

[0036] FIG. 25 is a perspective rear view of an example of 
the rack-mounted power meter of FIGS. 1-8 that includes an 
external removable metering options module, and is 
mounted in an equipment rack. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0037] A rack-mounted power meter having an externally 
mounted metering options module will now be described 
with reference to the accompanying drawings. In each of the 
following ?gures, components, features and integral parts 
that correspond to one another each have the same reference 
number. The drawings of the ?gures are not true to scale. 

[0038] A rack-mounted power meter having an externally 
mounted removable metering options module may be 
embodied in many different forms, formats, and designs, and 
should not be construed as limited to the examples set forth 
herein. The architecture for the rack-mounted power meter 
includes apparatuses, distributed networks, methods, pro 
cesses, data processing systems, and software and ?rmware 
device. Features of the rack-mounted power meter having a 
removable external metering options module may be 
embodied as electronic components instructions, software, 
and/or ?rmware utiliZing a computer program product on a 
computer-readable storage medium, such as memory, solid 
state memory, hard disks, CD-ROMs, optical storage 
devices, or magnetic storage devices. 

[0039] Herein, the phrase “coupled wit ” or “coupled to” 
is de?ned to mean directly connected to or indirectly con 
nected through one or more intermediate components. Such 
intermediate components may include both hardware and 
software based components. Further, to clarify the use in the 
pending claims and to hereby provide notice to the public, 
the phrases “at least one of <A>, <B>, . . . and <N>” or “at 

least one of <A>, <B>, . . . <N> or combinations thereof ’ are 

de?ned by the Applicant in the broadest sense, superseding 
any other implied de?nitions herebefore or hereinafter 
unless expressly asserted by the Applicant to the contrary, to 
mean one or more elements selected from the group com 

prising A, B, . . . and N, that is to say, any combination of 
one or more elements A, B, . . . or N including any one 

element alone or in combination with one or more of the 

other elements which may include, in combination, addi 
tional elements not listed. 

[0040] The rack-mounted power meter having an exter 
nally-mounted removable metering options module 
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(referred herein as the rack-mounted meter) may be 
designed to meet requirements of national and international 
standards setting bodies, such as International Electrotech 
nical Commission (“IEC”), While providing a meter that 
provides a rack mount form factor. The described examples 
relate to an apparatus for measuring poWer parameters on a 
conductor, such as a poWer line. Further, the described 
examples relate to a mechanical and electrical design and 
system that monitors poWer parameters on loW, medium and 
high voltage conductors. 

[0041] An example poWer meter may include metering 
circuitry comprising at least one processor capable of 
executing instructions stored in a memory of the poWer 
meter to direct the receipt and processing of signal(s) 
representative of poWer parameters. The metering circuitry 
may also include hardWare, ?rmWare and/or software based 
signal processing, ?ltering, and any other functionality 
related to monitoring and processing poWer parameters 
related to poWer quality and/or revenue metering. A global 
positioning system (“GPS”), and/or time-synchronization 
capabilities, that improve the measuring accuracy of the 
device and/or provide additional geo-location based capa 
bilities may also be included in the metering circuitry of the 
poWer meter. Metering circuitry of example poWer meters 
may also include communications ports, antennas, either 
planar, GPS or both, facilitating ease of communication. 

[0042] FIGS. 1-3 illustrate a perspective vieW of an 
example rack-mounted meter 100. The rack-mounted meter 
100 may be inserted and mounted to an equipment rack 
assembly (not shoWn). The equipment rack assembly may 
provide an electrical connector having an input/output (I/O) 
interface and operating poWer for the meter 100. The rack 
mounted meter 100 may be designed With a form factor 
having maximum external dimensions, such as dimensions 
that alloW the rack-mounted meter to be used as a 48.3 
centimeter equipment rack mounted meter. The rack 
mounted meter 100 may be calibrated, and its meter housing 
may be sealed before being installed in a bay of an equip 
ment rack assembly. The dimensions of the meter 100 are 
implementation dependent and may vary depending upon 
the type of equipment rack and standard dimensions sup 
ported therein. 

[0043] Meter 100 may be sealed by including one or more 
tamper proof seals on/in/around the meter 100. The seal(s) 
may be external or internal to meter 100. The seal(s) may be 
attached during manufacture, during installation, or folloW 
ing installation. A tamper-proof seal is a physical device or 
mechanism that provides an indication When the seal(s) has 
been tampered With, or disturbed. The seal(s) may be made 
of various materials, and come in various designs, such as an 
adhesive strip design, a Wire design, a lock design, a glass 
vial design, a plastic tie design, an electrical fuse design, a 
gravitational design and/ or an inertial/ shock detector design. 
For example, When the seal is a plastic tie, the seal may 
generally include a tab With a unique identi?er, and a locking 
mechanism that cannot easily be opened Without breaking or 
otherWise visibly altering the locking mechanism. 

[0044] A tamper-proof seal can be applied to various parts 
of the meter 100 to detect tampering. In addition, a seal can 
be applied to structure surrounding the meter 100 to indicate 
removal and/or relocation of the meter 100 With respect to 
the surrounding structure. Example seal applications include 
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application to an access door or cover included on the meter 

100, application to a reset or other control button included 
on the meter 100, application to the casing of the meter 100, 
application to input/output points, and/or application to an 
external enclosure around at least a portion of the meter 100. 

[0045] The meter 100 may have multiple tamper-proof 
seals that protect different parts of the device. Types of 
tamper-proof seals that may be used include seals used as 
revenue/veri?cation seals, utility seals, or metering point 
identi?cation seals. A revenue/veri?cation seal may be con 
trolled by a third party and veri?es the accuracy of the meter. 
In the event a revenue veri?cation seal is disturbed or 

broken, the meter 100 may need to be returned to the third 
party for re-veri?cation and re-sealing prior to being further 
used in revenue calculations. Autility seal may be controlled 
by a user of the meter 100, such as an electrician at a utility, 
to guard against tampering. A metering point identi?cation 
seal is a seal that may be used to uniquely identify the meter 
100 and keep track of the location of the meter Within a 
facility or system. 

[0046] The rack-mounted meter 100 may integrate both 
poWer revenue metering and poWer quality class metering 
Within an external form factor that may be rack-mounted in 
a bay. For example, the rack-mounted meter 100 may 
provide poWer quality analysis that meets Class A require 
ments of the IEC 61000-4-30 metering standard. The rack 
mounted meter 100 may also be a revenue device that meets 
the requirements of IEC 62053-22. Accordingly, the rack 
mounted meter 100 may provide poWer quality detection, 
monitoring, reporting, recording, analysis and communica 
tion along With revenue accuracy measurement and report 
ing. The rack-mounted meter 100 may integrate the features 
of poWer quality monitoring and revenue metering in a 
single poWer meter having a meter housing meeting the form 
factor requirements for installation and mounting in a bay of 
an equipment rack assembly. Examples of a poWer quality 
meter integrated With a revenue meter are described in Us. 
Pat. No. 6,615,147, for a REVENUE METER WITH 
POWER QUALITY FEATURES, issued on Sep. 2, 2003, 
and US. Pat. No. 6,792,364, for a REVENUE METER 
WITH POWER QUALITY FEATURES, issued on Sep. 14, 
2004, both of Which are incorporated by reference in their 
entirety herein. 

[0047] In one example, the rack-mounted meter 100 is 
con?gured to meet the IEC 61053-22 standard that also 
provides poWer quality analysis to the IEC 61000-4-30 
standard class A. The meter 100 may be con?gured to meter 
single-phase or multi-phase poWer systems and loads, or 
combinations thereof. The meter 100 may be coupled With 
one or more conductors. The conductors may be poWer 

cables, high tension lines, bus duct, bus bar, substation 
terminals, generator terminals, circuit breaker terminals, 
and/or any other mechanism, device, or materials capable of 
conducting current and voltage. The conductor may be part 
of a tWo-Wire, three-Wire, and/or four-Wire poWer system. 
The meter 100 may provide measurement of voltage and 
current to determine active, reactive, and/ or apparent energy 
over a range of frequencies, or combinations thereof. In 
addition, the meter 100 may provide poWer quality mea 
surement and processing of poWer parameters such as volt 
age and current harmonics, voltage and current inter-har 
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monics, voltage and current anomalies, such as sag/sWell(s) 
or transient(s), and/or any other power quality related data 
and analysis. 

[0048] The rack mounted meter 100 includes a meter 
housing 102. The meter housing 102 may have an external 
form factor, or frame structure, that is dimensioned to alloW 
rack-mounting of the meter 100 in a bay of an equipment 
rack. Thus, an outer envelope of the meter housing 102 may 
be formed to ?t Within at least one bay of an equipment rack. 
The meter housing 102 may include at least six sides, and 
may be generally characterized by Width, height, and length 
dimensions. The meter housing 102 provides mechanical 
protection for metering circuitry included in the meter 
housing 102. The meter housing 102 may be con?gured as 
an IP51 enclosure as set forth by IEC 529, providing 
protection to the metering circuitry against inadvertent intru 
sion of tools and/ or Wires over 1 mm in diameter. The meter 
housing 102 also may provide protection against vertically 
falling drops of Water, condensation and other moisture. The 
meter housing 102 may be designed to minimize holes, 
cutouts, spot Welded tabs, folded seams, and connector 
openings, and may have a rust inhibiting coating such as a 
poWder coat ?nish, paint or other protective coating. The 
meter housing 102 may provide mechanical protection, ?re 
protection, electromagnetic protection against radio-fre 
quency interference, and electrical shock protection. 

[0049] The meter housing 102 may include a tWo-tiered 
surface 108 that includes a ?rst portion 108a and a second 
portion 10819. In FIGS. 1-3, the ?rst portion 10811 is a front 
portion and the second portion 108!) is a rear portion of the 
meter housing 102. The ?rst portion 108a may be substan 
tially planar across the Width of the tWo-tiered surface 108, 
and extend a predetermined depth of the meter housing 102 
from a front panel 104 of the rack-mounted meter 100 
toWards a mid portion 110 of the tWo-tiered surface 108. The 
second portion 108b, or slot, may be substantially planar 
across the Width of the meter housing 102 and extend from 
the mid portion 110 to an end of the meter housing 102, such 
as a rear 112 of the meter housing 102. The second portion 
108!) may be recessed from the ?rst portion 10811 to form a 
slot. 

[0050] The meter housing 102 may also include an elec 
trical connector panel 106. The electrical connector panel 
106 may include a ?rst connector panel 106a and a second 
connector panel 10619. The ?rst connector panel 106a may 
be a step or shoulder formed as a portion of the meter 
housing 102 that connects the ?rst portion 10811 of the 
tWo-tiered surface 108 to the second portion 10819. The ?rst 
connector panel 106a may be substantially planar across the 
Width of the meter housing 102, and may be positioned 
approximately orthogonal to both the ?rst portion 108a and 
the second portion 108!) of the tWo-tiered surface 108. 

[0051] FIGS. 1 and 3 illustrate a metering options module 
114 that is designed to be coupled With and mounted to the 
rack-mounted meter 100. FIG. 2 illustrates the rack-mounted 
meter 100 Without the metering options module 114 coupled 
With the rack-mounted meter 100. The enclosure of the 
metering options module 114 may be characterized by a 
Width, height, and length dimensions. The metering options 
module 114 may include a housing that is designed to 
provide mechanical protection for circuitry enclosed Within 
similar to that described above for the meter housing 102 of 
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the rack-mounted meter 100. In the illustrated example, the 
enclosure of the metering options module 114 has six sides. 
In another embodiment, the metering options module 114 
may include a housing that is completed after the metering 
options module 114 has been mounted to, or otherWise 
installed on, the rack mounted meter 100, eg the metering 
options module 114 features at least one open face that is 
covered by a face of the meter 100 When the metering 
options module 114 is installed. In this example, the meter 
ing housing 102 may be a sealed unit that is an IP51 
enclosure as set forth by IEC 529. In addition, or altema 
tively, the housing formed by the combination of the meter 
ing options module 114, and the meter housing 102 may be 
an IP51 enclosure as set forth by IEC 529. 

[0052] The metering options module 114 may be coupled 
With the rack-mounted meter 100 proximate the tWo-tiered 
surface 108. The surface of the second portion 108!) of the 
rack-mounted meter 100 may be recessed from the surface 
of the ?rst portion 10811 a determined distance that alloWs 
the metering options module 114 to be mounted contiguous 
With the second portion 10819. In one example, the upper 
most portion of the metering options module 114 may be 
substantially ?ush With the ?rst portion 108a. That is, a 
height of the ?rst portion of the ?rst connector panel 10611 
is at least the height of an upper surface of the metering 
options module 114. In addition, the length of the second 
portion 108!) may be at least as long as a length of the 
metering options module 114, and the Width of the metering 
options module 114 may be no Wider than the Width of the 
rack-mounted meter 100. In the illustrated example, the 
length of the second portion 108!) is slightly longer than the 
metering options module 114 to alloW room for connectors 
and associated conductors, such as signal cables, to be 
terminated at the metering options module 114. 

[0053] Accordingly, When the metering options module 
114 is af?xed to the meter 100, the metering options module 
114 may be substantially ?ush With the upper surface 10811. 
In one example, the exposed upper surface of the metering 
options module 114 does not extend beyond the upper 
surface 108a. Additionally, or alternatively, the external 
dimensions of the meter 100 With the metering options 
module 114 mounted thereto may not exceed the maximum 
dimensions required for the meter 100 and the metering 
options module 114 to be installed in a bay of an equipment 
rack assembly. Thus, an outer envelop of the meter 100, With 
our Without the metering options module 114, may be 
dimensioned to ?t Within the dimensions of a bay of an 
equipment rack assembly and be securely mountable 
therein. 

[0054] The metering options module 114 may be coupled 
With the meter housing 102 With a fastener 117. The fastener 
117 may be a screW, a rivet, a clasp, a latch, a snap, or any 
other mechanism capable of holding the metering options 
module 114 in position on a surface of the meter housing 
102. In FIGS. 1-3, the fastener 117 is a plurality of fasteners 
each formed With a threaded post and a nut. In other 
examples, any other form of fastener, in any other position 
capable of coupling the metering options module 114 and 
the meter housing 102 may be used. 

[0055] FIGS. 1 and 3 illustrate an example metering 
options module 114 mounted substantially ?ush With the 
tWo-tier upper surface 108 of the rack-mounted meter 100. 
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In other examples, the metering options module 114 may be 
otherwise coupled With the rack-mounted meter 100. For 
example, the metering options module 114 and rack 
mounted meter 100 may be con?gured With a tWo-tier side 
surface, or a tWo tiered bottom surface, Where the metering 
options module 114 is mounted to be no greater than ?ush 
With the external dimensions of the rack-mounted meter 
100. Alternatively, or in addition, additional external sur 
faces of the meter 100 may be tWo-tiered to alloW more than 
one metering options module 114 to be mounted to the 
rack-mounted meter 114 and yet stay Within the dimensions 
of a bay of an equipment rack. 

[0056] The metering options module 114, When mounted 
on the meter 100, may have a ?rst surface that is contiguous 
With the second surface 108b, and a second surface opposite 
the ?rst surface that is substantially ?ush With the maximum 
external dimensions of the meter housing 102. Thus, ?rst 
surface of the metering options module may be substantially 
parallel With a surface of the second portion, and the second 
surface of the metering options module 114 may be in 
substantially the same plane With the surface of the ?rst 
portion 10811 of the meter 100. 

[0057] In another example, the meter housing 102 may 
have a slot, cavity or opening in Which the metering options 
module 114 may be inserted. The slot may be formed in the 
front, back, top, bottom or side of the meter 100, and be an 
externally accessible surface of the metering housing 102. 
The meter housing 102 may form the cavity. The meter 
housing 102 may remain a sealed unit that is an IP51 
enclosure as set forth by EEC 529. A hinged or otherWise 
movable cover, or trap door, may be positioned to cover an 
entrance to the cavity. 

[0058] The cover may be moved from a closed position to 
an open position to alloW the metering options module 114 
to be inserted into the cavity through the entrance. The 
metering options module 114 may be securely held in the 
cavity With the cover. The cover may minimiZe entry of dust 
and moisture into the cavity. In addition, the cover may have 
a security mechanism such as a lock and key, a biometric 
device, such as a ?ngerprint scanner, or any other device that 
provides veri?cation of identity so that only authorized 
personnel are alloWed access to the cavity. In addition, or 
alternatively, the cover could be sealed With a tamper proof 
seal, such as a utility seal, and/or a revenue seal once the 
metering options module 114 is installed in the cavity and 
the cover is moved to a closed position. The number and 
type of tamper proof seal(s) is dependent on the operational 
functionality of the metering options module 114. 

[0059] The metering options module 114 represents self 
enclosed, sealed, additional functionality that may be added 
to the meter 100. Such functionality may include additional 
poWer parameter processing capability, signal conditioning 
capability, input/output capability, and/or any other hard 
Ware, ?rmWare and/or softWare to recon?gure, enhance, or 
otherWise change the functionality of the meter 100. In one 
example, the metering options module 114 may provide 
enhanced communication capability and associated input/ 
output hardWare. In another example, the metering options 
module 114 may provide increased capability to transmit 
and receive input and/or output signals. In still other 
examples, the metering options module may provide hard 
Ware, softWare and input/output signal capability to enable 
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protective relaying functionality. In yet another example, the 
metering options module 114 may provide poWer quality 
event hardWare, softWare and input/output capability. 

[0060] The front panel 104 of the rack-mounted meter 100 
may have a ?ip-up cover 115. FIGS. 1 and 2 illustrate the 
rack-mounted meter 100 With the cover 115 in a closed 
position, and FIG. 3 illustrates the cover 115 in an open 
position. The ?ip-up cover 115 may be hinged so that the 
cover 115 sWings through an arc to an open position, 
exposing a control panel 116. At least a portion of the control 
panel 116 may be located underneath or behind the cover 
115. Other portions of the control panel 116 may be acces 
sible When the cover 115 is in a closed position. The control 
panel 116 may include connectors, such as analog, digital 
and/or optical connectors. In addition, as described later, the 
control panel 116 may include user interface devices, such 
as, buttons, knobs, sWitches or any other user input/output 
devices or mechanisms that provide access and control of 
the meter 100. 

[0061] With the cover 115 closed, one or more connectors, 
buttons, sWitches, and/or other user interface devices for 
access and control of the meter 100 may be covered and 
inaccessible, While other connectors, buttons, sWitches, and/ 
or any other user interfaces may be accessible through the 
cover 115. In addition, user interface devices may be 
included on the cover. Access to controls When the cover 115 
is in the closed position may include only that functionality 
that Will not affect operation. The remaining controls may be 
inaccessible to a user With limited security access When the 
cover 115 is closed. When additional control inputs are to be 
provided to the meter 100, the cover 115 may be opened, 
exposing the features beneath. 

[0062] A screen 118, such as an LCD, LED, plasma or 
other digitally controlled display may be positioned on the 
front panel 104. The screen may be a touch-screen device 
alloWing a user to input data and selections by touching 
appropriate areas on the screen 118. The screen 118 may be 
vieWable With the cover 115 in the closed and opened 
positions. Thus, the screen 118 may be positioned on the 
control panel 116 or mounted on the cover 115. In one 
example, When the screen 118 is on the control panel 116, 
portions of the screen 118 may be blocked When the cover 
115 is closed, eg to prevent vieWing of particular data. 

[0063] The screen 118 may include a graphical user inter 
face that alloWs the user to input data, con?gure parameters 
for the meter 100, set controls, and/or receive information 
from the meter 100. The user may input a selection directly 
through the screen 118, and/or may input data using any one 
of combinations of the other user interface devices, such as 
buttons, sWitches and knobs included on the control panel 
116. For example, using the buttons provided at the front 104 
of the meter 100, the user may scroll or navigate through an 
options menu on the screen 118 to con?gure the meter 100, 
assign communications protocols for the meter 100, display 
output parameters, set input metering parameters and/or 
control any other features of the meter 100. The options 
menu may be a cascading or hierarchical menu Where 
selections of options on a menu may provide a subset of 
options provided on another menu that is displayed to the 
user. The screen 118 may also be used to provide a visual 
indication of the operation of the meter 100. 

[0064] The meter 100 may be con?gured to provide mul 
tiple levels of security to protect the meter 100 from being 
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tampered With or inadvertently or mistakenly mis-pro 
grammed. For example, access to the options menu and/or 
portions of the options menu may be accessible only after a 
user has entered a passWord or authentication code. Simi 
larly, Where the meter 100 is being accessed for program 
ming using an external processor in communication With the 
meter 100 through a communications port, access to pro 
gramming features may be set according to a passWord 
entered. The passWord may be associated With a high-level 
programming or calibrating access, such as by a third party 
manufacturer and/or calibrator. Another authorization level 
may be associated With general con?gurations set-up. For 
example, another passWord may be associated With general 
scrolling or navigating to select various outputs, and/or 
restricting inputs or recon?guring of the meter 100. 

[0065] The level of access may be determined by a pass 
Word or other authentication means, such as a biometric 
device, or any other mechanism for identifying a user. The 
meter 100 may be accessed by multiple users, each having 
a distinct passWord. Access to various parameters of the 
meter 100 may be determined or restricted by the passWord 
as Well. For example, one user may have access only to 
poWer quality parameters based on the passWord associated 
With the user, and another user may have access to revenue 
parameters based on the associated passWord. The passWord 
also may restrict the user’s privileges to read, or read and 
Write data provided by the meter 100. 

[0066] The front face 104 may be con?gured to be 
mounted and affixed to corresponding members of a stan 
dard equipment rack system. The front face 104 may have 
handles or grab bars 120 that alloW an installer to carry the 
meter 100, and to position the meter 100 in or With an 
equipment rack assembly. The handles 120 may be installed 
at the front face 104 toWards the vertical edges of the front 
panel 104. The front panel 104 also may include a mechani 
cal coupler 122, such as a screW, bolt, or Wing nut that alloWs 
the meter 100 to be af?xed to a rack assembly. The mechani 
cal coupler 122 may also be used to form a tamper proof 
seal, such as a utility seal so that the meter 100 cannot be 
removed from the equipment rack Without disturbing, dam 
aging, or otherWise changing the tamper proof seal to 
indicate such activity has occurred. 

[0067] FIGS. 4-6 illustrate perspective vieWs from the rear 
of the rack-mounted meter 100. FIGS. 4 and 5 illustrate the 
rack-mounted meter 100 With the cover 115 in a ?rst position 
that is a closed position, and FIG. 6 illustrates the rack 
mounted meter 100 With the cover 115 in an open position. 
FIGS. 4 and 6 illustrate the metering options module 114 
attached or otherWise mounted to the rack-mounted meter 
100 at the second portion 108b, and FIG. 5 illustrates the 
rack-mounted meter 100 Without the metering options mod 
ule 114 mounted or otherWise af?xed to the rack-mounted 
meter 100. 

[0068] FIG. 5 also illustrates the ?rst connector panel 
10611 of the metering housing 102. An externally accessible 
meter housing electrical connector 130 may be installed on 
the surface of the ?rst connector panel 10611 to provide an 
electrical connection from the rack mounted meter 100 to 
the metering options module 114. In one example, the meter 
housing connector 130 is a multiple-pin connector providing 
poWer to the metering options module 114 as Well as 
multiple I/O connections, such as communications and 
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control signals. When the metering options module 114 is 
installed on the rack-mounted meter 100, a corresponding 
electrical connector is coupled With the meter housing 
electrical connector 130 on the rack-mounted meter 100. In 
one example, the meter housing connector 130 is a pin 
connector, such as a ?fty pin connector, that is con?gured to 
accept an edge connector of the metering options module 
114. The ?rst connector panel 106a may also include guide 
pins 131. The guide pins 131 provide for mechanical align 
ment of the metering options module 114 With the meter 100 
When the metering options module 114 is being positioned 
on the meter housing 102. The guide pins 131 may be 
provided at the ?rst connector panel 10611 to guide the 
metering options module 114 to the meter 100 When the 
metering options module 114 is mounted to the meter 100. 

[0069] The rear of the meter housing 102 also may include 
the second connector panel 10619. The second connector 
panel 106!) includes at least one rack electrical connector 
128 for connecting the meter 100 to one more rack electrical 
connectors included in an equipment rack assembly. The 
rack connector 128 may be arranged according to a prede 
termined and/or standardized con?guration or arrangement. 
In one example, the rack connector 128 may be a plurality 
of pins arranged according to a predetermined con?guration 
Where the position of a pin corresponds With a signal, poWer, 
or ground connection. Through the rack connector 128, 
signals related to the voltage and/or current of one of more 
conductors that the meter 100 may monitor or measure are 
inputs to the meter 100. The position of the pins of the rack 
electrical connector 128 may be assigned to a particular or 
discrete voltage, current, or poWer input signal. For 
example, a pin may be assigned to receive a voltage signal 
of one phase of a multiphase voltage system, a voltage signal 
of a single phase system, or a reference or neutral of a 
multi-phase or single phase voltage system. Similarly, a pin 
may be assigned to receive signals related to current on a 
conductor. 

[0070] The rack electrical connector 128 may be one or 
more pin or plug-type connectors, sleeve or socket type 
connectors, or combinations thereof. The connector 128 may 
be coupled With one or more corresponding connectors in an 
equipment rack assembly (not shoWn) When the meter 100 
is installed or otherWise mounted in a bay of an equipment 
rack assembly. The pins may be slid into corresponding 
sleeves or receptacles, and the sleeves may accept corre 
sponding pins on the equipment rack assembly. In one 
example, the rack connector 128 includes multiple Essailec 
connectors, manufactured by ABB Entrelec of Irving, Texas, 
that are arranged in a predetermined con?guration on the 
second connector panel 106!) of the meter 100. The rack 
connector 128 may include coding or keying pins that mate 
With corresponding keying or coding pins on the rack 
electrical connector(s) in the equipment rack assembly When 
the meter 100 is installed in the bay of the equipment rack. 

[0071] In one example, Where the rack connector 128 is a 
plurality of Essailec connectors, there are a plurality of 
coding pins, such as four coding pins, associated With each 
Essailec connector. The coding pins may have an external 
contour or shape that provides a unique pro?le for the coding 
pin depending on the orientation of coding pin in its housing. 
The coding pin may be oriented in one of several clock 
positions With respect to the rack connector 128 With Which 
it is associated. The coding pin Will engage With the corre 






























