
 

 

WORKSHOP AGENDA 
Mechanic Falls Planning Board 

May 18, 2020 
6:30pm  

 
Zoom Meeting: https://zoom.us/j/2092120488 
Join By Phone: (312) 626-6799 (Meeting ID: 209-212-0488) 

 
Notice of Meeting Procedural Changes: 

 The public may join via Zoom link or telephone. Their Mics will be muted, except during the public 
comment section of the meeting. To comment at this time meeting attendees can “raise their hand” via 
the Zoom app and they will be called on. After all hands are called on Admin will unmute lines to see if 
telephone attendees have comments. When making a comment please start with your Full Name and 
Address before making any comments. 

 All votes of the Planning Board will be conducted and recorded as a Roll Call vote. 
 Modifications to regular meeting procedures will expire 30 days after Gov Mills terminates the current 

State of emergency. 
 
 
I.  Call Meeting to Order                                                                                     Time: _______________           

II. Pledge of Allegiance 
 

III. Roll Call      Members Absent: ____________________________ 

IV.  General Reports 
4.1 Minutes of April 20 & 21, 2020 Motion to Approve 

V.  Public Hearing       Notes: 
5.1 Next Grid Site Rt.11  

 
VI.  Old Business       Notes: 

5.1 Next Grid Site Plan  

VII.  New Business        Notes: 
   

VIII.  Ordinances    Notes: 
   

 
IX.  Adjourn Time: _______________    Next Meeting: (June 15th, 6:30pm – Second Floor Conference) 



Mechanic Falls Planning Board Workshop 
Via Zoom 

April 20, 2020 
 
MEMBERS PRESENT:  
Walter Goss-Vice Chair 
Paula Stotts 
Forrest Martin 
Lou Annance-absent 

Jeremy Klar-absent 
Lou Goulet-Chair-absent 
Paula Bolduc

STAFF PRESENT: 
Alan Plummer- CEO 
Zakk Maher- Town Manager 
Julie Ward- Town Clerk 
 
 

  
  

I. Call Meeting to Order 
II. Pledge of Allegiance 
III. Roll Call 

 
Meeting was called to order by Walter Goss, Vice Chair at 6:38pm 

   
IV. General  
 

4.1 Introduction: Alan Plummer CEO 
 
Town Manager Zakk Maher wanted to introduce our new Code Enforcement Officer.  Alan Plummer 
introduced himself and gave a little history of his background. 
 
Town Manager Zakk Maher also talked about clerks scanning in ordinances to system to get ready for 
Codification Process as well as looking into updated our Land use/ Zoning.  
 
4.2 Zoom Format/Questions 
 
Town Manager Zakk Maher touched base on how the Zoom meeting would work for Next Grid Solar review 
with AVCOG on 4/21. 
 
 

5.0 Adjourn 
 
 adjourned at 7:03pm 



Mechanic Falls Planning Meeting 
Via Zoom Meeting 

April 21, 2020 
 
MEMBERS PRESENT:  
Walter Goss-Vice Chair 
Paula Stotts 
Forrest Martin 
Lou Annance-absent 

Jeremy Klar-absent 
Lou Goulet-Chair-absent 
Paula Bolduc

STAFF PRESENT: 
Alan Plummer-CEO 
Zakk Maher-Town Manager 
Julie Ward- Town Clerk 
 
OTHERS PRESENT: 

  
 Shelly Norton-Avcog  Kieth Bennett   Daniel Serber 

John Emery   Rudy Kyllonen 
Nick Konstantoulakis  Gil Paquette  

 
I. Call Meeting to Order 
II. Pledge of Allegiance 
III. Roll Call 
 
Meeting was called to order at 6:41pm and we saluted the flag.   
 

   
IV. General Reports 

 
4.1 Meeting Minutes 
 
Forrest Martin motioned to approved minutes for December 16, 2020 seconded by Paula Bolduc, all in 
favor so voted. 
 
Walter Goss abstaining for the remainder of meeting due to conflict of interest. 
 
Forrest Martin motioned for Paula Stotts to be interim chair, seconded by Paula Bolduc, Forrest Martin 
withdrew his motion. 
 
Paula Scotts motioned for Paula Bolduc to be interim chair, seconded by Forrest Martin, all in favor so 
voted. 
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V. Old Business 

 
5.1 Next Grid Plan 
 

Gil Paquette presenting the site plan for where the Solar Project would be.  He worked with an Environmental 
Civil Engineer service to assist with design.   
 
Within the plan there was a small piece of wetland with minimum impact.  The PUC and DEP have been sent 
the assessment.  The Storm Water application will be sent to the DEP with no major environmental impact. 
Gil Paquette stated the depth of DHP has not been designed yet. Its based on the ability to bend and the 
length.  The Geo Tech would get on board and design it.   His guess would be 20-30 ft range. 
 
Paula Stotts asked about soil testing.   Gil explained that wetland delineation and hydric soil test so far.   Paula 
Stotts asked about wetland can not be filled with out DEP permission and Gil said under 4300sq of fill you are 
not required to have a permit.  And 4300-15000 require a tier 1 permit which has been issued. 
 
Shelly Norton from AVCOG stated there are 2 different zones which are Rural and Shoreland zoning.   The 
design presented is to keep out of the shoreland and flood plain.  Shelly proceeded to explain what each line 
item on the application was completed or incomplete given the planning board different options on how to 
handle the incomplete portions.   
 
Paula Stotts stated that all permits were required with the application.  Gil Paquette stated that he his 
requesting a deferment on certain permits because the PUC will need to approve first, Next grid does not want 
to get unnecessary permits if the plan does not get approved. 
 
Daniel Serber explained stumping will be required in some of the area, and informed Shelly Norton he would 
send over an update. 
 
Paula Stotts had some concerns with no clear answers with certain plans.  Gill Paquette stated that he will 
have a grad plan, storm water plan, and a permit app from DOT done prior to any construction.  Shelly Norton 
of AVCOG recommended issuing a conditional use permit, which would cover the concerns of not having all 
permits available now. 
 
Shelly Norton from AVCOG recommended getting a rental agreement and or lease from both parties, a 
performance guarantee for project to be completed and removal when done utilizing properties involved.  She 
also suggests Police and Fire be provided the application.  The Town Ordinance states that must be a 6inc gap 
in fence for wildlife to be able to access the land, and the normal height for fence is 7ft.  Recommendations 
should also be site inventory and assessment.  A public hearing would be beneficial for development review 
and a conditional use permit be issued.  
 
Town Manager Zakk Maher suggested they applicant compile a list of what is missing. 
 
Gil Paquette stated they are not avoiding any requirements the Town has instead try to delay them.  He stated 
that a similar project is happening in the City of Lewiston and they have been very open about the conditional 
use.   
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Interim Chair, Paula Bolduc suggest that the board could make a list as board to see what needs to still be 
presented.  Gil Paquette offered to compile the list and submit an updated application.  CEO Alan Plummer felt 
comfortable with that decision.   This information will be ready for the Public Hearing. 
 
Paula Stotts motioned to have a public hearing on May 18th for a conditional use permit, seconded by Forrest 
Martin, all in favor so voted. 
 
VI. New Business 
 
None 
 
7.0 Ordinance    
 
None 
 
8.0 Executive Session 
 
None 
 
9.0 Adjourn 
 
Paula Bolduc motioned to adjourn, seconded by Forrest Martin, all in favor, so voted Meeting adjourned at 
8:48pm 
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SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

SPECIAL FLOOD
HAZARD AREAS

Without Base Flood Elevation (BFE)
Zone A, V, A99

With BFE or Depth Zone AE, AO, AH, VE, AR

Regulatory Floodway

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile Zone X

Future Conditions 1% Annual
Chance Flood Hazard Zone X

Area with Reduced Flood Risk due to
Levee. See Notes. Zone X

Area with Flood Risk due to Levee Zone D

NO SCREEN Area of Minimal Flood Hazard Zone X

Area of Undetermined Flood Hazard Zone D

Channel, Culvert, or Storm Sewer

Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance? @A B
Water Surface Elevation

Coastal Transect

Coastal Transect Baseline

Profile Baseline

Hydrographic Feature

Base Flood Elevation Line (BFE)

Effective LOMRs

Limit of Study

Jurisdiction Boundary

Digital Data Available

No Digital Data Available

Unmapped

This map complies with FEMA's standards for the use of
digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap
accuracy standards

The flood hazard information is derived directly from the
authoritative NFHL web services provided by FEMA. This map
was exported on 1/9/2020 at 3:42:31 PM and does not
reflect changes or amendments subsequent to this date and
time. The NFHL and effective information may change or
become superseded by new data over time.

This map image is void if the one or more of the following map
elements do not appear: basemap imagery, flood zone labels,
legend, scale bar, map creation date, community identifiers,
FIRM panel number, and FIRM effective date. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.

OTHER AREAS OF
FLOOD HAZARD

OTHER AREAS

GENERAL
STRUCTURES

OTHER
FEATURES

MAP PANELS

C D E FA E

The pin displayed on the map is an approximate
point selected by the user and does not represent
an authoritative property location.
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THIS DRAWING IS FOR INFORMATION PURPOSES ONLY. CERTIFICATION OR
VALIDATION IS TO BE DONE BY A PROFESSIONAL WITH EXPERTISE IN THE
REQUIRED FIELD AND A LICENSE IN THE STATE THAT THE INSTALLATION

WILL RESIDE. CERTFICIATION OR VALIDATION TO BE INCLUDED AS PART OF
THE SUBMITTALS FOR PERMITTING OF THE OVERALL PROJECT.
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PV SITE PLAN

PV001

2019-1219 NextGrid - Mechanic Falls, ME, S Main St.pln
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SCALE

1/3/2020

ARCH D

MECHANIC FALLS, ME 04256

SOUTH MAIN STREET

NOT FOR CONSTRUCTION

NEXTGRID - MECHANIC FALLS, ME, S
MAIN ST

- 12/30/2019 PERMIT SET

EXISTING UTILITY POLE # 28
WITH NEW CROSSARMS FOR
PV SYSTEM, POI

NEW UTILITY POLE WITH
LOADBREAK SWITCH

NEW UTILITY PRIMARY
METERING POLE, POCC

NEW CUSTOMER POLE WITH
LOADBREAK SWITCH

ACCESSIBLE 24/7, LOCKABLE

NEW CUSTOMER RISER
POLE WITH RECLOSER

EQPT PAD 1 WITH
SWITCHBOARD, DAS,

GROUNDING XFMR AND
STEP-UP XFMR

EQPT PAD 2 WITH SWITCHBOARD,
GROUNDING XFMR AND STEP-UP XFMR

25' STREAM SETBACK

SITE FENCE

SITE FENCE

PROPERTY LINE

10' SIDE SETBACK

55' FRONT
SETBACK

10' SIDE SETBACK

10' REAR SETBACK

ACCESS ROAD TO
SOUTH ARRAY

FIELD, SEE 

s t u u v
EQPT PAD 4 WITH SWITCHBOARD,
GROUNDING XFMR AND STEP-UP XFMR

CLEARING LIMIT

STREAM

WETLANDS TO BE
REMOVED, TYP

EQPT PAD 3 WITH SWITCHBOARD,
GROUNDING XFMR AND STEP-UP XFMR

DIRECTIONAL BORE
UNDER STREAM

DIRECTIONAL BORE
UNDER WETLAND

NORTH ARRAY FIELD,
INVERTERS DISTRIBUTED

THROUGHOUT ARRAY

SOUTH ARRAY FIELD,
INVERTERS DISTRIBUTED

THROUGHOUT ARRAY

WETLANDS

S
O

U
T
H

 M
A

IN
 S

T
R

E
E

T

THREE PHASE ALONG
S MAIN STREET
FEEDER #: 431D3

N

α

β

α: 0.00°
β: 15.00°  CCW

 CW

1
5.114 MWdc (4.950 MWac, 4.950 MVA) PV ARRAY WITH 14,031QTY 365W MODULES AT 20° TILT

256'0 128'64'

2
LOCUS MAP 0 2500' 5000'

3
SIMILARY ARRAY

PHOTOVOLTAIC SYSTEM FOR NEXTGRID - MECHANIC FALLS, ME,
S MAIN ST

SOUTH MAIN STREET, MECHANIC FALLS ME 04256

20° FIXED TILT PV ARRAY
AZIMUTH: DUE SOUTH

MODULES DC POWER AC POWER
ANNUAL AC

ENERGY

14,031/ 365W 5.114 MWdc 4.950 MWac 6,740 MWhr/yrw xy z { |y w } | ~ ~ � | � w ~ w � �� � � � } � �y z � ~ � | x w } � ~ �

PVWATTS CALCULATOR
LAT, LON 44.09, -70.38 WEATHER DATA
PREMIUM MODULE
16% SYSTEM LOSSES
FIXED (OPEN RACK)
99% INV EFFICIENCY
1.03 DC/AC RATIO

� � � � � � � � � � � � � � ��

1. ACCESS ROAD TO BE MINIMUM 16' WIDE, 18' NOMINAL.
2. 6" COMPACTED GRAVEL ROAD BASE MEETING MAINE DOT 706.03
TYPE A STANDARDS. 2" COMPACTED SURFACE GRAVEL 706.03 TYPE
B WITH 12% OF FINES PASSING #200 SIEVE.
3. SURFACE BEARING CAPACITY OF 20,000 LBS (MIN)
4. MAXIMUM GRADIENT OF 8% IN ALL POTENTIAL WORK AREAS
5. PASSABLE BY UTILITY BUCKET TRUCKS 24/7/365 � � � � � � � � � � �� � � � � � � �

- 2017 NATIONAL ELECTRIC CODE
- 2015 MAINE UNIFORM BUILDING AND ENERGY CODE (MUBEC)
- 2017 NATIONAL ELECTRICAL SAFETY CODE
- CMPCO MAINE CONSTRUCTION STANDARDS
- MECHANIC FALLS, ME BUILDING & ELECTRICAL INSPECTORS (AHJs)
- INSTALLING CONTRACTOR AND ALL PERSONNEL ON SITE SHALL
FOLLOW APPROPRIATE LOTO PROCEDURES BEFORE SERVICING
EQUIPMENT AND SHALL BE EQUIPPED WITH THE APPROPRIATE PPE.

� � � � �   � ¡ � � � ¢ � � � � � � � � � � �   � ¡ � � � � ��

1.  HERBACEOUS SHRUB LAYOUT IN DISTURBED WETLAND TO
BE MAINTAINED.
2.  NO GRUBBING OR FILLING SHALL OCCUR IN DISTURBED
WETLANDS.
3.  75' BUFFER TO STREAMS.

� � � � �   � ¡ t � � £ � �

WETLANDS FILL: 11,194 sqft
IMPACTED LAND: 19.84 acres



solar
design
associates ¤¥¦

HARVARD, MA 01451-0242 tel: 978-456-6855
fax: 978-772-9715www.solardesign.com

NEXTGRID - MECHANIC
FALLS, ME, S MAIN ST

R
E

V
IS

IO
N

 N
O

T
E

S

MARK DATE DESCRIPTION

P
R

O
F

E
S

S
IO

N
A

L 
S

T
A

M
P

THIS DRAWING IS FOR INFORMATION PURPOSES ONLY. CERTIFICATION OR
VALIDATION IS TO BE DONE BY A PROFESSIONAL WITH EXPERTISE IN THE
REQUIRED FIELD AND A LICENSE IN THE STATE THAT THE INSTALLATION

WILL RESIDE. CERTFICIATION OR VALIDATION TO BE INCLUDED AS PART OF
THE SUBMITTALS FOR PERMITTING OF THE OVERALL PROJECT.
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SOUTH ARRAY FIELD ACCESS

PV002
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SCALE
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NOT FOR CONSTRUCTION

NEXTGRID - MECHANIC FALLS, ME, S
MAIN ST

- 12/30/2019 PERMIT SET

EXISTING DIRT PATH, TO BE
INCREASED TO MIN 15' WIDTH

NEW ACCESS ROAD
SECTION

SOUTH ARRAY FIELD,
INVERTERS DISTRIBUTED

THROUGHOUT ARRAY
E

L
M

 S
T

R
E

E
T

E
L
M

 S
T

R
E

E
T

1
PROPOSED ACCESS ROAD FOR SOUTH ARRAY FIELD 0 200' 400'

§̈̈ © ª ª « ¬ §  ® ¬̄ © ª°

1. ACCESS ROAD TO BE MINIMUM 18' WIDE, 20' NOMINAL.
2. 6" COMPACTED GRAVEL ROAD BASE MEETING MAINE DOT 706.03
TYPE A STANDARDS. 2" COMPACTED SURFACE GRAVEL 706.03 TYPE
B WITH 12% OF FINES PASSING #200 SIEVE.
3. SURFACE BEARING CAPACITY OF 20,000 LBS (MIN)
4. MAXIMUM GRADIENT OF 8% IN ALL POTENTIAL WORK AREAS
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THIS DRAWING IS FOR INFORMATION PURPOSES ONLY. CERTIFICATION OR
VALIDATION IS TO BE DONE BY A PROFESSIONAL WITH EXPERTISE IN THE
REQUIRED FIELD AND A LICENSE IN THE STATE THAT THE INSTALLATION
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SINGLE LINE
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POINT OF COMMON
COUPLING

POINT OF
INTERCONNECTION

µ́ ¶

INV1-1
150 kW

M
P

P
T

-1

·́ ¶ ´̧ ¶

16
[•••]
20A

CB1-1
...

INV1-8
150 kW

M
P

P
T

-1

·́ ¶ ´̧ ¶

16
[•••]
20A

CB1-8
...

157.68 kWdc
432 PV MODULES

16 STRINGS OF 27 MODULES

µ́ ¶
¹́ ¶

PV-SWBD-1

600V, 1600A BUS, 3P/3W

TVSS

1600A
3P

º́ » ¶

200A
3P

200A
3P

INV1-2 THRU
INV1-7...

8QTY 200A
BREAKERS TOTAL...

µ́ ¶

INV2-9
150 kW

M
P
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T

-1

·́ ¶ ´̧ ¶

16
[•••]
20A

CB2-9
...

INV2-16
150 kW

M
P

P
T

-1

·́ ¶ ´̧ ¶

16
[•••]
20A

CB2-16
...

µ́ ¶
¹́ ¶

PV-SWBD-2

600V, 1600A BUS, 3P/3W

TVSS

1600A
3P

º́ » ¶

200A
3P

200A
3P

INV2-10 THRU
INV2-15...

8QTY 200A
BREAKERS TOTAL...

µ́ ¶

INV3-17
150 kW

M
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T

-1

·́ ¶ ´̧ ¶

16
[•••]
20A

CB3-17
...

INV3-24
150 kW

M
P

P
T

-1

·́ ¶ ´̧ ¶

16
[•••]
20A

CB3-24
...

µ́ ¶
¹́ ¶

PV-SWBD-3

600V, 2000A BUS, 3P/3W

TVSS

1600A
3P

200A
3P

200A
3P

INV3-18 THRU
INV3-23...

8QTY 200A
BREAKERS TOTAL...

µ́ ¶
INV4-25
150 kW

M
P

P
T

-1

·́ ¶ ´̧ ¶

15
[•••]
20A

CB4-25
...

INV4-33
150 kW

M
P

P
T

-1

·́ ¶ ´̧ ¶
15
[•••]
20A

CB4-33
...

µ́ ¶
¹́ ¶

PV-SWBD-4

600V, 2000A BUS, 3P/3W

TVSS

2000A
3P

200A
3P

200A
3P

INV4-26 THRU
INV4-32...

9QTY 200A
BREAKERS TOTAL...

SITE CONDITIONS   
LOCATION: MECHANIC FALLS, ME
MAX AVG TEMP:  30 °C
MIN EXPECTED TEMP: -27 °C

PV ARRAY CONFIGURATION   
Manufacturer: HANWHA - Q.CELLS
Model: Q.PEAK L-G4.2-365
Module Qty: 14,013
Modules per String: 27
Total series strings: 519
 
PV MODULE OUTPUT*   
Voc: 48.00 Vdc
Voc Temp Coeff. -0.28 %/ °C
Voc (Temp Adjusted) 54.98 Vdc
Isc: 9.83 Adc
Vmp: 39.10 Vdc
Imp: 9.33 Adc

27 MODULE SOURCE CIRCUIT OUTPUT*   
Voc: 1,296.0 Vdc
Voc (Temp Adjusted) 1,484.6 Vdc
Isc: 9.83 Adc
Vmp: 1,055.7 Vdc
Imp: 9.33 Adc

15 STRING COMBINER OUTPUT 
Voc: 1,296.0 Vdc
Voc (Temp Adjusted) 1,484.6 Vdc
Isc: 147.45 Adc
Vmp: 1,055.7 Vdc
Imp: 139.95 Adc

16 STRING COMBINER OUTPUT 
Voc: 1,296.0 Vdc
Voc (Temp Adjusted) 1,484.6 Vdc
Isc: 157.28 Adc
Vmp: 1,055.7 Vdc
Imp: 149.28 Adc

PV INVERTER OUTPUT (SMA SHP 150-US-20)
Nominal Power 150 kWac
Operating Voltage (Line-to-Line): 600 Vac 3-PHASE
Max Current: 151 Aac
Output Frequency: 60 Hz

TRANSFORMER OUTPUT (1500 kVA)
Max Rated Power 1,500 kVA
Primary Voltage: 12,470  Vac L-L
Secondary Voltage: 600 Vac
Output Current: 72.65 Aac

*BASED ON MODULE PERFORMANCE AT STANDARD TEST CONDITIONS (STC)
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UTILITY POLE #28
THREE PHASE LINE ALONG
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FEEDER #: 431D3
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ALL LEAs AND CTs TO BE CONNECTED 3-PHASE, Yg:Yg

POLE #4
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(B)

3(D1)

(C) 33
SMA SUNNY HIGHPOWER SHP-150-US-20 INVERTER, 150kW, 1500Vdc INPUT, 151Aac MAX OUTPUT CURRENT, 600Vac OUTPUT, INTEGRATED DC
DISCONNECT, INTEGRAL DC AND AC SURGE PROTECTION

CONNECTPV 1500Vdc COMBINER, 20 SPACES, 20A FUSES (+ POLE), 90C TERMINALS, 400A CONTINUOUS DUTY RATED DISCONNECT SWITCH,
DISCONNECTING MEANS NEC 2017 COMPLIANT (+ & - POLES), NEMA4, CLASS 2 40kA INTEGRATED DC SURGE SUPPRESION

4TRANSIENT VOLTAGE SURGE SUPPRESSOR INTEGRATED INTO PANEL, 120kA MINIMUM RATING

(G)

(F)

1(I)

(E)

CUSTOMER DAS

PV SWITCHBOARD, 600V, 2000A BUSBAR WITH 2000A MAIN BREAKER, BRANCH BREAKERS AS NOTED, NEMA3R

1GFCI CONVENIENCE RECEPTACLE, 20A, DUPLEX TYPE, 1 KAIC, NEMA3R

AUXILIARY LOAD CENTER W/ 5kVA 600V PRI. 120/240V SEC XFMR, 100A, 120/240VAC PANEL, 20A BREAKERS, NEMA3R 1

(A) 14,013HANWHA Q CELLS 365W PV MODULE, Q.PEAK L-G4.2-365

Ê µ̧ É ¹ » Ë Æ Ì Ç Ê Ç Í Ç É Ê µ Î · Ï Ð Ï Ê ¹ À ¹ Å Ñ Î Æ À ¹ È Ê É Î Ï Ê
33

(L)

NEW CUSTOMER OWNED RISER POLE WITH G&W VIPER RECLOSER, 15kV, 600A BUSHING, 3 LEAs, WITH SEL-651R RELAY CONTROLLER AND UPS

BACKUP POWER WITH BATTERY BACKUP, C20 CLASS, 0.15B-1.8 CTs W/ 45VA BURDEN (1.8Ω RESISTOR), RATIOS AS INDICATED, UTILITY RTU;

CONTROL POWER TRANSFORMER DATASHEET ON 

Æ Í Ò Ó Â(J)
1500kVA PAD MOUNTED TRANSFORMER, 600VAC Yg SECONDARY, 7.20/12.47kV Yg PRIMARY, Z=5.75%, X/R= 8.62, FIVE-LEG CORE, 100A DUAL
SENSE BAY-O-NET FUSE, x2 150A ELSP FUSES, PRIMARY TAPS 2.5% & 5% ABOVE & BELOW NOMINAL 12.47kV, 600A DEEP WELL BUSHINGS

9KV, 7.65kV MCOV LIGHTNING ARRESTORS, DISTRIBUTION CLASS

NEUTRAL GROUNDING REACTOR, 23.43Ω NEUTRAL TO GROUND, 11.16A CONT. NEUTRAL CURRENT, 372A 10s FAULT CURRENT,  X/R=4, NEMA3R(K1) 3

1

(O)

6(Q)

EXISTING UTILITY OWNED POLE #28 WITH NEW CROSS ARMS, POINT OF INTERCONNECTION(P)

NEW UTILITY OWNED LOADBREAK POLE

1

4

(N)

(R)

1NEW UTILITY OWNED PRIMARY METERING POLE, POINT OF COMMON COUPLING

CUSTOMER OWNED POLE WITH 15kV LOADBREAK SWITCH, MANUAL, THREE PHASE, GANG-OPERATED, VISIBLE, LOCKABLE INTERUPTER,
DISPATCH POINT OF DEMARCATION, MOMENTARY 40kA ASY (25kA 3-SEC) INTERRUPT RATING, 900A CONT. CURRENT, COOPER POWER M-FORCE
#M1HA2SR2-CGHSTV2

(M) 1

1

1

WEATHER STATION WITHIN ARRAY; PLANE OF ARRAY IRRADIANCE, MODULE TEMP, AMBIENT TEMP
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PV SWITCHBOARD, 600V, 1600A BUSBAR WITH 1600A MAIN BREAKER, BRANCH BREAKERS AS NOTED, NEMA3R
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147.82 kWdc
405 PV MODULES

15 STRINGS OF 27 MODULES
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(H) 4SYSTEM SUB METER

Ì́ ¶ Ì́ ¶ Ì́ ¶Î́ ¶
Á́ ¶

18,000 CYC (300 SEC)

18,000 CYC (300 SEC)

6,335.6V

Æ Á ÎÕ Æ Î · ½ Ñ Æ

23.75V

32.39V

120 CYC (2.00 SEC)

UNDERVOLTAGE (27-1)

OVERFREQUENCY (81O-2)

18k CYC (300 SEC)AUTORECLOSING (79)

INSTANTANEOUS

419.5A

10 CYC (0.16 SEC)

3,599.7V

56.5 Hz

U4 CURVE, TD = 1.50.40A

61.2 Hz

È Ç À Î È µ É Æ Á Î À µ Á Ð Í Ç É Ê µ Ô ¹ ÉÖ Ô Ë ×Õ Ã Ó Ø Í
UNDERFREQUENCY (81U-2)

10 CYC (0.16 SEC)

119.8A

6,839.5V ≤ V ≤ 7,559.5V

59.5 ≤ f ≤ 60.5

58.5 Hz

UNDERVOLTAGE (27-2)

¹ É ¹ À ¹ È Ê

OVERVOLTAGE (59-2)

62.0 Hz

OVERVOLTAGE (59-1)

OVERCURRENT (51P) U4 CURVE, TD = 2.0

Ê Ç Ê µ É · É ¹ µ Á Ê Î À ¹Ê µ̧ É ¹ Ã Ë Æ Á Ç Æ Ç Ï ¹ º Ï ¹ ÉÖ Ò Ù » Á Á ¹ É µ Ð Ï ¹ Ê Ê Î È Ô Ï
UNDERFREQUENCY (81U-1)

OVERCURRENT (51G)

1.40A

29.69V

3.20A

Ï ¹ ·Õ Æ Î · ½ Ñ Æ
INST. OVERCURRENT (50)

120 CYC (2.00 SEC)

66 CYC (1.10 SEC)

528.0 V

300 SEC

8

2

1

LINE OVER VOLTAGE (FAST)

660.0 V

0.16 SEC

720.0 V

25.64V ≤ V ≤ 28.34V

Î È Í ¹ Á Ê ¹ Á È Ç Ê ¹ Ï Ë
1.  INVERTER TOTAL CLEARING TIME INCLUDES MECHANICAL OPERATION TIME OF 3

CYCLES (0.05s).
2. UTILITY RESTORATION DECTECTION WILL USE THE FACTORY SETTINGS FOR A
      UL 1741 SA CERTIFIED INVERTER.

LINE OVER FREQUENCY (SLOW)

Ê Ç Ê µ É · É ¹ µ ÁÊ Î À ¹
4

3

58.5 Hz

56.5 Hz5

2.0 SEC

Î º
LINE UNDER FREQUENCY (FAST)

2.0 SEC

LINE UNDER FREQUENCY (SLOW)

Ê µ̧ É ¹ Â Ë Ê Á Î Æ É ¹ Í ¹ É Ï ¹ Ê Ê Î È Ô Ï Ê Ç Ï Ê Ç Æ Î È Í ¹ Á Ê ¹ Á
0.16 SEC

6

7

º ¹ Ï · Á Î Æ Ê Î Ç È
LINE UNDER VOLTAGE (SLOW)

LINE OVER VOLTAGE (SLOW)

300.0 V

ÍÚ Û Ü Ý Ò Ó Ó Í ÉÖ ÉÏ ¹ Ê Æ Ç Î È Ê
LINE UNDER VOLTAGE (FAST)

0.16 SEC

61.2 Hz

300 SEC

1.1 SEC

LINE OVER FREQUENCY (FAST)

OVERFREQUENCY (81O-1)

10 CYC (0.16 SEC)8,639.4V

13.49V

959.0A

7,919.5V

62.0 HzÁ ¹ É µ Ð È Ç Ê ¹ Ï Ë
1.   SEL-651R RELAY TO BE HARDWIRED TO TRIP UNDER THE ABOVE VOLTAGE, CURRENT & FREQUENCY SETTINGS AND UPON

LOSS OF DC SUPPLY POWER.  RECLOSER WILL TRIP OFFLINE IN 2 SECONDS OR LESS UPON LOSS OF DC SUPPLY POWER
AND WILL BLOCK AUTO-RECLOSE FUNCTIONALITY.

2.   BASE SECONDARY VOLTAGE = 

»́ ÃÕ Ä × Ø Í Þ́ Ï Å Á Ế Â ¶ ß » Ó Ó Ó Ó ¶ ß́ Â Ó Ó Þ à ¶ Ý Ã ×Õ Ó Í
3.   TIME DELAY SHOWN IS TOTAL CLEAR TIME, WHICH INCLUDES MECHANICAL OPERATION TIME OF 3 CYCLES (0.05 SEC).
4.   ELEMENT 79 (RECLOSING) TO BE ENABLED WITH 5 MINUTE "HEALTHY GRID" RECONNECT FEATURE.  THIS SHALL DEFEAT

THE CLOSE BUTTON AND BLOCK CLOSE UNTIL THE 5 MINUTE TIMER HAS EXPIRED.  RECLOSE FUNCTION SHALL BE
DISABLED IF PRIOR TRIP WAS DUE TO AN OVERCURRENT EVENT.

5.   ALL RELAY SETTINGS ARE TO BE REVIEWED BY UTILITY AND ARE SUBJECT TO CHANGE, PENDING FINAL UTILITY APPROVAL.
6.   POWER SUPPLY SCHEMATIC WILL BE SUBMITTED FOR APPROVAL PRIOR TO WITNESS TEST.
7.   INTERCONNECTION INTERRUPTING DEVICE SHALL HAVE DC TRIP COILS AND TRIPPING ENERGY SHALL BE DERIVED FROM

24VDC UPS-STYLE STATION BATTERY TO ALLOW FOR APPROXIMATELY 8 HR RUN TIME.
8. ELEMENT 79 TIMER WILL RESET IF UTILITY VOLTAGE OR FREQUENCY FALLS OUTSIDE OF NORMAL WINDOW

Ô ¹ È ¹ Á µ É ¹ Å Ñ Î Æ À ¹ È Ê È Ç Ê ¹ Ï Ë

1.  ALL EQUIPMENT TO BE RATED FOR USE
AS SERVICE ENTRANCE EQUIPMENT.

UTILITY INSTALLED EQUIPMENT
(PENDING FINAL UTILITY DESIGN AND APPROVAL)
POLE #1 - UTILITY PRIMARY METERING POLE
POLE #2 - UTILITY LOADBREAK POLE

CUSTOMER INSTALLED EQUIPMENT
POLE #3 - CUSTOMER OWNED POLE WITH MANUAL, THREE-PHASE, GANG-
OPERATED, VISIBLE, LOCKABLE INTERUPTER DISPATCH POINT OF
DEMARCATION
POLE #4 - CUSTOMER OWNED RISER POLE WITH RECLOSER

É Ç µ º̧ Á ¹ µ ½ È Ç Ê ¹ Ï Ë

1. LOADBREAK WILL BE SERVICE RATED
AND ACCESSIBLE AND LOCKABLE 24/7.

2. LOADBREAK RATED FOR 20kA FAULT
CURRENT

Ê Á µ È Ï ¿ Ç Á À ¹ Á È Ç Ê ¹ Ï
1. TRANSFORMER SHALL BE THREE PHASE, SELF COOLED, AND DESIGNED FOR STEP-UP OPERATION. TRANSFORMER SHALL

BE UL LISTED. PAD MOUNT, DISTRIBUTION TYPE TRANSFORMERS SHALL COMPLY WITH THE LATEST ISSUE OF IEEE/ANSI
C57.12.34.

2. TRANSFORMER SHALL OPERATE AT 60 HZ NOMINAL AND SHALL BE TOLERANT OF CONTINUOUS FREQUENCIES BETWEEN
56.5 HZ AND 62.0 HZ.

3. TRANSFORMER SHALL BE CAPABLE OF OPERATING AT 1.1 P.U. VOLTAGE AT FULL LOAD FOR PERIODS OF TIME TYPICAL OF
THE EXPECTED GENERATION PROFILE.

4. LOW VOLTAGE WINDING CONFIGURATION IS REQUIRED TO BE 600V GROUNDED WYE WITH A FULLY INSULATED NEUTRAL.
5. TRANSFORMER SHALL BE FURNISHED WITH HIGH VOLTAGE TAPS WITH A MINIMUM OF TWO 2 1/2% TAPS ABOVE AND BELOW

NAMEPLATE RATING.

Ô Á Ç Ñ È º Î È Ô È Ç Ê ¹ Ï
1. PV INVERTER GEC TO BE SIZED PER NEC 250.166. COPPER ROUNDING ELECTRODE ROD 3/4" x 10' MIN TO BE USED.
2. TRANSFORMER GEC TO BE SIZED PER NEC 250.66. COPPER GROUNDING ELECTRODE ROD 3/4" x 10' MIN TO BE USED.

FROM TRANSFORMER EARTH GROUND TO COPPER GEC, GROUND SYSTEM RESISTANCE SHALL BE 25 OHMS OR LESS.

NEUTRAL GROUNDING REACTOR, 20.82Ω NEUTRAL TO GROUND, 12.56A CONT. NEUTRAL CURRENT, 418A 10s FAULT CURRENT,  X/R=4, NEMA3R(K2) 1

50.8 Adc 1 AWG Al, MV-105 15kV 133% XLPE

Î È Ï Ñ É µ Ê Î Ç Èá Þ À Î É ¹

(1)

Î º È ¹ Ñ Ê Á µ ÉÊ µ̧ É ¹ Ä Ë À Í â Î Á Î È Ô Ï · Ì ¹ º Ñ É ¹ â Î Á ¹ Ï Î ã ¹ä Ç ¿â Î Á ¹ Ï¹ Ï ÊÕÉ ¹ È Ô Ê Ìµ À Æ ¹ Á µ Ô ¹

1.33450 FTXFMR 4 TO XFMR 3

¿ Ñ È · Ê Î Ç È

(4) 239.7 AdcXFMR 1 TO RISER 100 FT

(5) 239.7 AdcRISER TO POI 200 FT 3+G

0.32

0.53

350 kcmil, MV-105 15kV

4/0 kcmil ACSR, 15kV

133% XLPE

BARE

FULL NEUTRAL

FULL NEUTRAL

FULL NEUTRAL

3+G

3+G

108.9 Adc 1 AWG Al, MV-105 15kV 133% XLPE(2) 1.331760 FTXFMR 3 TO XFMR 2 FULL NEUTRAL3+G

167.1 Adc 3/0 AWG Al, MV-105 15kV 133% XLPE(3) 0.67570 FTXFMR 2 TO XFMR 1 FULL NEUTRAL3+G

X/R=4 Z=3.5%
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147.82 kWdc
405 PV MODULES

15 STRINGS OF 27 MODULES

157.68 kWdc
432 PV MODULES

16 STRINGS OF 27 MODULES

157.68 kWdc
432 PV MODULES

16 STRINGS OF 27 MODULES

157.68 kWdc
432 PV MODULES

16 STRINGS OF 27 MODULES

157.68 kWdc
432 PV MODULES

16 STRINGS OF 27 MODULES

157.68 kWdc
432 PV MODULES

16 STRINGS OF 27 MODULES

1
4.950 MWac, 4.950 MVA (5.114 MWdc) PV SINGLE LINE
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Q.PEAK L-G4.2 365-370

1 APT test conditions: Cells at -1500 V 

against grounded, with conductive me-

tal foil covered module surface, 25 °C, 

168 h
2 See data sheet on rear for further 

information.

Q.ANTUM SOLAR MODULE

The new solar module Q.PEAK L-G4.2 with power classes up to 370 Wp 
is the strongest module of its type on the market globally. Powered by 
72 Q.ANTUM solar cells Q.PEAK L-G4.2 was specially designed for large 
solar power plants to reduce BOS costs. Only Q CELLS offers German 
engineering quality with our unique Q CELLS Yield Security.

THE IDEAL SOLUTION FOR:

Ground-mounted

solar power plants

ANTI PID TECHNOLOGY

(APT)

HOT-SPOT PROTECT

(HSP)

TRACEABLE QUALITY

(TRA.Q™)

YIELD SECURITY

174 modules tested

Best polycrystalline
solar module 2014

Q.PRO-G2 235  

MOD:27898 photon.info/laboratory

LOW ELECTRICITY GENERATION COSTS 

Higher yield per surface area and lower BOS costs thanks to 

higher power classes and an efficiency rate of up to 18.8 %.

INNOVATIVE ALL-WEATHER TECHNOLOGY

Optimal yields, whatever the weather with excellent low-light 

and temperature behavior.

ENDURING HIGH PERFORMANCE

Long-term yield security with Anti PID Technology1,

Hot-Spot Protect and Traceable Quality Tra.Q™.

EXTREME WEATHER RATING

High-tech aluminum alloy frame, certified for 

high snow (5400 Pa) and wind loads (2400 Pa).

A RELIABLE INVESTMENT

Inclusive 12-year product warranty and 25-year linear  

performance guarantee2. 

MECHANICAL SPECIFICATION

Q CELLS PERFORMANCE WARRANTY PERFORMANCE AT LOW IRRADIANCE

Typical module performance under low irradiance conditions in comparison to 

STC conditions (25 °C, 1000 W/m2).

IRRADIANCE [W/m²]
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Format 78.5 in × 39.4 in × 1.38 in (including frame)

(1994 mm × 1000 mm × 35 mm)

Weight 52.9 lbs (24 kg)

Front Cover

Back Cover

Frame

Cell

Junction box 3.35-4.37 in × 2.36-3.15 in × 0.59-0.75 in (85-111 × 60-80 × 15-19 mm), 

Cable   47.24 in (1200 mm), (-)   47.24 in (1200 mm)

Connector

≥ 47.24'' (≥ 1200 mm)

39.4''

(1000 mm)

51.5'' (1308 mm)

78.5'' (1994 mm)

1.38" (35 mm)

Junction bo×

4 × Mounting slots (DETAIL A)
8 × Drainage holes 0.12 × 0.24" (3 × 6 mm)  

Cable with

connectors

Frame

6 × Grounding holes, Ø 0.18'' (4.5 mm)

DETAIL A
0.63" (16 mm)

0.33" (8.5 mm)
1.0" (25.5 mm)

37.4''

(949 mm)

4 × Drainage holes 0.47 × 0.47" (11.9 × 11.9 mm)

DETAIL B
0.39" (10 mm)

0.28" (7 mm)
0.98" (25 mm)

4 × Mounting slots system Tracker (DETAIL B)

37.4''

(950 mm)

15.7'' (400 mm)
5.91''

(150 mm)

13.5''

(343 mm)

Certified

UL 1703

(254141)

PROPERTIES FOR SYSTEM DESIGN
Maximum System Voltage V

SYS
[V] 1500 (IEC) / 1500 (UL) Safety Class II

Maximum Series Fuse Rating [A DC] 20 Fire Rating C (IEC) / TYPE 1 (UL)

Design load, push (UL)2 [lbs/ft2] 75 (3600 Pa) Permitted module temperature

on continuous duty

-40 °F up to +185 °F

(-40 °C up to +85 °C)

Design load, pull (UL)2 [lbs/ft2] 33 (1600 Pa) 2 see installation manual

QUALIFICATIONS AND CERTIFICATES PACKAGING INFORMATION

Number of Modules per Pallet 29

Number of Pallets per 40' Container 22 

Number of Pallets per 53' Container 26 

Pallet Dimensions ( L × W × H ) 81.3 × 45.3 × 46.9 in

(2065 × 1150 × 1190 mm)

Pallet Weight 1671 lbs (758 kg)

NOTE: Installation instructions must be followed. See the installation and operating manual or contact our technical service department for further information on approved installation and use 

of this product.
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Q CELLS

Industry standard for tiered warranties*

Industry standard for linear warranties*

*Standard terms of guarantee for the 10 PV companies

with the highest production capacity in 2014 (as at: September 2014)

ELECTRICAL CHARACTERISTICS

POWER CLASS 365 370

MINIMUM PERFORMANCE AT STANDARD TEST CONDITIONS, STC1 (POWER TOLERANCE +5 W / -0 W)

M
in

im
u
m

Power at MPP2 PMPP [W] 365 370

Short Circuit Current* ISC [A] 9.83 9.89

Open Circuit Voltage* VOC [V] 48.00 48.28

Current at MPP* IMPP [A] 9.33 9.41

Voltage at MPP* VMPP [V] 39.10 39.32

Efficiency2

å

[%] ≥ 18.3 ≥ 18.6

MINIMUM PERFORMANCE AT NORMAL OPERATING CONDITIONS, NOC3

M
in

im
u
m

Power at MPP2 PMPP [W] 270.1 273.8

Short Circuit Current* ISC [A] 7.93 7.97

Open Circuit Voltage* VOC [V] 44.90 45.17

Current at MPP* IMPP [A] 7.34 7.40

Voltage at MPP* VMPP [V] 36.81 36.98

11000 W/m², 25 °C, spectrum AM 1.5 G 2 Measurement tolerances STC ± 3%; NOC ± 5% 3 800 W/m², NOCT, spectrum AM 1.5 G * typical values, actual values may differ

TEMPERATURE COEFFICIENTS

Temperature Coefficient of ISC

æ

[% / K] + 0.04 Temperature Coefficient of VOC

ç

[% / K] − 0.28

Temperature Coefficient of PMPP

è

[% / K] − 0.39 Normal Operating Cell Temperature NOCT [°F] 113 ± 5.4 (45 ± 3 °C)

IEC 61215 (Ed. 2); IEC 61730 (Ed. 1), Application class A

This data sheet complies with DIN EN 50380.
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1500V Disconnect Combiners

ConnectPV Disconnect Combiner products are based on a core product architecture optimized for commercial and
utility scale solar projects, simplifying design and speciÞ cation. Options and accessories allow the designer to 
optimize the products for each project ÿ reducing installation labor costs.

ConnectPV products incorporate ÿbest-in-classÿ components combined with rugged mechanical designs to maximize
reliability over the projected life of the project.

Compatible with grounded systems - negatively or positively grounded with fuses on the ungrounded string input 
conductors, or ungrounded systems with fuses on both string input conductors.

Producct Optiions

ÿ Class 2 40kA Surge Protective Device

ÿ Mechanical Lugs Installed or Compression Lugs Included

ÿ Breather Vents for High Humidity Locations

ÿ H4 or MC4 Bulkhead or Whip Connectors Installed

ÿ Upsized Enclosures for Larger Output Wires

ÿ Mounting Brackets Installed

ÿ Extended Warranty

CertiÞ ed
Manufacturing

Standaard Prooduct FFeaturees

ÿ 250A, 320A, and 400A UL98B CertiÞ ed Manual Disconnects

ÿ Lock-Out/Tag-Out on Disconnect Handle

ÿ 8-32 Fused Inputs, #14-#6 AWG Wire Range

ÿ Touch Safe Fuse-holders

ÿ 15A Fuse Typical, 30A Maximum ÿ user speciÞ ed

ÿ M10 or M12 Studs provided for single or double hole lugs

ÿ Accommodates 90C Cu/Al Mechanical or Compression Lugs

ÿ Internal Safety Cover over all live components

ÿ NEMA 3R, 4, and 4X Enclosures

ÿ Padlock Latch for Door

ÿ Unique Serial number per unit

ÿ Labelling to meet NEC Requirements

ÿ 5 Year Warranty

Contact Toll Free:  (844)-246-6140                            www.connectpv.com               San Diego, CA

Local: (858) 246-6140                 sales@connectpv.com                                      CBX15 Rev. 3.0

ConÞ guurationn

Design Engineers easily conÞ gure our products to meet the

projectÿs requirements ÿSimplifying design and speciÞ cation

ConnectPV reduces electrical BOS project costs by simplifying:

High Ampacity Input Versions available: 
e.g., 12 input, 400A with 30A fuses

SpeciÞ cations Subject to Change

Stainless Steel AvailableAdditional Options and Accessories Available

Based in San Diego, CA, ConnectPV Inc. delivers expertise

and experience. We bring over 10 years of Solar PV industry

experience in electrical Balance of System products coupled

with more than 25 years of high quality, ISO9001:2008 certiÞ ed,

manufacturing expertise. We actively work with our customers to

deliver innovative, high quality, and cost e  ective solutions.

ABOUT CONNECTPV INC.

VV
Voltage

T
Topology

###
Disconnect Rating

FF
String Count

AA
Fuse Rating

EE
Enclosure Type

15 = 1500V
G=Grounded
F= Floating

250A, 320A,or 
400A

08-32
2 string increments

N4 = Carbon Steel
4X = Fiberglass*

Installation

Field Installers quickly install our products because they

provide ample wiring room  - Reducing installation time and labor cost

Regulaation

AHJ Inspectors quickly review and approve our products

because we have designed for 100% compliance with the NEC

and UL Standards  ÿ Reducing project inspection and approval time

Operattion

O&M Personnel reduce Þ eld service time because our

products use high quality componentsand are designed for a

20 year life expectancy ÿ Maximizing system revenue generation

Typical Input Characteristics Grounded Systems Floating Systems

NEMA 

4 Steel 

(inches)

NEMA 4X 

Fiberglass 

(inches)

NEMA 

4 Steel 

(inches)

NEMA 4X 

Fiberglass 

(inches)

16 250

#14-#4 
AWG 

Copper

M10
Stud

24x24x8 24x24x8 24x30x8 24x30x8

20 250 24x24x8 24x24x8 24x30x8 24x30x8

24 320
M12
Stud

30x24x8 30x24x8 30x30x8 30x30x8*

28 400 30x30x8 36x30x8 36x36x8 36x36x8*

32 400 30x30x8 36x30x8 36x36x8 36x36x8*

Model Numbers are derived from the following template: CBXVVT-###D(S)-FFAA-EE

Standard

Disconnect 

Ampacity

Input Wire 

Size

Input 

Circuits

Output 

Type

02-30
15A Typical

* Painted Stainless Steel NEMA 4X

Standard Disconnects sized at 1.25x Sum(Isc) per UL1741.  
Upsize Disconnect available at 1.56x Sum(Isc) for OCPD coordination.

Description

Eaton's Cooper Power™ series M-Force™ switch 
is a distribution-class, gang-operated, factory 
unitized three-phase overhead loadbreak switch. 
The M-Force switch is offered in distribution 
voltage classifications of 15.5 kV, 27 kV, and 38 
kV. The M-Force switch may be used for line 
sectionalizing, paralleling, by-passing, or isolating.

M-Force stands for “Magnetic Force”.  Eaton 
has the only reverse loop contacts found on 
distribution-class sidebreak switches; a contact 
usually reserved for higher priced transmission 
switches. The reverse loop contacts utilize high 
current magnetic forces for added reliability. 
The reverse loop design allows for high contact 
pressure to be maintained during fault conditions. 
This feature prevents pitting and distorting of the 
switch blade and contacts even under severe 
momentary overload.

M-Force™ three-phase switch

Switches and  
Disconnects
CA008004EN

Effective January 2016 

Supersedes June 2015

COOPER POWER
SERIES Basic concept

Current-carrying conductors that are parallel to each other and have 
current flowing in the same direction, attract each other due to the 
magnetic forces acting on them (See Figure 1A).

Current-carrying conductors that are parallel to each other and have 
current flowing in the opposite direction, repel due to the magnetic 
forces acting on them (See Figure 1B).

Current flows through the two parallel inner segments of the reverse 
loop contacts in the same direction, thus these two segments 
attract each other, initiating contact pressure. Current flow through 
the inner segment and the outer segment is in opposite directions, 
which causes a repelling force that amplifies the contact pressure.

Design features

Reverse loop contacts

The reverse loop contacts utilize high current magnetic forces for 
added reliability. The reverse loop contacts were adapted from 
Eaton's Cooper Power series KPF Line Tension Switch and have 
been field-proven for over 80 years. The reverse loop design allows 
for high contact pressure to be maintained during fault conditions. 
This feature prevents pitting and distorting of the switch blade and 
contacts even under severe momentary overload. These contacts 
originally designed for high voltage transmission switches also 
maintain extremely cool temperatures even under the rated full 
load. The max temperature rise allowed per IEEE Std 1247™-
2005 standard for the blade and contact area is 65 °C. The max 
temperature rise observed on the reverse loop contact area was 
38 °C, less than half of the allowed temperature. These types of 
test results, along with the proven field performance, undoubtedly 
make the Reverse Loop Contacts found in the M-Force switch the 
premiere choice in the industry.

Insulators

The M-Force switch comes standard with polymer (silicone rubber) 
insulators. These non-porcelain insulators offer exceptional dielectric 
and mechanical characteristics adding to the reliability of the M-Force 
switch, while lowering the weight. The M-Force switch can be 
provided in cycloaliphatic epoxy and porcelain housings. Insulators 
come standard with 2.25" bolt circles at 15 and 25 kV. Insulators 
require a 3.00" bolt circle at 35 kV.

Extended bearing assembly

The stainless steel shaft on the rotating insulator bearing assembly 
has been extended to four inches. This extra length will prevent 
horizontal movement of the rotating insulator during operation 
which ensures proper blade/contact alignment which is essential for 
smooth operation. Another feature of the bearing assembly is the oil-
impregnated bushings that provide maintenance-free operation for 
the life of the switch. 

Insulated Reliabreak™ arm

The Reliabreak™ Pick-up Arm on the M-Force switch is insulated 
on one side, which isolates the interrupter from the current path 
during a close operation. This feature allows for a wide range of 
adjustments between the Reliabreak arm and the blade catch finger. 
This increased tolerance removes the possibility of misalignment 
during operation which ensures proper load interruption.

Positive locking dead-end brackets

The dead-end brackets on the M-Force switch are of a positive 
locking design. This design allows for dead-ending at an angle 
without any distortion of the brackets. This allows for a more 
flexible switch that can be used in a wider variety of installation 
requirements.

New inter-phase clamps

The inter-phase control rod clamps on the M-Force switch are 
designed with a jam nut through the side of the casting which 
locks the clamps after factory alignment. This feature eliminates any 
possibility of accidental slippage of the control mechanism which 
ensures proper operation even under icy conditions.

Optional ice shields

The standard M-Force switch is capable of operating under a 3/8" ice 
build up. With the optional ice shields the M-Force switch is capable 
of opening and closing with a 3/4" ice build up. 

The unique shields are designed to prevent ice from building up 
between the contact clips as well as removing the ice from the 
blade during the closing operation. Per IEEE Std C37.34™-1994, 
a chopping action is allowed during the close operation to break 
the ice. Due to the shearing action of the M-Force Ice Shields, 
the closing operation can be accomplished with one motion. No 
chopping is needed.

Figure 2. Magnetic forces acting on contacts.

ATTRACTING FORCES

CURRENT FLOW

REPELLING FORCES

REPELLING FORCES

Figure 1A. Current flowing in same direction.

Figure 1B. Current flowing in opposite direction.
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Table 7. M-Force Three-Phase Switch Catalog Number Configuration

 M 1 H 11 T R 2
Voltage Class

1 - 15.5 kV/110 kV BIL
2 - 27 kV/150 kV BIL 
3 - 38 kV/200 kV BIL 

Mounting Configuration
H - Horizontal Upright (Standard Option)
A - Horizontal Pole Top
P - Phase over Phase
R - Vertical Riser
G - Horizontal Upright (G095 Spacing)
S - Vertical Riser (GO95 Spacing)
T - Triangular
U - Underhung (GO95 Spacing)

Control Rod and Mechanism
Reciprocating Mechanism
 11 - 28' Round Pipe  1.0" O.D. (Standard Option)
 21 - 28' Round Fiberglass
 41 - 28' 1" Pipe w/Fiberglass Top Section
 51 - 28' Pipe w/Cycloaliphatic Insulator

Torsional Mechanism
 A2 - 28' 1.5" Pipe (Steel Universal Section)
 B2 - 28' 1.5" Pipe (Fiberglass Universal Section)
 C2 - 28' 1.5" Pipe (Cycloaliphatic Insulator)

None
  03-  Hookstick operated (no control rod)

Crossarm Options
T - Steel with Single Point Lift (Standard Option)
S - Steel with Two Point Lift
G - Fiberglass with Single Point Lift
F - Fiberglass with Two Point Lift

Insulator Material
R - Polymer (Standard Option)
C - Cycloaliphatic Epoxy
P - Porcelain

Options (See Page 9 for details)
Note:  More than one may be chosen.
Append codes in alphanumeric order.

B - Provisions for Crossarm Support Bracket
C - Captive Hardware on Terminal Pads  
  (Incompatible with Option U below)
E - Extension Links (14")
F - Bonded Reciprocating Control Handle   
  (Standard on Torsional Controls)
G - Reciprocating Handle with Interlocks
H - Lightning Arrester Brackets
I - Steel Interphase Rod
J - Provisions for Neutral Wire
K - Provisions for Sensors
R - Additional Nameplate on Handle
S - Ice Shields (3/4" Ice Break on Open or  
  Close Operation)
T - Grounding Connector on Crossarm   
  Mounting Bracket
U - Terminals, Copper, #2-500 MCM 
  (Incompatible with Option C above) 
V - Pole Mounting Band
1 - Extra 7' of Control Rod
2 - Extra 14' of Control Rod

Insulator Bolt Pattern
2 - 2.25" Bolt circle for 15 and 27 kV switches
3 - 3.00" Bolt circle for 35 kV switches

Consult factory for other bolt circle options.
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A2 - 28' 1.5" Pipe (Steel Universal Section)

Steel with Single Point Lif
S - Steel with Two Point LiftSteel with TSteel with T

Provisions for Crossarm Support Bracket
C - Captive Hardware on Terminal Pads  Captive Hardw

(Incompatible with Option U below)

H - Lightning Arrester Brackets

T - Grounding Connector on Crossarm Grounding Connector on Crossarm 
Mounting Bracket

(Incompatible with Option C abo
V - Pole Mounting Band

2 - Extra 14' of Control Rod

R - Polymer (Standard Option)

G - Reciprocating Handle with InterlocksReciprocating Handle with Interloc

Mounting Configuration
H- Horizontal Upright (Standard Option)

Voltage Class
1 - 15.5 kV/110 kV BIL

Additional Nameplate on Handle
S - Ice Shields (3/4" Ice Break on Open or Ice Shields (3/4" Ice Break on Open or 

Close Operation)Close Operation)

2 - 2.25" Bolt circle for 15 and 27 kV switches

G & W  E L E C T R I C     P A G E  1
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a C î ï b D C ò©ª 2 1 + ," 1 ¸ + $2 , H � 5
 � � �  � � �� � � � � �� � � 
 �� �� 
 �� � � � � � � ��� � � � � �� �� � � � � � � � � � � 
 � �� � � �� � � � � � � � � � � . � � �� � �� � � � � �� � �? �� � � � �� �� � � � � �� 	� � � � 
 � � �� � � � �� �� � � � 
 �� � �� � � �� �
 � � � � �� � 
 � �
 �� � . � K �� � � � � � � � � �� �
 	 �� � 
 � � 
 � � � � � 
 � ��� � �� � � � 
 � � �� � �� � � 	 � � � � �� �
 � �� � � � � �� � � ��  � �� �� � � �� �� � �� � �� � .� K � � � 
 � � �
 � 	 �� � � � � � �� � � �� � � � � �� � 
 � � � �� �
 � 
 � � � � 
 � � � �� � �
 � � �� �� � � �� � � � � �� � 
 � � �� � K � � �� � 
 � ��� � � �� � � ? ��  
 - �  �  � � � � � �� � �� 6 � J � 4 V Q  � � � �  � �� � ��V 5 K T� � �� 4 J � K 5 6 �� 
 � � �� � � � 
 �� �� � �� � �� �
 �� ���2 F ) + 7 ) F ) , H � < 
 � � � � 	� � � � �� � � � �� � � 
 � � �� � �
 �� �� � �� � ��  	� � �� � � � �� � �� � �� - . � � � �� � �� �� � � � � ��  � �� � � � � �� � � � �
 � � 
  
 �� � � �� � �
  � � 
 � �� � 
 � �  
 �� � �� � 
� �� 
 �� �� 
 � � �� � � � � � � �� �� � � � � �
 � � 
 � �� � � ¹ � �� �  
 � � �
 � � � �� � � � � � � �� � - �� � � � �� � � - �� � � 
 � 
 � � �� � �� � �� � � � � �� �� � � � 
 �� �
 � � �� � � � � �� 
 � ��  � � � � � � �� � 
 � � � � � � �� � 
 � � � . � � � � �� � 
  � � � � �� �� � �� � �� � 
 � �� 
 �
 � �� � �� � �� � � � �� �
 � � � � �� � 
 � � [ � � � � � � ��  
 � � �
 � � �%" &ª +* ,§ ! ) G E ,» 2 ) G E , %" ( # ,1 '* , )" ( � ¼ � � � � � � � �� � �� � �� � �  � � 
 �� � �� �� � � �� � �� 
 � .� 
 � � �� � �� �� � � � 
 � � �
 � � �� � � � �� � � �� � � � �
 � � 
 � �� � � ? �� 5 � �� � � 6 ? � 
 � � �� � � � � �� �� � � �� ��
 	 �� �� � 
 � � �� � �
 �� � � � � �� � �� 	 �� 
 �� � � �
 � � � 
 � � � � � � N � �� ��� � �� �  
 � �� � � ? �� 5 � �� � � 6 �� � � � � � � 
 Q W � � � � � � �� � �
 ��½̧ � + , )" # I ? �� 4 J � K 5 6 � 
 � � �� � � �� J � �� � �� � = �� � � ��� � �
 �� � ? �� 5 � �� � � 6 ? 
 � � 5 � �� � � 6 �� � � � � � � �� � � � �� �� � ��� � �
 �� �
 � �� 	� 
 � � � �� �� � � � � � � � � �� 
 � � � � �
 � �� � � ? ��� �
 � � 
 � � Q R� R R RX Q �
 � �� � � � � 
 � �� � �� � �
 �� � � � �� � � � � � �� � �� � � � �� � 
 � O� V R RX Q �
 � �� � � � � �� 
 � �� � �
 �� � � � 
 �
 � �� � �� 

G & W  E L E C T R I C     P A G E  2

with six voltage sensors
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SEL-651R
Advanced Recloser Control

Powerful and flexible recloser control for 
many popular reclosers 

• Plug-and-work operation with multiple recloser types simplifies 

installations, reduces training, and reduces operation errors.

• Six voltage inputs support measurements on both sides of the 

recloser for advanced distribution automation and monitoring. 

• Arc SenseTM technology (AST) detects and clears high-impedance 

faults.

• Single-phase tripping minimizes outage times and improves  

reliability indices.

• Comprehensive communications protocols and interfaces ease 

integration into distribution automation systems.
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EIA-232

EIA-485

1 or 2

Ethernet1

16S
EC

1

IRIG-BUSB

50G

LDP

*

*Optional feature

1 Copper or fiber-optic

ANSI Numbers/Acronyms and Functions

16 SEC Access Security (Serial, Ethernet)

25 Synchronism Check

27 Undervoltage

32 Directional Power

50G Best Choice Ground

50N Neutral Overcurrent

50 (P,G,Q) Overcurrent (Phase, Ground, Neg. Seq.)

51 (P,G,Q) Time-Overcurrent (Phase, Ground, Neg. Seq.)

51N Neutral Time-Overcurrent 

59 (P,G,Q) Overvoltage (Phase, Ground, Neg. Seq.)

67 (P,G,Q) Directional Overcurrent (Phase, Ground, Neg. Seq.)

79 Autoreclosing

81 (O,U) Over-/Underfrequency

81R Rate-of-Change-of-Frequency

85 RIO SEL MIRRORED BITS® Communications

DFR Event Reports

HIZ* SEL Arc Sense Technology (AST)

HMI Operator Interface

LGC SELOGIC® Control Equations

MET High-Accuracy Metering

PMU Synchrophasors

PQM Voltage Sag, Swell, and Interruption

SER Sequential Events Recorder

Additional Functions

BRM Breaker Wear Monitor

HBL2 Second-Harmonic Blocking

LDP Load Data Profiling

LOC Fault Locator

Compatible With 

Popular Reclosers

The SEL-651R Advanced 
Recloser Control works 
with a wide range of 
reclosers for complete 
plug-and-work capability. 
All interfaces are designed 
and tested to exceed the 
IEEE C37.60 Standard. 
Certificates are available at 
www.selinc.com/SEL-651R.

*When equipped with interface module.

Functional Overview

ABB

OVR (15 and 27 kV only)

VR-3S (15 and 27 kV only)

G&W
Control Power Viper®-S

Viper®-LT

Viper®-S

Viper®-ST

Viper®-G

Joslyn
TriMod™ 600R

TriMod 300R

Hawker Siddeley  
(Whipp & Bourne)
GVR*

Siemens
SDR Triple-Single

SDR Three-Phase

Tavrida
OSM_150

Thomas & Betts
Elastimold® MVR
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