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Agenda

• Mitsubishi Electric Power Products, Inc. (MEPPI)
• Mitsubishi Electric Corporation (MELCO)

– Power Distribution Systems Center (PDSC)

• Breaker Market Strategy Overview
• Alternate Gas Technology Challenges
• Development Roadmap
• Vacuum Technology Challenges
• 72 kV VCB Development Status
• Discussion
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MEPPI Switchgear Divisions

• High Voltage Switchgear Division
– Established 1985
– Manufactures dead tank Gas Circuit Breakers from 72 kV to 800 kV
– Delivered nearly 25,000 breakers from our Pittsburgh, PA factory
– Affiliated with the MELCO Factory at the Itami Works, Japan

• Electrical Distribution Division
– Established 2005
– Manufactures dead tank Gas Circuit Breakers from 38 kV to 72 kV
– Manufactures free standing Vacuum Circuit Breakers from 5 kV to 38 kV
– Delivered over 10,000 breakers from our Pittsburgh, PA factory
– Affiliated with the MELCO Factory at the Marugame Works, Japan

• Substation Division
– Established ~1993
– Delivers GIS equipment and projects from 72 kV to 500 kV
– Delivered over 120 projects and nearly 600 breaker-positions in North America
– Affiliated with the MELCO Factory at the Itami Works, Japan
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Mitsubishi Electric Corporation (MELCO)
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Power Distribution Systems Center (PDSC)



●Compact and Lightweight Vacuum Interrupters
●Over 40 years of Experience with High Reliability
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Vacuum Interrupter
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Presenter
Presentation Notes
17kV F-VCBや共同開発などは既にEDDが話してくれた通り。17kV増産、VI単販（、15kV開発）＜元ネタ＞こちらは、先ほど説明したVCBに収納されている、Vacuum Switch Tube、VSTと呼ばれるものです。事故電流を遮断するものとなりますので、スイッチギアにおいてもキーの部材となりますが、配電製のVCBについては全て配電で製造をしており、0.2FITという高度な品質をもったものを製造させて頂いております。この0.2FITというのは10万本を10万時間使用した場合に2本故障するというレベルで、一般的な電子部品はこのFITが10-100程度10億時間に、故障が3件発生したとすると、その故障率（FIT）は3となります。一般的な電子部品は、FITが10-100程度となります。0.2FITは50億時間に1回故障。



MELCO Vacuum Bottle Experience
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1953 Rectifier Tubes such as Ignitron and Thyratron began being manufactured.
1962 Basic research of VI started in R&D.
1965 6.6kV Glass vessel type VI was developed.
1968 Metallic vessel type VI was developed.
1970 36kV-25kA VI was developed.
1973 Ceramic vessel type with Cu-Cr spiral contact was developed. 7.2kV-40kA VI was developed.
1980 VI export to European customers started. 12kV-50kA VI was developed.
1982 7.2kV-12.5kA low surge type VI was developed.
1985 Total production quantity exceeded 0.5 million.
1988 Production quantity of VI’s exceeded 0.1 million per year.
1989 VI plant transferred to Marugame works.  Total production quantity exceeded 1 million.
1995 Obtained ISO 9001 certification.
1998 7.2kV-40kA low surge VI was developed.  Obtained ISO 14001 certification.
2000 12/24/36 kV dry-air CGIS introduced
2002    72/84 kV CGIS introduced
2004 Total production quantity exceeded 2.5 million.
2004    Medium Voltage project created at MEPPI.
2005 Medium Voltage Dept. formed at MEPPI to develop and launch 17 kV, 27 kV, and 38 kV F-VCB.
2011    JEC 72/84 kV dead-tank breaker (dry air) trialed in Japan    
2013 Total Production quantity of VI’s exceeded 3 million.  MTBF = 5x109 hrs.
2018     e-F@ctory opened.



SF6 Alternative Gases
• To date there has been no alternative to SF6 gas that offers the 

same characteristics of :
1. High dielectric strength
2. High heat transfer capability
3. Molecular stability
4. Operational over a wide range of ambient temps

• Evaluation of alternative gases have found, in general, that they all 
have one or more undesirable characteristics that would make 
their adoption challenging 

• Alternate gases may still require reporting because they are still 
considered a GHG in either pre-mixed or decomposed form

• No industry harmonized gas standards means utilities will require 
multiple gas handling carts in addition to legacy SF6 handling carts 
– Current suppliers have their own proprietary gas chemistries 

• On that basis, MELCO made the decision to focus on a roadmap to 
develop an alternative to SF6 gas using vacuum technology

MEPPI CONFIDENTIAL 7



Calendar

CARB
Phase-out  

date

Estimated  
Latest Market  
Introduction

72kV 31.5kA VCB

Latest date of Mitsubishi VCB first-deliveries

19 20 21 22 23 24 25 26 27 28 29 30 31-

▼72kV ▼145kV ▼245kV ▼≧345kV

Mitsubishi Development Roadmap

72 kV
40 kA

• Building upon our experience with our line-up of 5 kV, 15 kV, 27 kV,  
and 38 kV vacuum breakers and 5 kV to 72 kV compact GIS,  
Mitsubishi is moving forward with a development roadmap for an  
alternative to SF6 gas with an all vacuum solution.

• With our next product launch of a 72 kV 31.5 kA breaker in early  
2020, Mitsubishi is committed to meet or beat the CARB phase-out  
schedule for additional/higher ratings. 8
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The 72kV DTB is designed with the familiar 
MEPPI products in mind but taking 
advantage of a modern control and layout.

• Comparable in size to a 70SFMT40E breaker 
with the same foundation size as the 32F

• Utilizes well established MEPPI mechanism.

• Composite bushings matching the current 
72kV design with only small changes to the 
end casting.

• CT’s, mounting, and covers match existing 
72kV designs.

• Rotary linkage with cabinet mounted on the 
side out from under the bus.

• Target Product Launch – April 2020

General Layout - 72DV32-20/30 Rating 
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PERFORMANCE REQUIREMENTS

BASE RATING: DIELECTRIC:
RATED VOLTAGE: 1 MIN. DRY:

RATED SYMMETRICAL FAULT CURRENT: FULL WAVE WITHSTAND:
BASE REFERENCE STANDARD: RATED NOMINAL CURRENT (MINIMUM):

RATED FREQUENCY:
ASYMMETRICAL X/R SHORT CIRCUIT:

TIME CONSTANT: TRV:
BREAKING TIME: FIRST POLE TO CLEAR KPP (Terminal):

CLOSING TIME: AMPLITUDE FACTOR Kaf (Terminal & SL):
BREAKER RECLOSE DUTY: FIRST POLE TO CLEAR KPP (Out of Phase):

EXTERNAL TO VST ENCLOSURE GAS: AMPLITUDE FACTOR Kaf (Out of Phase):
EXTERNAL TO VST ENCLOSURE GAS PRESSURE: RATED SHORT TIME CURRENT:

RATED SHORT CIRCUIT MAKING CURRENT:
OPERATIONAL PERFORMANCE: MAXIMUM PERMISSIBLE TRIPPING DELAY:

MECHANICAL LIFE:
LOAD CURRENT ELECTRICAL LIFE: CAPACITIVE CURRENT SWITCHING:

ELECTRICAL LIFE: OVERHEAD LINE CURRENT:
FULL CURRENT FAULT LIFE: OVERHEAD LINE CURRENT RESTRIKE CLASS:

TEMPERATURE RANGE :

100A 100A
C2 C2

31.5kA
104kA 82kA

2s 2s

1.54
2.5 2.5

1.25 1.25

2000A/3000A

Two Parameter Two Parameter
1.5 1.5

160kV 160kV
350kV 350kV

20 20
-50°C TO 50°C -50°C TO 50°C

2000A/3000A

1.54

40kA

(M2) 10,000 (M2) 10,000
10,000 10,000

E2 E2

Dry Air Dry Air
101psi 101psi

3 CYCLES 3 CYCLES
5 CYCLE (max) 5 CYCLE (max)

O-0.3s-CO-15s-CO O-0.3s-CO-15s-CO

60Hz 60Hz
17 17
45 45

72.5kV 72.5kV
40kA 31.5kA

ANSI C37 ANSI C37

Notes:
Capacitor Single Bank testing is not included.  Line charging is.
Reactor Switching will be possible based on system analysis, the same as SF6 DTB.

Example: 72DV32-20/30 Rating 


VST Performance

				72DV32 Feasiblity Documentation

				1.0		VST Supply Overview



						VENDOR:		A VST which meets the performance specification below, fully factory tested and conditioned, ready to be installed inside a pressurized vessel of dry air.  VST's shall be serialized with a unique number barcoded on the body of the unit traceable back to the date of manufacture and lot.  The product shall arrive at MEPPI with 3 VST's per package. 

						MEPPI:		Local Development Engineering would be responsible for the remainder of the design.

				2.0		Performance Specification



								The below specification represents two different VST's, a prefered rating of 40kA and an alternate rating of 31.5kA.

								For each case, the performance listed shall be considerd a minimum.  Performance over the listed value will be

								considered based on its respective market demand.

																						BASE RATING:										DIELECTRIC:

								72.5kV VST Performance Specification														RATED VOLTAGE:		72.5kV				72.5kV				1 MIN. DRY:		160kV				160kV

								RATED VOLTAGE:		72.5kV				72.5kV								RATED SYMMETRICAL FAULT CURRENT:		40kA				31.5kA				FULL WAVE WITHSTAND:		350kV				350kV

								RATED SYMMETRICAL FAULT CURRENT:		40kA				31.5kA								BASE REFERENCE STANDARD:		ANSI C37				ANSI C37				RATED NOMINAL CURRENT (MINIMUM):		2000A/3000A				2000A/3000A

								BASE REFERENCE STANDARD:		IEC 62271-100  				IEC 62271-100  								RATED FREQUENCY:		60Hz				60Hz

								RATED FREQUENCY:		50Hz & 60Hz				50Hz & 60Hz								ASYMMETRICAL X/R		17				17				SHORT CIRCUIT:

								ASYMMETRICAL X/R		17				17								TIME CONSTANT:		45				45				TRV:		Two Parameter				Two Parameter

								TIME CONSTANT:		45				45								BREAKING TIME:		3 CYCLES				3 CYCLES				FIRST POLE TO CLEAR KPP (Terminal):		1.5				1.5

								BREAKING TIME:		3 CYCLES				3 CYCLES								CLOSING TIME:		5 CYCLE (max)				5 CYCLE (max)				AMPLITUDE FACTOR Kaf (Terminal & SL):		1.54				1.54

								CLOSING TIME:		5 CYCLE (max)				5 CYCLE (max)								BREAKER RECLOSE DUTY:		O-0.3s-CO-15s-CO				O-0.3s-CO-15s-CO				FIRST POLE TO CLEAR KPP (Out of Phase):		2.5				2.5

								BREAKER RECLOSE DUTY:		O-0.3s-CO-15s-CO				O-0.3s-CO-15s-CO								EXTERNAL TO VST ENCLOSURE GAS:		Dry Air				Dry Air				AMPLITUDE FACTOR Kaf (Out of Phase):		1.25				1.25

								EXTERNAL TO VST ENCLOSURE GAS:		Dry Air				Dry Air								EXTERNAL TO VST ENCLOSURE GAS PRESSURE:		101psi				101psi				RATED SHORT TIME CURRENT:		40kA				31.5kA

								EXTERNAL TO VST ENCLOSURE GAS PRESSURE:		0.2MPa																						RATED SHORT CIRCUIT MAKING CURRENT:		104kA				82kA

																						OPERATIONAL PERFORMANCE:										MAXIMUM PERMISSIBLE TRIPPING DELAY:		2s				2s

								DIELECTRIC:														MECHANICAL LIFE:		(M2) 10,000				(M2) 10,000

								1 MIN. DRY:		160kV				160kV								LOAD CURRENT ELECTRICAL LIFE:		10,000				10,000				CAPACITIVE CURRENT SWITCHING:

								FULL WAVE WITHSTAND:		350kV				350kV								ELECTRICAL LIFE:		E2				E2				OVERHEAD LINE CURRENT:		100A				100A

								RATED NOMINAL CURRENT (MINIMUM):		2000A				2000A								FULL CURRENT FAULT LIFE:		20				20				OVERHEAD LINE CURRENT RESTRIKE CLASS:		C2				C2

																						TEMPERATURE RANGE :		-50°C TO 50°C				-50°C TO 50°C

								SHORT CIRCUIT:

								TRV:		Two Parameter				Two Parameter

								FIRST POLE TO CLEAR KPP (Terminal):		1.5				1.5

								AMPLITUDE FACTOR Kaf (Terminal & SL):		1.54				1.54

								FIRST POLE TO CLEAR KPP (Out of Phase):		2.5				2.5

								AMPLITUDE FACTOR Kaf (Out of Phase):		1.25				1.25

								RATED SHORT TIME CURRENT:		40kA				31.5kA

								RATED SHORT CIRCUIT MAKING CURRENT:		104kA				82kA

								MAXIMUM PERMISSIBLE TRIPPING DELAY:		2s				2s



								CAPACITIVE CURRENT SWITCHING:

								OVERHEAD LINE CURRENT:		100A				100A

								OVERHEAD LINE CURRENT RESTRIKE CLASS:		C2				C2

								SINGLE BANK:		Not Required				Not Required

								SINGLE BANK RESTRIKE CLASS:		C0				C0

								CABLE CURRENT:		Not Required				Not Required



								SHUNT REACTOR SWITCHING:		Not Required				Not Required



								OPERATIONAL PERFORMANCE:

								MECHANICAL LIFE:		(M2) 10,000				(M2) 10,000

								LOAD CURRENT ELECTRICAL LIFE:		10,000				10,000

								ELECTRICAL LIFE:		E2				E2

								FULL CURRENT FAULT LIFE:		20				20

								TEMPERATURE RANGE :		-50°C TO 50°C				-50°C TO 50°C



								OTHER REQUIREMENTS:

								VST STEM AND FIXED END PLATING:		SILVER				SILVER

								EXPECTED VACCUM LIFE:		30 YEARS				30 YEARS
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SOW

		3.0		SOW for Design Phase

						Breaker Designation:		72DV32				KEY

						Design Voltage:		72.5kV				MEPPI		MEPPI Ownership

						Symmetrical Fault Current:		31.5kA				TDSC		TDSC Ownership

						X/R:		17				MEPPI/TDSC		Equal Ownership

						Max. Cycles:		3				TDSC (PDSC)		TDSC lead, PDSC secondary

						Max. Cont. Current:		2000A



				72DV32-20 Design Phase

				Design Element				Sub-Element				Product Phase Primary Responsible Party

												DESIGN		PROTOTYPE		PRODUCTION

				1		Main Structure		a.		Enclosure		MEPPI		MEPPI		MEPPI

								b.		Controls & Panels		MEPPI		MEPPI		MEPPI

								c.		Gas System Monitoring		MEPPI		MEPPI		MEPPI

								d.		Dielectrics (external)		MEPPI		MEPPI		MEPPI

				2		Current Path		a.		External Terminals		MEPPI		TDSC		TDSC

								b.		Conductors		TDSC		TDSC		TDSC

								c.		Conductor Shielding		TDSC		TDSC		TDSC

								d.		VST to Conductor Plug-in		TDSC		TDSC		TDSC

				3		Interrupter		a.		VST		TDSC (PDSC)		TDSC (PDSC)		TDSC (PDSC)

								b.		VST External Shielding		TDSC		TDSC		TDSC

								c.		VST Support & Plug-in		TDSC		TDSC		TDSC

								d.		Gas Pressure Determination		MEPPI/TDSC		TDSC		MEPPI

								e.		Tank/VST Internal Dielectrics		MEPPI/TDSC		TDSC		MEPPI

				4		Mechanism		a.		BM-X Damping Design		TDSC		TDSC		TDSC

				5		Linkage & Pole Unit		a.		Drive Rod		MEPPI		MEPPI		MEPPI

								b.		Shaft Assy		MEPPI		MEPPI		MEPPI

								c.		Front Cover		MEPPI		MEPPI		MEPPI

								d.		Rear Cover		MEPPI		MEPPI		MEPPI

								e.		Burst Disk/Pressure relief		MEPPI		MEPPI		MEPPI

								f.		Tank (outside)		MEPPI		MEPPI		MEPPI

				6		Bushings		a.		Composite/Porcelain		MEPPI		MEPPI		MEPPI

				7		Control Housing		a.		Control Panels		MEPPI		MEPPI		MEPPI

				8		Frame		a.		Suport Frame		MEPPI		MEPPI		MEPPI

				9		BCT		a.		Design		MEPPI		MEPPI		MEPPI

								b.		Mounting		MEPPI		MEPPI		MEPPI



		4.0		SOW for Testing Phase



				70DV32-20 Testing Phase

				Test				Sub-Test				Testing Phase Primary Responsible Party

												REFERENCE		PRELIMINARY		TYPE

				1		Power Tests		a.		Short Circuit		IEC 62271-100		TDSC		MEPPI/TDSC

								b.		Close and Latch		IEC 62271-100		TDSC		MEPPI/TDSC

								c.		Short Time		IEC 62271-100		TDSC		MEPPI/TDSC

								d.		Capacitive Switching (LC1 & 2)		IEC 62271-100		TDSC		MEPPI/TDSC

								e.		Out-of-Phase		IEC 62271-100		TDSC		MEPPI/TDSC

				2		Dielectric Tests		a.		60Hz Dry		IEC 62271-100		TDSC		MEPPI

								b.		60Hz Wet		IEC 62271-100		TDSC		MEPPI

								c.		Full Wave		IEC 62271-100		TDSC		MEPPI

								d.		Chopped Wave (Optional)		C37.09 Sec 4.4		TDSC		MEPPI

				3		Continous Current		a.		1200A		IEC 62271-100		MEPPI		MEPPI

								b.		2000A		IEC 62271-100		MEPPI		MEPPI

				4		Load Current		a.		Three phase		C37.04 Sec 4.9		TDSC		MEPPI/TDSC

				5		Mechancial Endurance		a.		M2, 10k Operation		62271-100 Sec. 6.101.2		MEPPI		MEPPI

				6		Low Temperature		a.		-40°C		62271-100 Sec 6.101.3.3		MEPPI		MEPPI

								c.		-50°C				MEPPI		MEPPI

				7		High Temperature		a.		+50°C		62271-100 Sec 6.101.3.4		MEPPI		MEPPI

				8		Sound Pressure Level		a.		Section 6		C37.082		MEPPI		MEPPI

				9		Seismic		a.		Annex A & C		IEEE Std 693		MEPPI		MEPPI

				10		RIV		a.		Single Pole		IEC 62271-100		MEPPI		MEPPI

				11		Enclosure		a.		Tightness Test (NEMA 3X)		IEC 62271-100		MEPPI		MEPPI

				12		Bushings		a.		Electrical and Mechanical		IEC 62155		MEPPI		MEPPI

								b.		Mounting and Sealing		IEC 62271-100		MEPPI		MEPPI



Mitsubishi Electric Power Products Inc.
530 Keystone Drive
Warrendale, PA 15101	Secret and Confidential	




Product Cost

		5.0		Product Cost Analysis

										EDD ESTIMATE (STANDARD, W/ CT)																PDSC Existing Design (JEC, W/O CT)

				Assembly / Item		Material		Description		MEPPI GCB
72SFMT32F		MEPPI VCB
ESTIMATE		Comment		MEPPI VCB ESTIMATE
(Revised w/ CR)		MEPPI VCB ESTIMATE
("I" w/ new VST)		MEPPI VCB ESTIMATE
(Revised)		MEPPI VCB ESTIMATE
(Matt revised w/ risk)		Comment		ACTUAL
(2012/11/28)

Matsunaga, Toshihiro: 66M, 800A
※組88.1Hr，試23Hr，進みｺﾝ有，
　電源基板有，CT無にて算出		CR TARGET
(2012/11/28)

Matsunaga, Toshihiro: 66M, 800A
※原低案効果算出用：
　 進みｺﾝ無，電源基板無，CT無し，組50Hr
　(VSTのみMEPPI価格で入力)		

Matsunaga, Toshihiro: 66M, 800A
※組88.1Hr，試23Hr，進みｺﾝ有，
　電源基板有，CT無にて算出				Comment

										[USD]		[USD]				[USD]		[USD]		[USD]		[USD]				[USD]		[USD]

				Frame Assembly		MD100020G02		FRAME ASSY,W/ GND PAD,70D32F		1,110		1,235		15% CR from 40E($1448) by new MV supplier		1,173		1,173		1,173		1,173		[CR] Design change (5% CR assumed)		936		924

				Pole Assembly						4,512		5,667		-		5,854		5,854		6,084		6,084		-		8,183		7,831

				>Pole Assembly						1,071		1,071		Based on 32F		1,488		1,488		1,488		1,488		[Risk] Some additional parts are needed based on PDSC design. (shunt, etc.)		3,349		3,000

				>Machined Tank		MD100116H02		TANK,CAST/MACH,REM FRNT COV,70D32F		3,441		4,596		Based on PDSC tank size by new MV supplier		4,366		4,366		4,596		4,596		[CR] Material cost review (5% CR assumed)		4,834		4,831

				Pole Installation						11		11		Based on 32F		11		11		11		11		[CR] Material cost review (5% CR assumed)		170		170

				BCTs						1,794		1,794		Based on 32F		1,704		1,704		1,704		1,704		[CR] Material cost review (5% CR assumed)		-		-

				BCT Installation						548		499		10% CR from 32F		499		499		499		499		-		2,303		2,303

				Porcelain Bushing Assembly						2,781		7,881		-		6,814		6,814		6,838		7,953		-		10,851		10,632

				>Insulator, Porcelain		MD100008G01		INSULATOR, PORCELAIN, 72KV,[51]CRP,GRAY		1,572		2,610		Based on JEM bushing by new MV supplier		2,349		2,349		2,349		2,349		[CR] Design change (10% CR assumed)		5,703		5,532

				>Conductor Assy		MD100421H01		CONDUCTOR ASSY,VERT,NEMA 4,2KA,72SFMT32F		962		884		Al conductor w/o welding (2 pieces design)		884		884		884		1,216		[Risk] Cu conductor mey be needed.		1,251		1,216

				>Insulation		TBD		INSULATION, CONDUCTOR		-		3,912		Based on PDSC design by MV supplier (w/o conductor)		3,130		3,130		3,130		3,912		[CR] Design change (20% CR assumed)		3,057		3,057

				>Misc. hardware						247		476		-		452		452		476		476		-		840		827

						M00037		BOLT,HEX HD,M10-40,STL,FLZN		-		7		Based on 32F		7		7		7		7		[CR] Material cost review (5% CR assumed)		- 0		- 0

						M00017		WASHER,PLAIN,M10,FLZN		-		2		Based on 32F		2		2		2		2		[CR] Material cost review (5% CR assumed)		- 0		- 0

						M00061		ORING,EPR,P115,114.6X5.7		-		9		Based on 32F		9		9		9		9		[CR] Material cost review (5% CR assumed)		21		21

						M00035		CONTACT,MULTI-LAM,LAIB/0.15,45MM DIA		-		422		Based on 32F (2 contacts per connection)		401		401		422		422		[CR] Material cost review (5% CR assumed)		819		807

						M00036		RETAINER,MULTI-LAM,SR-45-S		-		35		Based on 32F (2 contacts per connection)		33		33		35		35		[CR] Material cost review (5% CR assumed)		- 0		- 0

				Bushing Installation						29		29		Based on 32F		29		29		779		779		[Risk] Adapter plate mey be needed. ($750)		49		49

				Control Cabinet Housing						1,064		1,263		Based on 40E		1,200		1,200		1,263		1,263		[CR] Material cost review (5% CR assumed)		1,992		1,990

				Lever & Mechanism Assembly						3,937		4,337				4,135		4,135		4,224		4,367				5,490		4,720

						MD100036G03		MECH,BH3,125VDC,NO AUX,UNIV MTR,DBL TRIP		3,596		3,596		SGC actual cost		3,380		3,380		3,452		3,596		[CR] SGC Cost reduction (2%/year CR assumed)		4,469		3,812		w/ control circuit and capacitor

								DRIVE SHAFT		341		341		Based on 32F		324		324		341		341		[CR] Material cost review (5% CR assumed)		849		748

										-		-		-		150		150		150		150		[Risk] Additional support may be needed. ($150)

								WIPE SPRING ASSEMBLY		-		400		Based on prototype wipe spring assy		280		280		280		280		[CR] Design change + Material cost review (30% CR assumed)		171		159

				Control Panel						2,045		2,045		Based on 32F		1,840		1,840		2,045		2,045		[CR] Material cost review (10% CR assumed)		2,316		2,316		w/ wiring by PDSC supplier

				BCT Panel						742		742		Based on 32F		668		668		742		742		[CR] Material cost review (10% CR assumed)		-		-		Included in control panel

				Cabinet General Assembly						81		96		Based on 32F (Include Light Switch Assy)		92		92		96		96		[CR] Material cost review (5% CR assumed)		100		100

				Auxiliary Switch						299		299		Based on 32F		284		284		299		299		[CR] Material cost review (5% CR assumed)		106		96

				Heater Assembly						79		79		Based on 32F		75		75		79		79		[CR] Material cost review (5% CR assumed)		14		14

				Gas		SF6BULK		GAS (SF6 or DRY AIR)		57		8		Dry air		8		8		8		8		-		-		-

				Light Switch Assy						29		-		-		-		-		-		-		-

				Breaker Nameplate		MC400847		NAMEPLATE,BCT 2000:5,MR,C400,SPL EXT		-		11		Based on 32F		11		11		11		11		[CR] Material cost review (5% CR assumed)		4		4

				Breaker Final Assembly						28		28		Based on 32F		26		26		28		28		[CR] Material cost review (5% CR assumed)		234		234

				Interrupter Assembly						4,170		13,083		-		13,195		11,035		13,513		13,513		-		15,538		13,034

				>Interrupter Assembly		MD100408G01		INTERRUPTER ASSY,BRASS STAT,2kA,70kV32F		4,170		11,100		VST target cost by PDSC		10,860		8,700		10,860		10,860		[CR] Based on MY6516-A		13,617		11,100

				>Interrupter Insulation						-		1,983		-		2,335		2,335		2,653		2,653		-		1,921		1,934

						TBD		STATIONARY VST INSULATION		-		330		Based on PDSC design by MV supplier (w/o Al casting)		-		-		731		731		[Risk] Add Al casting ($482.25) + [CR] Design change (10% CR assumed)		420		420

						TBD		MOVING VST INSULATION		-		330		Based on PDSC design by MV supplier (w/o Al casting)		-		-		731		731		[Risk] Add Al casting ($482.25) + [CR] Design change (10% CR assumed)		410		410

						TBD		STATIONARY VST SUPPORT INSULATION		-		732		Based on PDSC design by MV supplier		-		-		659		659		[CR] Design change (10% CR assumed)		509		522

						TBD		MOVING VST SUPPORT  INSULATION		-		591		Based on PDSC design by MV supplier		-		-		532		532		[CR] Design change (10% CR assumed)		582		582

						TBD		STATIONARY VST SUPPORT INSULATION & SHIELD		-		-		-		1,228		1,228		-		-		[CR] Combine support and shield (-$100) + [CR] Design change (15% CR assumed)

						TBD		MOVING VST SUPPORT  INSULATION & SHIELD		-		-		-		1,108		1,108		-		-		[CR] Combine support and shield (-$100) + [CR] Design change (15% CR assumed)

				Gas Monitor System						373		373		-		354		354		373		373		-		552		553

				>Density Switch with Foam Cover		MD1003780H01		DENSITY SWITCH WITH FOAM COVER		338		338		Based on 32F		321		321		338		338		[CR] Material cost review (5% CR assumed)		77		77

				>Conduit Connection		MD100299G03		CONDUIT CONNECTION		35		35		Based on 32F		33		33		35		35		[CR] Material cost review (5% CR assumed)		475		476

				Cover Assembly						636		636		-		583		583		636		636		-		356		356

				>New Rear Cover Design (No RD)						200		200		Based on 32F		180		180		200		200		[CR] Design change (10% CR assumed)		184		184

				>New Rear Cover Design (W/DS)						241		241		Based on 32F		217		217		241		241		[CR] Design change (10% CR assumed)		92		92

				>Rupture Disk Assy						195		195		Based on 32F		186		186		195		195		[CR] Material cost review (5% CR assumed)		81		81

				BOM Total:						24,325		40,117		-		38,554		36,394		40,405		41,664		-		49,196		45,326

				Shippables						350		308		-		292		292		308		308		-		270		270

				>Fitting Kit						-		155		FY2014 plannning value		148		148		155		155		[CR] Material cost review (5% CR assumed)		-		-

				>Tool Kit						-		40		FY2014 plannning value		38		38		40		40		[CR] Material cost review (5% CR assumed)		-		-

				>Jack Assy						-		112		FY2014 plannning value		107		107		112		112		[CR] Material cost review (5% CR assumed)		-		-

				Total Material:						24,675		40,425		-		38,847		36,687		40,713		41,972		-		49,465		45,595

				Labor, Overhead						3,675		3,675		-		3,445		3,445		3,445		3,445		[CR] Assembly time reduction		5940		5266		w/o control panel wiring

				Ocean Freight and Insurance						146		144		FY2014 plannning value		144		144		144		144		-		-		-

				Duty						292		288		FY2014 plannning value		288		288		288		288		-		-		-

				Inbound Transportation						553		548		FY2014 plannning value		548		548		548		548		-		-		-

				Total Breaker Cost:						29,341		45,080		-		43,273		43,273		45,139		46,397		-		55,405		50,862
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Development Cost

		6.0		Development Cost

								MEPPI Evaluation

				Year		72DV32-12 VCB Project Costs		MEPPI Project Costs		MEPPI Capital Costs		MELCO Project Costs

				Year 1		Breaker pre-development design efforts (analysis, prototype components)		$35,000

						MELCO factory technician labor - Phase 0 VST testing						$3,000

						MELCO material costs to support Phase 0 VST testing (VSTs, mechanism)						$14,000

						72VST32 (VS-70B20BJ) Phase 0 preliminary testing		$0				$57,000

						MELCO internal (Mechanical Linkage Testing)						$4,000

						External lab (Breaking tests)						$44,000

						External lab (Dielectric tests)						$9,000

						Phase 1 VST and Breaker development design efforts						$18,000

						MELCO material costs to support Phase 1 VST testing (VSTs, mechanism, vacuum sensor)						$65,000

						MEPPI capital costs to support prototype breaker assembly				$165,000

						Tank Pattern				$45,000

						Rear Cover Pattern				$45,000

						Front Cover Pattern				$30,000

						BCT Support Pattern				$20,000

						Bushing Flange Pattern				$20,000

						MEPPI Production Tooling				$5,000

						MEPPI ISIR costs to support prototype breaker assembly				$32,500

						Tank				$6,500

						Rear Cover				$6,500

						Front Cover				$6,500

						Bushing				$6,500

						BCT Support				$6,500

						Prototype #1 and #2 and #3 assembly at MEPPI (@$60K per VCB material cost) plus Two Prototype Pole Units for Arc Flash Testing		$150,000

						MEPPI factory technician labor - prototype #1 and #2 and #3 assembly labor		$20,000

						Shipping prototype #2 and #3 pole units to MELCO for testing		$10,000

						MEPPI factory technician labor - Prototype assembly verification testing (3 units)		$10,000

						MEPPI Personnel travel and expenses - including design reviews and testing support		$20,000

						MELCO factory technician labor - Phase 1 verification testing						$8,000

						Phase 1 verification testing (except Load Current)		$23,000				$206,000

						MELCO internal (Dielectric, Continuous Current, Epoxy Molding, Vacuum Sensor)						$28,000

						External lab (Dielectric tests)						$13,000

						External lab (Breaking and making tests & Short time duration & Capacitive switching & FastTRV)						$165,000

						Phase 1, Prototype #1 cold test (-30C and -50C)

						Phase 1, Prototype #1 verification testing at MEPPI: mechanical endurance		$23,000

						Year 1 SUBTOTAL		$268,000		$197,500		$371,000

								$465,500				$1,176,000

				Year 2

						MEPPI capital costs to support prototype breaker assembly design changes				$25,000

						Phase 2 VST and Breaker development design efforts						$27,000

						MELCO material costs to support Phase 2 VST testing (VSTs, mechanism, vacuum sensor)						$65,000

						MEPPI ISIR costs to support Phase 2 prototype breaker assembly design changes				$13,000

						Rebuild of Prototype #1 and #2 for additional verification testing 		$50,000

						Shipping prototype #2 rebuild components for testing 		$5,000

						MELCO factory technician labor - Phase 2 verification testing						$13,000

						Phase 2 verification testing		$153,000				$163,000

						MELCO internal (Dielectric, Epoxy Molding, Vacuum Sensor, X-ray, RIV, Continuous Current, Load Current)						$42,000

						External lab (Dielectric tests)						$0

						External lab (Breaking tests & Short time duration & Capacitive switching)						$121,000

						External lab (Seismic Testing)		$52,000

						External lab (Temperature Testing)		$78,000

						Phase 2, Prototype #1 verification testing at MEPPI: mechanical endurance, sound pressure		$23,000

						Shipping prototype #1 to external lab for testing (includes return freight)		$10,000

						MEPPI factory technician labor – Prototype #1 verification testing		$10,000

						Shipping prototype #2 and #3 breaker to MEPPI for reassembly

						Prototype #3 (@$60K per VCB) for final type testing, Prototype #1 #2 #3 Rebuild for final type testing (material)		$105,000

						MEPPI factory technician labor - prototype #1 and #2 and #3 reassembly		$15,000

						Shipping prototype #2 rebuild components and #3 breaker to MELCO for testing 		$10,000

						Shipping prototype #1 to external lab for testing (includes return freight)		$10,000

						MELCO material costs to support Phase 3 testing (VSTs, mechanism, vacuum sensors)						$58,000

						MELCO factory technician labor - Phase 3 type testing						$12,000

						Phase 3 type testing		$156,500				$373,000

						MELCO internal (Dielectric, Continuous Current, X-ray, RIV)						$28,000

						External lab (Dielectric tests)						$15,000

						External lab (Breaking and making tests & Short time duration & Capacitive switching & Out of Phase & SLF & Reactor)						$330,000

						External lab (Seismic Testing)		$52,000

						External lab (Temperature Testing)		$78,000

						Prototype #1 sound pressure testing and wind loading at MEPPI		$6,500

						Prototype #1 mechanical endurance type testing at MEPPI		$20,000

						Rebuild of Prototype #1 for additional type testing 		$25,000

						MEPPI factory technician labor - prototype testing		$10,000

						MEPPI Personnel travel and expenses - including design reviews and testing support		$20,000

						Prototype #1 transportation tests at external lab		$20,000

						Year 2 SUBTOTAL		$599,500		$38,000		$711,000

								$637,500				$1,182,000

				Out Year, Product Improvement

						After production cost reduction project		$210,000

						Material		$75,000

						Heat Run and /or Dielectric		$100,000

						Mechanical Endurance		$25,000

						MEPPI technician labor		$10,000



						Product Improvement		$210,000		$0		$0

								$210,000



				Total		Project SUBTOTAL		$1,077,500		$235,500		$1,082,000

								$1,313,000

						Project TOTAL		$2,395,000



				%		Development Cost Split		54.8%				45.2%
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EDD proposes a 50/50 cost share of the estimated 2.2million USD



Sheet1

				ANSI/IEC Test Scope of Work (Technical Responsibility)

				Test				Sub-Test				Test Phase Responsible Party

												IEC				ANSI		DEVELOP 7		TYPE 7

												REFERENCE 6				 REFERENCE 6

				1		Power Tests 2		a.		Short Circuit		IEC 62271-100				C37.09		TDSC		MEPPI/TDSC

								b.		Close and Latch		N/A				C37.09		TDSC		MEPPI/TDSC

								c.		Short Time		IEC 62271-100				C37.09		TDSC		MEPPI/TDSC

								d.		Capacitive Switching		IEC 62271-100				C37.09		TDSC		MEPPI/TDSC

								e.		Service Capability		N/A				C37.09		TDSC		MEPPI/TDSC

								f.		Out-of-Phase		IEC 62271-100				C37.09		TDSC		MEPPI/TDSC

								g.		Short Line Fault		IEC 62271-100				C37.09		TDSC		MEPPI/TDSC

				2		Dielectric Tests		a.		60Hz Dry		IEC 62271-100 (Covers C37.09)						TDSC		MEPPI

								b.		60Hz Wet		IEC 62271-100 (Covers C37.09)						TDSC		MEPPI

								c.		Full Wave		IEC 62271-100 (Covers C37.09)						TDSC		MEPPI

								d.		Chopped Wave		Not Required				C37.09		TDSC		MEPPI

				3		Continuous Current		a.		1200A		IEC 62271-100 (Covers C37.09)						MEPPI		MEPPI

								b.		2000A		IEC 62271-100 (Covers C37.09)						MEPPI		MEPPI

				4		Load Current 3		a.		Three phase		N/A				C37.09		TDSC		MEPPI/TDSC

				5		Mechanical Endurance		a.		M2, 10k Operation		62271-100 (Covers C37.09)						MEPPI		MEPPI

				6		Low Temperature  (Sealed Pressure)1		a.		-30°C		62271-100 (Covers C37.09) 5						MEPPI		MEPPI

								b.		-50°C		62271-100 (Covers C37.09) 5						MEPPI		MEPPI

				7		High Temperature		a.		+50°C		62271-100 (Covers C37.09) 5						MEPPI		MEPPI

				8		Sound Pressure Level		a.		Design Test		IEC 62271-37-082				C37.082		MEPPI		MEPPI

				9		Wind Loading		a.		150mph		62271-1				ASCE 7-02		MEPPI		MEPPI

				10		Seismic 2		a.		Highest Level		IEC 62271-300				IEEE Std 693		MEPPI		MEPPI

				11		X-ray Emission		a.		Limit at 120kV		62271-1				C37.85		MEPPI		MEPPI

				12		RIV		a.		Single Pole		IEC 62271-100 (Covers C37.09)						MEPPI		MEPPI

				13		Enclosure (Cabinet)		a.		Design Test		IEC 62271-100 (Covers C37.09)						MEPPI		MEPPI

				14		Bushings		a.		Type Tests		IEC 62155						MEPPI		MEPPI

				15		Shipping Test		a.		Design Test		MEPPI Test Program TBD 4						MEPPI		MEPPI



				Notes:

				1		MEPPI to provide support for sealed pressure (gas leak rate) testing conducted during the Low Temperature Test Program.

				2		The more demanding test may be substituted, however, separate test reports demonstrating conformance to the   

						stated standard are required.

				3		Service capability testing will bound three phase load current testing.

				4		No standards have been developed to cover these design tests.  Test programs will be developed to meet the breaker design requirements.

				5		The high and low temperature tests shall be tested to the stated temperatures in accordance with IEC 62271-100 environmental test procedures.

				6		The following Standards shall apply

				7		Test location TBD.



				ANSI/IEEE Test Standards are defined as follows:  								IEC Test Standards are defined as follows:

				a.     C37.09 – 1999								a.		IEC 62271-1 Ed. 1.1:2011(b)

				b.     C37.09a – 2005								b.		IEC 62271-100 Ed. 2.1:2012(b)

				c.     C37.09b – 2010								c.		IEC 62271-110 Ed. 3.0:2012(b)

				d.     C37.06 – 2009								d.		IEC/IEEE 62271-37-082 Ed. 1.0:2012

				e.     C37.04 – 1999								e.		IEC/TR 62271-300 Ed. 1.0:2006(b)

				f.      C37.04 –1999 (Corrigendum 1) – 2009								f.		IEC 62155 Ed. 1.0:2003(b)

				g.     C37.04 – 1999 (Errata) – 2005

				h.     C37.04a – 2003 

				i.      C37.04b  – 2008 

				j.      C37.06.1 – 2000

				k.     C37.082 – 1982

				l.      C37.85 – 1989
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Challenges with Vacuum Interruption 

• Vacuum is used for interrupting only and requires another 
material for insulating energized parts inside a pressurized vessel
– This material may be compressed dry air, solid dielectric or a combination  
– This may increase physical sizes of equipment 

• Vacuum interruption currently performs to X/R ratio of 17
– Higher X/R could be considered a special purpose application

• Vacuum is generally challenged for capacitor switching
– Cap switching could be considered a special purpose application  

• Currently vacuum seems practical for interruption up to 145 kV 
with dry air insulation for the dielectric
– Beyond that, a new insulating gas may be required to keep equipment size 

and cost within reasonable bounds

• Multiple breaks will be required at and above 245kV
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