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Tasking for FY14 
 
Synthesis Partners (Synthesis) was tasked by the Vehicle Technologies Office (VTO), 
Department of Energy (DOE) to undertake research to address the following specific questions 
regarding the North American (NA) supply chain of technologies for traction drive power 
electronics (PE) for plug-in, hybrid and electric vehicles (PHEV, HEV and EVs; collectively 
referred to in this document as xEVs): 
 

1. Targeted follow-on primary and secondary research to collect and analyze publicly 
available information on: 

a. NA PE supply chain company data, trends and growth-related issues; and 
b. Trends in NA PE company investments over last five years. 
 

2. Integrated market and technology assessment to address manufacturing process 
improvements, gaps and constraints that NA PE sources believe to be the highest 
priority items for VTO consideration. 

 
3. Summary assessment of competitive performance and manufacturing cost-basis for 

WBG (wide bandgap)-based PE such as SiC (silicon carbide) and GaN (gallium nitride) 
to support follow-on analyses related to NA industrial base expansion activities. 

 
4. Roundtable collaborations and other methods and practical steps to support in-depth 

industry-VTO engagements. 
 
5. Initial data collection and analysis on the NA electric motors supply chain. 

  
Herein Synthesis provides the findings from research on tasks 1-2 and 4 (covering selected 
source recommendations regarding the NA PE supply chain analysis).  Also included in this 
report are findings from research on task 5 (covering initial data collection and analysis on the 
NA electric motors supply chain).  A separate addendum provides findings from research on 
task 3, which provides an overview assessment of WBG cost of manufacturing.  
 
The Synthesis research effort for DOE-VTO has focused on traction drive PE, and specifically 
on inverters.  Research regarding motors and a motors NA supply chain analysis were begun in 
this phase, and will be completed in the future.  Readers are advised that other elements of the 
NA supply chain for the electric drive train beyond traction drive inverters, including batteries 
and chargers, are not covered in this report. 
 
A partial listing of the key components and their major functions in a representative traction 
drive inverter is listed in Table 1 below for reference: 
 
Table 1: Key Power Inverter Components 
 
Component Function 
Boost converter “Steps up” the voltage from the battery 
Busbar Connects or distributes electricity to multiple devices 
Cooling element/thermal 
management 

Maintains operating temperature of power electronics within 
specified limits 

Current sensor Detects electrical current and generate a signal proportional 
to it 
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DC-link capacitor Acts as energy storage and filter for the DC link voltage for 
the inverter 

Driver board Board on which insulated-gate bipolar transistors (IGBTs) 
are placed to provide high levels of gate current for short 
periods of time. 

External connector Connects the inverter to the rest of the vehicle’s power 
systems 

Heatsink/cold plate Passive cooling device that absorbs heat from the power 
electronics and dissipates it. 

Housing Contains all the other device components and may include 
integrated cooling channels 

IGBT (Insulated Gate Bipolar 
Transistor) modules 

The actual, individual IGBT and associated circuits, 
typically employed in a multi-IGBT configuration (e.g., “six-
pack”) 

Logic board  Circuits and logic-based processing necessary for control 
over the system 

Microprocessor The CPUs that enable operation of the system, and which 
are controlled in certain ways (e.g., through embedded 
power electronics) to manage correct operation of the 
system. 

MOSFET (metal–oxide–
semiconductor field-effect 
transistor) 

Circuits that amplifies or switches the electronic signal. 

Smoothing capacitor Component to decrease variation in the output from AC 
suppliers 

 
Source: Synthesis Partners, LLC (2011) 
 
Sources and Methods 
 
The FY14 research and analysis effort accessed thousands of secondary sources and hundreds 
of primary sources, mainly during an eight-month timeframe from January to August 2014.   
 
Table 2 below provides a detailed summary concerning the secondary sources searched, and 
Table 3 provides statistics on the primary sources accessed during the course of this study 
period. 
 
Along with the more than 2,000 English-language websites and nearly 9,000 web pages 
reviewed, Synthesis incorporates a targeted discovery process of key terms, topics and issues 
from among over 1,000 Chinese and Japanese language websites in this work. 
 
Table 2:  Secondary Source Research Statistics 
 

Research Statistics – Secondary Sources 
(All sources are English language unless otherwise specified) 
 

 

  
Web Sites reviewed 2,000+ 

  
Web Pages reviewed in depth 6,000+ 
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Companies initially identified and reviewed for relevance 750+ 
  
Companies identified for further assessment (possible involvement in NA 
traction drive PE manufacturing/R&D for xEV passenger vehicle 
applications) 

500+ 

OEMs 50 
Tier 1s 75 
Tier 2 75 

 Tier 3 150 
 Tier 4 75 
 Multi-Tier 40 
 Other (USG Offices, Labs, Universities, Associations, etc.) 35 
  
Japanese and Chinese language Web Sites Reviewed 1,000+ 

Reviewed in depth 750+ 
 Key documents found 10+ 

  
 
Table 3 provides an overview of the scope of primary research conducted during the course of 
this study.  Synthesis employed a template of research questions to frame first-time and follow-
up in-depth discussions with each of the primary sources.  All interviews are maintained in 
confidence.  Each interview is written up by Synthesis, reviewed by the source and is only then 
used as a source of anonymized material for further analysis.     
 
This primary research approach is not a survey and is not intended to produce statistically 
significant results.  Given the depth and breadth of case-based research, Synthesis is confident 
that many key parties have been contacted and that a broad representation of viewpoints is 
included.  Multiple contacts were frequently made with the same organization and multiple 
interviews were often conducted with different personnel within the same large organizations in 
order to incorporate different, unique perspectives. 
 
Table 3:  Primary Source Research Statistics 
 

Research Statistics – Primary Sources 
(All sources are English language unless otherwise specified) 
 

 

Companies vetted for contact 338 
 OEMs 23 
 Tier 1 31 
 Tier 2 60 
 Tier 3 130 
 Tier 4 43 
 Multi-Tier 30 
 Other 21 
  
Total contacts made (multiple contacts within many organizations) 1,275+ 

E-mails 725+ 
Phone Calls 525+ 
In-Person Conference Contacts 25+ 

  
Distribution of in-depth interviews 100% 

OEMs 15% 



Synthesis Partners, LLC (2014)    12 

Tier 1s 13%  
Tier 2s 22% 
Tier 3-4s 24% 
Multi-Tier 15% 
Others (National Lab, Government Office, Academic, Association, etc.) 11% 

 
Synthesis continues to see significant interest among sources in participating in technical 
discussions regarding the future of the NA traction drive PE supply chain for PHEV, HEV and 
EV passenger vehicle applications.  There also continues to be interest in providing input to 
DOE to support effective R&D and other investment decisions. 
 
Synthesis has fielded over 234 requests for copies of prior DOE VTO-sponsored reports 
completed by Synthesis.  Primary source contacts and others also expressed interest in 
accessing the results of the current research and learning of DOE VTO viewpoints and 
decisions that may be partially based on these findings and other market research. 
 
Domestic and transplant (foreign companies that have located significant operations in NA) 
OEMs, Tier 1, 2, and 3 suppliers continue to express interest in increasing their participation in 
this and other DOE-sponsored studies.  These companies stated their interest in building 
information exchanges along the lines of the current research activity.  Some transplant OEM 
executives made specific statements to Synthesis regarding their support of building out the NA 
supply chain. 
 
The fact that a particular company did not participate in this research does not necessarily 
indicate that they were not interested.  Most often, companies and sources that could not 
participate stated that they did not have time but were nonetheless interested in future 
engagement.   
 
Synthesis is committed to continue to engage with all interested parties on the topics reported 
on in this, past, and future reports. 
 
A Perspective On Methods 
This study used a combination of secondary research, covering both English and targeted 
Chinese and Japanese language sources, in conjunction with in-depth primary source 
interviews with NA suppliers.  This study is not the result of a survey and is not intended to 
produce statistically significant results. 
 
The key findings in this study are the result of Synthesis’ independent assessment of the 
combination of primary and secondary information collected over approximately eight months, 
ending in September 2014, as well as an in-depth review of all prior interviews completed from 
2012 to the present.  The depth and breadth of case-based primary source interviews and 
secondary sources provides multiple perspectives on the topics identified.  
 
Interviewees, independent experts and DOE personnel were not asked to endorse the 
conclusions or recommendations contained herein, nor did they review the final draft of the 
report before its release to the DOE VTO. 
 
Synthesis has made good faith attempts to ensure this study is accurate, up-to-date and 
comprehensive.  Nonetheless, Synthesis looks forward to working with DOE VTO stakeholders 
where needed to identify gaps and refinements so that the results of this work provide additional 
actionable inputs into the DOE VTO decision-making process.  
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Characteristics of the NA Automotive PE Supply Chain 
 
Synthesis reviewed more than 330 companies and organizations that appear to be actively 
engaged or have the capability to engage in NA traction drive PE R&D and/or manufacturing for 
xEV applications.  From that initial list of 330 companies, Synthesis distilled a list of 38 
companies which are intensively engaged in or have a very high likelihood of becoming 
engaged in the near future in NA PE for xEV applications (see Table 4 below). 
 
Synthesis’ definition of the NA supply chain for automotive traction drive PE includes: 

• Automotive suppliers operating in the contiguous US, Canada and Mexico 
o Automotive traction drive PE suppliers 

§ Current suppliers 
• A sub-focus is on PE suppliers that are deemed to have sufficient capability or expertise 

to become linked to automotive traction drive PE supply chain activities in NA in the next 
several years, should demand warrant. 

 
For brevity, all of the above information is frequently conveyed by the phrase, “NA PE Supply 
Chain.” 
 
Companies active in the automotive sector are labeled according to their position in the supply 
chain, which extends from the top OEM, for example Ford or General Motors.  OEMs 
manufacture the final completed product for the consumer market.  Note that in some cases, 
especially as we reviewed a broad range of companies that have markets beyond automotive, 
the term OEM can mean producers of products other than a final assembled vehicle. 
 
The Tier 1 through Tier 4 terms describe the level of the supply chain below the OEM that the 
company inhabits.  Tier 1 companies are direct suppliers to OEMs.  In the purely automotive PE 
context, Continental, Delphi, Magna International and Denso are Tier 1 companies.  Tier 2 
companies are direct suppliers to Tier 1 suppliers; for example, Nichicon and SBE Electronics.  
Tier 3 companies are direct suppliers to Tier 2 companies, and generally supply advanced 
materials or basic components that are further processed, integrated or assembled into a key 
component by the Tier 2.  For example, Dow Corning, Cree and Fairchild Semiconductor are 
Tier 3 companies.  Tier 4 companies are direct suppliers to Tier 3 companies.  These 
companies are suppliers of basic raw materials, such as ceramics, glass, composites, steel and 
other specialty materials.   
 
When Synthesis refers to “Others”, this means either U.S. Government laboratories and 
agencies, consultants, engineering firms, associations or other non-profits. 
 
The automotive supply chain is complex and many companies maintain supplier relationships at 
multiple levels in the supply chain.  Synthesis refers to these companies as multi-tier.  This 
means that some companies represent themselves as being in multiple Tiers simultaneously.  
 
Top 38 Companies and Organizations in the NA PE Supply Chain 
Table 4 provides a summary list of the 38 companies that are intensively engaged or which 
appear most likely to become engaged in the near future in traction drive PE R&D and 
manufacturing for xEV applications in NA. 
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Table 4:  Companies Currently Engaged or Which Appear to Have the Greatest Potential to 
Become Engaged Soon in Traction Drive PE R&D and Manufacturing for xEV Applications 
 
 
Company Tier Involved in xEV PE 

today? (Key: TBD 
indicates that they are 
included due to likelihood 
they will become involved 
in xEV PE R&D and/or 
manufacturing in NA in the 
near future.) 

Type of Involvement or 
Product (Note: This data is 
representative, not exhaustive.) 

Alpha Advanced Materials 
(AAM) 

3 TBD Semiconductor packaging 
materials 
 

Amphenol Interconnect 
Products Corp. 

2 TBD Busbars and connectors 

Analog Devices, Inc. 3 Yes Signal processors and 
amplifiers 
 

Arkansas Power Electronics 
International, Inc. 

2 Yes Semiconductor R&D and 
manufacturer 

Bicron Electronics Co. 3 TBD Transformers 
 

Bosch Rexroth 2 TBD Hydraulic and electric drive 
systems for industrial and 
heavy-duty transportation 
applications 

Calsonic Kansei North 
America, Inc. 

1 Yes PE R&D and manufacturer 
 

Chrysler OEM Yes OEM; PE R&D  
 

Cree, Inc. 2, 3 Yes Semiconductor and substrate 
R&D and manufacturer 

Delphi Automotive LLP 1, 2, 
3 

Yes PE R&D and manufacturer 
 

DENSO Manufacturing 
Tennessee, Inc. (DMTN) 

1 TBD Denso reports inverter 
manufacturing started in 
Maryville, TN in 09/14. 

Dow Corning Electronic 
Solutions 

2, 3 Yes Substrate R&D and 
manufacturer 
 

Fabrico 3, 4 TBD Insulation for xEV motors and 
batteries 

Fairchild Semiconductor 2 Yes Semiconductor R&D and 
manufacture 
 

Ford Motor OEM Yes OEM; PE R&D and 
manufacturer 
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Freescale Semiconductor, 
Inc. 

3 Yes Semiconductor R&D and 
manufacturer 

Fuji Electric Corp. of NA 2 Yes Semiconductor R&D and 
manufacturer 

General Motors OEM Yes OEM; PE R&D and 
manufacturer 
 

Hitachi Cable America Inc. 
(HCA) 

2 TBD Cables and connectors; 
compound semiconductors 

Hitachi Automotive Systems 
Americas 

3 TBD Inverter manufacturer, though 
no mfg. currently in NA for xEV. 

Intersil 2 TBD Automotive ICs and power 
management 

IXYS Corp. 2 Yes Semiconductor R&D and 
manufacturer 

Kemet Electronics Corp. 2 Yes 
 

Capacitors 

Kongsberg Automotive 1, 2 TBD Actuators, seating systems, 
fuel/hydraulic lines 

Magmotor 2 TBD DC/DC converter for 
commercial vehicles 

Magna International of 
America, Inc. 

1 Yes PE R&D and manufacturer 
 

Methode Electronics, Inc. 2 Yes Bus bars, IGBT subsystems for 
inverters 

Mitsubishi Electric USA 2 Yes xEV Intelligent Power Unit 
 

ON Semiconductor 2 Yes Semiconductor devices 
 

Positronic Industries Inc. 3 TBD Connectors 
 

Powerex 2 Yes Semiconductor R&D and 
manufacture 
 

Rinehart Motion Systems 1, 2 Yes Power module design and 
packaging 
 

Rogers Corp. 2 Yes Ceramic substrates for inverter 
 

SBE, Inc. 2 Yes Capacitors, IGBT modules for 
inverters 

Silicon Laboratories, Inc. 4 Yes Signal processors, gate drivers, 
current sensors 

Superior Essex, Inc. 3 TBD Communications cables; cables 
for energy distribution systems 

Tesla OEM Yes OEM; PE R&D and 
manufacturer 
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Toshiba North America 1 TBD Inverter manufacturer, though 
no significant, publicly 
confirmed mfg. of inverters for 
xEV in NA 

 
Ranking of Top PE Suppliers 
Synthesis analyzed public and proprietary quantitative data concerning the relative position of 
all major companies in the xEV traction drive inverter supply market space.  That analysis 
produced the following charts and analytic results: 
 

• Chart 1: Number of Companies Making Traction Drive Inverters for OEMs, by Location 
of Inverter Supplier’s HQ 

 
• Chart 2: Number of Global xEVs with Traction Drive Inverters Installed by OEMs, by 

Location of Inverter Supplier’s HQ, 2010-2014 
 
• Chart 3: Share of Global xEVs with Traction Drive Inverters Installed by OEMs, by 

Location of Inverter Supplier’s HQ, 2010-2014 
 
• Table 5: Ranking of Suppliers, by Traction Drive Inverter Installations for xEVs Sold in 

the US, and Produced in NA Plants, CY 2013 
 
• Table 6: Ranking of Top 28 Suppliers, by Traction Drive Inverter Installations for Global 

xEVs, CY 2013  
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Chart 1: Number of Companies Making Inverters for OEMs, by Location of Inverter Suppliers’ 
HQ (2010-2014) 

 
 
Key takeaways: 
 

• From 2010 to present, based solely on the number of companies making traction drive 
inverters that are installed by OEMs, Japan is the clear leader (with 10 companies), 
China second (8 companies), followed by the USA (4 companies) and Germany (3 
companies).  

 
• Since 2010, the USA has seen a four-fold increase (from 1 company to 4) in the number 

of companies making inverters that are installed by OEMs. 
 

• Since 2010, while being in the leadership position, Japan has also seen an increase in 
the number of companies making traction drive inverters. 

 
• Since 2010, among the lowest-ranked countries, Korea and England have nonetheless 

seen an increase in the number of companies making traction drive inverters, while 
Canada and Taiwan have seen a decrease in the number of companies making traction 
drive inverters. 
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Chart 2: Number of xEVs with Traction Drive Inverters Installed by OEMs, by Location of 
Inverter Suppliers’ HQ (2010-2014) 

 
 
Key takeaways: 
 

• Japan is the dominant supplier of inverters for traction drive passenger 
vehicles, supplying approximately 1.6 million vehicles in 2014. 

 
• Japanese companies start from a position of dominance, but will face increasing levels 

of competition from rival companies. 
 

Japanese companies in NA are making investments to increase local supply chain resilience in 
response to local market demand and local cost-of-manufacture benefits.  

• Despite the proximity in ranking between Japan and China in terms of number of 
companies that make traction drive inverters (Chart 1), the relative number of xEVs into 
which traction drive inverters have been installed shows Japan (approximately 1.6m in 
2014) far exceeding China (approximately 50,000 installations in 2014). 

 
• Assessing Charts 1 and 2, Synthesis finds that: 

o There is the potential for significant inverter production overcapacity in China; 
o Preparations for a potential overcapacity in China should include assessing 

which companies in China are matched to which xEV installations; 
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o Understanding is needed concerning companies which make traction drive 
inverters in China for passenger vehicles, as compared to inverters for e-
motorcycles, scooters, 3-wheelers and other means of conveyance, as this may 
affect the potential overcapacity issue; and 

o Understanding is needed concerning the strategic impact of China building a 
domestic traction drive PE industry at global scale.  If this were to occur, it could 
increase the likelihood of Chinese inverter suppliers expanding capacity and 
providing a large numbers of low-cost inverters in the global marketplace. 

 
 
 
  

 



Synthesis Partners, LLC (2014)    20 

Chart 3: Percent of Total Number of Traction Drive Inverters Installed by OEMs, by Location of 
Inverter Suppliers’ HQ (2010-2014) 
 
 

 
 
 
Key takeaways: 
 

• Given the dominance by Japanese-based suppliers of traction drive inverters, it is 
expected that the relative share held by countries will not significantly change over the 
next five years.  However, Synthesis finds increasing examples of investments by 
traction drive inverter suppliers outside of Japan, and as a result projects that the level of 
competition to Japan-based suppliers will increase significantly, and Japan’s market 
share will see reductions. 

 
• Looking at the other countries, Germany is in the lead, followed by Korea and USA.  

Each of these countries is seeking to expand market share, and will likely do so at 
Japan’s expense.  It is notable in that each of these countries has a significant public-
private interest in expanding domestic PE (in traction drive and other applications) 
capabilities to increase renewable energy technology competitiveness. 

 

Canada	  
China	  

England	   Germany	  

Japan	  

Korea	  
Taiwan	  

USA	  	  

Percent	  of	  Total	  Number	  of	  Trac1on	  Drive	  Inverters	  Installed	  
by	  	  OEMs,	  by	  Loca1on	  of	  Supplier's	  HQ:	  2010-‐2014	  

Canada	  [0.2%]	  

China	  [1.3%]	  

England	  [near	  0%]	  

Germany	  [5.2%]	  

Japan	  [87.1%]	  

Korea	  [3.4%]	  

Taiwan	  [<0.01	  %]	  

USA	  [2.8%]	  

Source:	  SP	  Global	  xEV	  Database	  (Sept.	  2014).	  Synthesis	  copyrighted	  informaSon.	  
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• It is Synthesis’ assessment that there will be continued increasing Chinese investment in 
traction drive PE and motors over the next several years, focused first on the domestic 
Chinese market and then internationally.  Chinese inverter producers will move from 
domestic to globally competitive postures. 
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Table 5: Ranking of Suppliers, by Traction Drive Inverter Installations for xEVs Sold in the US, 
and Produced in NA Plants, CY 2013 
 

 
Key takeaways: 
 

• Toshiba, Hitachi and Denso, are the leading suppliers of inverters installed in xEVs 
produced in NA plants and there is a very significant drop-off in terms of xEV market 
share after these top three.   

 
• The top three companies, Toshiba, Hitachi and Denso, are leaders in global inverter 

production and are the most active in building capability to supply NA-produced vehicles. 
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• New and emerging competitors in the NA PE market will respond to the practices of 
Toshiba, Hitachi and Denso in NA, as these three companies implement globally-based, 
dominant, competitive, supply chain risk management practices in NA to support their 
NA customers (including practices and protocols to address cost reduction, quality of 
work, supply chain availability, reputation, environment, and sources of supply 
disruptions).  

 
• Reviewing the non-Japan-based companies on the list (from top to bottom – Bosch, 

Magna, Tesla, Hyundai Mobis, Continental, and GM), Synthesis finds that they do not 
represent a single unified front with regard to actions toward the NA supply chain, but 
rather each has and is developing a specialized NA PE strategy to support different 
vehicle-specific, global value chains.  Accordingly, each of these companies will 
influence the NA traction drive inverter market in different ways. 

 
• Competitiveness in the automotive supply chain suggests that the above list will remain 

largely unchanged into the near future, barring any strategic moves by automotive OEMs  
to produce more traction drive inverter. 
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Table 6: Ranking of Top 28 Suppliers, by Traction Drive Inverter Installations for All xEVs Sold 
Globally, CY 2013 
 

 
Note: International Rectifier was a North American company during the time covered by these data, and supplied 
inverters for a Japanese-market vehicle, the Nissan Serena. No information was found to indicate that this will 
change with the purchase of International Rectifier by Infineon. 
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Key takeaways: 
 

• As compared to the ranking of traction drive inverter suppliers for xEVs produced in NA 
plants, the above lists shows Toshiba dropping to the fourth position, and International 
Rectifier (acquired by Infineon in August 2014, after the time-period covered by the data) 
holding the fifth spot.  
 

• Of the top ten traction drive inverter suppliers for xEVs produced globally, six are from 
Japan, three from Germany (including International Rectifier), and one from Korea.   
 

• Since the August 2014 acquisition of International Rectifier by Infineon, there are no US 
companies in the top 10. 
 

• The top three on the list (Toyota, Denso and Mitsubishi) account for nearly 70% total 
market share, the next seven account for approximately 26%, and the remaining 18 
companies account for just 4% market share.  This shows again the top-heavy market 
distribution in the global traction drive inverter market. 
 

• The top companies in NA are (with very few exceptions) both leaders in global inverter 
production and the most active in building capability to supply NA-produced vehicles. 
 

• In future rankings, Infineon should jump up to at least the fifth spot on the list (assuming 
that the OEMs report that inverters previously made by International Rectifier are now 
being made by Infineon, which is to-be-determined), given Infineon’s August 2014 
acquisition of International Rectifier. 

 
• In terms of number of instances that individual countries appear in the complete list of 

the top 28 global traction drive inverter suppliers: 
o Japan (10) 
o China (7) 
o USA (3) 
o Germany (4) (including International Rectifier as Infineon) 
o Korea (2) 
o Taiwan (1) 
o Canada (1) 
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Trends in NA PE Company Investments in NA 
 
Introduction 
This section addresses the level of and trend in investments over the last five years by NA PE 
companies.  For the purposes of this assessment, Synthesis researched information relative to 
investments by public and private sector entities in NA traction drive power electronics 
manufacturing and R&D activities for PHEV, HEV, and EV passenger vehicle applications from 
2010 - 2014. 
 
Investment information concerning approximately 100 companies was reviewed, and 
approximately 250 contacts were made with companies regarding public investment 
information. 
 
Caveats to consider when interpreting investment trend results: 
 
• There are likely company investments that are not reflected in the public information 

reported here; 
 
• The data presented here is  intended for the analysis of broad trends, and is not validated 

for use in drawing company-specific conclusions; and 
 
• The investment data is broken out by company investments related to ARRA (American 

Recovery and Reinvestment Act of 2009)/DOE and company investments not related to 
ARRA/DOE activities. 

 
Key Findings 
The following are the key findings from the research on NA PE company investments in NA: 
 

• Actual investment on an annual basis for traction drive power electronics applications by 
any NA-based company is likely well below $10 million. 

 
• By comparison, VTO investments of ~$25M annually in traction drive PE and motors is 

significant, and may be a critical driver of activity in the NA PE R&D space. 
• In the aggregate, total company investments not related to ARRA or DOE far exceed 

company investments related to ARRA or DOE funding for 2010-2016. 
 

– Synthesis identified $2.5B in non-ARRA/DOE NA PE company investments  
– Synthesis identified $162M in ARRA or DOE-related NA PE company cost-share 

investments  
 
• There appears to be few Tier 2-3 company investments not related to ARRA or DOE 

funding during 2010-2016.  
 
• The distribution of company investments related to ARRA or DOE for 2010-2016 shows 

minor NA Tier 2-3 participation – but this is very significant for the simple reason that it 
addresses “brittleness” at the lower Tiers (as discussed in prior Synthesis studies).  The 
meaning of “brittleness” is that there are very few NA companies capable of supplying 
components to the automotive PE markets at the Tier 2-4 level.  This produces a high 
risk of supply chain disruption should any of the existing companies stop work.  The 
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same issue has been identified by Synthesis in global PE supply chains and is projected 
to remain a difficult challenge.  

 
Prior to 2013, domestic NA PE suppliers invested significantly more than transplant NA 
suppliers.  Since 2013, the transplant NA suppliers have taken a significant lead in 
investments.   
• Four of the five domestic companies (GM, Kemet, Powerex (a 50:50 joint venture 

between GE and Mitsubishi Electric), and Rogers Corp.) specified the level of their 
traction drive power electronics-specific investments. 

 
• One of the six transplant companies (Magna) specified the level of their traction drive 

power electronics-specific investments.  
 

• Six of the 13 companies identified as making investments since 2010 are transplants 
and one additional is a joint venture with a transplant. 

 
Approximately 34 percent of companies on SP’s core NA PE R&D and manufacturing list 
have made investments since 2010  
• More than 60 percent of the companies listed on SP’s core NA PE R&D and 

manufacturing list have not publicly stated that they are engaged in making investments 
in NA in 2010-2016. 

 
• Synthesis concludes that most companies not reporting investments are either 

financially constrained and/or waiting for market conditions to improve to make 
investments. 

 
• Synthesis believes that it is possible that a very small selection of the non-reporting 

companies have plans underway which are not publicly reported. 
 
The Charts below depict the funding activity:  
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Chart 4: NA PE Company-Specific Investments, Not Directly Related to ARRA or DOE Funding, 
By Year (2010-2016) 
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Chart 5: NA PE Company-Specific Investments, Directly Related to ARRA or DOE Funding, By 
Year (2010-2016, includes estimates) 
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Chart 6: Distribution of Total Company Investments, Not Directly Related to ARRA or DOE 
Funding, By Company Type (2010-2016, includes estimates) 
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Chart 7: Distribution of Total Company Investments, Directly Related to ARRA or DOE Funding, 
By Company Type (2010-2016, includes estimates) 
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Chart 8: Comparison of Domestic vs. Transplant Total NA PE Company Investments, By Total 
Investments Identified, By Year (2010-2016, includes estimates) 
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Primary Source Guidance on Gaps and Constraints in the NA PE Supply Chain 
 
Introduction 
 
Synthesis has developed a comprehensive, anonymized collection of data regarding all 
interviewees’ statements about gaps and constraints from 2012 to 2014.  This information is 
based on 130 interviews, including more than 30 in-depth interviews from 2012, more than 40 
in-depth interviews from 2013, and more than 50 in-depth interviews from 2014.  Each full-text 
interview was assessed individually as well as in combination, by two separate Synthesis 
analysts.  The assessment was completed using in-house and third-party secondary source 
information relevant to each interview.  This section reports on the results of this integrated 
assessment 
 
Synthesis identified, categorized and ranked hundreds of interviewee statements regarding 
gaps and constraints that are at play in the NA PE supply chain.  The results follow the working 
definitions of gaps and constraints that were employed. 
 
Definitions of Gaps and Constraints: 
 
The definitions used for gaps and constraints: 
 

• Gaps: A critical missing action or capability, from within the business, technology, 
cultural, market, and/or economic environment which – if addressed in a concrete 
manner by an entity (e.g., VTO) could, according to supply chain participants, catalyze 
the NA PE supply chain (and some motors activities) leading to expanded NA production 
and increased likelihood of NA PE successes.  Many, though not all gaps are within the 
DOE-VTO span of control. 

 
• Constraints: These are mostly outside the DOE-VTO’s span of control.  Constraints are 

limiting factors, arrangements among institutions, regulations, markets, or other 
conditions which span the business, technology, cultural, market and/or economic 
environments that significantly decrease NA supply chain participants' freedom of 
maneuver, development, and ability to achieve their potential.  NA PE (and some motor) 
suppliers discussed the constraints that limit their ability to operate at full potential with 
Synthesis. 

 
As Synthesis continues to explore and analyze technical and non-technical considerations 
regarding gaps and constraints, and conduct new interviews, these definitions will be refined 
and updated. 
 
Synthesis identified 108 examples of issues related to gaps and 107 examples of issues related 
to constraints in the interviews.   
 
The collection cut-off date for this information was September 2014.  Synthesis continues to 
engage sources as feedback from this public report is generated and recorded. 
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Chart 9: In-Depth Interviews Completed, By Type of Organization, 2012-2014 
 

 
 

Source: Synthesis Partners, LLC (2014) 
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• The results, while providing depth and breadth on a wide range of topics, are necessarily 

biased because: 
o Interviews are voluntary and sources are free to share or not share information 

for competitive reasons; 
o The interviews are in English-language, and are NA-based, and not intended to 

provide insight about non-NA topics; 
o Interviews focus on topics of greatest interest to the sources with whom we 

speak; 
o Potentially useful information, of lower interest to sources, may not be raised by 

them; and 
o Results are based on relatively small sample sizes (< 100), especially for less-

frequently raised topics. 
 

• Synthesis asserts that even if a relatively small number of sources raise a topic, it is still 
worth careful examination.  In the analysis that follows, a smaller number of references 
to gaps or constraints does not always indicate that less valuable guidance regarding 
these gaps or constraints has been provided by sources. 

 
Subject to these caveats, Synthesis believes that the primary source analysis and reporting is 
up-to-date and covers a range of NA-PE supply chain perspectives. 
  
Summary Findings 
The publically available findings generated from this research are provided below: 
 

• 108 unique interviewee references to gaps (there is overlap in interviewee data, as 
interviewees talked about similar or different gaps in a variety of contexts, which 
Synthesis then analyzed to determine specific, generic gaps) identified. 

 
• 107 unique interviewee references to constraints (there is overlap in interviewee data, as 

interviewees talked about similar or different constraints in a variety of contexts, which 
Synthesis then analyzed to determine specific, generic constraints) identified. 
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Chart 10:  Number of Gaps and Constraints Identified: Based on more than 130 full-text 
interviews, from 2012, 2013 and 2014. 
 

 
 

Source: Synthesis Partners, LLC (2014) 
 

• The most important gap categories1, ranked in order of frequency cited: 
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§ Need to focus DOE funding against a fewer number of high-priority, NA 

supply chain gap (especially manufacturability) items; e.g. increased 
supply of custom integrated circuits (ASICs), smarter IGBTs including 

                                                
1 Each gap category was named by Synthesis after reviewing and analyzing the interview data from 2012, 
2013 and 2014.  The interviewees were not asked to rate or rank these categories from a list ahead of 
time, and therefore these findings are being discussed in public in these terms for the first time.  All 
examples provided by Synthesis are based on confidential interviews. 
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waste-heat power recovery, and new materials such as Si steel (silicon 
steel, which is tailored for specific magnetic properties) for motors. 

 
§ Targeted, strategic support to protect and catalyze NA manufacturing 

operations (beyond R&D). 
 

o Fundamental R&D [raised 18 times, representing the first in a second tier (in 
order of frequency cited) of gaps], e.g.: 

 
§ Need for continued advances in fundamental R&D on lower cost 

substrates and sintering/joining. 
 
§ More attention to GaN, in particular in growing true bulk substrates at 

larger wafer sizes (4"-8"), with decreased defects and improved quality. 
 
§ Need support for development of "less-Dy" approaches to magnet 

development that use lower amounts of dysprosium (Dy) and other rare 
earth elements.  Permanent magnets using rare earths are expected to 
be in play for at least another 15 years, and therefore “less-Dy” 
approaches need to be evaluated. 

 
o Situational awareness [raised 15 times, placing second in the second tier of 

gaps] of: 
 

§ Independent third party standards, testing, verification data on 
components and products, especially focused on understanding reliability 
of components used in inverters. 

 
§ Detailed characterization of what a commoditized inverter would look like, 

and a systematic analysis of what the paths to PE commoditization may 
be, are both needed.  What needs to happen to make traction drive 
inverters like AC units? 

 
§ A systematic inverter production process "should cost" study and report.  

That is, based on certain engineering model and technical materials lists, 
what should it cost? 

 
§ The feasibility of using WBG materials -- is it really cost-effective to use 

these materials?  How, where?  Does the NA marketplace have the 
capacity to undertake a sustainable WBG initiative?  What would that look 
like? 

 
o Capacity development [raised nine times, representing the beginning of a third 

tier of gaps]: 
 

§ Inadequate NA PE supply chain automotive-level quality control and 
engineering capacity, from Tier 1 to 4.  There is simply a lack of 
experience among NA PE participants, generally speaking, due to the 
domination of non-NA suppliers and a globalized PE supply chain. 
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§ Insufficient numbers and range of low-cost PE solutions; need a lab-
industry intelligence process to identify, characterize and show paths to 
production of low-cost PE solutions. 

 
§ Insufficient numbers of NA PE suppliers that can produce – today and in 

foreseeable future – the required PE products at cost, quality and scale 
required for automotive industry.  Embedded PE is a key need. 

 
§ Lack of domestic supplier of cost- and performance-competitive Si steel 

(a critical material for motor production) and magnetic copper.	  
 

o Coordination and collaboration [raised seven times, placing it within the third tier 
of gaps]: 

 
§ Lack of coordination and sharing of information within NA automotive 

supply chain, especially between and among transplants and their NA 
counterparts. 

 
§ Lack of sufficiently coordinated action by USG agencies to help catalyze, 

and ensure a level playing field (aka free and fair trade) vis-à-vis foreign 
competition, especially in the area of WBG. 

 
o Modularization (meaning the functional decomposition of a PE system into 

separate, interchangeable modules) [raised six times, placing it within the third 
tier of gaps] DOE could support modularity efforts, which could enable 
manufacturers to increase their production volumes without significant research 
and development funding: 

 
§ Need for standards and increased modularization of components used in 

inverters -- especially for WBG. 
 
§ Specifications need to support a modular production or increased-

modularity for production volume-increases. 
 

o Training [raised six times, placing it within the third tier of gaps]: 
 

§ Shortage of qualified power electronics engineers remains a key 
challenge.  

 
§ Insufficient product-centered (aka “embedded PE”) engineers available, 

slowing product-to-market timing, causing a loss of competitiveness.   
 
§ While there appears to be an adequate supply of scientific researchers 

focused on new and emerging technologies, there are not enough 
engineers to focus on existing technologies such as silicon where there is 
still much that could be done to engineer products for near-term 
opportunities. 

 
o Technology transition [raised only two times, representing a fourth tier of gaps, 

however, Synthesis underscores that it is likely more notable than the limited 
number of mentions would indicate*]: 
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§ Successful transition of NA-based R&D and technologies into markets is 

a significant gap.   
 
§ “Technology that is designed by US research institutions should be 

commercialized by US businesses.” 
 

* The question of successful technology transition, from government or privately-
funded R&D to private sector companies in the context of a globally competitive 
automotive supply chain is an issue deserving of its own careful study.  Given 
growing acknowledgement of the increased competitiveness of NA 
manufacturing in many sectors, it is even more of an important issue to address.  
This type of study could help to develop approaches to proactively assess how 
work funded by VTO and other public programs can contribute to NA 
competitiveness.  

 
Chart 11:  Distribution of Gap Categories, By How Frequently Stated 
 

 
 

Source: Synthesis Partners, LLC (2014) 
 

• The most important constraints2 ranked in order of frequency: 
 

o Competition from foreign-sourced PE and WBG technology products [raised 28 
times, placing it first in the top tier of constraints]: 

 
§ Hybrid system components are primarily sourced from offshore suppliers. 
 

                                                
2 Each constraint category was named by Synthesis after reviewing and analyzing the interview data from 
2012, 2013 and 2014.  The interviewees were not asked to rate or rank these categories from a list ahead 
of time, and therefore these findings are being discussed in public in these terms for the first time.  All 
examples provided by Synthesis are based on confidential interviews. 
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§ “All of the electric components [high value] come from Japan.  Given the 
existing supply chain structure, this situation is unlikely to change..." 

 
§ "At our level (Tier 1 – component X), there is virtually no one looking to 

invest in manufacturing in the U.S.  In fact, some of our competitors who 
invested in manufacturing in the U.S. in prior years have either already 
closed or are now in the process of closing their manufacturing facilities 
here and moving production overseas.” 

 
§ "The supply chain is really global now.  We determine our suppliers based 

on our requirements for a given application, along with cost and quality.  
The supplier of the major component used in our inverters … mainly 
manufacture in Asia and Europe." 

 
o Insufficient NA market demand for HEV/EV products [raised 23 times, placing it 

second in the top tier of constraints], e.g.: 
 

§ "It appears that the current market for inverters for EV/HEV and other 
applications lacks the volumes necessary to achieve the inverter cost 
reduction and improvements in efficiency that are necessary to increase 
consumer acceptance in these vehicles.” 

 
§ "Should standardization occur in power electronics, it will not address the 

market demand challenge.  The main challenge for cost reduction is in 
getting volumes up, and this requires market demand." 

 
 

o Insufficient critical mass and maturity of the NA PE supply chain [raised 17 times, 
making it a second tier of constraints], e.g.: 

 
§ NA companies are not making a significant investment in traction drive 

PE in the U.S. 
 
§ “We have not seen from NA suppliers a path to how to thrift out costs 

consistent with OEM requirements.” 
 
§ Insufficient R&D, design and engineering, and manufacturing capability. 
 
§ Key components, namely, IGBTs and large capacitors, generally have to 

be imported at this time, [inferring that NA suppliers do not have the 
opportunity to expand their activities as long as imports dominate – the 
chicken and egg problem]. 

 
o High cost of NA PE solutions [raised nine times, placing it first in a third tier of 

constraints]: 
 

§ NA suppliers suffer from high costs and not being on the leading edge of 
the technology curve. 

 
§ There is a lot of pressure from customers (OEMs) and consumers 

(HEV/EV buyers) to lower prices. 
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§ Tier 2 and Tier 3 suppliers of IGBTs, capacitors, etc. are more inclined to 

focus on industrial applications for their products due to higher volumes.  
There are many differences between automotive and industrial 
applications in terms of cost structure, design and size (which influences 
shape) and this is unlikely to change in the near-term.  

 
§ Generally speaking, Si-based power device costs are decreasing faster 

than SiC-based devices, and the price gap between them is growing. So, 
one source interviewed stated that a SiC- or GaN-based solution is hard 
to apply to traction drive inverters. 

 
o Large capital expenditures are required to develop PE engineering and 

manufacturing skill from a low starting point [raised seven times, placing it within 
the third tier of constraints], e.g.: 

 
§ The investment necessary to develop new technology to compete in this 

space is large and the uncertainty with future production volumes 
represents a high-risk investment. The impact of new CAFE standards is 
2-3 design cycles away and many suppliers are taking a wait-and-see 
attitude.   

 
§ The U.S. supply chain needs the technology development (and people 

development) to supply world-class inverters that automakers from 
around the globe would buy and that will require a significant upfront 
investment and long term commitment. 

 
§ Consolidation of inverter RDT&E (research, development, test and 

engineering) within OEMs can drive a reduction in the cost and time used 
for new vehicle power electronics design and engineering development 
efforts.  At present, it costs from $6m to $10m to design, test, perform 
engineering development, certify, and develop a prototype and obtain the 
subsequent manufacturing approval for a new inverter for a new vehicle.  
This includes all the necessary steps to get an inverter approved for 
mass-production. [Note: This is beyond most new entrants, but well within 
the business planning capability of global-leading PE companies.] 

 
o Inadequate integration, collaboration and coordination in the NA PE supply chain 

[raised six times, placing it within the third tier of constraints], e.g.: 
 

§ Discussions with OEMS and manufacturers at conferences revealed that 
the OEMs are focused on in-house PE design, which is having a direct 
affect on the inverter manufacturing supply chain.  For example, when 
GM first started the Volt program, they used Remy motors.  However, 
soon after GM designed a new motor, in-house.  Synthesis understands 
that GM will do the same thing with inverters, keeping their design in-
house.  By proceeding in this manner, OEMs and manufacturers pretty 
much guarantee there will be little or no standardization achieved (outside 
of an individual OEM). 
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§ Tier 1s and 2s are dividing up a small supply chain and the attention and 
resources that may otherwise be available to make significant changes to 
cut costs.  This is a market or business strategy issue, not a technology 
R&D issue.  The technology itself is not a mystery or key limiting factor. 

 
§ Different producers are pursuing at least three different business and 

technical strategies regarding inverter production and this variety of 
approaches (esp. in a relatively small market, where resources are 
spread thin in any case) limits options for near-term (i.e., within 5-7 years) 
radical cost reduction in inverter design and manufacturing.  
Consolidation is needed. 
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Chart 12: Distribution of Top Constraints, By How Frequently Stated 
 

 
 

Source: Synthesis Partners, LLC (2014) 
 

• Interviewees raised numerous solutions to gaps.  The specificity of the solutions that 
sources suggested increased as the significance (measured by the frequency of 
mention) of the gaps increased. 

 
Chart 13: Level of Specificity* of Solutions Provided by Interviewees, Arranged by Gap 
Categories  
 

 
 

Source: Synthesis Partners, LLC (2014) 
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* Note on specificity scoring: Synthesis applied a qualitatively derived, numerical score to 
interview statements on solutions to gaps.  The score is based on Synthesis analyst’s qualitative 
view about how specific statements are in terms of the level of detail (e.g., the what, when, where 
and at what cost level of detail) that is provided for the solutions described.  The scoring ranged 
from high (> 6 score), medium (between 3 and 6 score), to low (< 3 score).  

  
The next section characterizes the types of solutions that appear to have the greatest support 
from among sources as of this writing.  The following are selected examples. 
 

• Strategic Investment Planning gaps –suggested solutions: 
 

o Address apparent confusion in the supply chain on the basics of WBG through a 
transparent, peer-reviewed analysis on the costs and benefits of WBG in an 
automotive use-case.  Why and how might WBG devices be near-term cheaper 
on a device basis than silicon-based devices?  A quantified cost-assessment 
regarding the realistic, automotive-relevant WBG to Si cost differences is 
needed.  That data can then be used to justify at which WBG investment is 
needed and why. 

 
o Assist in guiding investments through a rigorous evaluation of the different 

approaches taken by Germany vs. Japan vs. US in PE and motor strategic 
investing, to include quantifiable measures of effectiveness regarding WBG 
development, manufacturing and transition achievements.  

 
o Collect and analyze information regarding the manufacturability (or MRL) of 

various technology solutions.  This could include reviewing the technology 
transition successes enjoyed by the Germans and Japanese.  For example: 
"DOE could have a more significant impact in this area by introducing a metric 
that ranks awardees based on their ability to address manufacturability. Industry-
standard rankings on quality of manufacturing at various scales are well-
respected and provide a path to doing this.  This would add a significant new 
dimension to DOE solicitations..."  

 
o Devise a new investment strategy that connects automotive R&D requirements 

(the R&D requirements flow from OEM and Tier 1 recommendations, based on 
market-pull factors identified by these companies) to NA supply chain gaps 
capabilities and strengths, and ultimately to plans and strategies for time-specific 
technology commercialization.  A focus on manufacturability is important, as 
successful technology commercialization is based on building manufacturing 
know-how.  This is a core need for the NA supply chain in order to grow.  It 
requires new thinking and long-term government-industrial collaboration. 

 
• Fundamental R&D gaps – suggested solutions: 
 

o The call for GaN-related R&D is repeatedly frequently, and is five times more 
prevalent than requests for R&D on SiC alone.  Mentions for further work in WBG 
in general (implying both GaN and SiC, since neither is given first rank by these 
sources), equals those for GaN.  All of these points are for capability and 
capacity improvements.  This points to a need for an in-depth requirements 
analysis for WBG in general, with a special focus on GaN R&D, engineering and 
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GaN technology transition in particular, particularly in contrast to the current 
expectations and paths for SiC in current programs. 

 
o Detailed requirements analysis regarding cost, timing and capabilities for 

automotive-relevant R&D concerning lower cost substrates, including an 
improved approach to joining and improved switches. 

 
o A targeted effort to develop, extend and refine a second N.A-based supplier of 

“less-Dy” magnets.  Hosting events and exchanges at which different less-Dy 
magnet approaches are compared and contrasted in technical detail could be 
helpful. 

 
• Situational Awareness gaps – suggested solutions: 
 

o Independent, third-party validated information regarding the technical capabilities 
of supply chain participants. 

 
o Independent, third-party validated information regarding the reliability and testing 

of PE components. 
 
o Improved equipment, technology, measuring systems and other advanced tools 

to deliver state-of-the-art testing of automotive-grade PE and motor components 
and materials. 

 
o A VTO-sponsored database addressing the above points, and accessible to all 

NA suppliers. 
 

• Capacity gaps– suggested solutions: 
 

o Coordinated efforts to develop approaches to collect and analyze lessons 
learned by transplants in executing automotive-grade quality control throughout 
their supply chains. 

 
o Coordinated efforts to develop a matrix of ideas and strategies to address 

thermal management within PE, including a systematic assessment risks, 
benefits, reliability and cost. 

 
o Coordinated, USG inter-agency activities to first, remove any conflicting guidance 

to industry from across multiple USG agencies about manufacturing 
developments; and second, coordinate efforts across USG agencies in support of 
specific US job-growth initiatives.  This inter-agency activity can directly and 
indirectly catalyze market forces to increase NA PE supply base successes. 

 
• Coordination and Collaboration gaps– suggested solutions: 
 

o Case studies regarding Japanese, German and Chinese public-private 
partnerships, including the outcomes, investments, and overall cost-benefit 
regarding automotive supply chain development strategies. 

 
o Highly focused collaboration in the WBG arena.  The general views appears to 

be that a major ($100M+) WBG investment strategy is needed, R&D, through 
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technology transition.  As one source stated: "If the U.S. decides it wants to have 
domestic GaN manufacturing capability, it has to be willing to make a significant 
investment in the development and manufacture of wafers as currently, the 
materials needed are just not there.  Companies such as Raytheon and Cree are 
engaged in R&D in this area.  Worldwide, Sumitomo is the leader and countries 
such as Japan, Germany and Korea are well ahead of the U.S. in GaN." 

 
• Modularization and Standards gaps – suggested solutions:  
 

o Strategic-level (inter-agency and government-private industry) support for 
modularity and standards development.  Quotes from sources:  "Cost reduction 
from 20 percent to 50 percent is possible through modularization.”:  “The goal is 
to make inverters like washing machines, but this is a ways off.”:  "Any work that 
modularizes components will be very significant …"   

 
o Seek methods and approaches to separate the connection between 

modularization and competitive advantage, perhaps by focusing on any 
modularization and standards that can accelerate scalable manufacturing in NA 
for any producer.  For example, DOE could support efforts by manufacturers to 
increase their production volumes by increasing exchanges and dialogues to 
determine feasible levels of modularity, and associated timeframes and catalyze 
the actions needed.    

 
o As a sub-focus, there is abiding interest in WBG standards and modularity: 

"Mapping qualifications standards for WBG devices/modules from silicon is not 
straightforward and requires a re-evaluation of the acceleration methods used in 
such tests (e.g., AEC standards)." 

 
• Training gaps – suggested solutions: 
 

o Systematic effort to invest in and build globally competitive, practical engineering 
(meaning application-specific engineering as opposed to fundamental R&D) 
training in context of actual PE and motors manufacturing settings. "There is a 
lack of US expertise in this field.  In contrast, Japanese OEMs and Tier 1s are 
very familiar with the technology. They also collaborate, whereas US OEMs and 
US Tier 1s do not collaborate.” 

 
• Technology Transition gaps– suggested solutions: 
 

o Concerted effort to define a best-practices-based technology transition 
framework, including an initial linkage to requirements and needs, and defined 
success metrics.  This should be informed by successful cases in which 
technology transition has worked.  This is a critical path item that impacts almost 
all of the other gaps. 

 
Concluding Perspective on the NA PE Supply Chain Gaps and Constraints Analysis 
 
One size does not fit all.  There is a tremendous amount of context, source-specific information, 
nuance, and room for interpretation concerning each of the in-depth interviews reported on 
here.   
 



Synthesis Partners, LLC (2014)      47 

Following are Synthesis’ summary findings: 
 

• At a high level, the solutions to gaps present several interesting trends, including: 
 

o The solutions raised most frequently are not company-specific and therefore can 
address a wide range of NA supply chain participants. 

 
o There is interest from almost all sources in having concrete discussions with VTO 

regarding refinement and implementation of solutions to specific gaps, given that 
most sources believe that such solutions are within reach. 

 
o The missing ingredient for solution implementation appears to be a collaborative 

framework to address specific gaps, which are pragmatic and relevant for 
industry needs.  This could take the form of invitation-only events, at which each 
participant is expected to contribute time, effort and results, very limited-scope 
(e.g., gap-specific) and consistent with VTO and industry span of control. 

 
o Where differences in opinion regarding potential solutions exist, it seems they are 

mainly due to minor differences regarding the facts driving the cause of the gap. 
Therefore further dialogue and discussion could help refine a common baseline 
and build consensus regarding viable solutions. 

 
• Constraints are considered to show challenges that are largely outside the VTO span of 

control.  Synthesis received comments and suggestions regarding paths to address 
constraints, but these point to non-DOE-VTO actions and to non-DOE-VTO actors.  
Information on proposed methods to address constraints can be discussed at a later 
time.  

 
• The VTO option space, based on Synthesis’ research and analysis regarding the NA PE 

supply chain gaps and constraints may be newly characterized as follows: 
 

o The most important constraints identified in this research (see Chart 12) are 
limiting VTO technology transition success. 

 
o The most important constraints have the least adequate solution-sets suggested 

by sources, and therefore are more likely to be an enduring factor for VTO 
planners. 

 
o An on-going review of the plans and actions needed to constraint-proof any VTO 

gap-filling investments is highly recommended: 
§ How will any NA PE technology R&D or capacity investment plan survive 

the constraint test? 
 

o Data regarding key gaps affecting the NA PE supply chain provide a data-driven 
basis for: 

§ Recurring roundtables to address: “What might be done to fill a gap; how, 
when, why and by whom?” 

§ Evaluating the likelihood that a VTO R&D effort will transition (meaning 
transition from R&D to industry, followed by industry (e.g., Tier 1s and 
OEMs) maturing the technology), based on constraint- and gap-relevance 
testing; and 
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§ Evaluating the current and potential future interest of VTO stakeholders to 
support and transition particular R&D efforts. 

 
o There is strong interest by NA sources to engage – in specific ways – to address 

identified gaps.  This presents an opportunity for a new level of interaction for 
VTO and supply chain participants alike. 

 
o Timing is key because of intense global competition and a narrow window for 

VTO to influence domestic PE and motors supply chain based on the information 
reported here (which necessarily only remains current for a certain period), and 
therefore VTO might benefit from acting on the immediate, practical opportunities 
that exist to build on and extend this primary research data, including for 
example: 

§ VTO to query stakeholders to help to evaluate potential solutions to 
critical gaps;  

§ Assess solutions to specific gaps in the near-, mid- and long-term 
timeframes; and 

§ Select the highest-priority gaps, and seek to gather more viewpoints 
about how to quantify the impact of and the best solution for each. 

 
o There are specific opportunities to expand the data-driven approach to Gap 

analysis, including: 
§ Develop plans to address specific gaps 
§ Track and record progress of VTO actions to addressing gaps; 
§ Re-evaluate gaps  
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Initial Views on the NA Traction Motor Supply Chain 
 
Traction Motor Suppliers 
A preliminary examination of those NA-based suppliers engaged in or contributing to electric 
traction motor R&D and/or manufacture identified 80 suppliers.  These companies are listed in 
alphabetical order below.  
 
Primary Source Results 
During the course of this preliminary research effort on traction motors, Synthesis completed a 
limited set of interviews.  During these interviews, multiple sources (including OEM and Tier 1 
sources) stated that it will not be cost-effective to produce electric motors for automotive 
applications in NA unless there is a Si steel source in NA that is price- and performance-
competitive with the current non-US, industry leader, JFE Steel. The absence of high-quality Si 
steel in NA ensures that motors will continue to be shipped to NA.  This state of affairs 
represents a key bottleneck for expanded NA motor production, as well as the development of 
supporting Tier 2-4 activity in NA.  This information is being further validated. 
 
Synthesis will make further contact with suppliers and OEMs to discuss Si steel, as well as other 
issues, constraints, and gaps that might be limiting or which could catalyze the NA motors 
supply chain.  As of October 2014, SP is confident that sufficient preliminary information has 
been developed to support further VTO engagement on Si steel.   
 
Technical Points on Si-Steel 
According to sources, the current performance gaps between U.S.-manufactured silicon steel 
and JFE product include more than 25 percent differences regarding: 

• Core loss 
• B50 at one Tesla 
• Thickness and uniformity of thickness 

 
Synthesis has information that technical specifications necessary to meet OEM motor needs in 
a NA context have been specified to any company that has a credible reason to be interested in 
and able to reinvigorate the NA-based manufacture of Si steel.   
 
Market Rankings of Traction Motor Suppliers 
Synthesis is working to develop market rankings and other quantifiable information on NA and 
global traction motor producers.  These will results will be made available in FY15. 
 
Conclusion 
This review has begun the Synthesis work in investigating trends, dynamics and key data 
regarding the NA motor supply chain.  Additional findings will be made available in future 
studies. 
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Companies Identified as Part of NA Electric Traction Motor Supply Chain 
 

 
Alphabetical Order, By Company Name: 
 
ABB US 
Advanced Motors & Drives 
AK Steel Corp. 
Allied Motion Technologies, Inc. 
Altera Corp. 
American Mitsuba Corp. 
Ames Laboratory 
Analog Devices, Inc. 
Argonne National Laboratory 
Arizona State University 
Arkansas Power Electronics International, Inc. 
Arnold Magnetic Technologies Corp. 
Autocam Corp. 
Baldor Electric Co. 
Bicron Electronics Co. 
Bosch Rexroth 
Capsonic Automotive, Inc. 
Capsonic Automotive, Inc. 
Continental Automotive Systems US, Inc. 
Cree, Inc. 
Curtis Instruments, Inc. 
Dana Holding Corp. 
DENSO Manufacturing Tennessee, Inc. (DMTN) 
Dexter Magnetic Technologies, Inc. 
Dresser-Rand Group Inc. 
Dupont 
Electron Energy Corp. 
Elmos NA 
EPCOS Inc., NA 
GE Global Research 
General Atomics 
Hitachi Automotive Systems America, Inc. 
Hitachi Cable America Inc. (HCA) 
Ideal Power, Inc. 
Imperial Electric Co. 
JFE Steel America, Inc. 
Johnson Electric Automotive Products Group 
Kettering Univ. 
Kinetek Co. 
KollMorgen 
Kulicke & Soffa Industries 
Mabuchi Motor America Corp. 
Magmotor 
Magna International of America, Inc. 
Metglas 
Methode Electronics, Inc. 
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MicroMo Electronics, Inc. 
Mission Motor Co. 
Mitsumi Electronics Corp. 
National Renewable Energy Laboratory (NREL) 
Nidec Motor Corp. 
Nucor Corporation 
Oak Ridge National Laboratory (ORNL) 
Pacific Northwest National Laboratory (PNNL) 
Parker Hannifin Corp. 
Peerless Electric 
Protean Electric 
PWO de México S.A. de C.V. 
QM Power 
Remy International Inc. 
Reuland Electric 
Rinehart Motion Systems 
Robert Bosch, LLC 
Rockwell Automation Technologies 
Sakor Technologies, Inc. 
Schunk Graphite Technology LLC 
Scott DC Power Products 
Siemens Energy & Automation 
TECO-Westinghouse Motor Co. (TWMC) 
Texas Instruments Kilby Research Center 
TM4 Inc. 
Toshiba International Corp. 
Toyota Research Institute of North America (TRI-NA), Toyota Technical Center (TTC), Toyota 
Motor Engineering & Manufacturing North America, Inc. (TEMA) 
Toyota Tsusho America 
United States Steel Corp. Research and Technology Center 
UQM Technologies Inc. (a/k/a Unique Mobility) 
US Hybrid 
Valeo Inc. 
ZF Electronic Systems, Pleasant Prairie, LLC a/k/a Cherry Corp. 
ZF Electronics de México S de RL de CV 
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