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�¾ MMEI structures can incorporate multifunctionalities by 
the nature of their design capabilities, such as Corona 
PD resistance, moisture barrier, EMI shielding, thermal 
management, and mechanical durability, etc. 
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�¾ Multilayered structures of well-known polymer 
insulation films, e.g., Kapton PI and PFA as bond layer, 
significantly improved dielectric breakdown voltage (VB), 
if well-bonded;

Micro-multilayer Multifunctional Electrical Insulation (MMEI) system

�‡ Kapton® PI film alone, 0.38 mm thick, VB=29 kV  
�‡ PFA film alone, 0.38 mm thick, VB = ~27 kV

Heat Fuse-Bonding with excellent boding integrity

�‡ 5*KBF/5*PFA/5*KBF: 
3-layers/0.38 mm thick
VB=38 kV 

�‡ [0.5*HPP/1*PFA]9 /0.5*HPP:  
19-layers/0.38 mm thick
VB=46 kV
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Commercial Benefit/Applicability of MMEI Structures

HV HP Flat Pod Cable with GORE

�‡ Unique design to carry 0.25 MW at 15 kV (but rated to 40 kV), 
for -80 °C to >260 °C use temperature

�‡ Consisted of six identical conductor pods insulated by the 
�'�K�Z���[�•���‰�Œ�}�‰�Œ�]���š���Œ�Ç���W�d�&��-PTFE composite and arranged 
horizontally by a corona resistant PTFE jacket

�‡ Efforts to apply MMEI system on the Pod cable are under way:

�– Finalization of material selection, layer configuration, and 
fabrication process and procedures

�– Development of systematic performance evaluation methods 
and procedures

HV high frequency bus bar with MERSEN

�‡ A three-phase system for 1 MW up to 10 MW operating power 
with operating voltage of 20 kV ( designed for 40 kV), high 
frequency (400 Hz up to 4000 Hz), and temperature up to 180 °C

�‡ MMEI system to be applied for direct performance comparison



Cable Insulation Work Takeaways
�� High �s�}�o�š���P�����]�•���š�Z�����^�š���o�o���•�š�_���‰�}�o�o

�� �����v�[�š���š���l���������À���v�š���P�����}�(���o���Œ�P�������]�•�š���v�����•�����v�����Z�����À�Ç���•�Ç�•�š���u�•���~�}�À���Œ�������•�]�P�v�•���}�š�Z���Œ���,�s���•�Ç�•�š���u�•�������v���µ�•����
(terrestrial, ships and trains)

�� Thermal is a life time limiting issue and will have be delta with eventually

�� Testing Important:
�� Multi scale testing is necessary

�� coupon
�� component/subsystem
�� system 

�� Must test like you fly
�� multi-stress environment 

�� Potential disruptive technology of MMEI system
�� Thin, lightweight, and durable structures
�� Multifunctional structures including corona resistance, moisture barrier, EMI shielding, and thermal 

management
�� Applicable to various full-scale power transmission, e.g., power cable, bus bar, inter-connect, etc.
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Status of MMEI Invention
ID Layer Configuration
11 5*PFA/5*KBF/5*PFA
12 5*KBF/5*PFA/5*KBF
13 2*PFA/5*KBF/5*PFA/5*KBF/2*PFA
14 5*KBF/5*PFA/1*KBF/5*PFA/5*KBF
15 [2*PFA/2*KBF]3/2*PFA
16 1*KBF/2*PFA/2*KBF/5*PFA/2*KBF/2*PFA/1*KBF
17 [1*KBF/2*PFA]4/1*KBF
17N [1*KBF/1*PFA]4/1*KBF
18 [0.5*PFA/1*KBF]6/0.5*PFA
19 [1*KBF/0.5*PFA]4/1*KBF
20 [0.3*HN/0.5*PFA]16/0.3*HN
20S [0.3*HN/0.5*PFA]4/0.3*HN
21 [0.5*HPP/0.5*PFA]9/0.5*HPP
22 [0.5*HPP/1*PFA]9/0.5*HPP
23N [1*KBF/2*PET]4/1*KBF
23 [1*KBF/2*PET]4/1*KBF
12 5*KBF/5*PFA/5*KBF
17H [1*HN/1*PFA]4/1*HN
17C [1*CRC/1*PFA]4/1*CRC
17HT 2*PTFE/1*PFA/[1*HN/ 1*PFA]4/1*HN
19 [1*KBF/0.5*PFA]4/1*KBF
20S [0.3*HN/0.5*PFA]4/0.3*HN
20SR [0.3*HN/1*PFA]4/0.3*HN
20ST [0.3*HN/2*PFA]4/0.3*HN
20US [0.3*HN/0.5*PFA]2/0.3*HN
21 [0.5*HPP/0.5*PFA]9/0.5*HPP
21S [0.5*HPP/0.5*PFA]2/0.5*HPP
22 [0.5*HPP/1*PFA]9/0.5*HPP
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17M [1*HN/1*PFA/0.5*HPP/1*PFA]2/[0.5*HPP/1*PFA/1*HN/1*

�� From systematic parametric analysis, dielectric performance of MMEI was synergistically controlled by total overall 
thickness, individual layer thickness, total accumulated thickness of constituent materials, overall thickness ratio of 
constituent materials, and total number of layers or interfaces in addition to bonding integrity. 

�� Also by dielectric breakdown failure modes.

* indicated thickness in mil (1/1000 inch)

Extensive MMEI 
database (total 43 
different configurations ) 






