
3M™ Expandable Slot Liner 
ESL-FC190



Intended Use: These products are 
intended for use within electric motors 
to electrically insulate coil conductor 
from adjacent conductor or ground in 
automotive, off-highway, industrial and 
marine applications.  Since there are 
many factors that can affect a product’s 
use, the customer remains responsible 
for determining whether the 3M product 
is suitable and appropriate for the 
customer’s specific application and 
system, including customer conducting 
an appropriate risk assessment and 
evaluating the 3M product in customer’s 
application and system. 

Restricted Use: 3M advises against the 
use of this 3M product in any application 
other than the stated intended use(s), 
since other applications have not been 
evaluated by 3M and may result in an 
unsafe or unintended condition.

3M™ Expandable Slot Liner ESL-FC190

Stator housing

3M™ ESL Insulation is inserted 

into stator slots

Heat is used to expand and cure 

the 3M™ ESL adhesive layer
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3M™ Expandable Slot Liner ESL-FC190

• For motors that use rectangular-shaped wires

• Eliminates the need for the varnish process, helping you to improve your manufacturing efficiency

• Smooth surface ideal for automatic insertion equipment

• Electrically isolates, mechanically protects, and securely holds the coils

Cross section view 
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Material Performance

Varnish and varnish rework process can be eliminated

Test condition Items Typical value Sample condition

Initial Total thickness 0.19mm Uncured

Tensile strength 300 N/15mm Uncured

Elongation 65% Uncured

Dielectric Breakdown Voltage (in oil) 14 kV Uncured

Overlap shear strength in RT 6.2 MPa Cured with 0.3mm total gap 

Overlap shear strength in 200°C 1.6 MPa

ATF resistance
ATF 150degC 1000h

Dielectric Breakdown Voltage (in oil) 14 kV Cured

Overlap shear strength in RT 5.1 MPa Cured with 0.3mm total gap 

Overlap shear strength in 200°C 1.8 MPa

Heat resistance
200degC 500h

Dielectric Breakdown Voltage (in oil) 12kV Cured

Overlap shear strength in RT 2.3 MPa Cured with 0.3mm total gap 

Overlap shear strength in 200°C 1.4 MPa

High-temp. & humidity resistance
85degC 85%RH 1000h

Dielectric Breakdown Voltage (in oil) 12 kV Cured

Overlap shear strength in RT 4.6 MPa Cured with 0.3mm total gap 

Overlap shear strength in 200°C 0.7 MPa

Heat shock cycle Dielectric Breakdown Voltage 12 kV Cured

-40degC(30min.) 180degC(30min.)
300cycles

Overlap shear strength in RT 4.2 MPa Cured with 0.3mm total gap 

Overlap shear strength in 200°C 1.8 MPa

Apparent Thermal Conductivity Apparent Thermal Conductivity (ASTM D5470) 0.08W/m.K Cured with 0.3mm total gap 

3M™ Expandable Slot Liner ESL-FC190: Eliminating Varnish

Slot liner Slot liner 
expanded

Slot liner expanded by heat to fill the gap 
and to adhere with stator core and coils

Conventional process Proposed process

Conventional slot liner inserted into slots Expandable Slot Liner inserted into slots

Coil winding inserted into the insulated slots Coil winding inserted into the insulated slots

Varnishing -

Heating for varnish curing •  Heating for expansion (room temp to 160°C, 3 minutes)

•  Heating for cure (160°C, 10 minutes)

- Curing time may be adjusted depending on temperature



eMotor Trends and Needs

1 eMotor Trend 1 - Cooling System               
(from indirect to direct cooling) 2 eMotor Trend 2 – Hairpin 

(rectangular wire)

A. Water-jacket indirect cooling

• Simple design
• Utilized in early EV motor designs

B.  ATF (Automatic Transmission Fluid) direct cooling

• Direct cooling of stator end turns
• Requires chemical compatibility o f 

insulation materials

Stator Wire Type Advantages Disadvantages

(A) Small Round Wire 
(random wound)

• Lower cost Lower slot fill factor

• Mechanized construction Poor heat  dissipation  capability

(B) Rectangular Wire 
(hairpin wound) 

• Uniform temp distribution  and 
turn-to-turn voltage stress

More costly and difficult 
 to manufacture 

• Ideal for high  power applications Produce more copper  losses 
at high frequency• Higher slot fill factor

Electrical Markets Division
3M Center
13011 McCallen Pass Building C
Austin, TX 78753
Phone: (800) 676-8381
Web: www.3M.com/evbattery

3M is a trademark of 3M Company. ©3M 2023. All rights reserved.

Technical Information: The technical information, guidance, and other statements contained in this document or otherwise provided by 3M are based upon records, 
tests, or experience that 3M believes to be reliable, but the accuracy, completeness, and representative nature of such information is not guaranteed. Such information is 
intended for people with knowledge and technical skills sufficient to assess and apply their own informed judgment to the information. No license under any 3M or third 
party intellectual property rights is granted or implied with this information.

Product Selection and Use: Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance of a 3M product 
in a particular application. As a result, customer is solely responsible for evaluating the product and determining whether it is appropriate and suitable for customer’s 
application, including conducting a workplace hazard assessment and reviewing all applicable regulations and standards (e.g., OSHA, ANSI, etc.). Failure to properly 
evaluate, select, and use a 3M product in accordance with all applicable instructions and with appropriate safety equipment, or to meet all applicable safety regulations, 
may result in injury, sickness, death, and/or harm to property.

Warranty, Limited Remedy, and Disclaimer: Unless a different warranty is specifically stated on the applicable 3M product packaging or product literature (in which case 
such warranty governs), 3M warrants that each 3M product meets the applicable 3M product specification at the time 3M ships the product. 3M MAKES NO OTHER 
WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY, 
FITNESS FOR A PARTICULAR PURPOSE, OR ARISING OUT OF A COURSE OF DEALING, CUSTOM, OR USAGE OF TRADE. If a 3M product does not conform to this 
warranty, then the sole and exclusive remedy is, at 3M’s option, replacement or repair of the 3M product or refund of the purchase price. Warranty claims must be made 
within one (1) year from the date of 3M’s shipment.

Limitation of Liability: Except for the limited remedy stated above, and except to the extent prohibited by applicable law, 3M will not be liable for any loss or damage 
arising from or related to the 3M product, whether direct, indirect, special, incidental, or consequential (including, but not limited to, lost profits or business opportunity), 
regardless of the legal or equitable theory asserted, including, but not limited to, warranty, contract, negligence, or strict liability.

Disclaimer: 3M industrial and occupational products are intended, labeled, and packaged for sale to trained industrial and occupational customers for workplace use. 
Unless specifically stated otherwise on the applicable product packaging or literature, these products are not intended, labeled, or packaged for sale to or use by 
consumers (e.g., for home, personal, primary or secondary school, recreational/sporting, or other uses not described in the applicable product packaging or literature), 
and must be selected and used in compliance with applicable health and safety regulations and standards (e.g., U.S. OSHA, ANSI), as well as all product literature, user 
instructions, warnings, and limitations, and the user must take any action required under any recall, field action or other product use notice. Misuse of 3M industrial and 
occupational products may result in injury, sickness, or death. For help with product selection and use, consult your on-site safety professional, industrial hygienist, or other 
subject matter expert. For additional product information, visit www.3M.com

https://www.3M.com/evbattery
https://www.3M.com
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