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March 7, 2022 
 
Mr. Joe Musso, Chair for STPs 1042 
Mr. Bob Pollack, Director, Market and Surveillance     
Underwriters Laboratories Inc. 
333 Pfingsten Road 
Northbrook, IL 60062 
 
Dear Mr. Musso and Mr. Pollack: 
  

While investigating heaters with thermally damaged plugs from different manufacturers, U.S. 
Consumer Product Safety Commission (CPSC) technical staff1 found inconsistent crimping, welding 
and/or soldering on the crimp connectors of the heater plug blades (see attachment).  The plugs were 
from certified electric heaters with UL-listed power supply cords.2 Staff’s evaluations included x-rays 
and CT scans of incident and exemplar heater power cord attachment plugs, which showed 
inconsistencies on the crimps of the plug crimp barrels to the power cord conductors and/or welding or 
soldering of the plug connections.  Welding and soldering of heater plugs is required, as cited in Table 
16.2 of UL 1278.  

 
Additional evaluation included temperature measurements of the plug during normal operation.  

Staff connected cords from incident and exemplar heaters to a 120 VAC and a 11.5 A load, as 
appropriately rated for these power cords.  Staff recorded the temperatures of the plugs using a 
thermocouple located between the plug blades and within the plugs overmolding. The temperature tests 
indicated elevated temperatures (5.5° to 19.8°C) between the incident and exemplar plugs. 

 
Staff requests UL to review our findings and investigate if these plugs exhibit unacceptable 

construction deviations and the impact of these deviations on the safe operation of the cords during the 
life of these products.   

                                                 
1 The views expressed in this letter are those of CPSC staff, and they have not been reviewed or approved by, and may not 

necessarily reflect, the views of the Commission. 
2 Under Section 6(b) of the Consumer Product Safety Act, staff cannot at this time disclose the markings on the cord 

samples that would reveal the manufacturer. 
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CPSC’s technical staff is committed to continuing to address the safety of electric heaters and 

other consumer products.  The preliminary analysis that staff conducted identifies an area that may 
warrant additional investigation.   

 
We look forward to an open dialogue on this topic with UL and all interested stakeholders.   

 
Sincerely, 
 

 
 
Arthur Lee 
Electrical Engineer 
Division of Electrical Engineering and Fire Sciences 
 
 

CC:   Jacqueline Campbell, CPSC Voluntary Standards Coordinator 
Randy Cooper, Vice President, Technical Operations & Standards, Association of Home Appliance 
Manufacturers 
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Examination of Heater Power Cord Plugs 

Staff conducted examinations of incident and exemplar heater power cord plugs. The 

power cords were from heaters certified to Underwriters Laboratories (UL) 1278 -

Movable and Wall- or Ceiling-Hung Electric Room Heaters. The incident heaters were 

portable, floor-standing room heaters and not more than 5 years old. 

The power cords examined in this report were listed by UL to UL 817 - Cord Sets and 

Power-Supply Cords. 

X-ray inspection and computed tomography (CT) scanning were conducted on the 

samples. The scanning took 5,200 two-dimensional (2D) digital radiography projections 

around a 360-degree rotation of each sample and then the 2D projections were 

reconstructed into a three-dimensional (3D) CT volume, which allowed staff to view 

and slice the part at any angle. 

Also, the temperatures for selected incident and exemplar plugs were measured by 
inserting a thermocouple through a drilled hole within the molded plug between the 
crimp barrels. The power cords were energized with 120 VAC and a 11.5 A load. A 
temperature logger recorded the temperatures of every 10 seconds by a temperature 
logger. 

This report only provides staff's examination of the 
sampled heater plugs. 

The views expressed in this report are those of CPSC staff, and they have 
not been reviewed or approved by, and may not necessarily reflect, the 

views of the Commission. 
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Illustrated Wire Crimp 
Cross-Section 
Examples 

Best practice is that 
the crimp barrel is 
closed, wings support 
each other and that 
there is a sufficient 
gap between wings 
and bottom of the 
crimp. All strands 
needs to be 
deformed to create 
maximum surface 
contact between 
wire strands and 
barrel. 

[1] Crimp barrel fully 
closed. Crimp wings 
touching and even. 

[2] Wings even and 
support each other. 

[3] Burrs/extrusions 
are even on both 
sides of the crimp 
barrel. 

[4] No voids in the 
crimp barrel and all 
wire strands are 
deformed. 

[SJ Asymmetric crimp 
barrel closure. 
Uneven wing closure. 

[6] Asymmetric 
crimp. Uneven 
burrs/extrusions on 
the crimp barrel. 

[7] Voids in the crimp 
barrel. 

[8] Crimp barrel 
open. Crimp wings 
not touching. 

[9] Lack or minimum 
burrs/extrusions on 
the crimp barrel 

(6) 
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This sample did not 
result in a fire. 

One of the two 
blades showed signs 
of overheating, 
which resulted in 
deformation/melting 
of the plug overmold. 

[1) Thermal damage 
surrounding the 
crimp connection 
(not visible on x­
rays). 

[2) Insufficient solder 
to bond the wire 
strands to the 
terminal surface. 

[3) Solder above the 
crimp barrel location 
to bond the wire 
strands to the 
terminal surface. 

[4) Voids in the 
crimp. 

[SJ Crimp wing closed 
but not turned 
inwards to complete 
fully closed/pressure 
crimp barrel. 

[6) Solder flow into 
main crimp area is an 
indication of voids in 
the crimp barrel 
before soldering. 
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I nci dent - Sample 

0803_02 

This sample did not 
result in a fire. 

One of the two 

blades showed signs 
of overheating, 
which resulted in 

deformation/melting 
of the plug overmol d . 
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[6] Sol der flow into 
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the crimp barrel 

before soldering. 
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result in a fire. 

One of the two 
blades showed signs 
of overheating, 
which resulted in 
deformation/melting 
of the molded plug. 

(1) Thermal damage 
surrounding the 
crimp connection 
(not visible on x-ray). 

(2) Thermal damage 
visible on the 
surface. 

(3) Surface solder 
mainly covering the 
wings of the crimp 
barrel. 
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Incident - Sample 0087 

This sampl e did not 

result in a fire. 

One ofthe two 

blades showed signs 

of overheating, 

which resulted in 

defor mation/melting 

of the molded plug. 

[1] Thermal damage 

surround ing the 

crim p connection 

(not visible on x-ray). 

[2] Thermal damage 

visib l e on the 

surface. 

[3] Surface solder 

mainly coveri ng the 

w i ngs of the crimp 

barrel. 

� 

• 
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A thermocouple was 
placed between the 
blades within a hole 
made in the plug 
overmold. 

This sample did not 
result in a fire during 
the temperature test. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manor. 

(4) The maximum 
temperature increase 
above ambient 
temperatures was 
16.2° C @ about 1.8 
hours (6460 
seconds). 

[SJ The maximum 
temperature increase 
above exemplar 
sample temperatures 
was 5.5° C @ about 
1.72 hours (6420 
seconds). 

(6) The maximum 
temperature for the 
incident sample was 
40.4° C@ about 1.72 
hours (6420 
seconds). 

(7) Thermocouple 
located between the 
crimp barrels within 
the molded plug. 
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located between the 
crimp barrels within 
the molded plug. 
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Incident - Sample 0087 

A thermocouple was 
placed between the 

blades within a hole 
made in the plug 

overmold. 

This sample did not 

result in a fire during 
the temperature test . 

An exempl a r plug of 
the same 

constructio n (brand 
and make) was 

tested in the same 
manor. 

[4] The maximum 
temperature i ncrease 

above ambient 
temperatures was 

16.2° C @ about 1 . 8 
hours (6460 
seconds). 

[5] The maximum 

temperature i ncrease 
above exemplar 
sample temperatures 

was 5.5° C @ about 
1.72 hours {6420 

seconds). 

[6] The maximum 
temperature for the 
incident sample was 

40.4° C @ about 1.72 
hours (6420 

seconds). 

[7] Th ermocouple 
l ocated between the 
crimp barrels within 

the molded p l ug. 

> 
G0 

55 

50 

45 

9 
2 40 

35 

30 7 

25 

.a 

20 

� 

Measured Plug Temperature 

[41, [5 ], 
[6] Sample 0087 Temperature 

Exemplar Temperature 

� % � o o o% 
Time (seconds) 

Ambient Temperature 

.. 

U.S. Consumef" Product Safety Commission 
tlonal Product Testing and Evaluation Center 

Rockville, Maryland 

5 



This sample did not 
result in a fire. 

One of the two 
blades showed signs 
of overheating, 
which resulted in 
deformation/melting 
of the plug overmold 
(not visible on the x­
rays). 

(1) Thermal damage 
surrounding the 
crimp connection 
(not visible on the x­
ray). 

(2) Solder bead at 
top of wire strands. 

(3) Uneven 
burrs/ extrusions 
(sign of asymmetric 
crimp pressure). 

(4) Voids in the crimp 
barrel. 

[SJ Uneven crimp 
barrel closure. 

(6) Voids in the 
solder bond to 
terminal surface. 
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This sample did not 
result in a fire. 

One of the two 
blades showed signs 
of overheating, 
which resulted in 
deformation/melting 
of the plug overmold 
(not visible on the x­
rays). 

(1) Thermal damage 
surrounding the 
crimp connection 
(not visible on the x­
ray). 

(2) Solder bead at 
top of wire strands. 
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crimp pressure). 
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barrel. 
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This sample did not 
result in a fire. 

One of the two 
blades showed signs 
of overheating, 
which resulted in 
deformation/melting 
of the plug overmold 
(not visible on the x­
rays). 

(1) Thermal damage 
surrounding the 
crimp connection 
(not visible on the x­
ray). 

(2) Solder bead at 
top of wire strands. 

(3) Uneven 
burrs/ extrusions 
(sign of asymmetric 
crimp pressure). 

(4) Voids in the crimp 
barrel. 

[SJ Uneven crimp 
barrel closure. 

(6) Voids in the 
solder bond to 
terminal surface. 
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This sample did not 
result in a fire. 

One of the two 
blades showed signs 
of overheating, 
which resulted in 
deformation/melting 
of the plug overmold 
(not visible on the x­
rays). 

(1) Thermal damage 
surrounding the 
crimp connection 
(not visible on the x­
ray). 

(2) Solder bead at 
top of wire strands. 

(3) Uneven 
burrs/ extrusions 
(sign of asymmetric 
crimp pressure). 

(4) Voids in the crimp 
barrel. 

[SJ Uneven crimp 
barrel closure. 

(6) Voids in the 
solder bond to 
terminal surface. 
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U.S. Con•umer Product Safety Commission 
tlonal Product Testing and Evaluation Center 

RoekYill .. Mwyland Incident - Sampl e 0090 

This sampl e did not 
result in a fire. 

One of the two 
b lades showed s igns 
of overh eati ng, 

which resulted in 
deformation/melting 

of the plug overmol d 
(not visibl e on the x­

rays). 

[1] Thermal damage 

surrounding the 
crimp connection 

(not visible on the x­

ray). 

[2] Solder bead at 
top of wire strands. 

[3] Uneven 

burrs/extrusions 
(sign of asymmetric 
crimp pressure). 

[4] Voids in the crimp 

barrel. 

[5] Uneven cri mp 
barrel closure . 

[6] Voids in the 
solder bond to 

termi nal surface. 
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This sample did not 
result in a fire during 
the temperature test. 

A thermocouple was 
placed within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manor. 

(6) Steep rise in 
temperature after 
about 5 hours. 

(7) The maximum 
temperature rise was 
30.1 ° C @ about 5.4 
hours (19340 
seconds). 

(8) The maximum 
temperature 
difference between 
incident and 
exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19340 
seconds). 

(9) The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19340 
seconds). 

(10) The temperature 
leveled or declined 
after 19340 seconds. 

(11) Thermocouple 
located between the 
plug blades within 
the plug overmold. 
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This sample did not 
result in a fire during 
the temperature test. 

A thermocouple was 
placed within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manor. 

(6) Steep rise in 
temperature after 
about 5 hours. 

(7) The maximum 
temperature rise was 
30.1 ° C @ about 5.4 
hours (19340 
seconds). 

(8) The maximum 
temperature 
difference between 
incident and 
exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19340 
seconds). 

(9) The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19340 
seconds). 

(10) The temperature 
leveled or declined 
after 19340 seconds. 

(11) Thermocouple 
located between the 
plug blades within 
the plug overmold. 
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This sample did not 
result in a fire during 
the temperature test. 

A thermocouple was 
placed within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manor. 

(6) Steep rise in 
temperature after 
about 5 hours. 

(7) The maximum 
temperature rise was 
30.1 ° C @ about 5.4 
hours (19340 
seconds). 

(8) The maximum 
temperature 
difference between 
incident and 
exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19340 
seconds). 

(9) The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19340 
seconds). 

(10) The temperature 
leveled or declined 
after 19340 seconds. 

(11) Thermocouple 
located between the 
plug blades within 
the plug overmold. 
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Incident - Sample 0090 

This sampl e did not 

result i n a fi re duri ng 
the temperature test. 

A thermocouple was 

placed withi n the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 

construction (brand 
and make) was 

tested in the same 
man or. 

[6] Steep rise in 
temperature after 

about 5 hours . 

[7] The maximum 
temperature rise was 

30.1° C @ about 5.4 
hours (19340 
seconds). 

[8] The maximum 

temperat ure 
difference between 
incident and 

exemplar 
temperatures was 

19.8° C @ about 5.4 
hours (19340 

seconds). 

[9] The maximum 

temperature for the 
incident sampl e was 

54.8° C @ about 5.4 
hours (19340 

seconds). 

[10] The temperature 

leveled or declined 
after 19340 seconds. 

[11] Thermocouple 
located between the 

plug blades withi n 
the plug overmold. 
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This sample did not 
result in a fire. 

One of the blades 
showed signs of 
overheating, which 
resulted in 
deformation/melting 
plug overmold. 

(1) Thermal damage 
surrounding the 
crimp connection. 
Solder had melted 
and solidified. 

(2) Voids in the crimp 
barrel. 

(3) Solder flow into 
main crimp area is an 
indication of 
insufficient crimp 
barrel pressure. 
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This sample did not 
result in a fire. 
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overheating, which 
resulted in 
deformation/melting 
plug overmold. 

(1) Thermal damage 
surrounding the 
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This sample did not 
result in a fire. 

One of the blades 
showed signs of 
overheating, which 
resulted in 
deformation/melting 
plug overmold. 

(1) Thermal damage 
surrounding the 
crimp connection. 
Solder had melted 
and solidified. 
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barrel. 

(3) Solder flow into 
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insufficient crimp 
barrel pressure. 
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Incident - Sample 
0803_01 

This sampl e did not 
result in a fire. 

One of the blades 
showed signs of 
overheati ng, which 
resulted in 
deformation/m elti ng 
plug overmold. 

[1] Thermal damage 
surrounding the 
cri mp connection. 
Solder had melted 
and sol idifi ed . 

[ 2] Voids in the crimp 
barrel. 

[ 3] Solder flow into 
main crimp area is an 
i ndication of 
insufficient crimp 
barrel p ressure. 

• 

U.S. Consumer Product Safety Commission 
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This sample did not 
result in a fire during 
the temperature test. 

A thermocouple was 
placed within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manner. 

(6) Steep rise in 
temperature after 
3.5 hours. 

(7) The maximum 
rise above ambient 
temperatures was 
31.5° C@ about 5.4 
hours (19260 
seconds). 

(8) The maximum 
rise above exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19260 
seconds). 

(9) The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19260 
seconds). 

(10) The temperature 
leveled or declined 
after 19260 seconds. 

(11) Thermocouple 
located between the 
plug blades within 
the plug overmold. 
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This sample did not 
result in a fire during 
the temperature test. 

A thermocouple was 
placed within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manner. 

(6) Steep rise in 
temperature after 
3.5 hours. 

(7) The maximum 
rise above ambient 
temperatures was 
31.5° C@ about 5.4 
hours (19260 
seconds). 

(8) The maximum 
rise above exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19260 
seconds). 

(9) The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19260 
seconds). 

(10) The temperature 
leveled or declined 
after 19260 seconds. 

(11) Thermocouple 
located between the 
plug blades within 
the plug overmold. 
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This sample did not 
result in a fire during 
the temperature test. 

A thermocouple was 
placed within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manner. 

(6) Steep rise in 
temperature after 
3.5 hours. 

(7) The maximum 
rise above ambient 
temperatures was 
31.5° C@ about 5.4 
hours (19260 
seconds). 

(8) The maximum 
rise above exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19260 
seconds). 

(9) The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19260 
seconds). 

(10) The temperature 
leveled or declined 
after 19260 seconds. 

(11) Thermocouple 
located between the 
plug blades within 
the plug overmold. 
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Incident - Sampl e 
0803_01 

This sampl e d i d not 
result in a fire during 
the temperature test. 

A thermocouple was 
p l aced within the 
plug overmold 
between the blades. 

An exemplar plug of 
the same 
construction (brand 
and make) was 
tested in the same 
manner. 

[6] Steep r i se in 
temperature after 
3.5 hours . 

[7] The maximum 
rise above ambient 
temperatures was 
31.5° C @ about 5.4 
hours (19260 
secon ds). 

[8] The maximum 
rise above exemplar 
temperatures was 
19.8° C @ about 5.4 
hours (19260 
seconds). 

[ 9] The maximum 
temperature for the 
incident sample was 
54.8° C @ about 5.4 
hours (19260 
secon ds). 

[10] The temperature 
leveled or declined 
after 19260 seconds. 

[11] Thermocouple 
located between the 
p l ug blades withi n 
the plug overmol d . 

60 

55 

50 

45 

G 
g 40 

35 

I 
Measured Plug Temperature 

Exemplar Temperature 
Extrapolated 

temperatures 

[7J, [8] , 
[9), [10] 

25 
Ambient Temperature 

20 +- --�- -� --- --- --- --- --------- --

� o 

o 

Time (seconds) 

0 U.S. Consumer Product Safety Commission 
ati onal Product Testing and Evaluation Center 

Rockville, Mary land 

[10] 

9 

[10] 

� � 



This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
manufacturer 
markings) 

[1) For this sample, a 
bar weld is used 
across the wire 
strands. 

[2) Voids in the crimp 
barrel. 

[3) Uneven crimp 
barrel closure. 

[4) Lack of 
burrs/extrusions is 
an indication of 
insufficient crimp 
pressure to close 
crimp barrel. 

U.S. Con•umer Product Safety COMMlssloft 
tional Product Testing and Evaluation Center 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
manufacturer 
markings) 

[1) For this sample, a 
bar weld is used 
across the wire 
strands. 

[2) Voids in the crimp 
barrel. 

[3) Uneven crimp 
barrel closure. 

[4) Lack of 
burrs/extrusions is 
an indication of 
insufficient crimp 
pressure to close 
crimp barrel. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
manufacturer 
markings) 

[1) For this sample, a 
bar weld is used 
across the wire 
strands. 

[2) Voids in the crimp 
barrel. 

[3) Uneven crimp 
barrel closure. 

[4) Lack of 
burrs/extrusions is 
an indication of 
insufficient crimp 
pressure to close 
crimp barrel. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
manufacturer 
markings) 

[1) For this sample, a 
bar weld is used 
across the wire 
strands. 

[2) Voids in the crimp 
barrel. 

[3) Uneven crimp 
barrel closure. 

[4) Lack of 
burrs/extrusions is 
an indication of 
insufficient crimp 
pressure to close 
crimp barrel. 
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Exemplar - Sample 0447 

This is an exemplar 

sample . Crimp and 
weld configuration. 

(Note: Blac k box 
added to conceal 
manufacturer 

mar ki ngs) 

[1] For this sample, a 
bar weld is used 
across the wire 

strands. 

[ 2] Voi ds i n the crimp 
barrel. 

[ 3] Uneven crimp 
barrel closure. 

[4] Lack of 

burrs/extrusions is 
an indication of 
insufficient cri mp 

pressure to close 
crimp barrel . 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
markings 

[1] For this sample, 
bar weld is used 
across the wire 
strands. 

[2] Voids in the crimp 
barrel. Not all wire 
strands are 
deformed. 

[3] Open crimp 
barrel. Crimp wings 
partially open and 
not touching. 

[4] Asymmetric 
crimp. Uneven 
burrs/extrusions. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
markings 

[1] For this sample, 
bar weld is used 
across the wire 
strands. 

[2] Voids in the crimp 
barrel. Not all wire 
strands are 
deformed. 

[3] Open crimp 
barrel. Crimp wings 
partially open and 
not touching. 

[4] Asymmetric 
crimp. Uneven 
burrs/extrusions. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 
(Note: Black box 
added to conceal 
markings 

[1] For this sample, 
bar weld is used 
across the wire 
strands. 

[2] Voids in the crimp 
barrel. Not all wire 
strands are 
deformed. 

[3] Open crimp 
barrel. Crimp wings 
partially open and 
not touching. 

[4] Asymmetric 
crimp. Uneven 
burrs/extrusions. 
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Exempl a r - Sample 261 6b 

This is an exemplar 

sample. Crimp and 
weld configuration. 
(Note: B l ack box 

added to conceal 

markings 

[ 1] For this sample, 

bar weld is used 

across the wire 

strands. 

[2] Voids in the crimp 

barrel. Not all w i re 

strands are 

deformed. 

[3] Open crimp 

barrel. Crimp wings 

partially open and 
not touching. 

[4] Asymmetric 

crimp. Uneven 

burrs/extrusions. 

� 0 
U.S. Consumer Product Safety Commission 

ational Product Testing and Evaluation Center 
Rockville, Maryland 

� 

11 



This is an exemplar 
sample. Crimp and 
weld configuration. 

[1] For this sample, 
bar weld is used 
across the wire 
strands. 

[2] Crimp location 
not centered 
resulting in excessive 
bell formation. 

[3] Voids in the crimp 
barrel. 

U.S. Consumer Product Safety Commission 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

[1] For this sample, 
bar weld is used 
across the wire 
strands. 

[2] Crimp location 
not centered 
resulting in excessive 
bell formation. 

[3] Voids in the crimp 
barrel. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

[1] For this sample, 
bar weld is used 
across the wire 
strands. 

[2] Crimp location 
not centered 
resulting in excessive 
bell formation. 

[3] Voids in the crimp 
barrel. 
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Exemplar - Sample 0446 

This is an exemplar 

sample. Crimp and 

weld configuration . 

[1] For this sample, 

bar weld is used 

across the wire 

strands. 

[2] Cri mp location 

not centered 

resulting in excessive 

bell formati on . 

[3] Voids in the cri mp 

barrel. 

> 
• 

U.S. Consumer Product Safety Commission 
ational Product Testing and Evaluation Center 

Rockville, Maryland 
0 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

(1) For this sample, 
solder is used to 
bond wire strands to 
terminal surface. 

(2) Voids in the 
solder. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

(1) For this sample, 
solder is used to 
bond wire strands to 
terminal surface. 

(2) Voids in the 
solder. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

(1) For this sample, 
solder is used to 
bond wire strands to 
terminal surface. 

(2) Voids in the 
solder. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

(1) For this sample, 
solder is used to 
bond wire strands to 
terminal surface. 

(2) Voids in the 
solder. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

(1) For this sample, 
solder is used to 
bond wire strands to 
terminal surface. 

(2) Voids in the 
solder. 
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U.S. Con.sumer Product Safety Commistion 
lonal Product Testing and Evaluation Center 

lllo<-kvll .. , M•rytllnd Exemplar - Sample 0689 

This is an exempl ar 

sampl e . Crimp and 

sol der configuration. 

[1] For this sample, 

solder is used to 

bond wire strands to 

terminal surface. 

[2] Voids in the 

solder. 

� .. 

U.S., Con&um•r P,adu.et Sahrty Conuni•s.ion 
• 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Surface solder. 
Solder does not 
penetrate through 
wire strands to 
terminal surfaces. 

[2] Voids in the crimp 
barrel. 

[3] No burrs. 

[4] Asymmetric 
crimp. Uneven 
burrs/extrusions. 

[S] Uneven crimp 
barrel closure. 

[6] Open crimp 
barrel. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Surface solder. 
Solder does not 
penetrate through 
wire strands to 
terminal surfaces. 

[2] Voids in the crimp 
barrel. 

[3] No burrs. 

[4] Asymmetric 
crimp. Uneven 
burrs/extrusions. 

[S] Uneven crimp 
barrel closure. 

[6] Open crimp 
barrel. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Surface solder. 
Solder does not 
penetrate through 
wire strands to 
terminal surfaces. 

[2] Voids in the crimp 
barrel. 

[3] No burrs. 

[4] Asymmetric 
crimp. Uneven 
burrs/extrusions. 

[S] Uneven crimp 
barrel closure. 

[6] Open crimp 
barrel. 
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U.S. Consumer ProdYCt Sar.ty CommlHJon 
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Rock"4'111 .. Mli1)'Ja,nd Exemp la r - Sample 0869 

This is an exemplar 

sample. Crimp and 

solder configu ration. 

[1] Surface solder. 

Solder does not 

penetrate through 

wire strands to 

terminal surfaces. 

[2] Voids i n the crimp 

barrel. 

[3] No burrs. 

[4] Asymmetric 

cri mp. Uneven 

burrs/extrusion s . 

[5] Uneven crimp 

ba r rel closure. 

[6] Open crimp 

barrel. 

) • 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

(1) For this sample, 
bar weld is used 
across the wire 
strands. 

(2) Crimp barrel not 
fully closed. 

(3) Voids in the weld. 
Not all the strands 
are welded to the 
terminal surfaces. 

(4) Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[SJ Voids in the crimp 
barrel. 

U.S. Consumer Product Safety Commission 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

(1) For this sample, 
bar weld is used 
across the wire 
strands. 

(2) Crimp barrel not 
fully closed. 

(3) Voids in the weld. 
Not all the strands 
are welded to the 
terminal surfaces. 

(4) Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[SJ Voids in the crimp 
barrel. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

(1) For this sample, 
bar weld is used 
across the wire 
strands. 

(2) Crimp barrel not 
fully closed. 

(3) Voids in the weld. 
Not all the strands 
are welded to the 
terminal surfaces. 

(4) Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[SJ Voids in the crimp 
barrel. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

(1) For this sample, 
bar weld is used 
across the wire 
strands. 

(2) Crimp barrel not 
fully closed. 

(3) Voids in the weld. 
Not all the strands 
are welded to the 
terminal surfaces. 

(4) Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[SJ Voids in the crimp 
barrel. 
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Exemplar - Sample 2796 ► 
This is an exemplar 

sample. Crimp and 

weld configuration. 

[1] For this sampl e, 

bar weld is used 
across the wire 

strands. 

[2] Crimp barrel not 

fully closed. 

[3] Voids i n the weld . 

Not all the strands 

are welded to the 

terminal surfaces. 

[4] Asymmetric 

crimp. Uneven 

burrs/extrusions. 

[5] Voids i n the crimp 

barrel. 

• 

U.S. Consumer Product Safety Commission 
ational Product Testing and Evaluation Center 

Rockville, Maryland 
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15 



This is an exemplar 
sample. Crimp and 
weld configuration. 

[1] Bar weld does not 
span the width of the 
wire strands. 

[2] Voids in the crimp 
barrel. 

[3] Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[4] Not all the 
strands are welded 
to the terminal 
surfaces. 

U.S. Consumer Product Satoty Commlstlon 
tlonal Product Testing and Evaluat.lo" Center 

Rock\'llle, Mer,ief141 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

[1] Bar weld does not 
span the width of the 
wire strands. 

[2] Voids in the crimp 
barrel. 

[3] Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[4] Not all the 
strands are welded 
to the terminal 
surfaces. 
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This is an exemplar 
sample. Crimp and 
weld configuration. 

[1] Bar weld does not 
span the width of the 
wire strands. 

[2] Voids in the crimp 
barrel. 

[3] Asymmetric 
crimp. Uneven 
burrs/ extrusions. 

[4] Not all the 
strands are welded 
to the terminal 
surfaces. 
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Exempl ar - Sample 0020 

This is an exemplar 

sample . Crimp and 
weld configurati on. 

[ 1] Bar weld does not 

span the width of the 
wire strands. 

[2] Voids in the crimp 
barrel. 

[3] Asymmetric 

c r imp. Uneven 
burrs/extrusions. 

[4] Not all the 
strands are welded 

to the termi nal 
surfaces. 

� 
tional Product Testing and Evaluation Center ational Product Testing and Evaluation Genter 

.. 
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.. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Uneven solder. 

[2] Solder does not 
cover all the strands 
and insufficient 
bonding to the 
terminal surfaces. 

[3] No 
burrs/ extrusions. 

[4] Asymmetric crimp 
barrel. 

[SJ Solder flow into 
main crimp area is an 
indication of 
insufficient crimp 
pressure. 

[6] Voids in crimp 
barrel. 

• 

U.S. Co■sumer Product Safety CommlHlon 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Uneven solder. 

[2] Solder does not 
cover all the strands 
and insufficient 
bonding to the 
terminal surfaces. 

[3] No 
burrs/ extrusions. 

[4] Asymmetric crimp 
barrel. 

[SJ Solder flow into 
main crimp area is an 
indication of 
insufficient crimp 
pressure. 

[6] Voids in crimp 
barrel. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Uneven solder. 

[2] Solder does not 
cover all the strands 
and insufficient 
bonding to the 
terminal surfaces. 

[3] No 
burrs/ extrusions. 

[4] Asymmetric crimp 
barrel. 

[SJ Solder flow into 
main crimp area is an 
indication of 
insufficient crimp 
pressure. 

[6] Voids in crimp 
barrel. 

• 

U.S. Co■sumer Product Safety CommlHlon 
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This is an exemplar 
sample. Crimp and 

solder configuration. 

[1] Uneven solder. 

[2] Solder does not 
cover all the strands 
and insufficient 

bondi ng to the 
terminal surfaces. 

[3] No 

burrs/extrusions. 

[4] Asymmetric cri mp 

barrel. 

[SJ Solder flow into 

main crimp area is an 
i ndi cati on of 

insufficient crimp 
pressure. 

[6] Voids in crimp 
barrel. 
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tional Product Testing and Evaluation Center 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Solder beaded 
shape is an indication 
of insufficient 
heating of the crimp 
surfaces. 

[2] Solder not fully 
penetrated into wire 
strands and not 
bonded to the 
terminal surfaces. 
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ational Product Testing and Evaluation Center 

Rockville, Maryland 

18 

This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Solder beaded 
shape is an indication 
of insufficient 
heating of the crimp 
surfaces. 

[2] Solder not fully 
penetrated into wire 
strands and not 
bonded to the 
terminal surfaces. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Solder beaded 
shape is an indication 
of insufficient 
heating of the crimp 
surfaces. 

[2] Solder not fully 
penetrated into wire 
strands and not 
bonded to the 
terminal surfaces. 
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This is an exemplar 
sample. Crimp and 
solder configuration. 

[1] Solder beaded 
shape is an indication 
of insufficient 
heating of the crimp 
surfaces. 

[2] Solder not fully 
penetrated into wire 
strands and not 
bonded to the 
terminal surfaces. 
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Exemplar - Sample 0718 

This is an exemplar 

sample. Cr i mp and 

solder configuration. 

[1] Solder beaded 

shape is an indication 

of insufficient 

heating of the cr i m p 

surfaces. 

[2] Solder not fully 

penetrated into wire 

strands and not 

bonded to the 

terminal surfaces. 

� 

� 
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	March 7, 2022 
	Mr. Joe Musso, Chair for STPs 1042 
	Mr. Joe Musso, Chair for STPs 1042 
	Mr. Bob Pollack, Director, Market and Surveillance 
	Underwriters Laboratories Inc. 
	333 Pfingsten Road 
	Northbrook, IL 60062 

	Dear Mr. Musso and Mr. Pollack: 
	Consumer Product Safety Commission (CPSC) technical stafffound inconsistent crimping, welding and/or soldering on the crimp connectors of the heater plug blades (see attachment). The plugs were from certified electric heaters with UL-listed power supply cords. Staff's evaluations included x-rays and CT scans of incident and exemplar heater power cord attachment plugs, which showed inconsistencies on the crimps of the plug crimp barrels to the power cord conductors and/or welding or soldering of the plug con
	While investigating heaters with thermally damaged plugs from different manufacturers, U.S. 
	] 
	2 
	2 


	Additional evaluation included temperature measurements of the plug during normal operation. Staff connected cords from incident and exemplar heaters to a 120 VAC and a 11.5 A load, as appropriately rated for these power cords. Staff recorded the temperatures of the plugs using a thermocouple located between the plug blades and within the plugs overmolding. The temperature tests indicated elevated temperatures (5.5° to 19.8°C) between the incident and exemplar plugs. 
	Staff requests UL to review our findings and investigate if these plugs exhibit unacceptable construction deviations and the impact of these deviations on the safe operation of the cords during the life of these products. 
	The views expressed in this letter are those of CPSC staff, and they have not been reviewed or approved by, and may not necessarily reflect, the views of the Commission. 
	1 

	Under Section 6(b) of the Consumer Product Safety Act, staff cannot at this time disclose the markings on the cord samples that would reveal the manufacturer. 
	2 

	CPSC Hotline: 1-800-638-CPSC (2772) CPSC's Web Site: 
	□ 
	http://www.cpsc.gov 
	http://www.cpsc.gov 


	Page 2 
	CPSC's technical staff is committed to continuing to address the safety of electric heaters and other consumer products. The preliminary analysis that staff conducted identifies an area that may warrant additional investigation. 
	We look forward to an open dialogue on this topic with UL and all interested stakeholders. 
	Sincerely, 
	Figure
	Arthur Lee 
	Arthur Lee 
	Electrical Engineer 
	Division of Electrical Engineering and Fire Sciences 

	CC: Jacqueline Campbell, CPSC Voluntary Standards Coordinator Randy Cooper, Vice President, Technical Operations & Standards, Association of Home Appliance Manufacturers 
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	STAFF'S EXAMINATION OF HEATER POWER CORD PLUGS 
	MARCH 7, 2022 
	U.S. CONSUMER PRODUCT SAFETY COMMISSION 
	U.S. CONSUMER PRODUCT SAFETY COMMISSION 
	5 RESEARCH PLACE 
	ROCKVILLE, MD 20850 

	Examination of Heater Power Cord Plugs 
	Staff conducted examiations of ncidet and exempaeater power cord plugsThe power cods were from heates crtfied to Undewtes Laboratoes UL) 1278 -Movable and Wllor Ceilig-Hung Eectric Room HatersThe ncdet heaters were portable, floor-standng room heaters and not mothan 5 years old
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	Te power cords examed in this repot were lsted by UL to UL 817 -Cod Sets and Powe-Suppy Cords. 
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	Xray inspection and computed tomography (C) g wee conducted on the saplesThe scannng took 5,200 two-diesonal (2D) digtaradiogapy poections around a 360degee rotation of each sample and then the 2D projectons were econstructed into a tee-diensional (3D) CT volume, which allowed staff to view 
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	Asothe temperatures for selected cident ad exemplar plugs were measued by sertng a thermocoupe through a dlled hole within the molded pug between the crimp barelsThe power cods wee eegized with 120 VAC ad a 11.5 A load. A tempeatue logger recorded the tempeatues of every 10 secods by a tempeature ogger. 
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	This report only provides staff's examination of the sampled heater plugs. 
	The views expressed in this report are those of CPSC staff, and they have not been reviewed or approved by, and may not necessarily reflect, the views of the Commission. 
	Illustrated Wire Crimp Cross-Section 
	E
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	amp
	l
	e
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	Best practice is that the cimp barrel is closed, wings support each other and that there is a sufficient gap between wings and bottom of the crimp. All strands needs to be 
	r
	deformed to create maximum surface contact between 
	wire strands and barrel. 

	[l] 
	[l] 
	[l] 
	Crimp barrel fully closed. Crimp wings touching and even
	Crimp barrel fully closed. Crimp wings touching and even
	. 

	[2] 
	[2] 
	[2] 
	Wings even and support each othe
	r
	. 


	3] 
	3] 
	[

	Burrs/extusons are even on both sides of the crimp barrel. 
	r
	i


	4] 
	4] 
	[

	No voids in the crimp barrel and all wire strands are deformed
	. 


	[5] 
	[5] 
	Asymmetric crmp barrel closure. Uneven wing closure
	i
	. 


	[6] 
	[6] 
	Asymmetric crmpUneveburrs/extrusions on the crmp barrel. 
	i
	. 
	n 
	i


	[7] 
	[7] 
	Voids in the crimp barrel. 

	[8] 
	[8] 
	Crimp barrel openCrimp wings not touchg
	Crimp barrel openCrimp wings not touchg
	. 
	i
	n
	. 

	) 
	Figure
	[5] [5] [6] 
	Figure


	[9] 
	[9] 
	Lack or minimum burrs/extrusions on the crmp barrel 
	i






	Incident -Sample 0803_02 
	This sampe did not result in a fire. 
	l

	which resuted in deformation/meting of he plug ovemod
	One of the two 
	blades showed signs of overheating, 
	l
	l
	t
	r
	l
	. 

	[1] 
	[1] 
	[1] 
	Thermal damage urounding the cmp connection 
	s
	r
	r
	i
	(not v
	i
	sible on X
	­
	r
	ays)
	. 


	[2] 
	[2] 
	Insufficient solder to bond the wire strands to the ternasurface
	mi
	l 
	. 


	[3] 
	[3] 
	Soder above the crimp barrel location to bond the re strands to the terminasurface
	l
	w
	i
	l 
	. 


	[4] 
	[4] 
	Voids in the crimp. 

	[5] 
	[5] 
	Crimp wing closed but not turned inwards to complete fully closed/pressure crimp barrel. 

	] 
	] 
	[6

	Soder flow nto main crimp aea is an indication of voids in the crimp barrel before sodering
	l
	i
	r
	l
	. 
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	Incident -Sample 0087 
	Ł 
	This sampe did not result in a fire
	l
	. 

	which resulted in defomation/meting of the molded plug. 
	which resulted in defomation/meting of the molded plug. 
	which resulted in defomation/meting of the molded plug. 
	One ofthe two blades showed signs of overheating
	, 
	r
	l


	[1] 
	[1] 
	Thermal damage surouning the rip connection (not visible on xray)
	r
	d
	c
	m
	-
	. 


	[2] 
	[2] 
	hermadamage visibe on the surface. 
	T
	l 
	l


	[3] 
	[3] 
	Surface solder mainy coverng the wngs of the crimp barrel. 
	l
	i
	i
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	Incident -Sample 0087 
	A thermocouple was placed between the blades within a hole made in the plug overmold. 
	This sample did not result in a fire during the temperture test
	This sample did not result in a fire during the temperture test
	This sample did not result in a fire during the temperture test
	a
	. 


	An exempaplug of the same onstructo(band and make) was tested in the same maor
	An exempaplug of the same onstructo(band and make) was tested in the same maor
	l
	r 
	c
	i
	n 
	r
	n
	. 


	[4] 
	[4] 
	The maximum temperature ncrease above ambient temperatures was 16.2° C @ about 18 hours (6460 
	i
	.
	seconds)
	. 


	[5] 
	[5] 
	The maximum aure ncrease above exemplar sample temperatures was 5.5° C @ about 1.72 hours {6420 seconds)
	temper
	t
	i
	. 


	[6] 
	[6] 
	The maximum temperature for the incident sample was 40.4° C @ about 1.72 hours (6420 seconds)
	The maximum temperature for the incident sample was 40.4° C @ about 1.72 hours (6420 seconds)
	. 
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	[7] 
	[7] 
	Termocouple ocated between the crimp barrels within the molded pug
	h
	l
	l
	. 



	Ł 
	Incident -Sample 0090 
	This sampe did not result in a fire. 
	l

	which resulted in deformation/meting of the plug overmod (not visibe on the xrays)
	which resulted in deformation/meting of the plug overmod (not visibe on the xrays)
	which resulted in deformation/meting of the plug overmod (not visibe on the xrays)
	which resulted in deformation/meting of the plug overmod (not visibe on the xrays)
	One of the two b
	l
	ades showed s
	i
	gns of ove
	r
	h
	eat
	i
	ng
	, 
	l
	l
	l
	­
	. 

	] 
	] 
	] 
	[1

	Thermal damage surrounding the crimp connection (not visible on the xray)
	­
	. 


	[2] 
	[2] 
	Solder bead at top of wire strands
	. 


	[3] 
	[3] 
	burs/extrusions (sign of asymmetrcrimp pressure)
	Uneven 
	r
	i
	c 
	. 


	[4] 
	[4] 
	Voids in the crimp bael. 
	rr


	[5] 
	[5] 
	Uneven crmp barrel closue
	i
	r
	. 


	[6] 
	[6] 
	Voids in the solder bond to termnasurface
	i
	l 
	. 
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	tional Product Testing and Evaluation Center 'ational Product Testing and Evaluation Center .. U.S. Consumer Product s•ty Commts■Jon • U.S. Consumer Product Saf•ty Comml•1lon Rockville, Wrylana � Rockville, Maryland 
	> 
	Incident -Sample 0090 
	This sampe did not resut n a fie durng the temperature test
	This sampe did not resut n a fie durng the temperature test
	This sampe did not resut n a fie durng the temperature test
	This sampe did not resut n a fie durng the temperature test
	l
	l
	i
	r
	i
	. 

	A 
	A 
	A 
	thermocouple was placed withthe plug ovemold between the blades. 
	i
	n 
	r





	An exemplar plug of the same construction (brand and make) was tested in the same maor
	An exemplar plug of the same construction (brand and make) was tested in the same maor
	An exemplar plug of the same construction (brand and make) was tested in the same maor
	n
	. 

	[6] 
	[6] 
	[6] 
	Steep rise in temperature afteabout 5 hous
	r 
	r
	. 


	[7] 
	[7] 
	The maximum temperature rise was 30.1° C @ about 5.4 hours (19340 seconds)
	. 


	[8] 
	[8] 
	The maximum aure difference between incident and exemplar temperatures was 19.8° C @ about 5.4 hours (19340 seconds)
	temper
	t
	. 


	[9] 
	[9] 
	The maximum temperature for the incidensampe was 548° C @ about 5.4 hous (19340 seconds)
	t 
	l
	.
	r
	. 


	[10] 
	[10] 
	The temperatue leveled or declined after 19340 seconds
	r
	. 


	[11] 
	[11] 
	Thermocouple located between the plug blades withn the plug overmold
	Thermocouple located between the plug blades withn the plug overmold
	i
	. 
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	Incident -Sample 0803_01 
	This sampe did not result in a re. 
	l
	fi






	One of the blades showed signs of overheatngwhich resulted in deformation/etng plug ovemold
	One of the blades showed signs of overheatngwhich resulted in deformation/etng plug ovemold
	One of the blades showed signs of overheatngwhich resulted in deformation/etng plug ovemold
	i
	, 
	m
	l
	i
	r
	. 

	[1] 
	[1] 
	[1] 
	Theal damage surounding the rmp connectionSolder had melted and soidfe. 
	Theal damage surounding the rmp connectionSolder had melted and soidfe. 
	rm
	r
	c
	i
	. 
	l
	i
	i
	d

	Figure


	2] 
	2] 
	[

	Voids in the crimp 
	barrel. 


	3] 
	3] 
	[

	Solder flow into main crimp area is an ndicaton of insufficient crimp barrepessure
	i
	i
	l 
	r
	. 
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	Figure
	Incident -Sample 0803_01 
	This sampe dd not result in a fie during the temperatue test
	l
	i
	r
	r
	. 

	A 
	A 
	A 
	thermocouple was paced within the plug overmold between the blades
	l
	. 


	An exemplar plug of the same construction (brand and make) was tested in the same manner
	An exemplar plug of the same construction (brand and make) was tested in the same manner
	An exemplar plug of the same construction (brand and make) was tested in the same manner
	. 

	[6] 
	[6] 
	[6] 
	Steep se in temperature after 3.5 hous
	r
	i
	r
	. 


	[7] 
	[7] 
	The maximum rise above ambient temperatures was 31.5° C @ about 5.4 hours (19260 secods)
	n
	. 


	[8] 
	[8] 
	The maximum rise above exempar temperatures was 19.8° C @ about 5.4 hours (19260 seconds). 
	l


	9] 
	9] 
	[

	The maximum temperature for the incident sample was 54.8° C @ about 5.4 hours (19260 secods). 
	n


	[10] 
	[10] 
	The temperature leveled or declined afte19260 seconds. 
	r 


	11] 
	11] 
	[

	Thermocouple located between the pug blades withn the plug overmod
	Thermocouple located between the pug blades withn the plug overmod
	l
	i
	l
	. 
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	Ł 
	Exemplar -Sample 0447 
	This is an exemplar sampeCrimp and weld conguration(NoteBlak box added to conceal manufacturer makngs) 
	l
	. 
	fi
	. 
	: 
	c
	r
	i



	[1] 
	[1] 
	For this saple, a bar weld is used across the wire strands
	m
	. 


	] 
	] 
	[
	2

	Vods n the crimp barrel. 
	i
	i


	] 
	] 
	[
	3

	Uneven crimp barrel closure
	. 


	[4] 
	[4] 
	Lack of burrs/extrusions is an indication of insufficient crmp pressure to close crimp barre
	i
	l
	. 






	/(
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	Ł 
	This is an exemplar ampleCrimp and weld configuration. (NoteBack box added to conceal markings 
	This is an exemplar ampleCrimp and weld configuration. (NoteBack box added to conceal markings 
	This is an exemplar ampleCrimp and weld configuration. (NoteBack box added to conceal markings 
	This is an exemplar ampleCrimp and weld configuration. (NoteBack box added to conceal markings 
	s
	. 
	: 
	l

	1] 
	1] 
	1] 
	[

	For this sampebar weld is used across the wire stands
	l
	, 
	r
	. 


	2] 
	2] 
	[

	Voids in the crimp barrelNot all we strands are deformed
	. 
	i
	r
	. 


	3] 
	3] 
	[

	Open crimp barrel. Crimp wings partially open and not touching
	. 


	4] 
	4] 
	[

	Asymmetric crimp. Uneven burrs/extrusions
	Asymmetric crimp. Uneven burrs/extrusions
	. 

	0 Ł 
	ational Product Testing and Evaluation Center Rockville, Maryland 
	U.S. Consumer Product Safety Commission 

	Figure
	> 
	This is an exemplar sample. Crimp and weld configuraton
	i
	. 



	[1] 
	[1] 
	For this sampe, bar weld is used across the wire strands
	l
	. 


	[2] 
	[2] 
	Crmp location not centered resulting in excessive bell fomaton
	i
	r
	i
	. 


	[3] 
	[3] 
	Vods in the cmp barrel. 
	Vods in the cmp barrel. 
	i
	r
	i

	• U.S. Consumer Product Safety Commission ational Product Testing and Evaluation Center Rockville, Maryland 0 
	This is an exempar sampeCrimp and soder configuration
	l
	l
	. 
	l
	. 



	[1] 
	[1] 
	For this samplesolder is used to bond wire strands to terminal surface. 
	, 


	] 
	] 
	[2

	Voids in the soder
	l
	. 






	Ł 
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	Figure
	) 
	This is an exemplar sampleCrimp and solder configration
	This is an exemplar sampleCrimp and solder configration
	This is an exemplar sampleCrimp and solder configration
	This is an exemplar sampleCrimp and solder configration
	. 
	u
	. 

	[1] 
	[1] 
	[1] 
	Surface solderSoldedoes not penetrate though wire strands to terminal surfaces
	. 
	r 
	r
	. 


	[2] 
	[2] 
	Voids ithe crimp barrel. 
	n 


	[3] 
	[3] 
	No burrs
	. 


	[4] 
	[4] 
	Asymmetric crmpUneven burrs/extrusios
	i
	. 
	n
	. 


	[5] 
	[5] 
	Uneven crimp breclosure
	a
	r
	l 
	. 


	[6] 
	[6] 
	Open crimp barrel. 
	Open crimp barrel. 
	• U.S. COMUMOr Product Safety Commission tional Product Testing and Evaluation Center Rockville, Maryland U.S. Consumer Product Safety Commission tional Product Testing and Evaluation Center Rockville, Maryland 
	► 
	This is an exemplar 
	sample. Crimp and 
	weld configuration
	. 



	[1] 
	[1] 
	For this sampebar weld is used across the wire strands
	l
	, 
	. 


	[2] 
	[2] 
	Crimp barrel not fully closed
	. 


	] 
	] 
	[
	3

	Voids ithe welNot all the strands are welded to the terminal surfaces
	n 
	d
	. 
	. 


	[4] 
	[4] 
	Asymmetric crimpUneven bus/extrusions. 
	. 
	r
	r


	[5] 
	[5] 
	Voids the crimp barrel. 
	i
	n 






	ational Product Testing and Evaluation Center Rockville, Maryland 
	ational Product Testing and Evaluation Center Rockville, Maryland 
	Figure
	• 
	U.S. Consumer Product Safety Commission 
	9 


	Figure
	Ł 
	This is an exemplasampeCrimp and weld nfiguraton
	r 
	l
	. 
	co
	i
	. 

	1] 
	1] 
	1] 
	[

	Bar weld does not span the width of the wire strands
	. 


	[2] 
	[2] 
	Voids in the crimp 
	barrel. 


	[3] 
	[3] 
	Asymmetric cimpUneven burrs/extrusions
	r
	. 
	. 


	[4] 
	[4] 
	Not all the strands are welded to the termnasurfaces
	i
	l 
	. 
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	) 
	Ths is an exemplar sampleCrimp and soder configuaton
	Ths is an exemplar sampleCrimp and soder configuaton
	Ths is an exemplar sampleCrimp and soder configuaton
	Ths is an exemplar sampleCrimp and soder configuaton
	i
	. 
	l
	r
	i
	. 

	[1] 
	[1] 
	[1] 
	Uneven soder
	l
	. 


	[2] 
	[2] 
	Solder does not cover all the strands and insufficient bondng to the teminasurfaes
	i
	r
	l 
	c
	. 


	[3] 
	[3] 
	burrs/exrusions
	No 
	t
	. 


	[4] 
	[4] 
	Asymmetric crmp bare
	i
	r
	l. 





	[SJ Solder flow into main crimp area is an ndcaton of insufficient crimp pressure. 
	[SJ Solder flow into main crimp area is an ndcaton of insufficient crimp pressure. 
	[SJ Solder flow into main crimp area is an ndcaton of insufficient crimp pressure. 
	i
	i
	i

	[6] 
	[6] 
	[6] 
	Voids in crimp arre
	Voids in crimp arre
	b
	l. 
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	Ł 
	This is an exemplar sampleCmp and solder configuration
	. 
	r
	i
	. 



	[1] 
	[1] 
	Soldebeaded shape is an indication of insufficient 
	r 
	heating of the c
	r
	i
	m
	p surfaces
	. 


	[2] 
	[2] 
	Solder not fully penetrated into wire strands and not bonded to the terminal surfaces
	. 
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