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All electr ical motors requ ire proper 
insu lat ion in  order to funct ion. Any short 
wil l  cause the motor to fail and perhaps 
resu lt  in  sign ificant  costs to the operat ion 
in  which it  is employed. This paper is 
wr it ten to address a very special class of 
insu lators: brush holder insu lators in 
large scale DC applicat ions. 

Brush holder insulator types 

There are three broad categor ies of brush 
holder insu lators. First , there are single 
steel pin (SSP) insu lators that  are largely 
used in  t ract ion motor applicat ions. 
Secondly, there are double steel pin 
(DSP) insu lators used in t ract ion and 
stat ionary motors. Last ly, there are 
yokes, or  rocker r ings, and other spacers 
used to insu late the brush holder from 
ground. 

 
Figure 1: Si ngle St eel  Pi n  Insu lat ors 

 

 
Figure 2: Double St eel  Pi n  Insu lat ors 

 

 
Figure 3: Yok es and Insu lat or  Block s 

Tradit ionally, insu lators have been made 
from unsatu rated polyester  molding 
compound in  either bu lk  (BMC) or  sheet 
(SMC) form. BMC is predominately used 
in  the SSP and yoke applicat ions. In  DSP 
applicat ions, the higher cost SMC 
mater ial is used to take on the tough 
bending loads that are induced in  the 
insu lator .  

For aftermarket  applicat ions where the 
or iginal mold cannot be located, or  the 
cost of molded parts is too high, yokes 
and some SSP insu lators can be 
fabr icated. Generally, th is is acceptable 
for  yokes and mater ials of choice here 
include NEMA grades GPO-3, G3 and 
G10. SSP insu lators that  are fabr icated 
must be done with care. These insu lators 
are cr it ical to the proper funct ion of the 
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motor and withou t special secondary 
operat ions, the alignment of the brush on 
the commentator  may be compromised. 

Function of Brush Holder Insulators 

Brush holder insu lators of all types serve 
two funct ions. First , as one wou ld expect , 
they insu late the brush holder from 
grounding against  the frame of the 
motor. Secondly, they are the structu ral 
component that  holds the brush holder. 
Each of these funct ions is cr it ical to the 
applicat ion bu t  the structu ral funct ion is 
most  often over looked. 

In  order for  a DC motor to funct ion at 
peak  efficiency, the carbon brushes must 
make contact with the commutator  at  a 
specific locat ion and angle. (This location 
wil l  vary depending on the construct ion 
of the motor and is beyond the scope of 
th is paper. For addit ional in format ion see 
Electr ic Motor Repair  by Robert 
Rosenberg.) In  many cases, there is 
adjustment available in  the brush holder 
itself that  allows the technician to set 
contact  point  of the brush. This task , 
however, may never be completed fu lly if 
the insu lator  is su fficient ly ou t  of 
tolerance.  

Critical Structural Features 

Given the different  construct ion methods 
of the three types of insu lators, i t  is best 
to t reat  each separately; we wil l  first  
discuss the cr it ical areas of the SSP 
insu lators. 

 
Figure 4: Cr i t i cal  Feat ures of SSP Insu lat ors 

In  the figu re above, there are two cr it ical 
areas noted. These two areas, where the 
steel pin  makes contact  with the brush 
holder and where the insu lat ion makes 
contact  with  the frame, must  have proper 
size, roundness, and su rface fin ish. 
Fu rthermore, the concentr icity of the 
steel to the insu lat ion and taper is 
important in  creat ing proper alignment 
between the brush holder and the 
commutator  as well as su fficient 
clamping forces to hold the brush holder 
and prevent it  from fall ing in to the 
commutator . 

If the insu lator  is not  of the proper size: 
o The clamping force may not  be 

su fficient , causing the brush holder 
to fal l in to the commutator  

o The technician may need to 
“fabr icate” spacers or  sleeves that 
wil l  affect  the alignment of the 
brush holder 

o The technician might  pin the 
insu lator  to the brush holder 
thereby placing the weight  of the 
brush holder on the pin 

If the insu lator  is not  round: 
o There wil l be insu fficient contact 

between the insu lator  and either the 
brush holder or the clamp, 
potent ial ly allowing the brush 
holder to move thus affect ing the 
posit ion of the brushes against  the 
commutator  

If the su rface fin ish is unacceptable: 
o The steel su rface may not  easily be 

inserted in  the brush holder causing 
damage to the insu lator  or  the 
brush holder upon assembly 

o The insu lat ion may create a harbor 
for  carbon dust  that  cou ld allow for  
prematu re failu re of the motor 
through carbon t rack ing 

If the steel insert  and insu lat ion are not 
concentr ic with  proper taper: 

o The basic alignment of the brush 
holder may be compromised 

o The fit  of the insu lator  in to the 
clamps may be insu fficient  
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Figure 5: Cr i t i cal  Feat ures of DSP Insu lat ors 

Unlike SSP insu lators, the brush holder 
does not  come into direct contact  with  a 
DSP insu lator  in  most  cases. The DSP 
insu lator  holds a mount ing plate to 
which the brush holders attach. Used in 
sets of fou r or  more, keeping this plate 
parallel to the central axis of the 
commutator  is the structu ral funct ion of 
the insu lator . Therefore, the standoff 
distance, shown above, is a cr it ical 
dimension. If th is dimension is not  held 
to a very t ight  tolerance, the brush 
holders wil l  not  be on a common plane 
abou t the commutator.  

Other cr it ical featu res include the quality 
of the t reads, and condit ion of the 
molded SMC. Most  of these insu lators 
have threads that  are plated in  order to 
insu re that  the threads will  su rvive in 
harsh mar ine and min ing applicat ions. If 
the insu lator  has been a part  of a 
flashover or  a catastrophic mechanical 
fai lu re, the insu lator  may have been 
damaged and unable to carry the loads it  
was or iginally designed to withstand. The 
insu lator  may pass a Hi-Pot  test bu t  it  
may st i l l  fai l  due to the condit ion of the 
SMC after  withstanding a forcefu l 
mechanical failu re. 

 
Figure 6: Cr i t i cal  Feat ures of Yok es 

Yokes are a type of hybr id between the 
previous two insu lators types. A piece of 
thermoset mater ial provides the 
insu lat ion for  the brush holder. This 
mater ial may be a r ing or , for  very large 
motors, simply a base that separates the 
steel that  holds the brush holder from 
the frame.  

In  th is insu lat ing system, the flatness of 
the base as well as the perpendicu lar ity 
of the steel to the base is cr it ical. Like the 
SSP and DSP insu lators, these 
character ist ics may easily be 
compromised after  many years in  service.  

Some technicians do not  care for  BMC or 
GPO-3 yoke mater ials. These polyester 
mater ials become “spongy” after  being 
exposed to arcing.  For those who 
demand even more mechanical 
performance from their  insu lators, epoxy 
and phenolic based resin chemistr ies 
make sense. NEMA grades G10 and G3 
are good choices depending on the exact 
environment. 

Conclusions and recommendations 

Insu lators are qu ite often taken for 
granted. These components are more 
than just  insu lators: they are cr it ical 
st ructu ral components of the brush 
assembly. Therefore, when undertak ing a 
major  overhau l of a DC motor, 
replacement of the insu lators with  OEM 
quality components is an important 
fundamental step in  retu rning the motor 
to fu ll operat ing efficiency.  


