
CNC Router Maintenance

How to

determine 

if a CNC

router tool

holder is

worn out.

G E N E RAL OV E RV I EW
Mod e rn CNC ro u ters fe at u re high-ca p a c i ty too l
changers that auto m at i cally swap tool holders in
and out of the main spindle by a high speed swing
a rm , a ro t a ry ca ro u s e l , or by manual ove rri d e.
Pe ri od i cally tool holders must be examined and
possibly re p l a ced to maintain acceptable pe rfo rm-
a n ce. De te rmining if these key co m po n e nts need
to be re p l a ced is a difficult task. This article will
help explain the cri te ria used to eva l u ate tool hold-
e r s, d e s c ri be when and why it is nece s s a ry to
re p l a ce them and discuss the implications of not
replacing them when needed.

Tod ay's CNC ro u ters with auto m atic too l
changers have be come the defacto standard in
f a cto ries and job shops. Most ope rators do not
h ave the kn owledge to kn ow why it is nece s s a ry to
re p l a ce their tooling or the ex pe ri e n ce to tell when
it is time to do so.

When training new ope rators each one
should be instru cted on pro pe rly eva l u ating too l
holders so they do not run the risk of causing ex pe n-
s i ve damage to the spindle. Fi r s t, a general under-
standing of tool holder co m po n e nts and their
f u n ctions must be obtained. Th e re are three main
p a rts to a tool holder (also kn own as a collet hold-
er or an ISO co n e ) .

( t a pe r )
The taper is the co n i cal shaped area of the too l
holder that enters the spindle when changing the
too l . An 8 degree taper auto m at i cally ce nters the
tool into the spindle. The taper is accurate l y
g round to a to l e ra n ce of .0002" for both the tape r
to l e ra n ce and outside diameter to l e ra n ce.

( f l a n g e )
The flange is the part of the tool holder that the
a u to m atic tool changer locks on to when mov i n g
the tool from the tool changer to the spindle or
back again. The flange is visually identified as the V
g roove found on the outer most diameter of the
tool holder.

( collet poc ke t )
The last part of the tool holder is the collet poc ke t

i nto which the collet is inserted be fo re be i n g
s e c u red by va rious ty pes of collet nuts.

Th e re are some diffe re nt ty pes of holders that
h ave other extensions instead of a collet poc ke t,
but for this article discussion is limited to holders
with collet poc ke t s.

(sizing tool holders)
A ty p i cal size description of a tool holder is ISO 30
by ER 32. The ISO re fers to the flange, the 30 re fe r s
to the size of the taper and the ER 32 indicates the
s tyle of collet used. Th e re is one other size descri p-
tion that re fe re n ces the length of the extension of
the collet holder. This is usually be tween 50mm
and 80mm long. The length re fers to how far the
holder extends out in fro nt of the spindle face (see
d i a g ra m ) , called the gauge length dimension.

TOOL HOLDER EVA LUAT I O N
( t a pe r )
When eva l u ating whether a tool holder is wo rn ,
first check the tape red part of the tool holder
w h e re it co nt a cts the spindle. If wo rn this area ca n
h ave a dire ct effe ct on machining accura cy. If there
a re any impe rfe ctions in the taper of the cone or

a ny wear in this tape r, the tool holder should not
be used. Using a wo rn tool holder will quickly we a r
out your tools and ultimately ruin your spindle.

This is similar to using a bad rim on a good
t i re. If you use an out of round rim you will begin to
ruin the tire and wheel be a rings and cause vibra-
tion in the ca r. The same thing happens when yo u
use a wo rn out too l h o l d e r. The wo rn taper ca u s e s
an out of round condition when the tool holder is
i n s e rted into the spindle.This causes run out which
leads to exce s s i ve wear on both the cutting too l
and the spindle. After just seve ral hours of use in a
wo rn tool holder, a cutting tool can be come wo rn
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o u t . Any out of round condition leads to an imbal-
a n ce and causes vibrat i o n . Tool vibration will ca u s e
a poor surf a ce finish which may re q u i re ex pe n s i ve
sanding or polishing to re m e dy. Vi b ration ca n
i n c rease heat build-up in the head and spindle
causing spindle be a rings to pre m at u rely fail.

( f re t t i n g )
If noticeable marking be comes ev i d e nt on the
t a pe red part of the tool holder, a condition ca l l e d
f retting may be oc c u rri n g. Fretting happens when
two steel parts co n s t a ntly cre ate fri ction be twe e n
each other. Visually it is identified as small co p pe r
co l o red pits or co p per co l o red marks on the larg e s t
d i a m e ter of the tape r. This is ev i d e n ce that the too l
holder is ex pe riencing some we a r. It can be mistak-
en for ru s t, but it is not. O n ce there is a notice a b l e
s u rf a ce finish change along the largest diameter of
the taper the tool holder should be re p l a ce d.

( c l e a n l i n e s s )
The second condition that should be checked on
the tool holder is the cleanliness of the collet poc k-
e t . This area must be clean and free of oil, d u s t, a n d
d i rt . This area co nt a cts the collet taper and if dam-
aged by co nt a m i n a nts it will effe ct the accura cy of
the cutting too l . When a tool holder is manufac-
t u re d, a specific measure m e nt is made for the
runout or co n ce nt ri c i ty from the area that co nt a ct s
the spindle to the area that co nt a cts the co l l e t . If
t h e re is any damage to this area of the collet hold-
e r, it must be re p l a ce d.

( collet nut)
Another part of the tool holder that must be main-
tained is the collet nut. In order for the tool holder
to remain balanced it must have a balanced nut

attached to it. The most common ty pe of collet nut
is a be a ring nut. Co m p a red to a standard nut, t h e
be a ring nut re d u ces the fri ction be tween the co l l e t
and nut, thus cre ating more holding power on the
shank of the cutting tool than non-be a ring nuts.

" Power Co at" ant i - f ri ction collet nuts are sig-
n i f i ca ntly be t ter than even be a ring nuts at re d u c-
ing fri ction be tween the collet and nut, and cre at-
ing more holding power on the shank of the cut-
ting too l . This ty pe of nut re d u ces the risk of the
collet nut loosening and the cutting tool flying out
of the co l l e t . By reducing the radial pre s s u re on the
collet as it is being to rqued down "Power Co at "
nuts allow the collet to go further and stra i g hte r
i nto the collet poc ke t . This improves holding

power on both the collet and the tool shank by up
to 100% co m p a red to standard nuts. Runout is
re d u ced by 0.0001" and carbide tool life is
i n c reased up to 10%.

“ Power Co at”nuts are significa ntly less ex pe n-
s i ve than be a ring nuts and are strongly re co m-
mended when replacing or adding new collet nuts
to the tool holder. A to rque wrench is available to
m a ke sure the collet nut is tightened to the pro pe r
to rq u e. It is gre at insura n ce to re d u ce the po s s i b i l-
i ty that the collet nut would loosen while in ope ra-
tion and release the ro u ter bit causing a dangero u s
s i t u ation for the ope rato r.

(pull studs)
Another part that must not be ignored when eva l-
u ating the tool holder is the pull stud. The pull stud
is scre wed into the top of the tape red part of the
tool holder. The pull stud is secured by the clamp-
ing set inside of the spindle to pull the tool holder
up into the spindle and a spring-loaded draw bar
d raws the tool holder into place. If the pull stud
fails and the spindle is turning at 18,000 RPM's, t h e
tool holder may dislodge be come ve ry dangerous as
the spinning tool holder flies through the air. The pull
stud must be checked for wear pe ri od i ca l l y. If any
wear is dete cte d, it must be re p l a ced immediate l y.
Do not take chances on keeping wo rn pull studs in
the tool holder.

( co l l e t s )
Collet mainte n a n ce is ve ry simple when co m p a re d
to the tool holder. Collets must always be ke p t
clean and free of dust and debris when changing
the cutting too l . If there is any damage to the out-
side or inside diameter of the co l l e t, it must be
re p l a ce d. These diameters dete rmine the co l l e t ' s
a c c u ra cy. If there is any wear or damage these
a re a s, the collet is ru i n e d. Dust covers for your co l-
let can be purchased to eliminate dust, d i rt and
g rime from ente ring the collet poc ke t .

A collet is manufact u red of softer metal than
a tool holder. As a re s u l t, the collet will wear quick-
er and is ty p i cally re p l a ced be fo re the more ex pe n-
s i ve tool holder. Collets that are seve rely wo rn
cause exce s s i ve wear on both the tool holder and
the cutting tool and sometimes cause small diam-
e ter carbide bits to bre a k .

Wo rn collets can cost manufact u rers a lot of
m o n ey without anyone realizing the effe cts of the
i n c rease costs of ro u ter bits. Collets should be
re p l a ced at least once eve ry six months based on
an eve ry day use.

In summary a good preve nt at i ve mainte-
n a n c e p ro g r am t o r e p l a ce bot h th e coll e ts and to o l
holders should be maintained by each co m p a ny.

“ . . . be come ve ry dangero u s
as the spinning tool holder

flies through the air.”
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