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Conclusion

My Variable Frequency Drive (VFD) plus its spindle

= motor generatkenough noise to destabilingy

B Computer Numerical ContrgCNC) system. This noise

g i M was reducetb a benign levaby adding a grounding

strap between théFD and the frame of the motaklthough this worked, it does
not address the full problem.

" B A more complete remedy was

to enclose the cable running

between VFD andhotor

I® enclosure. This was done with

=8 copper braid carefully

terminated at each end.

- Additionally, | discovered that

the VFD support arnwas

= floating. A strap was added
(blue arrow)

The fact that th&FD to motorgrounding strap worked implies that most of my
problem was due to the motand the attached midicting as a transmitting

antenna rather than the motor cables inducing noise current into the CNC system.
However, the braided tubing should redbogh modes of couplingJnfortunately,

my only measure of success is the lack ofremessages reportedbyh e CNCO s
PC (CNCPC)This does not tell me how close | am to having a problem.

1 This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0énd s letter to Creative Commons, PO Box 1866,
Mountain View, CA 94042, USA.
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Background

What could be simpler? We have a transmitter
=% and we have one or more receivers. If the

receiver is the radio iyjour home, that is
simple to understandhe transmitter sends a

. computers driving youENC systemand the

3 = transmitter is probably related to the spindle
motor? WeII it does it sme of the time but not instantly. Not so simple to figure
outAnd you cané6t jJjust | eave the spindle

A Summary of Experlmental Fixes
N , Here is myquick and dirty temporary fix. | ran a
strip of sheet metal between the VFD and a mounting
bolt onthe motor Without the strip, an error would
halt program execution within 30 seconBseceding
| this failure was a continuous stream of corrupted
Iy " data between the CNCPC and the Aodranksto
e Marty for showing me these messagéfith this
connection,There was no corrupted data reported.

fine wires encased in insulation all running along
; N parallel pathsAt the ends these fine wiresvere

“ ¥ soldered togethethis too eliminated program
," Wy execution errors.

“ The long term fixwasto usecopper braied tubing. The
wires that run from VFD to mota@areinside.One end
was terminated ithe VFD ground and the other end
terminated athe motor enclosure.

2l bought 10 feet of t hdcsddwibri enaghhdsitispedbiigdo! Wiloverify$h&t0 f r om i
the system is stable.

R. G. Sparber August 10, 2018 Page 2 of 14



Tt The VFD support arm was not connected to
| 1) VFD ground. This can cause the arm to pick
|, 4 Up radated noise from the VFD and

] reradiate itinto the CNC control complex

| installeda strapbetween
the support an plateand
VFD ground

Testing Methodology

With the spinée running, | ra a simple test prograthat moved all 3 axes

When the sytem exjerierced a fault, | recorded detailsor each configuration |
ransets of5 cycles. It was common to find 3 or 4 fa#dswithin those 5 cycles
Adding just the VFD ground to VFD support strap cut this downtto2failures
per5 cyclesWith all fixes in place, | ran 10 cles withno failures.

These tests are necessary but not sufficient. Areeateringon the cliff or well
back from the edge of failure©nly by monitoring the receiving nodes in the
CNC control complex and knowing thelnrésholds can wealculatethe noise
margin.

This monitoring would requé soldering onto the Acorn board and possibly the

CNCPC. At this time, | feel thpotentialbenefits do nobutweigh the risk of doing
damage.
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Theory

| have owned my TECO VFD for many years. When | was running the CNC
program Mach3, all wodlbe fine for many days. Then something would go

wr ong. Never did fi
practical to debug.

" v0.1586
+0.9950

-0.0050

:::::

According to Centroidan 327 Faul

gure that

Then |

out but t

upgraded to

CNC12 with AcornRock solid
=| softwareAll went well during set

up. Butwhen | powered up my
spindle and put it undeven light

~loac?, | would get a

n327 tha shutdosviprogram
execution It happened randomly so
knew aGcodeasnot

t o i s

00] ; wi t on vertid = 00%
Flu Load MDI Run CAM Edit utility | Graph _n-F o @ m p rog rarmn I n g e rro r

an

unexpected

The errordogged before | hit the 32Faultshow problems with the data path
between CNCPC and Acorhhat is consistent with one or more cables picking up
a noise spike like a radio receiard/a induced current

Since the problem only occurs when the spindle is running, it is vety the
VFD and/or motor is our noise sourdeme to take a closer look at them.

VFD
220V 60 Hz

safety
ground

enclomure

3 phase motor

incidental
ground
through

machine

Starting on the far left, | have 220 volts at 60 Hz feeding my VFD. Thereoisals
safety ground. If a fault developed inside the VFD that caused the housing to
connect to 220V, the safety ground woulglesane. Rather than have the housing
rise to a dangerous voltage, the safety ground would channel current back to the
breaker box lng enough for the breaker to trip. Note ttiesafety ground

31n this case, the program ran fine until | rested my finger on the spinning spindle.
4The error log can be found by generating a report. Open the report, then open urf, and finally, open msg_log.
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VED

incidental

220V 60 Hz oround
3 phase motor .
through
safety ;
ground machine

enclonre

continues on téthe motorwhich is bolted to my millThere is also a safety ground
bonded to my machine. Since the motor is bolted to the machine, it picks up this
second ground.

These sadty grounds are absolutely essential to protecting me from power faults.
However, they do not do much to stop the transmissidmgbf frequencyelectrical
noise.

The VFD takes in the 220VAC, chops it up, and outputs voltages on L1, L2, and
L3. It is cloe enough to a sinewave that the masdrappy There are high
frequency spikes mixed in with these output volme the motor only reacts to
the extent that its temperature rises a little.

Inside the motor, aoil of wire connects
between L1 and L2t is electrically

isolated from the metal case. When a
voltage is applied between L1 and L2, this
coil generates a magnetic fielvhich

rotates the drive shaf2(®. Similarly, the
coil connected between L2 and L3 is

Foter energized and the drive shaft tuarsother
120°. The coil between L3 and L1 brings us around that last. 120

_ Terminal box

““1% Cooling fan

Drive shaft

D-end N-end

Stator windings
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There is another way to look at this motor. Recall that spikes existon L1, L2, and
L3. These spikes are with respect to safety ground.

The coils inside the motor are in clga®ximity to its metal case. This means
there i s a smal/l capacitance between th

Look at this arrangement as a circuiith a

noise spike voltage source inside the VFD.

One end is connected to
enclosure. The otlh&nd is connect to the

|l T nes t hat connect to t
These caoils, in turn, have a capacitance to

t he mot or énd mik Alcoftlmas ur e
metalack as an antenna and radiate to the

1

motor
enclosure

VFD
enclosure

rest of the system. Not good.

A second noise injectionode involves induced current. The amount of noise
induced into the rest of the system is a function of
1. thedistance between the offending wigesdthe signal paths being
corrupted
2. the efficiency of the radiating wire$he larger the area defined by the
current path through these wires, the more noise is induced.
3. the magnitude aihe noise current

With proper Acable management 0, power <c
cables. So item 1 is usually easy to solve.

Item 3 is tricky. We can reduce the s@icurrent by adding inductance but this

runs the ri sk of Isedtaganarepset Then weranetbackto e n c |
having a big antenna. It is better to deal with item 2, the area defined by the wires,
than trying to reduce the magnitude of tiwese current. Time for a closer look.

5 Since the motor is bolted to the mill, both have the same voltage on them.
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The VFD enclosure is connected to the
motor enclosurand millvia the safety
sae Qroundin the same cable that holds L1,

e ground

Se N
ml‘.);um,r (I through L2 and |_3
/ ]

machine

The incidental ground through the machine involves eStop and home sensor
circuits. It is reasonable to assume that the inductance of this safety ground wire is
less than the inductance of the incidental ground path. This means thaff thest

noise current flowin the path marked by the red arrdWe are on the right track
herebecause all of these wires do run in the same cable. However, that inductance
means the saf et yarrgmuchaighdrequencicierentiso thes n 0 t
motor enclosurand mill endup acting as an antenriawe can reduce that

inductance, we will belde to reduce both the antenna and induced current
problems.

The thick black line is a low
inductance conductolt mustrun
@ along the cable holding L1, L2,
T veei ™ and L3. This diverts most of the
cuclosure moush - nojse current away from the two
Gnny -
"F?\ inductances and reduces the area

encl osed by tlithe cur

also reduces the noise voltage on the motor enclasutenill relative toVFD
ground.

| used braided copper tubing
for the conductor. It is made
from many fine wires woven
into a flexible, low
inductancg cable.

=y
1‘ ‘ Here you see how | terminated the tubing at the

VFD end to minimize inductance. The end is

- flared out and soldered to a sheet of thin copper
foil. The folil is then bolted to the two available ground termialse arrows)in
the box. Once cool, the calded the safety ground were fed through the tubing.

51f oil or some other insulating materi al coats the fin
increase inductance.
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At the motor end, | was able to use a standard conduit
coupler and a short length of conduit. The tubing slid
over the conduit and was secured with a hose clamp.

Ah, but there is more to this story.

My motorwasdesigned to be sealed. This was done with a rubber gasket between
access door and box plus between box and the body of the motor. Great for
keeping out contaminants. Awful for high frequency noise suppression.

e i

1 &= | Hereisthe box to motdrody seal. It had to go because | need
- to have a full metal on metal connectibalso removed the

~ gasket between cover and box.

| ground off the paintinder the box

I With the box now in direct contact with the motor housing, my
braided coppetubing has a low inductance connection.
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Any piece of metal not tied to groundveethe potential to pick up radiation from
the VFD and reradiate it into the CNC tarh complex.Using an ommeter with
one probe toching VFD ground, | toched various partsf the system looking for
continuity (Thanksfiagsweeney194).

B |t didnd take long to discover that
the VFD support arm was not connected to ground. Sure
B there were 4 bolts passing through D mounting ears
. and inb the support arm plateybthe VFDcase iglastic
N <3 | first drilled a hole in te
ground cover of the VFD.
Then all paint was removed
around the hold.also
verified that tlere was no
-~ paint around the bottom left
mounting hole.

The strap was run fromtms mountlngholeto theVFD ground cover.
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Testing

.
W
B

| took some strips of sheet metal

about 5/806 wide and
the VFD to the motor
1. cable is nearby but not close enough

for optimalinducednoise

suppression

The strips ofnetal have far less
= inductancéthan he safety ground

- which is goodBut notice the
distance between the cable and my metal strips. | have reduced the voltage on the
mot or housing with respect to the VFDOSs
defined by he currentpatH. t mi ght have hel ped or hurt

Well, it turned out to help. No moezror that halts my prograrilowever, we do
not know how much margin exists. Clearly, we are not done yet.

This arrangement can tell us a bit abethat is going onkor starters, it implies

that radiated noise is the major component of what upsets the CNCPC. The strap
lowers the voltage on the motor and mill which acts as a transmitting antenna. That
strap does little to reduce induced current beeat is not placed on the VFD to

motor cable.

Using a digital oscilloscope, we can catch the peaks of spikes that cause trouble.

7 At high frequencies, most of the cent flows on the surface of a conductor. If you took a piece of solid copper 10
gage wire, it would have a | ot of inductance. By fl att
dramatically lower because the surface would be so much biggex.t'Sc h f or #ASkin Effectodo for
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W With the strapunbolted, | connected myscilloscope
4 probedst henpsuttr aapo goi ng t o one ¢
mounting bolt.

Theprobegroundconnected o t h £safety-gbband.
| This arrangement | ets me see t
| enclosurend millwi t h respect to the VFI

The ot pmositive ske of 25
S 8 volts. Realize that this is the voltage
across 6 feet of 12 gage wire. If you
were to measure the voltage drop at 60
Hz, it would be almost O.

With the strap ends bolted together, the
voltage between VFD ground and motor
Is essentially 0.

Next | took some very fine gage wire ribbon and soldered the ends to
pieces of copper. The idea is that the ribbon will fhita Wire?

which has low inductance. Besides, at the moment | had this ribbon
~and dondt have any copper braid.

) -The ribbon was @mped to VFD ground and
@ »~-dressed along the motor cable.

At the motor end | clampeithe
ribbonto a mounting bolt.

8 Seehttps://en.wikipedia.org/wiki/Litz_wiréor details.
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20ns 29.2 V? CM1 28ns 15.3 VU? CH1

Without the ribbon25 volts. With the ribbon 12 volts

So the ribbon reduced tihadiatedspike by half. | ran the program a few times
without any problemdt should greatly reduce induced noise but | had no reliable
way to measure it. No errors were recorded in the log.

This test demonstrates that adding a lower inductance connection between VFD
and motor does reduce noise. It does not tell us how slesee tdailure.

Testing the woven copper tubing turned out to be
inconclusive. Sure, the CNC system was stable,
but | found no way to measure how close we
were from a failure.

One attempt
at measuring
radiation at
the CNC
control
complex was
to place an
oscilloscope
¥ \| probeontop

NCPC The ground clip of the probe connected
to the tip. This formed a loop tamna.
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| then ran 4 cases:

Justtubinggrounded at both ends.

Peak is 40 mV

Tubinggrounded at both ends plus strap

Peak is40 mV.

Tubingtied at VFD end only plus with strap

Peak i50 mV.

Tubingtied at VFD end only and rsirap

Peak iS50 mV.

| see no significant diirence in peak voltage aMing just the tubing (first
picture), gave the widest puladiich implies a lower peak frequency content
(Thanksfeng19®). With one end of the tubing disconnected and no strap (last
picture) gave the smallest pulse widthich implies a higher peak frequency
content

In generalthehigher tre frequency, the more disruption is possiblewever, |
dond see any dramatic results here.
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