Universal Low CostElectronic Edge
Finder for usein a Machine Shopw4.2

By R. G. Sparber

Copyleft protects this documeht.

Background

Using the flow of electrical current &stablisha reference
surface is nothing neuwn machining But all of the &isting
commercial instruments require either a special probe or a
special touchdown surface. They also tend to cost more than |
am willing to pay.

TheElectronicEdgeFinder (EEF)presented here works with any
metal cutter if you want to satZ referencen a mill To setX or
Y it is best to change to polished metatod of known diameter.

and feed until you seelarge dropn the
displayed numbefor example, you might s

3.80 beforaouchdown and 0.04 a
touchdown. m\‘ i

On my Z axis, a change of 0.0001 inches is easily detected.

Attaching themagneticclip powers ughe EEF Removing the clip turns power
off.

YYou are free to distribute this article but not to change it.
21t can be done with a cutter but getting the flutes to line up right is tricky.
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The cost of the electronic components is under $3 plus shipping affchéameter
is commonly on sale for $6 but is sometimes a loss leader and given away at no
additional cost when you buy something else from Harbor Freight.

How accurate is the EEF? Touchdown is detected when the cleas# change
from no current to currerfilow. The voltage applied across the contacts is less than
1 volt. This is not enough voltage to cause arcing. At some distance far smaller
than useful in machining, there will be a gap and therefore no current flowing.
When this gap goes to zero, currBows. So talking about the accuracy of just the
EEF doesn't make sense. Wtatfinesoverall accuracy is how precisely the
position indication instrument tracks actual movement. If a Digital Read Out
(DRO) tied toan axistells me position t&0.001 incles, then that is the accuracy
by which | can set touchdown. If the DRO is only goodQ@d1 inches, then that

Is the accuracy. On my RB0 mill/drill, my overall accuracy of setting touchdown
Is better thart0.0001 inches. However, other factors assodiaiigh machining
make it pointless to be more accurate th@r®Q0L inches.

See tleseYouTube videsfor howthe EEFcan be usedn a milt

https://www.youtube.com/watch?v=0d8k3BBE&.feature=youtu.be

and

https://www.youtube.com/watch?v=62YyS9|{CD20

This EEF will also work on a lathélere is a video of a previous design. The
procedure is the same as with my newest desig

https://www.youtube.com/watch?v=r4CLX7tR8Vk

One particularly interesting application involves touching down
with a boring bar at the bottom of a deep hole. You do not have to
see touchdown fahe EEF to detect it.
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Operation
Initial Setup
TheEEF has two connections to the machine. One is via a lug that is bolted to any

part of the machine except the spindle. On my mill, dasnpedo the apron. On
my lathe itconnects to one of the legs.

The other connection is via a magnetic clip t
contains two wires.;

When this clip is not touching a conductive surface, the EEF is
off. The display on the meter is blank and the power indicatior
is dark.

One time only, connect tk magneticlip to the table of the mill

or ways of the latheSelect the meter scale that displays a number
rather than "1 " which means overlo&®&member this number
which may be positive or negativie is yourminimum reading

If turned full counterclockwisehe dial
can be set to an invalid setting. Thiglw
not causedamage but will display a
with 3 blanks to the right.
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Normal Use

1. Be sure the spindl@]l contact surfacesnd the magnetic cligre free of
swarf.

2. Place theclip ontothe spindlebeing sure both conductive pads make
contact

a. If the dsplay reads theninimum reading the spindle needs to be hand
rotated a few degrees until the display reads a much larger nomilder
" (overload)

b. If the green power LED does not come on, either the battery is dead or
one of the pds is not making cdact.Reposition the magnetic clip.

c. If the display readslose to the minimum readingne of the padsn the
magnetic clips not making contacReposition the magnetic clip.

The display should have a number substantially larger thamtheanum reading
or read overload

3. Move along the desired axis towards the reference surface. At touchdown,
the displaywill jump down to near theinimum reading

4. Remove the magnetic clfpom the spindl&

Low Battery Indications

If the meter shows low batteand the green LED is dim, replace the circuit's
battery.

If the green LED is bright but the meter's low battery icon is displayed, replace the
meter's battery.

3| store my magnetic clip onyrsheet metal belt guard. A piece of tape insulates the clip from the metal.
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What is going on?

A typical milling machinas made from
massive pieces of metal. The gegs are

either bolted together or permitted to slide
along limited paths at low speeds. This
arrangement causes the electrical resistance
between these pieces tod&w thousandths
of anohms.

My milling machine consists of a table (red
arrow) that carslide leftandright plus

| forward and backwardt also has a head

[? (yellow arrow)that can be raised/lowered
but is clamped in place during machining

Inside the head is the spindlerotates aa
high speed and is supported by bearings.
These beangs have a much largetectrical
resistance than the rest of the machine.

Cutting tools are typically mounted to the
spindle.

Here is a simplified Xay view of the head (black), qu{blue),
spindle(red), and spindle bearings (yellowyhile thespindle is
turning, it rides insidéhe quillwhich is able tslides up and down.
A cutterattached to the end of the quaill spin and can also be
driven downin order to cut

The quill slides inside the heaa a large bearing surface. Theag
in intimate contact so the electrical resistance between quill and
head is very smalDn my machine it is about 0.01 ohms.

Taken all together, the electrical resistance from tabigiitbis

very close to zero ohms.

R. G. Sparber
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The spindle bearingyellow) are coatedvith lubricant The
electrical resistancameasured between quiblue)and spindldred)
can vary betweea few milliohnmsand, on my mill, about 2 ohms.
When nothing is moving, the resistance will be faodynstantA
small twist of the spindle can svgrhe resistance between these
extremes.

Here | have secured an end nullthe bottom of the spindle.

Below it is a piece of metal to be machined that is secured to the
‘ table. The electrical resistance between this piece of metal and
the &able is near zero ohms.

As | feed theguill and therefore the spindtown, the end of thend millwill
eventually contact thpiece of metalMaking contact is called "touchdown". At
the instant of touchdown, the spindle electrically shorts out tmétal By

zeroing the measuring device that indicates quill movement, we have precisely
defined the surface of the piece of metal as a height of zero.

There will be a position where the end of &mel millis, say, a millionth of an inch
above the surfacef the tablé. The electrical resistance measured betvezeh

mill andthe piece of metas essentially equal to the electrical resistance across the
spindle bearings

* This assumes that the only motion is the quill moving down. On my CNC convert8@ Rl | can increment
0.0001 inches and easily see the touchdown event.
*The test voltage ifar too small to cause arcing even at this distance. Search for "Paschen's law".
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Upon moving that last millionth of an inch, whortout the spindle resistancEhe
resistance betweeasnd millandthat piece of metakent from some relatively
large number down tless than 0.1 ohms

Viewed as an electrical

touchdown . ) )
. . resistance circuit, we have a spindle
spindle resistance less than ]
0.01 ohms to 0.1 ohms ohmmeter|  F€SIStance shunted by the
5 ohims touchdown resistance which
( IS in series with a switch.

Switoh closes Oneswitch contact is the

when cylinder end of the enq mikhnd the

touches table other contact is theurface
of the piece of metal

We camot detect touchdown with the ohmmetethe spindle resistance tso

small. Fortunately, a slight twist of the spindle will cause this remistéo jump

from near O up to a large number. Then it is easy to see the sudden drop in total
resistance at touchdown.

You couldbuy acommercially made millohmmeterto detect touchdowhut be
prepared to spentell over $100We really do not need tknow the exact
resistancgjust the change malue This greatly simplifies the problem. So instead
of a milliohm meter, we just need an Electronic Edge Finder!

® A low cost option does exist but you will have to built it yoursteip://rick.sparber.org/electronics/ramp.pdf
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The Electonic Edge Finder Electronics
My EEF is based on a lowostHarbor Freight

Multimeter. Sometimes thegre given awags a loss
leader Otherwise, expect to pay aroundwieen it is on

sale

1 5 (4 OmA),
mA)

oires
DCA
* 2001

2.00011

L | eam
| (s

’f"' 10A

) B 2020.00 200 \ hFE 4
G OFF € ON

e | P (E r-*10ADC/(

VQmA-
CEN-TECH ;

DIGITAL
MULTIMETER Loarn

The circuit that feeds the meter is small enough to fit inside
the meter's cas# occupies thepacepreviouslyfilled by
the batteryThe components cost under $3 plus &tH

Mouser's

Using a black permanent marker, | blocked out all text and
symbols except the three voltage options.

| mounted both the meter and circuit

‘1 batteries outside of the case. More on the
battery encleure later.

"sd gtl N
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The General Circuit

Vee

47K R3
R1 & D1 green AR
820 ! & Opto 1
2 0.01uF | - Ci
|

on apron L1 470 R2 Vee
Rx _
iP ______ spindle ~ L2 A %— to COM
owasom |y o w Z o0 -
} i op amp
[ p—— on spindle
.p-\ 81 fo VOA
magnetic clips 82 tr;ummeter
Vee v < i|\_ 8201 uF Yot
9y —— Bat1 f‘fﬁK N
4
9V — Bat2 OBt par
[ ;
-BAT
Part Value Mouser’ part number Price, $
R1, R4 820 MOS1/2CT52R821J 0.20
R2, R5, R7 470q 660-MF1/4LCT52R471J 0.30
R3, R6 47K 71-CCF0747K0JKE36 0.20
Cl,C2 0.01puF 581-SR155C103KAATR1 0.20
D1 Green LED 696-SLX-LX5093GD 0.07
Q1 2N3904 821-BC550B-A1 0.13
dual op amp LM358 512-L M358AN 0.42
Optol LTV-817 859LTV-817 0.18
(2) battery clips 1235118GR 0.88

R7 is not shown in this schematiam using the op amp an unconventional

way. It lets me get the lowest possible reading on the display when at touchdow

For now, | show only one op amp with no pin numbers. Details later.

" http://mww.mouser.com/

R. G. Sparber
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Just about any op amp can be used here although low input offset veltage
important The opto is assumed to have a minimum current transfer ratio of 0.20 so
just about anpnewill do. Avoid Darlington output optoss they will cause the
meter's low battery indicator to come on prematurely

All resistorsareat least 0.1 watt with a tolerance 5%. Capacitors are low
voltage bypasslotal without taxas of June 2018 $258 + $499 S/H

No parts are critical. You can substitute for the capacitors, LED, NPN transistor,
and opto. Do verifghatthe op ampinput offset voltage is less than 7 mV.

The specified opto is in a 4 pin package. | have a bunch on order but they have not
come in yet. So | resorted to @ld 6 pin package device

The battery clip that comes inside the meter is marginal. | cut it off and used a
better quality oneA second battery clip is used for the circuit.

You can access a shopping cart with thespartt via:

http://www.mouser.com/ProjectManager/ProjectDetail.aspx?AccessID=f69b21d660
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Op Amp Evaluation

Before we can select whidkEF circuit to use, the two op amps inside the LM358
must be measured forput offset voltage

Vee

S R1 4T Ré
= 47K WW—

Temporarily build tis circuit which will let you
1 measure this voltage for op amp "A". You can just tack
-+ solder the resistors to the pins of the IC socket. If you
: = have more than one LM358, run them all through this
test and record their values.

470 R3

\ o
\ f—a

= R2
= 47K

%m - Then build this circuit for p amp "B" and repeat the test.

.  See thaletailed circuit descriptiofor what | found

R2
47K

For each dual op amp, look a§Va, Vouts, Voura MINUSV oy, and

Vouea PlusVoues. Ignoring the sign of each number, select the one that is
smallest.

For cetails on why this works, see the detailed circuit description.
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touchdown

IC socket
31| 1 s||s514
82|12 | 11ass 7|[513
83|| 3 6||s12
s4|| 4 510|811
S5
ommam 510
86| 2~ s&/3f|se
s7!| 3 41|88
R. G. Sparber

Specific Circuits
Based on your testing of one or more dual op amps, you will have identified the
configuration with the smallest total offset.

If Vouea has the smallest magnituydiecircuit is
Optionally, you can use a 14 pin IC socket to hold both the LM358 dual op amp

and the opto coupler. The opto called out in the parts list has 4 pins but the one |
used in my prototype uses 6 pins. Both options are shown here.

on apron

________

lua

I
'spindle
:bearing
iresistance
1

|

Voo
+av
2 on means battery and test current OK
< D1green
A Only széé?? 17 Opto 1 47K R3
< 2
c1
470 R2 ’_{0'01 uF
WA 2 e
- 1
4| A
R4 * 4
820 L
LM3s8

-___q_‘xoﬂ.sp_in\dle

magnetic clips

Vee

gy = Bat1

R5 1
470

a1

R6
47K

December 9, 2017

to COM

to VOA

+BAT

-BAT
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If Vouer hasthe smallest magnitugéhe circuit is

Veeo
+gy
on means battery and test current Ok
R1 D1agreen
B Only
820 Opto 1 47K R3
on apron 470 R2

lEp'”?'e L tocom
touchdown ' 9?””9 R4 220 S
:remstance 1
! ) LM358
------ on spindle
4

magnetic clips to VOA to
Multimeter
RS Ve el
IC socket idea
470 Q J— co W=(1amp) X (Rx)
g; ; ? s14 Vee T 0.01uF
LM358 513 RG =
53|13 6812 gy — Bat1 47K
s4|| 4 5(|s11 T
55|19 |
Opto 1 G4 [S10
S6|| 2 ____sm||so
s7(| 3 4|58 ne 4
av = Bat2 Opto 1 \BAT
3
-BAT
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——

|
|
touchdown:
I
]
|
|

If the difference betweevi,,.» and ;g has the smallest magnitudae circuit is

Veeo

+gy
on means battery and test current OK
A B R1 D1 green
820 Opto 1 47K R3
an apron 470 R2
Re __
g AR
:spln@le ta COM
:begnng R4 320
:resmtance
|
=== on spindle
magnetic clips to VOA
RS L Veo
IC socket -
470 J_
9 3 ||s14 Q1 c2
3 - Vce T 0.01uF
usss |51 RE —
3 6 ||512 gy = Bat1 47K
4 5 [|s11
6/4
opto 1 0| |510
| 2_____513||s9
3 4||s8 1 4
e —
= Bai2 Opto 1

+BAT

-BAT

Note that this circuit uses one more resistor, R7.

R. G. Sparber
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If the sum oVq,a and V,u.g has the smallest magnitydle circuit &

Vee
+aV
on means battery and test current OK
R1 . D1green
A+B 1
820 5 - Opto 1 47K R3
on apron 470 R2
Rx |
! 1spindle 5 to COM
touchdown :beanng R4 820
! Iresistance 6
| ! . LM358
—————— on spindle
magnetic clips to VOA
IC sock RO =
socket -
470 e
K g|s14 &) G2
5 Vee T 0.01 uF
S22 ez [ |[513 R6 =
S3||3 6||s12 9y — Bat1 47K
S4((4 511511
S5
Opto 1 64| [s10
S6|| 2 &53||se
s7|| 3 41158 |
9 — Bat2
T +BAT
-BAT
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Magnetic Clip

The two wires from the EEF must come in contact with the spindle. | have found
that this is most easily done with magnets although many other good options exist.
The key is that you don't leave the clip on the spindle when you stpmiting. |
did that just once and the results were not pleasant.
T
N My version of the magnetic
clip uses two 4" x ¥4" x V4"
neodymium magnets, two
spade clips, and a few squirts
of heat glueBits of plastic
hold the clips together.

,,,,,,

a vy xv,"
channel.

Hindsight:remove the plastic sleeve asulder the wires to
the clips now. Doing it later causes the heat glue to loosen.

# Heat glue was applied inside the lug and on the surface of
~ themagnet. | will later reflow this glue with my hot air heat

“ gun.

R. G. Sparber December 9, 2017 Page 17 of 59



L After making two of these subassemblies, | heat glued
... them to strips of plastic. The plastic on two sides gives the
" assembly strength while insulating the parts.

With small clamps holdinthe subassemblies to the plastic, | played my heat gun
over the assembly to reflow the glue. Let it fully cool before removing the clamps.
This magnetic clip is part of a Kelvin Connection (see detailed circuit description).
As such, the two conductorslgmeed to make contact with the spindle. It is not
necessary for them to make a very tight, low resistance, connection. The two
magnets inside of the two clips insure that both contacts will be made as long as
they are on the spindle. If one of these<lilmes not make a connection, the circuit
and/or meter will indicate the fault.
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Battery Enclosure

The battery enclosure is made from 1/81°XX 2"
aluminum channel. The top and bottom were cut on
my bandsaw and then trimmed to fit on my belt
sander.

The 1/8" thick walls may sound like overkill but it
let me tap 40 holes and avoid using a bunch of
nuts.

Note that the position of the enclosure limits the
range select switch to the three valid settings (20,
2000 m, and 200 m). If turned full
counteclockwise, it can be set to an invalid setting.
~ This will not damage anything but will display a 1

. with 3 blanks to the right.
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| measured the inside of the channel at the top of the U with a piece of paper. Then
| cut a length of the chanhi® this dimension. Using my belt sander to form the
taper, | fit the cut piece into the channel stock. When it was a good fit, | marked
where to saw off the second piece. No measuring yet plenty good accuracy. After
drawing diagonal lines, | located thenter of theenclosureThen | drilled a 440

pilot hole through the top and bottom. The bottom hole was tapped and the top
hole opened out for clearance. A singlé@lscrew holds the cover in place.

Mounting the battergnclosureon the meter was aldone without measuring.

| When | placed thenclosuredown on the meter, | discovered

OF | that the power switch was too tall.

+ Side cutters took care of that problem. The back of the battery
I OFF @ {JI\ enclosurghen sat flat on the face of the meter housing. Betsure
leave the switch in the ON position before covering it up with the
batteryenclosure.
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Battery Enclosure and Circuit Board Installation

First | drilled 440 tap holes along
the centerline of the battery
compartment about %" from each
end.

Then the
enclosuravas
positioned
where | wanted
it and | match
drilled with the
tap drill. After
tapping the
holes in the
bottom of the
battery
enclosurel
opened out the
plastic to
clearance. Then | screwed
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