Building a Single Tooth Dog Clutch for the 9 X 20 Lathe
Jack Hammond

These are very basic instructions, meant for people who ar e less knowledgeable than
you are... so please be patient when you arereading this.
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The Concept:

Build a single tooth, dog clutch with the least amount of modification to the Lathe.
Makeit as simple possible.

The dog clutch should be small enough to keep from interfering with the carriage as
the carriage travels towardsits maximum travel limit against the lathe headstock
and quick-change gear box.

Not much room left to build this puppy isthere! (Should be about 1 1/2 inchesin
total length moreor less)

Examining your lathe - How and where and why.

You need to take the lead screw off; thisinvolves driving the shear pin out.
Driving the shear pin out requiresapunch; | used a 5/32 Dia. Punch for my
removal.

If you don’t have a 5/32 punch you can make one by drilling a 5/32 holein a small
scrap bar then cut the shank end off the drill bit, leave enough shank sticking out to
act asthe punch.



The existing shear pin isprobably aluminum or some other soft metal. That’swhy
it’scalled a shear pin.

Remove the two hex socket head screws holding the right hand steady bearing for
the lead screw.

Pull the steady bearing support out alittle to make surethereisno alignment pin in
it.

Your lead screw should now come out of the GEAR SHAFT SOCKET by gently
moving the carriage towards the tailstock carrying the lead screw with it.

Onceyou have the lead screw out you will notice that the original hole for the shear
pin isvery near the end of the lead screw.
THISDISTANCE ISVERY IMPORTANT TO KNOW.

WHY?

Because the driving dog tooth (roll pin) must M1SS/CLEAR the end of the lead
screw shaft when it isdrilled in the socket of the gear shaft. You don’t want a dog
tooth pin acting as another shear pin for thelead screw. (More about that L ater).

You will notice that the lead screw threads taper off a bit near the end of the shaft.

Thisis Good. It gives you a chance to make a bushing which will give a nice tight
dip fit over some of that portion of the faded or faintly cut threads.

WHAT KIND OF BUSHING GOESON THE LEAD SCREW?

The bushing isa plain bushing made out of CRS. Nothing fancy, just a bushing that
makes the gear shaft socket look likeit’slonger than it really is.

This bushing isturned to the same Dia. on the outside asthe outside Dia. of the
GEAR SHAFT SOCKET.

Theinside Dia. of the bushing isa snug fit over the lead screw shaft.

The bush isheld in position on the lead screw by a dog tooth (roll pin). (More about
the bush length and how to make it and position the dog tooth (roll pin) on it later).

WHAT'SA ROLL PIN

A roll pin ,commonly known as a*“split roll pin” isa pin that can act asa shear pin
or have other uses...in thiscaseit is used asthe dog tooth and to hold the bushing in
place.

If you have gotten thisfar and agree with the observations you can lay the lead
screw down some where and start to build the Dog Clutch. You don’t need a lead
screw to make the clutch just use your rack on the lathe.



Okay let’s make thisthing.

First thing to makeisthe bushing for the lead screw that butts up against the gear
shaft socket.

Get some CRS material at least 1 inch in Dia. about 2 incheslong, chuck it up and
drill a%in holein it about 1 % inch deep.

Gently boreit out until the lead screw will fit in it snugly.

Then turn it down on the outside of the bush until the bushing isthe same Dia. as
the gear shaft socket.
Cut off the bushing at about 1-inch in length.

Thisistoo long but you can easily trim later and thereisareason for it being left
long.

Trimming later meansthe hole will be where you want it relative to the end of the
bush.

The next step isto drill the hole for theroll pin used as a dog tooth in the bushing.

Thisrequirestwo different drill sizesthe 5/32 drill bit for theroll pin and a smaller
drill bit. How small ? at least onedrill size smaller than 5/32.

WHY THE SMALLER BIT?

Because the hole it makeswill be used as a knock out hole for removing the dog
tooth pin.

The 5/32 hole DOES NOT go completely through the bushing. The smaller drill bit
hole does.

HOW TO DRILL THE BUSHING HOLE

Using Vee blocks center drill with the smaller drill bit, a holein/or NEAR the
middle of the bushing completely through both sides of the bushing, next chase the
hole with the larger 5/32 drill bit stopping short of going completely through.

This should make the pin use both walls of the bush as a function for the pin to act
against. Yet not let the pin drop or push it’sway through the bush and you can still
driveout the pin at some later date should it break off by punching through the
smaller hole.

THE TRICKY STUFF

At this point you have a bushing which istoo long but has a nice hole for theroll
pin which will act asthe dog tooth on the lead screw.

We could go ahead and put it on the lead screw, then figure out where and drill the
lead screw but that will come later.



At this point we should start to make the SLEEVE - which isthe main part of the
dog clutch.

The sleeve is nothing more that a tube with notches at each end and a groove
around it for a shifting fork toridein.

Find a piece of CRS material 2inchesin Dia. and about 2 to 3 incheslong, Chuck it
up and drill aholein it at least 2 incheslong and just undersize for the Dia. of the
gear shaft socket a¥2inch to 3/4 inch drill bit isfine for starting your bore.

Finish thishole with a boring bar to size so it will slip on your bushing and the gear
shaft socket.

Being a tad over size on the hole will just make it slide more easily on both the bush
and the gear shaft socket. Soit’snot that critical of afit but try and keep it
reasonable.

4 to 6 thousandslarger than the bush and gear shaft socket isnice.
You don’t want too precise afit because it may bind during therelease and
engagement oper ations of the clutch asit dides over the bush and socket portion.

Next step isto turn the outside Dia. down to 1.69 or 1.68. for at least 1 and 1/2
inches on your work piece. Cut it off at the 1 and Y2 inch point and save the other
piece to build the SHIFTING FORK later.

WHY ISTHE OUTSIDE SO FAT (1.69 TO 1.68) AND SO LONG

At thispoint you have a sleeve that is a bit too long but it slides nicely on the socket
and the bush at the same time. The sleeve seems fat but you need the thick wallsto
grab the dog tooth pinsand to take the control SHIFTING FORK groove which
comes later AND THE ADDITIONAL HEIGTH helpsbring the fork control rod
closer to the underside edge of the bed way. All thiswill be clear later when we get
to that part.

We will cut the notchesfor the dog teeth on the Sleeve later.

THE REALLY SCARY PART

You havetodrill two holesin your machine, and yes| know it almost borderson
sacrilege to do that. But you can’t have a working dog clutch with out doing it.

WHICH HOLE FIRST AND WHERE?

Thefirst hole should probably bedrilled in the gear shaft socket. Asfar from the
face of the gearbox as you can without drilling into the end of the lead screw and yet
still leave a little clearance for thelead screw when it isreinstalled in the gear shaft
socket. In my case that was .440 from the side of the gearbox and | didn.t hit the end
of lead screw. If you can get more than .440 then | would take it

WHY?

Thereason for trying to get alittle extra room from the side of the gear box isthat
during release you don’t want the sleeve butting up tight against the gear box wall.




Having a littleroom left over meansthat you can move your carriage by hand when
it stopsand get a little clean up on the work piece without readjusting your stop bar
on the lathe bed way. A small consideration but an important one.

WHAT KIND OF HOLE ? A similar holeto the one you made in the bushing using
a small drill bit chased by a 5/32 bit. Theideaisthat theroll pin must passthrough
one wall of the socket and not completely through the other wall on the opposite
side. There must be a smaller holeto insert a punch to drive out broken pins when
they occur. Theuseof VEE blocksto center drill this shaft isrecommended. So that
meanstaking the gear shaft out from the quick change gearbox.

Question: should the hole be on the same alignment as the existing hole that the
shear pin used or at 90 degreesto that hole or some other angleto the old holein the
socket. ANS: | doubt if it makes a difference.

If you have completed the hole you can reinstall the gearbox shaft and drivein your
first dog tooth (roll pin).

With any luck it should be 0.440 +- inches from the face of the gearbox housing to
the center of the pin. A little more distance from the gear box housing is probably
better than alittleless. You can now see the maximum travel that the sleeve can
take for engagement towardsthe carriage. Not much travel distanceisthere.

NOW WE TRIM THE BUSHING

WE haveto trim the bushing and reinstall the lead screw as you normally would but
with the bushing on it, FIRST trim the bushing on one end and when the distance
from the CENTER OF THE PIN ON THE gear shaft socket AND the CENTER OF
THE PIN ON THE BUSH are about 0.854 apart when the bush isagainst the gear
shaft socket ..stop. Thisdistance 0.854 isnot written in stone so you can changeit to
alarger number if you want a longer sleeve. You have to make a decision about how
long you want the sleeve. 0.854 is the minimum distance | would recommend, 0.900
isnice or 0.954 isgood. The factorsinvolved are distance that will belost in carriage
travel and deeve stability...remember | had no planswhen | built mine.

| will wait while you decide. If you can’t decide, then go for 0.954. at least that will
make the groove easier to placein the sleeve.

That end of the bush will be called the SOCKET END trim the other end until the
over all length of the bushingsis about 0.500 or 0.600 if you went with the 0.954
measur ement.

Slip the bush on the lead screw with the SOCKET END facing the gear shaft socket
and reinstall the lead screw as per normal, Tighten all the boltsand put in a
temporary shear pin in the old shear pin holefor the lead screw. Run the lathe a few
turnsto make surethelead screw settlesin. Stop the machine.

Push the Bush up tight against the gear shaft and hold it there then using a hand
held drill with a 5/32 bit insert it in to the bush hole and lightly drill a shallow
hole/mark for reference later when you center drill the lead screw.



Now take the whole thing apart again and using some VEE Blocksdrill a hole
through the lead screw using the shallow hole or mark asa guide. If you have done
every thing right the holes on the bush and lead screw will match up. You can in
stall theroll pin and bushing on the lead screw and reassemble the lead screw for a
trial run watching for any slop or strain on re-assembly. Use plenty of lube on the
lead screw end that goesin the gear shaft socket. The socket isnow functioning as a
bearing for the lead screw so it needs lots of ail.

FINISHING THE SLEEVE

The sleeveis much too long at this point and it requires two notches to accept the
dog teeth (roll pins).

HOW WIDE SHOULD | MAKE THE NOTCHESIN THE SLEEVE?

Thewidth if the notchesis not important, they should be wide enough for the pins
and the wider the better; especially for the notch that acceptsthe bushing roll pin as
thiswill make engagement and release easier when the lead screw isturning faster.
Too narrow a notch on the sleeve and the pin will have a harder time on engagement
to the bushing pin. For startersyou could makethe notch for the bushing pin %2
inch wide.

HOW FAR IN FROM THE FACE OF THE SLEEVE SHOULD THE NOTCH
FOR THE BUSHING PIN BE ?

This notch should be only as deep astheroll pin iswide and a littletiny bit more.
WHY ? Because the contact point ison a round pin and more depth isjust wasted
travel distance, something we don’t have alot of isroom for.. remember we will be
moving towar ds the gear box housing on the release so extra travel could be a
problem.

How do | make my notches?

First drill a¥inch hole asnear the edge of the sleeve as you can through one wall
of the sleeve only, then rotate the sleeve enough to drill another ¥ inch hole beside
it.

Using afile or Dremel tool remove the metal in between the holes and square up the
notch with a file. Remember to slant the notch faces towards the center of the sleeve
so that the pin will rest against the notch face fully.. Re-chuck the sleeve and trim it
until the depth of the notch is nearly the same width astheroll pin. Perhaps a little
wider than the pin isbut not much more.

At this point you now have one notch alittle wider than ¥z inch and about the same
depth astheroll pin DIA. used as the dog tooth on the bushing.




How do | make the second notch?

The second notch can be narrower ...say ¥sinch wide or wider if you like and it will
start at 0.240 (or 0.340if you used 0.954 for your pin distance) from the bottom of
your

First notch.. That iswherethe second notch for the driving dog tooth on the gear
shaft socket startsand the slot continuesto the other end of the Sleeve.

IF YOU ARE USING A ¥4 INCH DRILL THEN THE HOLE WILL BE 0.365
AWAY FROM THE FIRST NOTCH 0.240 + .125 (/2 OF THE WIDTH FOR A ¥
INCH DRILL BIT)

| used a series of ¥ainch drill holesand afilefor thisstep. It’squicker than using my
mill.

DO THESE NOTCHESHAVE BE IN LINE WITH EACH OTHER?

ANS: Nothey don’t; the placement or alignment of the notchesin relation to each
other isnot critical. They could be 180 degreesto each other and there even may
advantagesto having them at 180 degreesto each other, who knows who car es.
We may get a mechanical engineer to advise uson thisissue at a later date.

Thenext step isto trim the sleeveto a final length. Thisfinal length should allow
disengagement and a little moretravel to make surethat thereistrue
disengagement.

Remember what | said about extra travel room for cleanup with out adjusting the
stop rod on therelease.

ATRIAL FITISIN ORDERAT THISTIME.

This means re-assembling with the sleeve on and checking for movement and
engagement and disengagement. You will probably be tempted to fire up your
machine and flip the sleeve back and forth with a screwdriver. If you do and I’m too
far away to stop you - at least make sure you arerunning at a slow speed and be
careful. That’s how accidents happen.

If you are satisfied that the sleeve moves freely and engagestheroll pin dog teeth
and disengages from thetooth in the bushing with a little clear ance so nothing can
inadvertently rub or engage. Then you areready to makethe SHIFTING FORK
and the SHIFTING FORK groove on the Sleeve.

The First thing to makeisthe SHIFTING FORK groove on the sleeve.
Why? Because it's easier to make a groove and fit a piecetoit then it isto makea
piece and cut a groove for it tofit in...I"'Il get plenty of arguments on that statement.

How wideisthe SHIFTING FORK Groove?
It hasto be wide enough to take the pin that will act asthe SHIFTING FORK PIN
and a littlewider to allow for some thickness on either side of the pin.

The pin is5/32 (0.156) so allowing for 0.040 on each side of the pin makesit 0.236+-



Wher e does this 0.236 in gr oove go on the Sleeve.
Center thisgroovein between the two edges of the dots.
Thereis not much room between each slot unless you used a 0.954 pin distance

How deep isthe groove to be?

A 0.236inch groove should be at least the same in depth. 0.250 to 0.300 isfinefor the
depth.

How do | makethe groove?

ANS: Use a parting tool
If you have completed the groove, you areready for the SHIFTING FORK.

THE SHIFTING FORK

Shifting fork & Roll Pin

Cut thisout

Tomakethe SHIFTING FORK you need to remember that left over piece from the
making of the sleeve.

Chuck that piece up and open the hole up to the same DIA. asyour groove DIA. in
your sleeve. (the bored hole should be about 1/2 wide so you can cut it off later).
Next step turn down the outside of the piece until it is.200 bigger in dia. than your
deeve outside dia. (fork O.D. should be 1.88 +)

BEFORE YOU PART IT OFF. Takeit out of the chuck and:

Drill your pin holein using a Vee Block,,,the same type of hole you did for the bush
Drill the holewell in from theedge.... THEN CHUCK IT UP AND FACE
TOWARDSTHE HOLE UNTIL YOU HAVE THE 40 THOUS. ON THE SIDE OF
THE HOLE.

It’'salot easier than trying to drill down the exact center of athin ring later..



Use aparting tool and cut off aring at ¥4 of an inch wide or better. Then facethis
side until if just fitsin the groove and there should be about 40 thous on that side of
the pin holeaswsll.

Thisringor | should say part of thering isyour Shifting Fork.

Note. Having thering a little narrower than the grooveis normal for a runningfit,
Having too tight a fit on the SHIFTING FORK in the groove meansthat something
else will have to move when the sleeve rotates and wobbles. WE DON'T WANT
THE DOG TEETH TO DISENGAGE <o let the fork do all the movement.

Cutting a portion out of thering to makethe SHIFTING FORK fit and look like a
shifting fork. That can be done with a hack saw, band saw or bench grinder take
your pick.

Onceyou have opened thefork to fit on the sleeve you must install the pin,

Drivein the pin and you have your fork completed.
THE CONTROL ARM

The control arm is a piece of 3/8 square bar stock. The arm goes from a point just
under the lathe bed way towards the front of the gear box. The holein the control
arm that takestheroll pin of thefork isdightly OVERSIZE, to permit the fork to
wiggle.

If the holeisthe same size asthe pin the lever arm will wiggle when the machineis
running.

Why doesthe control arm go all the way towards the lathe bed and end up under
the bed way?

That is so the auto release can follow the bedway and trip the lever. (more about
that later)

The DOG CLUTCH & BUSHING, Showing ROLL PINS& POSITION OF THE
SHIFTING FORK
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The Control arm front panel that attachesto the front of the gear box using the
existing 3 bolt holes. Make thisout of 1/1/2 inch angleiron 6 ¥2incheslong

Drill the holesusing your front cover as atemplate, replace the cover along with the
angleiron using some longer hex socket screws.

Theholein theangleiron for thelever to pivot on should be dlightly back from a
right angle. That isto say... closer to the gear box than the front of the lever where
thefork pinis. Thisgivesan OVERCENTER advantage to the linkage in the locked
position
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End view of control arm front panel showing lever & control arm
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DOG CLUTCH SHOWN IN DRIVING POSITION

i Sleeve length 1.040

¥~ Sleeve Bore Dia. 1.000
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Sleeve Outside DIA. 1.685
Sleeve Fork Groove Width 0.240

Roll Pins are Split type 5/32 DIA.
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EMD YIEW OF SLEEVE

SHOWING AFPPROXIMATE SLOT WIDTH TO ACCEPT PIN ON THE BUSHING
AMDWITH MEARLY THE PROPER ANGLE FOR THE PIM

THESIEdDE'IMENTIDNS ARE NOT CRITCAL BUT THE AMGLE REQUIRES SOME FILING TO FIT RIGHT
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EMD YIEW OF SLEEVE
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MAKE % OUR O HAMDLE TO OPERATE THE LEVER

KEEP IM MIMD THAT THE HAMDLE MEEDS TO HAWE DOWNMAARD PRESSURE
T AWOID PREMATURE RELEASE, IT SHOULD COMSTAMNTLY DREAG TO A RELEASE

't STILL IMPROAIZSING O MIRE ARD 1 WWILL

LIKELY ADD & SPRIMNG OR SET SCREW TO KEEP FRICTION
COMSTANT AT THE HAMDLEWER COMMECTION TO THE LEVER THAT

WIORKS THE FORK...BEST WSHES JACK HAMMORD



