Gears

As I cautioned last month, this month's feature will be the subject of gears and gear making. In one of Guy Lautard's Bedside
Readers there was a story of a fellow that worked at a machine shop where various jobs were done, including gear cutting. He
was on the shipping dock one day packing up a few gears they had made, readying them for shipment to the customer. The
UPS guy showed up and asked the machinist about the gears. The machinist explained that they made the gears tivere in«.e
shop. The UPS man replied "I didn't know you could make gears, I thought you had to buy them."

I promise I will not get too deep in the theory of how gears operate, the geometry can be very complex, and I don't really
understand it all that well myself. There are numerous books and articles available on the subject of gearing. The
"Machinery's Handbook" is a good place to start. I have a book called "Gear Wheels & Gear Cutting" by Alfred W. Marshall.
It is an English publication from Model and Allied Publications, Ltd. My copy was printed in 1968, but I'm sure it is still
available through Tee Publications. They are on the Internet at "http://www.fotec.co.uk/mehs/tee.index.html". What we will
cover is a little information on gear design, and enough information on gear cutting to get you started on your next "Big
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Ben".

Gear mechanisms have been around since ancient times. Geared devices have been used for everything from watering horses
to computing complex trajectories for artillery shells. We will be limiting our discussion here to common spur gears, this“s
the type of gear you would find in clocks, transmissions, and lathes. Cutting gears that operate smoothly and reliably require
a good deal of precision work. Not only do the teeth have to be spaced accurately, but the form of the tooth is very important.
This is because well made gears roll over one another, the surfaces do not slide. Also, even though the contact area of the
gears is moving and changing distance from the center of the gear as teeth come together and separate, the angular velocity of
the driven gear remains constant. This is no small feat. The key to all this is a shape called the Involute Curve. Since this
shape changes as the diameter of the gear changes, it makes cutting various sizes of gears a little more challenging.

Methods of Generating Gears

As written above, the shape of gear teeth can be quite complex. So how can gears be made so cheaply? Engineers have
devised several methods to cut gear teeth and generate the required tooth profile at the same time. The simplest way to do this
is to use a rack as a broaching tool. Since the rack is straight, there are no complex curves to cut, only teeth that are trapezoid
in shape. The angle of the side of the trapezoid is generally 141/2(, the same as an acme thread ( included angle 29( ). The
space between the teeth are the same size as the teeth. { Two racks placed face to face would fit together perfectly) The
trapezoid shape will prevent the generation of gears where the tooth becomes undercut ( especially in the case of small
diameters ). This rack is then used as a broach cutting the teeth into the gear blank. The blank is turned between c‘nts and the
rack is moved the same distance. After several passes, the teeth are cut to full depth, and the .

correct shape is also generated. This is essentially how a gear hob works. Instead of a rack, the
hob looks like a very large tap. The teeth on the hob have the same shape as the teeth on the rack,
they are simply "wrapped" around the hob. This make the gear generation a continuous process,
where the gear blank is rotated while the rotating hob is fed into it. Using this method, any size
spur gear, ( of the same series ), can be made with the same tool. Obviously, this requires much
more sophisticated equipment then what you find in the average small shop.

Cutting Tools for the Small Shop

In the small shop, we need to keep things simple, so toolmaker's have devised a system of gear cutters that can cut good
quality gears on normal shop tools such as a dividing head and a mill. A photograph of a
gear cutter is shown on the right. Since, as stated earlier, gear teeth vary in profile as the
number of teeth on a gear are changed, one cutter cannot be used for cutting all diameters
of gears. The cutters come in sets of eight. As you can see in the photo at the lower right,
there is quite a difference in the profile of the #1 cutter on the right, compared to the #8
cutter on the left. Unfortunately, gear cutters are not cheap. A full set of eight will run
between $90 and $240, depending on where you can find them. If only a few gears need to
be made, and you have a gear to use as a pattern, you can make a fly cutter to do the job.
The picture at the left has a fly cutter I made to cut a metric

gear for a Grizzly 9x19

lathe I had. The lathe did

not have a toggle gear for

cutting left hand threads, so

I made one. I traced the =

profile of a gear of the

same size that was already part of the train on a HSS blank and carefully ground it out. It
worked great. The other homemade cutter was made to make a threading indicator for a
friend's 10" Logan. I made the cutter to have the same profile as the lead screw, and used it
to machine a bronze gear for the indicator. Still working fine.

The Dividing Head
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The key to making accurate gears is the dividing head. This can be a commercial unit

as shown at the right, of a shop built device using various gears and plates as a reference. I mounted my dividi
sturdy aluminum rail. This allows me to pull the unit out of the cabinet and put it in the ‘
milling vise very quickly. The headstock and tailstock are always in alignment. I also
mounted a small chuck on the head and this comes in very handy. The dividing head
uses a worm gear arrangement that produces a 40:1 ratio. It requires forty turns on the
handle to rotate the head through 360 degrees. There are 24 holes in the plate mounted
on the main spindle for use in dividing 2, 3, 4, 6, 8, and 12 places. The plates on the
side of the head are also used to divide the rotation of the handle into various amounts.
Three plates are provided with hole counts of 15, 16,
17, 18, 19, 20, 21, 23, 27, 29, 31, 33, 37, 39, 41, 43,
47, and 49. Sector arms make it easy to move a set
number of holes and not lose count. All numbers
from 1 to 50 can be done, and many more beyond.
To cut a gear of say 29 teeth, do the following:
Divide 40 by 29, this gives 1and 11/29's. Use the 29
hole plate, set the sector arms so that when one arm  §
is placed against the pin of the handle, the other arm {
just uncovers the hole, 11 holes away. For each

space, make sure the sector arm is placed against the pin, rotate the handle one turn and 11 holes, to the other sector arm.
Make sure you advance the sector arms each time or you will loose your place.

Al bar

Let's Make a Gear

I've chosen, for this example, to make a pair of gears that may be used for the valve train of a four cycle engine. One gear is a
30 tooth aluminum spur gear, and the other is a 15 tooth pinion made of steel. The 30 tooth gear has a .375" bore and a
standard keyway. The 15 tooth gear has a bore of .250" and two 6-32 setscrews to fasten it to it's shaft.

First we need to do some calculations. We will be using the 24dp system, This is the system based on diametric pitch. It is
very 51mp1e a 24 tooth gear would have a 1.000" pitch circle. The pitch circle is the -
imaginary circle that passes approximately through the center of the teeth. A 12 tooth gear
would have a pitch circle of .500". For these to mesh properly they would have their
centers 1.000/2 +.500/2 inches apart, or .750". The distance is the sum of the two pitch
circle radii. The outside diameter is the number of teeth +2 divided by the dp. For our 30
tooth gear, this would be 32/24 or 1.333". The 15 tooth gear would be 17/24 or 0.708". .
The depth of the tooth is 2.157 / dp or in our case 0.090". The tooth depth is essentially the
same for all gears of the same dp. For 30 divisions 40/30 = 1 and 1/3. I had the plate with |
18 holes on the head, so 1/3 of 18 is 6. Great, so I will use 1 turn and 6 holes on the 18 for *
my spacing. Since the 15 tooth gear would require half as many steps, I just double the setting for 30 teeth and use 2 turns
plus 12 teeth on the 18 tooth disk.

To make the 30 tooth gear, we drill and ream the end of a piece of 1.5" aluminum bar stock. Then a slab .250" thick is parted
off. This is the rough blank. It is then pressed onto a 3/8" tapered mandrel. This mandrel has a center cut at each end, and a
slight taper along it's length. The + sign at one end of the mandrel signifies the larger end. ;

Placing the mandrel in the lathe, with the large end toward the headstock, the blank is
turned to the proper diameter. Also, profiling of the sides of the gear can be done at this
time. I use an Adjust-Tru chuck to hold the mandrel, but turning between centers is the
best way for most lathes. The next step is to carefully set the gear cutter to the proper
cutting height. I generally do this using the eyeball method and the tail stock ( or better
yet, the drive center ) of the dividing head. This is very important to get right, because the
gears will not run smoothly if the teeth are off-center ( been there, done that ).

Set the dividing head to zero. Turn the handle until it drops in a hole on the 18 hole
circle. It is a good idea to mark this hole since it is "THOME" position. Set the sector
arms for six holes as calculated above. Practice cranking the head through several
cycles and make sure the degree wheel reads as you would expect. I always operate my
dividing head handle clockwise. This helps to prevent confusion. Bring the head back to
zero and HOME. Mount the mandrel in the head and tailstock. Make sure the thrust
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from the cutting operation will be toward the + end of the mandrel. Bring the cutter up
to the workpiece until it just touches. Zero out the cross feed. Advance the cross feed for the first cut, be sure not to run the
mill too fast, those cutters are expensive. Cut all teeth at a setting, then move the cross feed. The :
final depth will be 0.090" as calculated above. Just be careful not to lose count on the dividing
head. At the end of each pass, you should find yourself back to the HOME position. If not, well
that's why they call it scrap. Lastly, the gear is removed from the mandrel and the keyway is
broached.

The pinion gear blank was machined and left on the bar stock. This piece can be center-drilled
and put on the dividing head between centers, or held in the chuck. In this way, the :
dividing head can be used to drill and tap the setscrew holes.

Hints and Kinks

When grinding cutting tools to an accurate profile it is difficult to make the tool and prevent the layout from gettirfg
destroyed by the heat of grinding. Neither Dykem blue or magic marker stand up very well. Here is the answer. Mix a dilute
solution of Copper Sulfate ( Blue Stone ) and water. A couple of small lumps dissolved into water is fine. Add a drop or two
of Sulfuric Acid ( Battery Acid ). The acid is not necessary, it just makes it work better. Degrease the toolbit, then paint a
drop or two of the solution on the bit. It will immediately leave a thin coating of copper plate on the bit. Wash off in water,
then scribe the profile in the copper plate. The copper will not burn off during heating, and since it is very thin, it is possible
to engrave extremely fine lines.

Shop of the Month

This shop is where George Carlson grinds away. A 1955 Bridgeport and a much more recent 12" lathe are the main machine
tools. This shop has been added to and updated for about 18 years, so it has quite a collection of tooling both shop made and
purchased. The shop was , and is, paid for by doing small specialty jobs, especially in the electronics industry.

N Sy
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CUTTING INVOLUTE GEARS WITH FORM TOOLS

by John Stevenson

I am proposing to write two articles about gear cutting, this the first will be about making and using form tools and the
second will be about making and using hobs. Firstly a few notes about tools required. As I realise that not everybody has a
well-equipped workshop so these notes will be written with a lathe and milling machine in mind, however a miller is not
completely necessary and with a little forethought all the work can be done on a lathe with a vertical slide fitted.

Secondly a note on the contents of these articles. As I lot of this material has been collected over the years from a lot of
sources I am bound to be repeating pieces that have been published before. I make no claim that all of this is my own work
only that I have pieced together the relevant details from many sources. Some of this work is what I would state was mine but
when like minds ponder on a problem there is often duplication of ideas, all that matters is the information is readily available
to others. Enough drivel, now to work!

A lot of books have been written on gears and gear cutting and it will serve the reader good to read up on the overall
principles before getting stuck in to practical work. The involute form is now the presently accepted form of gear tooth is
general use. The shape of the tooth form can be best described as the path taken by a point on a piece of string, asTtis ™~
unwound of the circumference of a circle.

The geometrical build up of the involute is quite complex but for our use it can be simplified into a single radius. Most of the
early work on form tools was done by Brown and Sharp where a lot of this information has come from. If one looks at a gear
with 12 teeth and two others with say 25 and 60 teeth it will be obvious that the shape of the involute changes from a small
radius on smaller gears up to straight sides on a rack. To cut gears with different number of teeth a different cutter is required
for each gear. As this is undesirable a standard was introduced using a series of eight cutters to cover the range. These are
listed in Table 1.

' Number of Will cut Gears Number of Will cut |
Cutter from Cutter Gears from
| 1 135 to a Rack 5 211025 |
l 2 55 t0 134 6 171020 |
| 3 35 to 54 7 14016 | cT
| 4 26 to 34 8 12to 13 I

| Table 1 I

Because of the differences in shape the lower number in the range is correct for that gear, the other numbers are a
compromise i.e. Number 5 cutter 21 to 25 teeth is only accurate for 21 teeth.

The main principle behind the form tool is to adapt the radius of the involute to the form tool. Looking at one tooth on a gear
it is obvious that it has the same radius both sides to form the tooth. So if we take two disks of known radius and present
them to the tooth so that they fit snug all we need to know is the distance apart and the distance fed in to duplicate the tooth.
All this information is in Table 2.

%

[ be
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Involute Cutter Proportions 20 deg. Pressure Angle
For 1 DP or 1 Module

Cutter No. Range of Pin Dia. Pin Centres Feed in Blank
Teeth Width
D C F
W
l 1 135 - Rack 46.17 44.80 3.934 4.04|
l 2 55-134 18.81 19.07 3.415 4.0 1 o e
| 3 35-54 11.97 12.64 3.098 4.0 I
| 4 26 - 34 8.89 9.75 2.875 4.0 |
I 5 21-25 7.18 8.147 2.710 4.0 l
l 6 17 -20 5.81 6.864 2.543 4.0 |
| 7 14-16 4.788 5.905 2.387 4.0 I
| 8 12 -13 4.10 5.267 2.251 4.0 I
| | N | R | N

Some Useful Formulae

TO FIND METRIC IMPERIAL - e
PCD Number of teeth x Mod No of teeth / DP

Q/D [No of teeth + 2] x Mod [No of teeth + 2] / DP

DP 25.4/ Mod Pi [3.1416] / CP

MODULE mm CP/Pi25.4/CP

NO TEETH PCD [mm] - Mod PCD x DP

CP Mod x Pi Pi/ DP

Pi can be taken as 3.1412.

A quick note here on the difference between DP CP and module. DP which stands for Diametrical pitch is the number of
teeth per inch measured on the pitch diameter. CP which stands for Circular Pitch is the distance measured betwesn two-r.eth
measured on the pitch diameter. The module is the metric equivalent of the circular pitch and is the distance between two
teeth measured on the pitch diameter in millimeters.

DP gear data is found by dividing the figures in Table 2 by the DP and the results will be in inches. Module gear data is
found by multiplying the figures by the module and the results will be in millimeters.

Using the diagram in Figure 1 and Table 2 we will lay out an example for a 24 DP gear with 20 teeth.
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From the table we need to make a No 6 cutter to cover 17 - 20 teeth, the diameter of the pins [D] needs to be 5.81 divided by
24 =0.242" dia. The distance apart [C] will be 6.864 / 24 = 0.286". The infeed distance [F] will be 2.543 / 24 =0.106" given
that the blank [W] is 4.0 / 24 = 0.167",

To make the cutter first of all decide what bore size you will need to fit your machine. To economise on material if you select
a bore size of 3/4" then the cutters can be made out of 1 1/2" silver steel or drill rod. Sizes above this are hard to find. To
make these cutters you will need an arbor. Make up an arbor that can be used in the lathe as well as the miller.

To make the form tool turn up two pins in drill rod or silver steel as shown in Figure 2 and mount them in a holder to fit your
lathe toolpost. " o

Fig 2

Qrub Screw

These pins must be hardened and tempered after turning. The top face then needs grinding flat to give a cutting edge. The
distance apart [C] is critical and is best don with the holder mounted in the toolpost at an angle of 5 degrees and the distance
measured using the crossslide dial. _ g
The cutter is the next job. Turn up a blank of drill rod with a bore of 3/4" and a width of 0.167" [W]. Mount this on the arbor
and present the form tool to it as laid out in Figl. Using a slow speed and lots of coolant wind the form tool in to 0.106" [F].
this will then give you a disk cutter with the right shape but no cutting edges or clearance, also called form relief.

Remove the cutter from the arbor and mark eight equal radial lines on it, mark four lines 'A’ and the other four lines 'B'. Refit
the cutter to the arbor and mount in four jaw chuck and set to run 1/4" offset. Set the cutter so that one radial line, A, is on the
centre at the point where the eccentric is nearest the tool, See Fig3.
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ORIGINAL DIAMETER

Bring the cutter in and clean up the form until the cut extends between one pair of 'B' lines. Note the crosslide reading. Rotate
the blank to the next 'A’ line and repeat. Do this four times and you will have a blank with four equal lobes. Remove from the
arbor and mill the four spaces out between 'A' and 'B'. mark the cutter details on one side. You will need the cutter number ,
the DP and the depth to cut. This is not the feed in depth from table 2 but the full depth plus clearance. This will have to be
obtained either from a hand book or from the formulae 2.25 divided by the DP.

Harden and temper the cutter to light straw. To harden tools made in silver steel or drill rod, heat up evenly to a cierry rzx
and quench in water vertically. Clean one face and put it on a steel plate with the clean face up. Heat the plate from
underneath and watch the colour of the cutter, when it reaches light stray colour remove and requench as quickly as possible.
Clean up and grind the four cutting faces taking care to keep the faces radial. Provided that the cutter is reground equally and
radially it can be reused until it is worn away.

To make a cutter for a one off job or to make a quick job, the cutter blank can be mounted on the arbor and offset an 1/8" as
described above and the form turmed on in one go. Instead of rotating round and repeating the process, remove from the arbor
and cut one gash in at the point of maximum eccentricity. Harden and temper as above and this will give you a serviceable fly
cutter that is able to be reground many times.

The set out for a module gear is exactly the same the only difference is the working out of the form tool sizes.
As an example we will take a 1.5Mod pitch gear with 13 Teeth.

From table 2 we need a number 8 cutter. The pin diameter [D] is 4.100 x 1.5 = 6.15mm. The distance [C] is 5.267x 1.5 =
7.90mm. The feed in [F] is 2.251 x 1.5 = 3.37mm and the blank width is 6.0mm. The cutting depth to be marked on the cutter
is worked out from the formulae 2.25 x mod which in this case is 2.25 x 1.5 = 3.38 mm.

e ks
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