
Petite Horloge by Computerized 
Numerical Control Mill
By Philip Kuchel (AUS)

Overview

A growing number of members of the Sydney 
(Australia) Clockmakers Society (SCS) are using 
computerized numerical control (CNC) mills to 

make various components for their clocks and watches. 
Given the disparate professional backgrounds of the 
membership, from traditional watchmakers through 
mechanical engineers to experts in engineering and 
science, we thought it was timely for some of us to present 
our slant of how we came to use CNC and what “tricks” 
(operating parameters and insights) we now employ 
on a regular basis. These have been gleaned from many 
sources, but most notably from key members of the SCS 
who “were in the game” professionally from the beginning 
of the readily available personal computers to control such 
mills in the early 1980s. CNC milling is now a central part 
of my horological workshop activities.1 

Motivation
To add horological relevance to this article, I focus on 
a particular example of a recently completed Petite 
Horloge (Figure 1). This is simply the French term for a 
small clock that has a general design and size that was 
popular in Europe in the 19th century. The clock was of 
my own design and was made with what amounted to 
watchmaking methods. Many of the components were cut 
out on my CNC mill.

The clock is No. 3 in a series of birthday gifts. This one 
is destined for our third grandson in nine years’ time. 
Thanks to the CNC mill, I am now well ahead in my gift-
making schedule! 

Debaufre Escapement
There is emerging interest in recapturing some of 
the spirit of the early inventors of clock and watch 

Figure 1. Petite Horloge with Debaufre escapement. For a sense of scale,  
the diameter of the brass base plate is 52 mm. (A) The clock under its glass dome and (B) a matchbox to indicate relative size. AUTHOR’S PHOTO.
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escapements. In this vein I explored 
the Debaufre escapement. Paul 
Chamberlain2 claims that Sir Isaac 
Newton (1642/3–1727) commended 
this escapement in the watch he was 
carrying. It had been invented by 
Peter (who had moved to London 
from Paris and it appears he then did 
not use “Pierre”) Debaufre before 
1704. The escapement was picked 
up by watchmakers in Ormskirk and 
used in watches in the early 19th 
century. They are often referred to 
as “chaff cutter” escapements, not 
because of the sound they make but 
because of the shape of their escape 
wheel teeth.

It is a frictional rest escapement, 
so the amplitude of the balance is 
less than most of us like to see. I 
recently acquired a watch with this 
escapement in which the actual 
escapement design is that of Paul 
Garnier of Paris in circa 1830 (Figure 2).3 So, I used this 
as the template for the present project. 

My CNC Mill
Illuminated on the right in Figure 3 is my CNC mill. It 
was made in China, labeled WMD 20V, and its date plate 
indicates 08 (presumably meaning 2008). It consists of 
the mill proper, with a newly fitted three-phase, high-
speed spindle motor, held vertically in the blue bracket. 
The motor is connected by the electrical cable to the 
variable frequency drive (VFD) on its left, next to the 
vertical dovetail slide. The VFD provides keypad selection 
of the spindle speed (angular velocity). The gray metal 
box on the shelf above the computer screen contains the 
Gecko Drive motor control; it receives logic instructions 
from the computer to actuate the three stepper motors 
that are connected separately to each of the three slides on 
the Cartesian axes of the mill and, if separately connected, 
to the stepper motor on a rotary table making this the 
so-called “4th axis” (see Item 14 below). The x-axis is left 
to right, the y-axis is fore and aft, and the z-axis is up and 
down. The total cost of the CNC mill with its computer 
and two software licenses (see below) was ~US$3,000. 
Additional costs included the work bench and tungsten 
carbide cutters of various diameters and flute count (2 or 
4), which brought the total installation cost to ~US$5,000. 

Control Software
Before the CNC mill can be used to machine the clock 
or watch components, it is necessary to create a digital 
definition of the cutter tool path, the “G-code.” For this, 

the Dell personal computer connected to the CNC mill 
runs Microsoft Windows XP, and it is loaded with the 
requisite software. 

The clock or watch part (such as for the Petite Horloge) 
must first be drawn in a computer-aided design (CAD) 
program. Probably the best known such program is 
AutoCAD, but it is expensive and not cost effective for 
the average hobbyist. The freeware QCAD is readily 
downloaded from the Internet. It has functionality much 
like AutoCAD and it is relatively easy to learn to use in a few 
hours. Once the drawing is completed in QCAD, it is saved 
and in the process the file name automatically receives the 
suffix .dxf. The .dxf file is read into the program SheetCAM; 
this is the computer-aided machining (CAM) software that 
converts the .dxf file to G-code. When preparing for this 
conversion, various tool paths are specified, such as drilling 
holes, cutting pockets (indentations that don’t go all the 
way through the work), or doing internal or external cuts to 
the full depth of the material/metal. Once all actions have 
been specified, exiting SheetCAM automatically compiles 
and saves a G-code file. The file name has the suffix .tap. 
The .tap file is then read into the main CAM control 
environment, Mach3 (there is also a later version, Mach4).

The screen image in Figure 3 shows the principal control 
page of Mach3. The upper left subpanel on the screen shows 
the G-code program that, once running, actuates the stepper 
motors to move the milling cutter to specified positions on 
the work, which is clamped on the machine’s table. 

The software licenses for SheetCAM and Mach3 cost me 
a total of ~US$400, but other sources and pricing are 
available via a Google search. 

Figure 2. Debaufre escapement, shown in 
black and white to outline better one of the 
two escape wheels. AUTHOR’S PHOTO.

Figure 3. The CNC mill used to make clock 
and watch parts. The mill is housed in a 
laminated-board enclosure shown at the right 
of the photograph. The vertical three-phase 
spindle-motor, in its light blue bracket, is 
speed-controlled by the VFD that is located 
to the left of the dovetail vertical slide. The 
motor itself is held on a separate vertical 
slide, made by Lindsay Drabsch (a member 
of the SCS). The Gecko power supply sits on 
the shelf to the upper-left of the computer 
screen. AUTHOR’S PHOTO.
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Spindle 
Because our CNC mills in the SCS are only used for small 
items (mm–cm scale), and they are needed to perform 
engraving tasks, which require high angular velocity of 
the cutter and high translational speeds of the vertical 
slide, the heavy head of the original mill was replaced by 
a much lighter and faster motor. The replacement is a 
24,000 rpm (maximum) three-phase motor. The heavy 
vertical slide now carries the light but rigid assembly 
with two linear slides that support the high-speed motor. 
There is a practical advantage to having these two 
“z-axes”: the original slide can only be operated manually 
and yet it is used to roughly position the tip of the cutter 
over the work, while the final adjustment is performed 
numerically via the stepper motor that controls the 
vertical, z-position of the second slide assembly.

High-Precision Drill 
The drill press on the left in Figure 
4 was made by repurposing the 
original head from the WMD 20V 
mill, mounted on a stand that was 
cut down from a pedestal drill. Its 
maximum drill speed is 2,500 rpm, 
which is perfectly adequate for 
horological work but certainly would 
be insufficient for use with the small-
diameter (~3mm to sub-mm) cutters 
used in our horological work. 

Mill Specifications 
The numerically controlled x-, y-, 
and z-slides each have high-precision 
ball screws, which give the mill the 
precision that is required for small 
clock and watch work. This precision 
is estimated to be better than ±10 mm. 
With this in mind, it is important to 
use the backlash correction capability 
in Mach3. Despite this level of 
precision, any disc such as wheel 
blanks still require slight “truing up” 
in the lathe before milling the teeth. 

For the table, the maximum travels 
are as follows: x-axis, 237 mm; y-axis, 
143 mm; and z-axis, 97 mm. The table 
with three clamp-fixing slots (Figures 
3 and 5) has outside dimensions of 
178.5 mm in the y-direction, and 
491.5 mm in the x-direction.

Cutting Considerations 
Practicalities: When milling, the 
principal running parameters are: 
(1) D, cutter diameter (mm); (2) ν, 

spindle speed (rpm); (3) d, depth of cut (mm); (4) h, total 
cut depth (height of the work); and (5) f, feed rate (mm 
min-1). By algebraic reasoning we deduce the time that a 
particular cutting job will take, T, from the formula:

T = L h/(d f) (1)

where L is the total path-length of all the cuts.

The values of D and v clearly determine how fast the cutter 
can be “pushed” through the work. The challenge is to get 
the job done sufficiently rapidly without the annoyance of 
having to start again when the cutter breaks (and having 
to pay the cost of a new cutter!). This all comes down to a 
matter of experience and experimentation, but inevitably 
there will be a container of “yesterday’s cutters”! Many 
of the working parameters given below came about by 
stretching the limits and having to start a job over again.

Additional theory: A central 
concept in milling is the “chip load,” 
C. This is variously defined on the 
Internet and in books, but I think of 
it as the mass of material removed 
from a work by one tooth (edge) of a 
cutter, per revolution of that cutter. 
Clearly, for our clock and watch 
work this amounts to tiny fragments. 
The chips are ideally sub-millimeter 
in average diameter but not fine 
dust. The speed of rotation, feed 
rate, depth of cut, and number of 
flutes (cutting edges) on the cutter 
determine the mass of material 
removed per revolution.

The chip load is important, as the 
chip size can be optimized for heat 
removal. Bigger chips remove more 
heat but also impose more stress on 
the cutter. A judicious compromise 
is needed. With hard and yet brittle 
cutter materials, like tungsten carbide, 
its elastic limit is reached with smaller 
displacements (strain) than with 
metals, like high-speed steel. Tungsten 
carbide has the overwhelming 
advantage of holding its edge against 
hard metals like spring steel that we 
use in watchmaking.

The rate of material removal during 
milling is readily calculated (using 
the symbols introduced above) by 
imagining that the cutter of diameter 
D mm traverses the material at a 
depth d mm, and progresses f mm 
in 1 minute. This cut parallelepiped 
“trench” has a volume that is given by:

Figure 4. The head of the original CNC has 
been repurposed as a precision, variable speed 
drill that uses extended range (ER) 16 collets 
to hold the drills. It is shown illuminated on 
the left side of the photo. AUTHOR’S PHOTO.

Figure 5. The CNC mill. The double z-axis 
system makes for very convenient, coarse, 
hand-operated control of the position of the 
milling cutter. AUTHOR’S PHOTO.
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volume of material removed in 1 minute = D d f (2)

The mass of material removed is this volume multiplied 
by the density of the material, ρ. For brass ρ = 8.4-8.73 g 
cm-3 (~8.6 mg mm-3 ). Therefore,

mass of brass removed in 1 minute = D d f ρ (3)

Milling cutters are typically cylindrical, so the volume swept 
out in one revolution is π D2 d/4 and the corresponding 
mass of material it would displace if moved forward one 
diameter would be π D2 d ρ/4, but this is vastly more than 
the practically encountered chip load. In other words, it 
would be the mass removed if the feed rate equaled D×ν. 
For a spinning speed of 10,000 rpm with a 0.5 mm cutter, 
this would amount to a feed rate of 5000 mm min-1! This 
can be compared with what we have discovered to be 
practicable, namely 15 mm min-1, which is ~300 times less.

The milling cutter has n flutes (cutting edges) that 
rotate ν times in 1 minute. So, the chip load C is given by 
equation 3 divided by n ν. Thus,

C = (D d f ρ)/( n ν) (4)

It is instructive to estimate what value C might take on in 
a typical job, crossing out a watch wheel from brass sheet. 
Introducing values, as described in the next section (in 
mm), into equation 4 we obtain:

C = 0.5 (D, mm) × 0.1 (d, mm) × 15 (f, mm min-1)  
× 8.6 (ρ, mg mm-3) /(2 (flutes) × 104 (min-1)) = 32.25 
× 10-5 mg or ~ 300 ng (!) (5)

One way of using this value (30 × 10-5 mg) of the chip load 
is to say, “Well, the settings I have used worked well (!), in 
the sense that the milling was time efficient and the cutter 
withstood the process and was still sharp after the job.” 
In other words, I will want to decide on a feed rate for the 
cutter, given a depth of cut, d, that is 20% of the diameter 
of the cutter, D. Also, a spinning speed of ~10,000 rpm is 
typical. Therefore, I can rearrange equation 5 to give the 
expression for the feed rate, f , to be used,

f = C n ν/(D d ρ) (6)

and using the values noted above in equation 5 as a 
check, this yields f = 14 mm min-1.

This value is very close to the 15 mm min-1 used when 
we calculated C in the first place (as it should!), but we 
rounded C down, thus accounting for the small difference 
between the two values.

Now there is one more subtlety. As the cutter diameter is 
increased, it increases in robustness, so the chip load, C, 
can be safely increased.

Let’s calculate C for a typical 3-mm cutter (see below in 
the parts list for examples):

C = 3.0 (D, mm) × 0.6 (d, mm) × 60 (f, mm min-1)  
× 8.6 (ρ, mg mm-3) /(2 (flutes) × 104 (min-1)) = 46.4  
× 10-3 mg or ~ 40 mg (!) (7)

This value is ~140 times larger than for the 0.5 mm two-
flute cutter. One way of exploring this further, to find a 
relationship between cutter diameter and chip load, is to 
note that for this diameter ratio of 3/0.5 = 6,

(D2/ D1)m = 6m = 144, so m log(144)/log(6) = 2.77 ≈ 3 (8) 

So the empirical “Rule” (assuming the Rule that the 
depth of cut for any cutter is 20% of the diameter of the 
cutter) is that the usable chip load scales as the 3rd power 
of the ratio of the diameters of the cutters (relative to the 
0.5 mm cutter).

In summary, I typically choose a suitable cutter (based on 
the size of the work and the minimum radius of curvature 
to be cut) thus specifying D (typically 0.5–1 mm) and n 
(typically 2 or 4); then I choose ν, for brass, of 10,000 
rpm; and I know C (30 × 10-6 mg for a 0.5 mm cutter) 
and ρ (8.6 mg mm-3). These values are all entered into 
equation 6 and scaled by equation 7, to yield the feed rate 
that I enter into the appropriate “box” in SheetCAM. 

Even more theory: There is a huge amount of theory out 
there on machining materials and what constitute optimal 
parameters for process work, say in the car industry: the 
shape and angle of the cutting edge relative to the surface of 
the material that is being cut, its hardness and malleability, 
and its ability to withstand changes in temperature and 
not fracture. This also goes for the malleability and chip-
fracture tendency, which is due to the fine structure of the 
cut material (which is crystalline in the case of metals and 
their alloys). The material that the cutter is made of must 
be robust and yet hold an edge. The angle of that edge 
determines whether it is durable, and it varies depending 
on the characteristics of the material that is to be cut. As 
expected, with all these variables involved in machining 
metals (in particular), there is a lot of “witchcraft advice” 
and “appeals to experience” for optimal results. In general, 
I have reached my conclusions about the choice of milling 
parameters from discussions with experienced SCS 
members and from watching the seemingly endless source 
of opinions on YouTube.

Examples of CNC-Milled Items
The clock shown in Figure 1 appears again in Figure 6, 
with the addition of arrows pointing to items on the clock 
that were made with my CNC mill. This entailed shaping 
six different materials that demanded different running 
parameters (settings) for the mill: (1) hardwood, (2) soft 
brass, (3) engraving (free cutting leaded) brass, (4) German 
silver (high nickel brass), (5) mild steel, and (6) spring 
steel (feeler gauge). The range of hardness and malleability 
of the materials encouraged a deeper understanding of 
the characteristics of the material. This understanding 
was needed to cut with efficient use of time and yet with 
minimal risk of breakage of the milling cutters.
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Figure 6 identifies 17 items (or groups of items) that 
were made for the Petite Horloge by CNC milling. Some 
were repeated several times, such as the crossing out 
of the brass wheels. However, I begin with the disc that 
was glued to the top of the wooden base that had been 
supplied with the glass dome (Figure 1A), which covers 
the clock. This item is followed by the other examples; all 
had different operating parameters. It is also useful when 
planning a job to note the time it will take to complete. 
Some items took a surprisingly long time, but once a 
procedure was determined to be safe to leave in operation, 
other tasks could be undertaken away from the mill.

For each of the items in the following list, which 
corresponds with Figure 6, there are insights that I 
gleaned from SCS members or from the Internet, which I 
found to be especially relevant or useful.

1. Wooden-base insert
Material: 9.4-mm-thick hardwood
Holding method: Clamped onto another piece of level 
timber that was cut into on the final pass of the cutter 
around the work
Dimensions of work: Diameter of 52 mm
Cutter: Tungsten carbide, 3-mm diameter, 4-flute
Spindle speed: 24,000 rpm
Depth of cut: 2 mm
Feed rate: 200 mm min-1

Total time for cutting: ~5 min
Insights: Wood is readily cut with a twisted 
metalworking tungsten carbide end mill, in place of 
a typical straight-flute router bit. The wood can be 
burnt if the feed rate is too slow, as the cutter spins 
without removing sufficiently large chips that carry 
away the heat that is generated by the cutting.

2. Brass base plate
Material: 1.5-mm-thick engraving (leaded) brass
Holding method: High-quality masking tape applied 
to a piece of 6-mm-thick aluminum plate, and also 
applied to the bottom face of the sheet of brass. The 
two surfaces were then glued together with anaerobic-
setting cyanoacrylate (superglue). Setting occurs within 
minutes. The two surfaces are readily separated after 
the work, as the masking tape easily peels away.
Dimensions of work: Diameter of 52 mm
Cutter: Tungsten carbide, 4-mm shank,  
1-mm diameter, 4-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.2 mm 
Feed rate: 30 mm min1

Total time for cutting: ~40 min
Insights: The “rule of thumb for depth of cut” when 
cutting brass is that it should be no more than 20% 
of the cutter diameter. The feed rate needs to be 

sufficient to produce chips of brass that are visible to 
the naked eye and not a fine powder. I consider this in 
more detail above, in the context of chip load and how 
this is factored into the more rational calculation of 
the depth of cut and feed rate for different materials.

3. Engraving brass base plate
Material: 1.5-mm-thick engraving (leaded) brass
Holding method: As for item 2. The engraving was 
done first, before the brass plate was milled away 
from its parent material.
Dimensions of work: Diameter of 52 mm
Cutter: Tungsten carbide, 3.19 mm shank,  
60° D-type half cone
Spindle speed: 24,000 rpm 
Depth of cut: 0.025 mm 
Feed rate: 280 mm min-1

Total time for cutting: ~15 min
Insights: The depth of cut was on the light side but 
suitable if the engraved characters are to be distinct 
and not clunky. In related engraving work, such as a 

Figure 6. Petite Horloge with the addition of arrows that point to items 
on the clock that were made with the CNC mill. The large wooden base 
with routed groove was as supplied with the glass dome. AUTHOR’S PHOTO.
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verge balance cock, I used a depth of cut of 0.04 mm, 
to give more character to the scroll work.

4. Dial
Material: 1.0-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: Diameter of 38.5 mm
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.15 mm 
Feed rate: 60 mm min-1

Total time for cutting: ~60 min
Insights: I pushed the limits of the feed rate on this 
job, as it was destined to take a long time.

5. Support blocks (2×)
Material: 3.0-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: 10 × 6 × 3 mm times 2
Cutter: Tungsten carbide, 4-mm shank,  
1.0-mm diameter, 4-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.2 mm 
Feed rate: 30 mm min1

Total time for cutting: ~60 min
Insights: I used a set of standard settings for this 
simple job.

6. Winding pawl
Material: 3.0-mm-thick mild steel
Holding method: As for item 2 but with additional 
physical clamping. The masking tape served to hold the 
job that was about to be parted from the main material, 
during the final pass of the cutter.
Dimensions of work: 10 × ~4.5 × 3 mm
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 8,000 rpm 
Depth of cut: 0.05 mm 
Feed rate: 20 mm min-1

Total time for cutting: ~90 min
Insights: Peter Cassar (a member of the SCS) 
advocates lower cutter speeds with fine cuts for steel. 
The mild steel material was easily cut using these 
fairly conservative parameters.

7. Spring for winding pawl
Material: 1.5-mm-thick spring steel (feeler gauge)
Holding method: As for item 6
Dimensions of work: 24 × ~(0.5-4.0) × 1.5 mm
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 8,000 rpm 

Depth of cut: 0.05 mm 
Feed rate: 20 mm min-1 

Total time for cutting: ~2 h
Insights: The steel was hard, and conservative cutting 
parameters meant that this was a long job.

8. Breguet-style minute and hour hands 
Material: 0.5-mm-thick spring steel (feeler gauge) 
Holding method: As for item 6
Dimensions of work: (15 & 19) × ~(0.8 & 0.95)  
× 0.5 mm 
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute 
Spindle speed: 8,000 rpm
Depth of cut: 0.05 mm
Feed rate: 20 mm min-1

Total time for cutting: ~40 min
Insights: Again, the hands were made from hard feeler-
gauge spring steel, so conservative action was taken.

9. Hour wheel (motion work)
Material: 0.45-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: o.d., 14.56 mm × 0.45 mm thick 
(destined for 45 teeth of 0.3 Module cut conventionally 
on my 6-mm Lorch Schmidt watchmaker’s lathe);  
5 crossings
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.2 mm 
Feed rate: 40 mm min-1

Total time for cutting: ~5 min
Insights: This was a simple job.

10. Main plates (2×)
Material: 1.5-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: ~46 × ~42 × 1.5 mm (2×)
Cutter: Tungsten carbide, 4-mm shank,  
1.0-mm diameter, 4-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.25 mm 
Feed rate: 50 mm min-1

Total time for cutting: ~60 min
Insights: This was a simple job.

11. Daisies (8×)
Material: 1.0-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: ~60 mm long path × 1.0 mm (8×)
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 10,000 rpm 
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Depth of cut: 0.20 mm 
Feed rate: 40 mm min-1 

Total time for cutting: ~1 h
Insights: This was a simple job.

12. Top bridges (2×)
Material: 1.5-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: ~46 × ~5 × 1.5 mm (2×)
Cutter: Tungsten carbide, 4-mm shank,  
1.0-mm diameter, 2-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.25 mm 
Feed rate: 50 mm min-1

Total time for cutting: ~30 min
Insights: This was a simple job.

13. Balance wheel
Material: 0.66-mm-thick German silver (nickel silver)
Holding method: As for item 2
Dimensions of work: 20 mm diameter  
× 0.66 mm; 3 crossings 
Cutter: Tungsten carbide, 4-mm shank,  
1.0-mm diameter, 2-flute 
Spindle speed: 10,000 rpm
Depth of cut: 0.25 mm
Feed rate: 50 mm min-1

Total time for cutting: ~10 min
Insights: This was a simple job.

14. Escape wheels (2×) 
Material: 0.15-mm-thick spring steel (feeler gauge)
Holding method: This was much more complicated 
than for all other items. These were cut tooth by tooth 

using a mandrel that was especially made to hold 
the job in a rotary table that was controlled by the 
“4th axis” of the Mach3 program. Figure 7 shows the 
mandrel that clamped down the 0.15-mm spring steel 
that was also held down with superglue. This was also 
added as the job proceeded.
Dimensions of work: ~6.5 mm diameter  
(path length 3 mm each tooth, 10 teeth, giving total of 
30 mm) × 0.15 mm. (2×)
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 6,000 rpm 
Depth of cut: 0.05 mm 
Feed rate: 0.15 mm min-1

Total time for cutting: ~30 min
Insights: The rotary table guarantees that each tooth 
is exactly the same. Only subsequently did I manage 
to implement backlash correction in Mach3. This is a 
whole other story that won’t be elaborated upon here; 
suffice it to say that this problem is largely sorted 
out now, and it is possible to avoid the extra work of 
setting up the QCAD files and using the rotary table.

15. Name plaque
Material: 0.45-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: Ellipse of (18 × 10) × 0.45 mm
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.2 mm 
Feed rate: 40 mm min1

Total time for cutting: ~5 min plus engraving time of 
~10 min, so a total of 15 min
Insights: This was a simple job.

16. Escapement cock and potence
Material: 1.0-mm-thick engraving (leaded) brass
Holding method: As for item 2
Dimensions of work: ~60 mm long path × 1.0 mm (2×)
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute
Spindle speed: 10,000 rpm 
Depth of cut: 0.20 mm 
Feed rate: 40 mm min-1

Total time for cutting: ~30 min
Insights: These were simple jobs.

17. Escapement platform coqueret and regulation arm 
Material: 0.5-mm-thick spring steel (feeler gauge) 
Holding method: As for item 6
Dimensions of work: 5 × ~(10 & 20) × 0.5 mm
Cutter: Tungsten carbide, 4-mm shank,  
0.8-mm diameter, 2-flute

Figure 7. The purpose-
made mandrel that was 
used to hold down the 
0.15-mm spring steel, 
when cutting the Debaufre 
escape wheels. The spring 
steel was also held by 
superglue. The mandrel 
was mounted in a 10-mm 
ER 16 collet in a Morse-3 
taper assembly at the 
rotary table. The rotary 
position of the latter was 
controlled as the 4th axis 
by the Mach3 G-code. 
The cutter was tungsten 
carbide, 0.8 mm two-flute 
running at 6,000 rpm. The 
nozzle that delivers the 
stream of swarf-removing 
air is at the top left of the 
photo. AUTHOR’S PHOTO.
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Spindle speed: 8,000 rpm 
Depth of cut: 0.05 mm 
Feed rate: 20 mm min-1

Total time for cutting: ~40 min
Insights: These items were made from hard feeler-
gauge spring steel, so a conservative approach was 
taken (see Figure 8).

Conclusions
It is clear that CNC milling can be used extensively when 
making a small clock, like the one described here (Figure 
9). Importantly, since most of the components are found 
in all mechanical clocks and watches, they can be scaled 
to suit many types of clocks and watches. In other words, 
CNC milling is eminently scalable to many new scenarios.

What a fantastically liberating technology it is! It delivers 
precise and accurate watches and clocks, and because 
of the speed with which complex items can be made, it 
encourages experimentation and checking new ideas in 
horological function and design.
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Figure 8. The escapement platform and the 
balance wheel that was made from nickel 
silver. AUTHOR’S PHOTO.

Figure 9. Top-oblique view of the Petite 
Horloge. AUTHOR’S PHOTO.
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