
The Marvelous Maillardet Automaton
Part 2
By Andrew Baron (NM)

Author’s note: Part 1 of this series (in the Sept/Oct. 
2018 Watch & Clock Bulletin) described the experience 
of watching the Maillardet automaton perform at The 
Franklin Institute, Philadelphia, PA, just as thousands of 
people have witnessed it since its debut circa 1795. We 
sojourned through the evolution of the writer-draftsman 
class of automata from their humble emergence in the 
1750s, through the innovations that culminated in the 
Maillardet masterpiece. Part 2 continues with the start of 
the Maillardet automaton’s arduous journey of recovery 
to its current, reanimated state.

This second part of our series is based on material origi-
nally published in 2014 in Horological Times, the journal 
of the American Watchmakers-Clockmakers Institute. 
In 2016, an expanded account appeared in Mechanical 
Music, the journal of the Musical Box Society Interna-
tional. This treatment features the best of both prior 
publications, in the hope that current readers will find 
the subject as inspiring as I have. (All photos are by the 
author except where noted.)

Connections

Spanning the 2,000-mile gulf between Santa Fe and 
The Franklin Institute, my first comprehension of 
the Maillardet automaton came in late 2005 and had 

nothing to do with my ultimate association with it. Several 
photos and a brief video clip were sent to me by Brian 
Selznick, the author-illustrator of The Invention of Hugo 
Cabret.1 I became a technical and character consultant for 
Brian’s book through a chance suggestion by our mutual 
friend, the children’s book illustrator Paul O. Zelinsky.2 
The images, which Selznick collected during his research 
visits to the museum, enabled me to explain to him the 
basic workings of the machine. Alarmingly, one of the pho-
tos shows the head disconnected (Figure 1), a casualty of a 
fractured neck attachment. In Selznick’s video, the head-
less figure’s hand moves spasmodically through strained 
motions in midair (the writing desk temporarily removed), 
with no paper in place to capture what would essentially 
have been illegible scrawls and jagged lines.

A supplemental set of still images was sent to me a few 
months later from John Alviti, The Franklin Institute’s 
Senior Curator of Collections. By this time, John had 
expressed his interest in having me work on the machine. 
This invaluable packet contained a dozen 8 ×10 black-
and-white photos depicting the partially disassembled 
mechanism from some work that had been done 26 years 

earlier. I was gaining insights into the basic mechanical 
architecture of the machine, but the views begged for 
certain inner details that I could not easily see but was 
curious about. Finally, in the waning days before my 
journey to the museum, a fresh set of 18 closeup views 
that I requested arrived from the automaton’s long-time 
exhibitor, the late Charles Penniman. These welcome and 
revealing views provided an increased familiarity with 
much of the mechanism, although further details and 
more than a few surprises awaited me.

On With His Head! 
Part of the decision to bring the automaton back to 
life was influenced by the museum’s desire to feature 
it in The Amazing Machine, a core exhibit scheduled 
to launch early the following year (2008). The exhibit 
opened after Selznick’s book was published and a little 
less than four years before the Academy Award-winning 
movie Hugo, which was based on the book, was released. 
The Curatorial Department’s goal was to create a brief, 
informative documentary video to accompany the autom-
aton on display. 

As a starting point, and because it was essential to dis-
playing the automaton, I was asked to reinstall the head 

Figure 1. The Maillardet automaton patiently awaits restoration in 
the Curatorial Department of The Franklin Institute. PHOTO BY BRIAN 

SELZNICK, USED WITH PERMISSION.
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(Figure 2). It was this task and its unexpected peripheral 
enticements and investigations that led to my restoration 
of the long-lost, lifelike movement of the head and much 
of the absent eye action. Although the automaton had 
first been exhibited live at the museum in the 1930s, 
these unique mannerisms were absent and to date had 
not been witnessed by any living person or captured on 
film.3

Kevin McLear, The Franklin Institute’s machinist, was 
available with a Bridgeport mill, so it was decided to 
remake, rather than repair, the broken original neck ring. 
This choice was influenced by the five retaining pins that 
fastened the brass head-retaining ring inside the neck. 
The pins entered through the outside of the neck at some-
what random positions, some of them nearly breaching 
the top and others the bottom of the existing ring, con-
tributing to its weakness and fracture (Figures 3 and 4).

I engineered a taller version of the ring, with a partially 
rounded leading edge at its front, and a notch undercut 
at the rear. The added thickness more securely accom-
modates the retaining hardware4 and enables the original 
pin hole positions in the neck to be preserved. Because it 
would be taller, the ring would have to enter the neck at 
a steeper angle. The rounded edge allows the ring to be 
pulled down level without binding, once it is inside the 
neck. The rear notch allows the taller ring to straddle a 
lug at the inside of the neck, which attaches to a connect-
ing rod. I briefed Kevin on the details and returned my 
attention to the primary mechanism. 

Trouble in a Pinch
During the course of my preliminary evaluation of the 
machine as a whole, a number of issues were revealed, 
including some that had potential to cause substantial 
collateral damage. After addressing the head attachment, 
there was a second problem that was easy to correct: An 
unstable mainspring bridge on the massive rotational 
motor was remedied by simply tightening its screws, 
which had worked dangerously loose (Figure 5). This 
bridge retains four strong fusee mainsprings contained 
in two barrels, which are wound up in tandem through 
a shared winding gear. One can imagine the strong arm 
required to wind up this motor. With the mainspring 
bridge secured, a little power could now be stored in the 
mainsprings and a preliminary test run made. 

My initial operating attempts, however, revealed a third 
problem that proved to be much more involved. A brief 
video made just before the start of the in-depth work 
shows the headless figure’s drawing hand attempting to 
navigate through its programming with a pronounced, 
constant tremor. At one point the hand leaps unexpect-
edly upward, momentarily suspended well above its 
normal operating range, only to come crashing down a 
fraction of a second later, accompanied by the disquieting 

sounds of metallic parts momentarily clashing. This 
unsettling event passed much too quickly to identify the 
cause, as the cams rotated steadily onward and the draw-
ing arm continued to shake as it moved.

On the hunt for the cause of the momentary crash, I was 
looking for a possible impingement within the array of 
moving parts in the right shoulder, a condition that had 
been brought to Penniman’s attention by an observer, 
which he in turn had passed along to me. As the cams 
continued turning, I kept my eye on the three sets of link-
ages moving about in their choreographed way within the 
concentrated shoulder area, as the machine continued to 
run. Operating clearances among the dancing linkages 
were very snug indeed. Suddenly, after an uneventful 
minute or two, the clash manifested once more as the 

Figure 2. The author attaching the head to the body. PHOTO BY BRIAN 

SELZNICK, USED WITH PERMISSION.
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drawing hand jumped up and then froze in midair, this 
time without crashing back down into play. Simultane-
ously, the heavy, rotating cam stack ground to a dead 
halt, the brass fly on the cam-rotational motor’s governor 
spinning down to a silent stop. 

Of the three cam followers that were poised over the 
cams down below the figure, the Z-axis follower that 
controls the up-down movement of the drawing hand was 
observed to be tilted upward at a rakish angle—its hard-
ened steel tip poised above the frozen brass cam stack 
like a knife suspended (Figure 6).

A quick study revealed an even more alarming situation: 
The X-axis follower (left-right motion of the drawing 
hand) was pressing down hard into the polished surface 

of an ascending flank of an X-axis cam peak. The surface 
of a delicate brass cam, less than 2 mm thick, had taken 
the full brunt of the stoppage, immediately arresting the 
inertia of the advancing stack’s 72 lead-weighted cams.5

A cautious attempt to gently tug upward on the sus-
pended Z-axis follower made it plain that it was locked 
solidly into its unnatural position and could not budge. 
To summarize, at the same time that the Z follower was 
immobilized and disengaged up off of its cam, the X fol-
lower was jammed down into its cam. I discovered with a 
measure of relief however, that the only remaining draw-
ing-hand follower, for the Y-axis (front-back motion), was 
appropriately engaged. Hooking my finger underneath it 
and giving a slight lift, the normal resistance of the Y-axis 
follower’s return spring could be felt; the natural pressure 

Figure 4. The old fractured ring in hand, next to the new one 
installed on the torso.

Figure 3. Sketches by the author showing details of the re-
engineered head retaining ring.

Figure 5. Top-down view of the automaton’s main mechanism, with 
the cabinet top panel and writing desk removed. The cam stack 
lateral-drive motor is on the left, and the rotational motor is on the 
right. The silver-colored X-, Y-, and Z-cam followers appear resting 
on the runways near the center of the image, and the hollow drum 
with a portion of the helical fin can be seen to the left of the cam 
stack just above the fusee and chain.

Figure 6. The cam follower tip poised over a cam surface like the 
sword of Damocles.
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that keeps the follower lightly but steadily in compliance 
with the surface of its designated cam as the stack turns. 

With two of the three groups of drawing-hand moving 
parts unnaturally interlocked, and the machine at a stand-
still, the rotational inertia of the cam stack was no longer 
an issue. However, the stack remained jammed under full, 
four-mainspring pressure, all concentrated at the single 
sharp point where the X follower’s tip had impacted. 
Desiring to liberate the paralyzed X and Z followers and 
alleviate the strain posthaste, I traced the directional flow 
of their associated linkages. I arrived at the fact that the 
jammed-down X-axis follower’s linkage would have to be 
parted to liberate the trapped Z-axis link, thus releasing 
both. Dismantling the shoulder would be required. Any 
other course of action would risk further harm.

Starting with the X-axis cam follower down below, a 
connecting rod, X1, travels up the figure’s back to a 
direction-changing lever (X2, detail), and thence to 
horizontal link X3, out to the shoulder where the inter-
ference occurred. The swiveling X-axis crank, shown 
disconnected from X3 in the detail, while pivoting around 
through its normal range of motion in the shoulder, had 
accidentally caught up and firmly pinched the drawing 
arm’s slender vertical rod (Z3)6 against the rigid brass 
interior framework of the shoulder. “Its back to the wall” 
are the words that come to mind.

Disassembly was not difficult. I removed the shoulder 
plate at which point it then became a simple task to dis-
connect X3 from the frozen X-axis crank. This liberated 
Z3 from its trapped position but did nothing to preclude 
the possibility of the event recurring, once all was 
reassembled.

Establishing Failure Modality
Clearly, Z3, which moves with a steady up-and down 
motion, should never have been operating so closely to 
the X-axis crank that it could be captured, to say nothing 
of enabling a steel follower tip to be plowed into the 
ascending slope of a brass cam. Likewise, the X-axis 
crank during its oscillations should never come so near to 
Z3. When running the machine during my first moments 
of observation, the dynamic interplay among all the link-
ages fluidly moving through their ranges presented an 
elegant and captivating sight (see Sidebar on this page). 
It became a problem only as the figure’s hand was driven 
far to the right, when the X-axis crank was in its farthest 
outward position, at the same instant when Z3 traveled 
near to it. Which component was at fault: the X-axis 
crank or the Z-axis vertical link?

At first glance, the brass upper end of Z3 appeared to 
have a natural-looking, graceful compound curve. Some-
thing had changed from the original state, but what? 
Looking more closely at the brass portion of Z3, witness 

Maillardet Automaton Linkages Explained
Key to linkage identification

X: Left/right

Y: Forward/back

Z: Up/down 

X1: X-axis vertical connecting rod from cam follower tail in 
the cabinet below, to direction-changing lever

X2: X-axis 90-degree direction-changing lever (concealed 
behind shoulder plate)

X3: X-axis horizontal connecting rod, from direction-chang-
ing lever to crank at top of upper arm

X4: X-axis vertical arbor, from crank at top of upper arm to 
semi-fixed mounting at bottom of upper arm

Y1: Y-axis vertical connecting rod from cam follower tail 
below, to visible crank aft and below shoulder plate

Y2: Y-axis horizontal arbor (terminates at fixed mounting at 
top of upper arm)

Z1: Z-axis vertical connecting rod from cam follower tail 
below (this link weaves through torso partition and termi-
nates at boomerang-shaped brass end), to direction-revers-
ing lever 

Z2: Z-axis 180-degree direction-reversing lever (concealed 
behind shoulder plate)

Z3: Z-axis vertical connecting link, from direction-reversing 
lever to pivot point just forward of X4 base

H1: Head rotation connecting rod, from cam follower tail to 
head yoke cable 

H2: Head vertical motion connecting rod, from cam follower 
tail to tab on back of head 

Facing page. The automaton’s drawing-arm controlling linkages. 
PHOTOS AND FUNCTION DESIGNATIONS BY ANDREW BARON.

Inset photo. The drawing-arm controlling linkages that carry the 
commands to the shoulder.
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marks revealed a historical pattern of impact damage in 
the form of several small dings. I realized that what at 
first appeared to be a graceful compound curve was in 
fact the result of the link being accidentally bent into an 
unnatural shape. The brass portion of the link was curved 
in two directions, when it should have been in only one.

How did it get this way? Museum artifacts can have a 
hard life, especially those that are operated for the delight 
and education of the public, as this one had been across 
two centuries. As any conservator will tell you, there 
are also inherent risks in handling collections. Penni-
man once mentioned in passing, that the automaton’s 
fragile drawing arm might have been impacted during 
an inter-museum loan. In retrospect this makes perfect 
sense. Compression of Z3’s soft brass upper end would 
be the logical result of the automaton’s hand accidentally 
being thrust upward by an external force, beyond its 
engineered range of motion. This evidently collapsed Z3’s 
soft upper end rearward, enough to cause it to encroach 
on the X-axis crank’s territory. The remaining plane of 

Z3’s upper curve was legitimate, being engineered to tuck 
under the shoulder frame and thence to its upper destina-
tion at the outer end of a direction-changing lever (Figure 
7A and B).

Between a Rock and a Hard Place
Z3, which connects the shoulder to the elbow, actually 
moves in two directions. In addition to rising and fall-
ing—lifting and lowering the automaton’s hand away 
from and toward the paper, it also angles forward and 
back as the automaton’s hand extends and retracts during 
Y-axis excursions. It would clearly be necessary to keep 
the steadily rising, falling, and tilting Z3 well forward of 
the oscillating crank, but if it traveled too far forward it 
could crash into the inside front of the shoulder during 
forward excursions. Fully straightening the false curve in 
Z3, while preserving the correct original curve, seemed 
to be the right course of action, but it might also risk 
forward interference—unless a narrow, slanted channel 
was filed or milled into the interior front of the shoulder 
frame to accommodate Z3’s forward-most excursions. 
Presence of just such a channel was verified soon enough 
when, looking up from below, my pocket flashlight illu-
minated the interior of the thick brass shoulder frame. 
There, on the underside of the front interior surface, was 
the channel I had envisioned (Figure 7C). 

Resolution 
From this moment, it was clear how to proceed. I 
completely removed the Z3 link and carefully restored 
its shape to be nearly straight as viewed from the side, 

Figure 7. The Z3 link. (A) As found. (B) Corrected shape.  
(C) The red line indicates the groove that was discovered inside 
the shoulder. The groove accommodates the Z3 link when it is fully 
extended.

A B

C
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leaving only the maker’s original portion of the curve, 
as seen from the front. With the now restored link rein-
stalled, I made a static test of the drawing hand’s range of 
motion by gently pushing on the back of the automaton’s 
elbow, extending the hand forward to its practical limit.

Verification with the flashlight confirmed that the reformed 
link was safely accommodated without interference within 
the groove. Running the automaton once more under its 
own power, while attentively watching the linkages move 
about in the shoulder, it was clear that the right action had 
been taken. It was satisfying to observe that the operating 
clearances remained safe, regardless of where each moving 
part traveled or which drawing selection was in play.7

Not So Fast!
Just when all seemed well, during a subsequent attempt to 
run the complex machine, a new and equally destructive 
condition manifested without warning. Thus, a fourth chal-
lenge would have to be dealt with before we could finally be 
rewarded with an actual drawing or poem safely rendered.

To understand why two motors are required (cam stack 
lateral and cam stack rotational), consider how the 
amount of detail in each drawing calls upon the cam 
memory: the more detail, the more cams are required. The 
shortest drawings each require nine cams (an X, Y and Z 
cam, multiplied by two lateral slides and three “plays” per 
drawing, while the complex drawings require twelve cams 
making three lateral slides and four “plays” per drawing.

Similar to how a jukebox functions, with one motor 
to turn the carousel that cues up the next record, and 
another motor to spin the platter, the automaton’s 
motors automatically trigger each other to alternately 
stop, start, and run during the cam changes. Human 
touch should be needed only once, to lift the starting 
lever. In an additional complication during the course 
of each drawing, as each subsequent cam set slides into 
position, the automaton’s hand moves aside and the fig-
ure looks up for a moment. As soon as the new X-Y-Z trio 
is aligned under the followers, the figure’s hand glides 
back over the drawing table, his head dips down, his eyes 
narrow and look down, and he continues rendering the 
drawing or poem until he has finished. Upon comple-
tion, he moves his hand aside, looks up, and stops, both 
motors having come to rest. 

From the automaton’s 1790s debut, the seamlessly 
automatic hand-off between its two motors has been a 
balancing act. If the different speed of each motor is not 
perfectly adjusted and the inertia effects of the rotating 
cam stack properly managed, the lateral motor will either 
(1) fail to launch entirely, stalling the figure mid-drawing 
instead of automatically positioning the next cam trio, or 
(2) trigger prematurely and start sliding the cam stack 
sideways too soon. The former condition is benign, if 
not a little embarrassing to the exhibitor, who must then 
reach in through the trapdoor to restart the machine.

If however, the lateral motor is triggered prematurely, 
the cam stack will start driving sideways before it has 

Figure 8.  
(Top left) The cam 
followers have crashed 
down between the cams. 
(Bottom left) Cams 
reveal damage from lateral 
thrust. (Top right) Cam 
followers in their correct, 
safe positions. (Bottom 
right) Cams after 
straightening. 
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completed a full revolution and most importantly, before 
the three follower tips have been safely ramped up onto 
their lateral runways. In a split second, the followers that 
were merrily traversing the undulating cam surfaces only 
a moment earlier will have plunged over the cam edges 
and fallen down in between the cams (Figure 8). In melo-
dramatic fashion, the prematurely activated lateral motor 
begins to slide the heavy stack sideways, until the side 
walls of the oncoming cams impact upon the dropped 
followers, whereupon the stack can travel no further.

The trapped followers, under heavy side pressure from 
the arrested stack, cannot be safely extracted from the 
cams without damage. Numerous bends and scars in 
the cam sidewalls bear witness to many prior crashes in 
which the followers had simply been yanked free. Clearly, 
another method of liberating the trapped followers would 
have to be contrived. To lift the followers clear without 
causing further injury, I rotated the lateral motor’s fan fly 
several turns backward by hand, until the stack backed 
off of the followers and the side-pressure was alleviated. 
Holding the fly captive to keep the lateral motor in abey-
ance, I could now freely elevate the followers, and while 
manually holding them suspended, release the fly so the 
stack could complete its lateral thrust unimpeded. At this 
point, I gently lowered the followers back down onto their 
cams, which in turn enabled the stack to safely complete 
its rotation. After verifying that reversing the governor 
would not cause any new complications, I added a 
description of this procedure to my report, so that exhi-
bition personnel might safely handle this type of crash 
should it occur in the future. The challenge now was to 
work out how to prevent it in the first place. 

Timing Is Everything
When I began working on the automaton, there was 
almost no written description of the numerous elements 
and subsections that comprise the entire machine, and 
no surviving documentation by its maker. There was, 
however, an invaluable sketch (Figure 9) and a half page 
of type from 1981 by Joseph Balt, the Lancaster County 
clock maker who had last worked on the automaton. Joe 
had taken the time to sketch the automatic motor switch-
ing mechanism, with each of its parts identified and the 
action sequence described in Rube Goldberg fashion: 

Cam (A) rotates until lever (B) rides high on (A1) 
this in turn lifts lever (C) and part (C1) which in 
turn lifts lever (D). Lever (D) is attached to (D1) 
and unlocks endless screw (E), at the same time 
(D) also lifts lever (F) to the second level on the 
count wheel (G). This all takes place in a split sec-
ond. Now in that same time lever (B) falls off of 
cam (A1) and deep into (A) allowing lock lever (H) 
to stop wheel (I) allowing the shift mechanism to 
change to the next cam.

Then the sequence is reversed, once (D1) unlocks 
(E) and (F) is upon the second level (G) is allowed 
to rotate, shifting the cam bank to the next cam, 
and upon lever (F) rising upon the teat or level 3 
it raises (D) which in turn raises (C2) and unlocks 
(H) the wheel (I) and the endless screw (J) for the 
cam rotation.

Lever (F) then falls into count wheel notch (G) 
1st level and (D1) locks (E), (A) is now rotated far 
enough for (B) to be riding out of the notch in (A) 
which will maintain (H) away from locking pin on 
(I) until the sequence starts all over again. 

Although Joe’s description helped to de-mystify the auto-
matic hand-off between the rotational and lateral motors, 
it did not include any procedural notes or specific data on 
motor RPM. 

Critical adjustment of the motors, each running 
at a different speed, is crucial to maintaining safe 

Figure 9. Joseph Balt drawing showing the parts involved in 
the automatic switching of the automaton’s two motors. FROM 

THE HISTORICAL AND INTERPRETIVE COLLECTIONS OF THE FRANKLIN INSTITUTE, 

PHILADELPHIA, PA. 
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synchronization, and it takes very little to upset the 
dynamic balance. Attesting to what must have been days, 
if not weeks of frustration, nearly every part of the com-
plex lever system that controls the interplay of the two 
motors has been modified or remade over the years. The 
original parts are long gone and images of most of them, 
as well as actual specifications, are lacking. The jointed, 
spring-loaded starting lever (F) is the only one for which 
a photo of what was probably the original survives. The 
photo reveals that the newer part was more simply made 
and does not match the original design. This deviation 
may in turn have been to compensate for compounding 
errors caused by the system’s other remade parts. 

Synchronization 
For the cam stack to safely slide sideways without inter-
ference, the three cam followers must first come up to 
rest on their steel runways. A dedicated, lateral steel run-
way for each follower, permanently mounted across the 
X, Y, and Z sections of the stack, is situated at the junc-
tion between the end and start of the writing programs. 
Facing the animated figure while the automaton is oper-
ating, the runways can be seen as they approach—rising 
up from behind as the stack rotates, and stopping when 
they are near the 12 o’clock position. In this moment the 
cam rotation is automatically arrested for about two and 
a half seconds, so the sliding of the stack can take place. 

The automatic switching mechanism that controls the 
two motors contains seven individually adjustable ele-
ments, each one affecting the others. Any maladjustment, 
looseness, or restriction in any part of the system will 
cause problems. During the diagnostic and adjustment 
work, I found that the replacement starting lever (F) was 
loose on its square arbor.8 The square mounting hole 
in the lever had been made slightly too large, causing 
lost motion. In addition to releasing the lateral motor to 
run, the starting lever plays a crucial role in the entire 
switching sequence. Its tip traverses a series of steps in 
the selection/timing wheel, which has a function similar 
to a strike locking plate in a clock. I was able to improve 
the predictability of the system by adding a stainless steel 
shim and reinstalling the starting lever, thus eliminating 
the lost motion. 

Vital to the correct timing of the motors, the dual-vane 
fans on the endless screws of each motor’s governor con-
stitute four of the seven adjustments. These were found to 
be at awkward, random angles, with each vane in vague 
opposition to its partner on the same cross-arm (Figure 
10). In both cases, one vane had been turned nearly per-
pendicular to the arm (nearly zero air resistance), while 
the other was more or less aligned with the bar (maximum 
air resistance). Each vane pair should have been parallel, 
regardless of actual angle, to poise each governor individ-
ually. In addition to enabling the endless screws attached 

Figure 10. (Left) The governor of the lateral motor shown as found with the vanes out of poise. (Right) The vanes corrected.

nawcc.org	 NAWCC Watch & Clock Bulletin • March | April 2019	 115

© 2019 National Association of Watch and Clock Collectors, Inc. Reproduction prohibited without written permission.



to the governors to spin smoothly, the vane angles (which 
are different for each motor) must be adjusted to deliver 
the correct motor speeds for proper synchronization. 
Once the appropriate speeds have been reestablished, 
the motors should automatically and reliably switch each 
other on and off, so that each drawing and poem can 
progress seamlessly through all of its revolutions unin-
terrupted, stopping only when the drawing is complete. 
More importantly, it should do this without prematurely 
triggering the lateral motor, causing a destructive crash.

I grappled with the temperamental nature of the auto-
matic switching apparatus by systematically adjusting 
the motor speeds and still failed to achieve consistently 
repeatable results. Despite hours of observation and a 
meticulous progression of logic-based adjustments, I 
began to question whether some of the currently installed 
switching parts were faithful to the original design, or 
perhaps reflected someone’s idea of what they should be. 
An unseen, more nuanced effect was evidently asserting 
some influence of its own.

To provide insight into the role of inertia in this system, 
consider that the conjoined, spoked cast brass cams of 
the stack have heavy lead bars mounted in their interior 
corridors between the spokes. This was no doubt to pro-
vide flywheel effect to augment the even delivery of power 
afforded by the fusees and governors, and to present 
dynamic resistance to varying loads on the cam followers. 
As the follower tips steadily negotiate the endless hills and 
valleys of the cams, they add and subtract resistances to 
the turning stack. In order to enhance the graceful appear-
ance of the little writer-draftsman at work, the rotational 
motor must be impervious to these variances. Even the 
smallest error in the motor speeds can cause the stop pin 
on wheel (I) in the Balt drawing (Figure 9) to fly past the 
hook (H) without being safely captured. One is reminded 
of the man on the flying trapeze, catching the next hand-
hold, or perhaps the “surprise” element in the adjustment 
of a Vienna regulator with grand sonnerie striking. Those 
familiar with the latter system know that the airborne 
mechanical event takes place in the blink of an eye, and 
the microsecond duration is crucial to proper function. 
The same is true of the automaton’s switching system. In 
order to see what was really happening, and to facilitate 
my adjustments, I filmed various parts of the action in real 
time, and reviewed the video at 1/10th speed.

Apart from the vane angles that determine the two 
motors’ RPM, the remaining three adjustments include 
the two arms of the fork (C-1 and C-2), which must be set 
to maintain a precise amount of lost motion in relation 
to the pin in lever (D), and the locking position of (A-1), 
which establishes the resting position of the cam stack, 
whether momentary for cam transitions, or full stop at a 
drawing’s end.

Poetry in Motion
When everything is correctly set, there are at least three 
desirable results. 

1.	 A crash is avoided, as the motors switch on 
and off at their proper times. 

2.	 The seamless transfer of action ensures that 
a drawing-in-progress would automatically 
advance to its next segment and not stall 
before the end of a cycle. 

3.	 The spectator experience is enhanced by the 
sight of the figure penning his masterpieces at 
a natural and believable pace, neither hurried 
nor lethargic.

I set a goal to see the automaton successfully complete 
no fewer than 10 consecutive, automatic cam changes, 
with no trace of hesitation or crashing. As I learned the 
system and came to more fully comprehend and respect 
it, I found that I was able to optimize each adjustment 
until my goal was met. I must confess that in the end, it 

Figure 11. The moment of truth, from left to right: As it 
appeared in reality, as it was depicted in The Invention of 
Hugo Cabret, and as it appeared in the film Hugo. DRAWING 

FROM THE INVENTION OF HUGO CABRET COPYRIGHT 2007 BY BRIAN SELZNICK, 

USED WITH PERMISSION. MOVIE STILL FROM HUGO COPYRIGHT 2011 

PARAMOUNT PICTURES. ALL RIGHTS RESERVED.
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was a heartwarming experience to witness the consistent, 
automatic switching as the makers intended.

Prevention Documentation 
To record and preserve the proper motor adjustments, 
data have now been collected on the RPMs of the two 
motors. On one of my return visits, I brought an optical 
tachometer to measure the motor speeds under various 
power and load conditions. As supporting data, once 
the motor RPMs were recorded, I documented the total 
elapsed time it takes for the cam stack to complete a 
single, full rotation. To put this another way, I timed the 
total duration of the individual segments of a drawing 
or poem. This is now currently set to be 90 seconds, but 
can vary within about 5%, depending on the amount of 
running mainspring power. This translates to the sim-
pler, 3-rotation drawings having a running duration of 

approximately four and a half minutes, while the more 
involved 4-rotation drawings take about six.

When we consider the total time required for each rota-
tion of the cam stack, we must also factor in the time it 
takes for the lateral motor to spin up to speed, automat-
ically shift the stack sideways to cue up the next cam set, 
and trigger the rotational motor to restart. Faster than a 
record changer drops and starts an LP record, the lateral 
motor’s recorded 2.3-second average running duration 
can deviate by about 0.4 seconds, despite power compen-
sation and regulation by the fusees and governors. The 
data obtained in measuring both motor speeds while the 
automaton is fully functional will enable a future care-
taker to reset the speeds if they should get out of order, 
which will in turn minimize the chance of future cam 
damage. At the reestablished speeds, way up above the 
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motors and cams, the Juvenile Artist9 is enabled to draw 
and write at a diligent but unhurried pace.

Lights, Camera…
With this fourth notable issue resolved, it will finally be 
safe to attempt a drawing. In a scene reminiscent of the 
book and the film10 with a pen placed in the automaton’s 
hand and paper on its desk, and more than a little antic-
ipation, we began (Figure 11). A few turns of the winding 
crank through the trapdoor on the right side of the cabi-
net drew the fusee chains snugly around their channels, 
adding more power to the rotational motor. A few more 
turns through a similar trapdoor on the opposite side of 
the cabinet drew a third chain around yet another fusee, 
energizing the cam stack’s lateral motor. With a brief lift 
of the starting lever, the governors spun up to speed and 
the cams slid into position beneath the followers and 
began to rotate. The drawing arm with its pen moved 
inward. The automaton began to draw. 

In Part 3 of this series, the automaton’s own drawings 
will help us analyze and resolve issues that will lead to 
a vast improvement in the fidelity of its output. We will 
then delve into the century-old puzzle and reclamation 
of the long-lost graceful head and eye motion. 

Notes and References
1.	 Selznick B. The Invention of Hugo Cabret. New York: 

Scholastic Books, 2007.

2.	 From a number of my suggestions, Selznick adopted 
some of Hugo’s mannerisms, actions, and the tools he 
would use.

3.	 This complex, dual-coordinated head and eye action 
is among the android’s most significant engineering 
feats, amazing for its time and nearly 2 centuries 
ahead of its more recent peers. The reader is 
encourage to watch a CBS Sunday Morning segment 
(https://tinyurl.com/bl3uh63) to see how how 
nuanced the Maillardet automaton’s motions are in 
relation to other automata. 

4.	 I fitted five new 2-56 slotted brass machine screws in 
place of the original friction pins to facilitate future 
service.

5.	 Two remaining cams that control head and eye 
movements are not weighted. 

6.	 X4, the parallel, thicker vertical rod between elbow 
and shoulder, provides left-right drawing arm 
movement. X4’s top is affixed to the crank that’s 
coupled to the right end of X3.

7.	 Michael Gainey, CW 21, one of my horological 
mentors, is fond of the expression “Good enough 
to work, good enough to fail.” The awareness and 
restoration of safe adjustments to lever systems figure 
almost daily in a clock maker’s life.

8.	 In the Balt drawing, the starting lever mount appears 
to be round, but it is in fact square.

9.	 The Maillardet’s automaton’s moniker, in 
contemporary promotional material.

10.	 The Invention of Hugo Cabret by Brian Selznick, 
2007, and Hugo, Paramount Pictures, 2011.
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