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The Evolution Of Tower Clock Movements And Their Design
Over The Past 1000 ¥ars

How many people here have a tower clock?obably very few.
Now how many have begrersonally involved in the restoration or maintenance of a tower
clock?- Also very few.

This is reflected in the fact that compared to the numbers of domestic clocks, few tower clocks were
made. These clocks were costly. Especially so when combinedheitact that they normally

operated one or more bells and required a structure for the whole to operate within along with regular,
skilled maintenance. Often the church or town that wanted to erect a clock had to levy a special
collection or tax. Occasmally the clock would be a gift from the town's wealthiest family. Certainly a
good PR move on their part!

The purpose of this discussion is to illustrate the evolution of horology through the various mechanical
and physical aspects as represented inttaleeks. This is related to most other types of clocks in
general as their development closely parallel each other.

The earliest surviving example of a geared device is thg
AntikytheraMechanism ¢.78 BC from Greece. It was a
remarkablycomplex mechanism employing epicyclical
gearing with an estimated 33 wheels. It demonstrated t
existence of a highly developed Hellenistic tradition of
geared instruments which was transmitted to and prese
in Arabic culture and, in turn, influenceket development
of the Western European tradition of clockwd&urely
simpler geared mechanisms existed much earlier, perh
by a few centuries or more. Man had demonstrated long
before the invention of the first clock a sophisticated
mastery of the ma#matics behind, as well as fabricatior] g
of, complex geared mechanisms. However, these machines

did not have to contemporaneously tell time. In other Lot
words the gear trains were moved manually in order to ,,_/,: £
mimic or predict the movements of the heavéiwould
take another thousand years before the mediating
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was discovered, that is tkecapemeniNonetheless just
take a moment to study the complexity and subtle
epicyclical gear interactions in this mamd on the
following page. The genius of those ancient peoples! N
other evidence of such mechanical sophistication occuf
until the construction of the St. Albans tower clock whigk
was equipped with a planispheric astrolabe about
1330- over thirteen ceniries later!
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The gear diagram asgell as
schematic wheel layoshows the
full ingenuity and complexity of
this device To the right is a
modern reconstruction based
uponforensic examination.

The frst mechaical timepiece probably appeared in Italy in the

10th- 11th century. Some credit Pacificus, Archdeacon of Verona (c.
880) while others credit Gerbert, a monk, who later became Pope
Sylvester Il (c. 996) with having the first mechanical clock. It wadlsma
of wrought iron construction about ten inches high. It hung on the wall
and used weights suspended on cords as its motive power. The
escapement was that ofarge / foliodesign. The center arbor carried a
rotating dial on which the hours were paingedl moved past a fixed
pointer. The dial also carried a ring of sockets into which the owner
could put a peg. As the dial rotated the peg lifted a lever and sounded a
bell at a predetermined hour. This was the forerunner of the humble
alarm clock.lts purpose was to warn a monastery official to call the
brethren to prayer by ringing the monastery bell.
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The time keeping was poenot much better than one half to one quarter hour per day. However the
mechanical clock was an instant success. Although d andersery expensive device it swept through

the upper echelons of the religious and secular circles of Europe.

A number of developments followed in the next century. The size of the clock increased and this made
possible the mechanism for strigia large bell with a number of blows representing the hours. When
mounted in a tower to increase the audible range of the bell, the tower clock was born. A further
development was the use of the clock for driving astronomical dials (the mechanics ofwetech

well known centuries earlier) and automata (bell jacks). By the twelfth century exterior dial work
became commahThe famous French clock maker Ferdinand Berthoud said in the mid 18th century
"The first clocks with gear wheels controlled by a batawere intended for the use of the general

public and to this end were placed in the belfries of churches andblic puildings so that passess

might know the time indicated by the dial and those who were further away could hear the clock

sounding thénours". This succinctly sums up the purpose and nature of a tower clock.

A few such clocks from the mediaeval period continue in service
One of the most famous being the clock located in the Old Tow
Hall, in Wenceslas Square, Prague, Czechagia. The first clock
of the Town Hall dates back to the beginning of the 15th centur
Clock maker Hanug, who perfo
clock in 1490 was, according to the legend, made blind by the ¢
council to prevent him from makingraore beautiful clock
elsewhere. Most of the mechanism still used today is made by J
Taborsky between 1552 and 1572. It is unique in being the olde[s
those where the original clockwork has been in operation from t
beginning to the present time;ary five centuries. Even the
astronomical dial shaped like an astrolabe survives in the origing
form. :
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Until the 17th century few in the general public were aware of
mechanical clocks other than the tower clocks found inside
cathedral towers, mosteries, abbeys, and public squares.

Following is a brief outline of the development of the tower clock from the mid 1100's (12th century)
through the mid 1900's (20th century).

General construction and materials:

The time line presented below is@ugh generalization. It is most appropriatedtwcks made in

major city centersvhere the exchange of ideas; new inventions and techniques would be most rapidly
adopted. In areas that were poorer and more rural, developments could lag by 100 tes200 yea
more. This is especially the case in frame designs and materials.

12th through 15th centuries The earliest tower clocks were made of wood and shortly afterward of

wrought iron. The clocks were dictated by the material that the makerataith. Wrought iron was
smelted by charcoal and forged into a flat bar. The bars were assembled into a rectangular framework
using tenens and mortises to join them. The whole was held together with wedges; some points
riveted. Screws did not appear utiié 15th century. Upon this framework the pivot bars would be

hung. The frames typically contained a great deal of space and aptly came to be kbivdcagse

frames. Bushes rarely were seen of a different composition than their surrounding matexkal. Clo

built during this period lasted approximately 80 yédFke use of doliot, verge and crown wheel

dictated the need for a support in the middle of the clock and thevemtl arrangement of the trains

was a suitable one. This style persisted wadl ihe 18th century. In the latter 15th century brass began
being used for bushing material.



16th through 17th centuries In the 16th century some of the better makers began using brass for
their wheel works. The event of singular importance We application of the pendulum to clock

work by Christiaan Huygens in 1656 This brought the clock from a machine for curiosity to being a
fairly practical timekeeper. Less than a decade latereitw@! escapemerdame upon the scene. The
configuraton of the recoil escapement made it more convenient to arrange tradediy-sideand
generally, but not always, at the same height. The pivot bars were now fixed to the long side of the
rectangular frame and not the short side as in the@edd degn. One of the pivot bars was often

used to support the pendulum. The improvement in timekeeping was so great that nearly all clocks,
both tower and domestic types, were converted. Sometimes the trains were turned ftorarehtb
sideby-side. In othecases the pendulum hung from the short side of the clock. Screw threads were
easier to make by the end of the 17th century. While screws were used in specific circumstances as
early as the late 15th century, by this time clock frames were generallpbettiér with nuts. Also by

this time it became usual to add a third pair of pivot bars centrally between the going and strike trains.
This carried the arbor with a wheel mating with the going train and turning around once per hour. The
rear of the arbor dwe the lead off work, the front carried the setting dial. It also carried the means for
letting off the strike thus keeping the hands and strike in step which is necessary on count wheel types
of striking, and which we will see in the section on strikekvé friction clutch or releasable

coupling between the going train great wheel and the control hour arbor enabled the clock keeper to set
it correctly to time. Before this the escape pallets were able to be slid out of alignment with the anchor
and themovement allowed to 'free wheel' to the correct time. This often resulted in accidents of the
escape wheel and / or pallets being damaged when contacting each other during this process. Or the
train itself becoming damaged when allowed to run fasteritizas designed fora.k.a. a runaway'.

A spectacular example of this type of catastrophic event occurred to the Westminster clock a.k.a. Big
Ben on August 5, 1976 at 3:45 AM. The hollow tube that connected the fly fan mediating the speed of
the chimerain fractured. When the chime was initiated it quickly gained speeds far in excess of its
design limit; rapidly accelerating froits normal speed of 1 RPM to 1600 RPM and literally blew

itself apart. Fortunately the room was unoccupied at the times@fdtident.

** Conflicts as to attributions of inventions are more fully explored in later sections and their faotnotes



The first photo shows the clock in tact before the accident,
the last four, after. The bey frame was fretured in five

places and it was fortuitous that it was not so weakened as to
allow the remaining time and hour strike weights to pull the
entire mechanism into the weight pit. Had this occurred, it is
unlikely that the clock could have been salvagedsé&heere

the first pictures taken, before anything was moved. Notice
how the force of the energy released stripped the movement
of nearly all chime parts. Remember that this force was
supplied by the uncontrolled decent of a 1 1/4 ton weight.
The heavy chihe barrel weighing more than 1/2 ton itself

was hurled across the room smashing into the wall; coming
to rest upon the observer's bench. Fortunately the clock room
wall was nearly three feet thick so it was able to stop the
drum, otherwise it would have stinued through the wall to

fall against the glass of the dial and crash to the ground 180
feet below. The fly fan was snapped off. Heavier pieces of
gearing, weighing up to ten pounds had been driven clean
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