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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!




P

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
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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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through thehick timber ceiling. \ftually all of the chime mechanism was smashed and scattered over
the clock room floor in small pieces. The time train which was next to the chime train suffered
considerable damage from shrapnel; the hour strike train somewhat less. The white walis@ith

had been peppered with metal fragments as if from a fragmentation bomb. Indeed, the first thing that
the Control Engineer did when he saw the devastation was to call the bomb squad thinking it had been
a explosive device that had caused the damage

The bench in the last photo looks as if it could easily seat four people. Compare this to the size of the
drum.

18th through 19th centurieds the recoil escapement was perfected in the late 1600's the

improvement in pedrmance made a hand indicating minutes practical and it appeared in domestic
clocks in the early 1670's and so the clock became the ubiquitous item we know: Blaagecond
hand did not come into general use until the middle 18th century and then dolyestic clocks.
During this time and through the early 18th century most tower clocks equipped with the previous
verge / pendulum setup were converted to recoil. The minute hand became a common feature on tower
clocks by the middle of the century. Famnse tower clocks this would be their second conversion i.e
the third escapement system (folio with crown wheel, pendulum with crown wheel, and finally
pendulum with anchor)! A significant event was whemfge Graham of England improved ugbe
deadbeat scapemenin 1730 and th@inwheel deadbeatas invented in 1741 by Armant of France.
These became the most widely used escapements in tower clocks. And remain in use in many
mechanical clocks to this day.

The next significant development was the wideeagruse of cast iron in thel8th century. Gast,

invented in China in théfth century B.C andvas first made practical iBurope by Abraham Darby,

of Coalbrookdale, England in 1709. He discovered how to smelt iron ore with coke and developed the
process that required a special type of furnace through which a stream of air could be forced (hence the
term blast furnace). This produced temperatures high enough to liquefy iron completely. The molten
metal could be run into molds and thus set into compilepas’ The cupola furace, again invented in

China c300 BC was simple and scalable. Small furnaces using the Darby process were capable of
making cast iron in small batches and brought the use of this material to a wide area of both England
and the Eurogan continent. By the middle 18th century these furnaces were in most towns allowing
for the widespread production of cast iron.

Toward the end of the 18th century tower clock makers began to adopt the new material. Being
conservative by nature, they usbée new material to make clocks similar in design to those that had



been before with wrought iron bars. This is reflected in the cast iron four poster a.kteaphe
frame- posted(see section on frame designs). In this case there was a massiverchkame made in
separate pieces and bolted together to carry the cast iron pivot bars.

A clock of this design, properly maintained can last for well over two centuries. Decoration was
limited and appears as molding and finials on the corner postse course, the makers found that
they could cast their the pivot bars integrally with the side frame. The two frames were held together

with spacer bars and bolts resulting in phete and spaceframe. Removablpivot bushes, invented

by BenjaminVulliamy, made assembly and serviceggier. This frame style became quite popular by
the middle 19th century due to the fact that pivots could now be located anywhere within the area of
the frame.

A certain similarity appears between the clocks of varimakers. In England the clocks of Moore and
Sons are nearly indistinguishable from Thwaites and Reetted Moore apprenticed at Thwaites
before starting his own firm. In France the clocks of Cretin, Freres and Odobey are all very similar. In
Germany itwas Horz, Weigel, Holzoder, then Schneider, Lindner, then Ungerer, successor to
Schwilgue and Mader, (the last French). It appears that many makers bought their parts from either
competitors, or the same materials dealers and foundries. Where wereetitdgued? Apparently

these did not apply to the general appearance and construction!

The final frame style, thiéat-bed came to the fore in the middle of the 19th century and made popular
by the huge clock at Westminster, LonddBig Ben. The wdth of the frame spans 16 feet with no

center support! Edward Dennison (later Lord Grimthorp) is credited with designing the frame in the
shape of a shallow rectangular box without a top or bottom piece. By making the frame deep enough
and using and anglaxtoss section, the frame is very strong and rigid. It is likely that Grimthorp was
familiar with the contemporary bridge builders and their designs of the day. Those engineers were also
using cast iron in the manufacture of beams; developing cross geides in the use of structures
which were, by necessity, designed to be strong and rigid. He also perfected the gravity escapement
and a single cast piece for the lifting of bell hammersptbdular cam liftey (see section on striking
systems).



The design of the flabed was quickly joined with the plate and spacer to produce the most prolific
frame style used for larger and mitlained tower clocks. In some cases the strike trains remained as
a flatbed arrangement with a plaaed spacer frame for the going train. In others the entire set of
trains were plate and spacers set upon théédtframe.

T Jn

20th centuryThe flatbed was the culmination in the design of tower clocks and along with that of the
plateandspacer cotinued up until World War II. Thereafter the manufacture of purely mechanical
tower clocks virtually ceased. For a brief period of time between the 1930's through the middle of the
1950's a few companies, particularly those in Germany, made tower diatkgere mechanical in

every sense, but wound electrically through the use of complex epicyclical / worm gearing. These
were marvelously complex devices since they could be wound manually as well as electrically.
Another type, used in the United State ggsresented by Seth Thomas and E. Howard dispensed with
the conventional winding barrel and substituted a geared wheel. This was connected via a continuous
looped chain to weights that were periodically raised by an electric motor. Usually there was no
provision for manual winding and thus were simpler systems.

In the first half of the 20th century, many tower clocks were severely violated. Instead of proper
maintenance the movements had their escapements removed and replaced by motors; often in a
nonrevesible, crude fashion. Barring this they were scrapped. Today, if one looks up at a clock
tower and sees the dials properly functioning, they are most probably being driven by a small
synchronous motor behind each dial. These are electrically syncheleioggta master control

which is often tuned via radio or satellite to the country's time standard. These also will automatically
adjust for Daylight Savings Time and are equipped with backup power in the event of an outage.
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It is sad to see the geral extinction of these huge denizens of the horological world. Like the
dinosaurs, the world changed around them and they could not survive. Mechanical tower clocks,
compared to a synchronous motor, need much attention. There is the weekly windirg (unles
converted to electrical winding). Professional pdicanspection and maintenance is expensive. And
as with all things mechanical, the occasioepkir and replacement of parts carvéey expensive. In
some areas of Europe, England is a case in gbangovernment tries to help owners of tower
clocks- churches in particularkeep their movements from falling into destitution.

Fortunately there are a few owners of towers with clock movements in the United States that now see
their worth.These lucky movements have either been restored to full mechanical function as originally
designed. Or, as is more often the case, are equipped with an electrical winding system that does no
violation to the original mechanism and is fully reversible. éfajby this trend will continue. Also

there are a few collectors who try to preserve, restore and care for these clocks until the time comes for
the next generation to assume that responsibility. Much of the author's collection can be seen at
www. my-time-machines.net

Now | e turd ®© the individual parts of the tower clock and their development in more detail.
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TOWER CLOCK FRAME STYLES

KEY
D frame

D striking train

D goingrain

DOORFRAME and FIELD GATE.

These styles may or may not leaween developed before the birdcageterehd but so few examples

exist that the evidence is unclear. They are certainly a more primitive layout, and the evolution of the
design to the caged frame is logical.

In thedoorframethe two trains were localeone above the other or one beside the other on a single
pair of vertical pivot bars. Most of these clocks had a wooden frame but occasionally they were made
of wrought iron. This example of wrought iron dates from the 13th century and is one of tf@wery
clocks tlhat retains its original foliot and verge. Notice the verge hangs in an inverted position at the
bottom

You can see the evolution from the doorframe's single frame leg supporting the two movements one
above the other to the movements beingported between two similar frame pieces. This is known as
thefield gatedesign. This concept for holding clockwork continues through to tb@ag second

example of field gate shows further development toward a true birdcage design. Here the movements
are still supported by single, vertical pivot bars (now three), but have evolved into the familiar

endto-end movement appearance seen in the later caged désigns
11



BIRDCAGE - End-To-End.

This design is used in the earliest known clock (witoaformable date) at Salisbury Cathedral,

England, 1386. However drawings and descriptions exist of this form as far back as the 1100's. Most
clocks of this type were originally equipped with foliot escapements. Material was almost always
wrought iron busome examples were made of wood. Wedges and/or riveting were used to secure the
frame parts together. Vertical bars which carry the pivot holes are secured by wedges. A distinguishing
feature is the 'empty look’ of the movement within the frame vs. Hitleis. This type lasted until the

latter 1600's. The invention of the recoil escapement around 1666 began the decline of this design.

BIRDCAGE - Side-By-Side.

This style came into use after the introduction of the recoil escapement. (There emssef an

overlap of many decades, and in rural aremsentury or morein the yars between this and the
endto-endstyle). Again the frame is held together by a combination riveting, wedges and threaded
nuts with more of the latter being employedtime went on. Vertical bars are also removable to
facilitate construction and servicing. About that time most clocks were being converted as well as all
clocks currently being built to the néninvented recoil escapemeitthis type lasted until cast ino
supersededrrought iron toward the end of the 18th century.
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POSTFRAME - strap.

This style became popular after 1790's with the increasing availability of cast iron and lasted until
1850's. All of the frame parts are made of cast irgnally the corner posts are round or square.
Generally the parts all bolt together. Usually the entire end frame is cast as one piece.

CHAIR FRAME (also known as DOUBLE frame).

This is a double frame construction comprising a narrow frame favhkel trains and a wide frame

for the barrels. Tower clocks are subject to heavy loading; long arbors are susceptible to damage. In
this way maximum strength is obtained within the wheel works due to shorter arbors. While the wide
frame allowed for long drrels. This allowed for many turns of the line increasing duration of the

clock. The style enjoyed popularity for about 100 years between 1730 to 1840. Henry Handily of
England is credited for this innovatidn
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PLATE -AND-SPACER frame- strap.

Still made of cast iron, this design was even easier to make than the strap framed type. here the frame
comprised two cast iron plates, one front, one back. These were held apart by several pillars (spacers).
Vertical train bars were removable in themal way, again secured by nuts. This became popular
around 1800 through 1850, but continued to be used past that date on smaller clocks.

PLATE -AND-SPACER frame - integral plate.

Same as above except the entire clock movement is held withindlesiiron plates. The concept is
similar to that used in a conventional clock movement. Its main advantage is that it allows flexibility in
the placement of the movement wheels anywhere within the frame; dispensing with the verticality
made necessary Ipwot bars. This style was used mainly on smaller tower clock movements for the
obvious reasons of the difficulty in casting and maneuvering a large heavy piece. Furthermore, unless
removable bearings are used (which increases cost) it becomes verytdificto mention

hazardous, to service a clock with such large plates. This style was used from the 1850's through the
1940's.
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FLATBED frame.

Perhaps the earliest cast iron flatbed was made by Benjamin Vulliamy i 188 design became
popdar around the 1850's. The frame is in the shape of a shallow rectangular box without a top or
bottom piece. By making the frame deep enough and using and angled cross section, it is very strong
and rigid. The upper surface of the flat bed frame wag ase base and wheel bearings were then
bolted onto this. Ideally it was possible to remove any wheel without disturbing another, but in reality
this was seldom achieved. The reason is that a true flat bed design entails a very wide clock bed,
especiallyfor a complicated movement as would be the case in a three train quarter chiming clock.
This becomes a costly and more difficult issue with regards to installation and space requirements. The
movement at Westminster a.k.a. Big Ben is the most famoug@astrue flat bed movement.

Completed in 1854, it has a single free span of 16 feet and is 5 1/2 feet deep; weighing 5 tons. The
consequence of wider spans results in more robust designs leading to greater weight.

Another design advantage is that thecties forces between wheel and pinion are vertical and can to
some extent be balanced out. Consequences of wear in the pivots are more forgiving as the change ir
the depth of engagement between the wheel and pinion changes to a lesser degree.

15



FLATBED - Common hybrids (bottom of prior page and above).

Most medium to larger tower clocks built after the 1860's were a hybrid type of flatbed / plate and
spacer style. The reason for this was the fact that true flatbeds required a vepyofiidanaking

them more impractical and expensive. In the case of hybrids the time train was often in a
plateandspacer frame mounted to a flatbed frame with the strike trains laid out in a true flatbed
fashion.

Some are merely one or more plaredspacer type frames mounted together on a flatbed frame and
could hardly be called a flatbed in any true sense, though they commonly are. This type of flat bed
arrangement was anticipated as early as the mid 1700's by French maker Pierre Le Roywdeere he
brass or wrought iron bars dovetailed together to make the bed. The trains, were a birdcage styled
endto-end design and placed upon the bars. Each train was independent but the wheels within each
train were not, same as the examples shown above.

16



OTHER.
Some clocks do not fit into any particular style. Left, a flatbed base with three unsupported frames (no
spacers). Right, the frame is made up of four plates bolted together to form a 'box'.

MODULAR.
Still others have used a particular frame style, but divide a clock that strikes into separate frames. This
modular design gave flexibility in manufacture, transportation and installation. It was favored by a few
makers, especially in Germany. Some American nsalksed this too, Van Riper (who was a German
immigrant), Stone and Marshall (also associated with Van Riper).
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ESCAPEMENTS USED IN TOWER CLOCKS

The history of escapements and indeed most of the developmental efforts in the field of horology was
and s the qust for greater accuracy in tikkeeping. This is well illustrated in the evolution of the
common tower clock escapements.

) adjustment
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VERGE var. FOLIOT using CROWN WHEEL (above).

This was the earliest type of escapement used on mechanical clockmddEghow this type was
known since the 1100's, the oldest surviving example in a tower clock of certain date being that from
the Salisbury Cathedral, Wiltshire, England. 1386. These were primitive, hard to regulate and very
poor time keepers. Few examplaf tower clocks exist with their original folio intact. Even the famous
clock at Salisbury was converted from foliot to a recoil escapement sometime in the 1700's. It was
restored to its original escapement style in 1956 by John Smith & Sons beforguteimgdisplay as

the oldest surviving, dated, and largely complete clock in the world. The best accuracy that this
escapement could get was one quarter hour per day.

Strob escapement (lefihd diagrammatic operation. See next page for discussion.
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STROB var. FOLIOT using PINNED WHEEL (picture previous page).

No examples of a tower clock using this escapement survive. However a tower clock with this
escapement along with a sophisticaiéahisphereastrolabe was commissioned by the abbot Richard
of Wallingford and installed in the St. Alban's Abbey around 133@'sletailed description of this
tower clock exists and a miniature copy along withgla@ispherastrolabe was successfully made in
19767 A full sized version of the tower clock was lateade and displayed at the Time Museum in
Rockford, lllinois.

VERGE and introduction of the (long) PENDULUM. ‘
The history of the application of the pendulum to
clockwork is well known. But briefly the basic highlight
are that Galilieo Galilei in Italy riced in 1582 the
characteristic timekeeping property of the pendulum ir
that its period of swing was almost independent of its
amplitude; shortly before his death in 1642 he designg
pendulum clock. His son Vincenzio shortly before his
own death in 16480k up this work and almost
completed the clock. The drawing, made by Viniani, a
friend of the Galilieo family in 1659 shows this almost
completed clock. Nonetheless, Christiaan Huygens in
Holland; probably without thknowledge of Galilieo's
work, introduced the pendulum to regulate a meatean
clock on Christmas Day 165@t was a holiday so he ha
some spare time to experimeritf)This was a vast
improvement upon the folio bringing the best accuracy
down from one quarter hour to abaute to a fewninutes
per day, bt still involved the verge (and crown wheel)
with its inaccuracies. The earliest conversions involved
the use of very long pendulums in an effort to match the
very slow rate at which the conventional foliot
escapement beats. The firstBiconversion of a tower
clock was done by Mr. Huygens and hisakmaker
Salomon Coster in 1658 Scheveningen near the Haude.
These early conversions are known as Scheveningen
conversions. The pendulums reached 20 to 30 or morg
feet in length. This metid seems to have been mostly
limited to Holland®

[72)
-

| .

VERGE and SHORT PENDULUM (above & right).

In England and elsewhere on the continent the crown
wheel was turned 90 degrees to a horizontal position §
driven by a contrate wheel from the rest of the moveme
This allowe for a much shorter pendulumytkstill
involved the verge (and crown wheel) with its inaccuracies and a wide arc of vibration in the range of
85 degrees. Tower clocks were fitted with this as well as the long pendulum escapement for a shor
period between 1658 and 1690.
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RECOIL a.k.a ANCHOR.

The inventio of this escapement 1666, was
initially credited to Dr. Robert Hookélowever it
is now thought thatVilliam Clement omaybe
Joseph Knibb was the inventdie first
documented exampleisseen n Jos eph
WadhantCollege, Oxford tower clock, 1670. But it
is generally agreed th#¥illiam Clementinvented
this escapementith his earliestexample seen in
theKi n g 6 s , Carobtidgedogver clock 1671.
Its advantage over the verge is both in accurac
well as ease of manufacture. Arc of vibostiwas
reduced to about 5 to 10 degrees. Accuracy wag
improved further to one to two minutes per wee
The addition of the minute hand became a
practicality. In fact, improvement was so dramat
that nearly every clock was converted. Another
reason for theweeping change was that the

easier than the prior conversions from foliot to
pendulum. All one needed do is replace the origi 3 ,
vertical verge, or in the case of a horizontal .f,//:
both the verge and coate wheel with the recoil
wheel. This design also brought about changes
the way the trains were laid out leading to the
demise of the entb-end birdcage frame in favor g
the sideby-side design as was previously
mentioned in the ‘frame styles' section

DEADBEAT (var. Graham Deadbeat).
The deadbeat was firgtade by Thomas Tompion
to a design by Richard Towneley in 1675. The
example shown here is one most familiar tp us
invented about 1715 by George Graham, one o
England's eminent clock makers. Tescapement
is called a deadbeat because when the wheel tg
drops on the locking pallet face, however far thg
pallet moves, the wheel remains unmoved, as
distinct from a recoil which mees a bit backward
(recoil). Thisis the most commonly used
escapemerin tower clocks made by a wide variet
of manufacturers in many different countrims
favored in England and the United Staté&
popularity due to its combination of relative ease of manufacture, reliability and accuracy. Arc of
vibration was furtler reduced to 1 to 2 degrees. Best accuracy was further increased to less than a
second a day.
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DEADBEAT (var. Pinwheel).

Invented by Richard Townely, 1675, but
improved upon by.ouis Amantabout 1741. The
design we are most familiar with was desighgd
JeanAndre Lepaute in 1753 and remains in this
form today® Favored in French tower aks, but
also seen in English amdher Continental tower

again converted to pwheel by the simple
expedient of driving the pins into the periphery
the existing anchor escapement wheel and
substituting the anchor for the pinwheel pallets.
Not pretty but another example of ‘'whatever works'

GRAVITY (Dennison double three-legged
type).

This type of escapement is in a class sometimg
called 'remontoire escapements'. It should be
noted that this definition is different from that of
the type of remontoire we will be exploring in th
next section. Those remontoire operate as cons
force devices independent of the type of
escapement they are powering. They contain t
own auxiliary power supply in the form of weig
or spring, and if the main weight is removed, thg
escapement will continue to be powered until t
remontoire is rady to cycle. Typically 30 to 60
seconds. On the other hand, remontoire
escapements operate as part and parcel of the
escapement itself. So if the main weight is
removed the escapement will cease to be powe
on the next swing of the pendulum.

They aredistinguished from all the prior
escapements since the impulse is not given to
pendulum directly by energy from the main , ¥ o
weight through the clockwork, but by some other small weight lifted up, or small spring bent, always
through the same distance, thy clock train at every beat of the pendulum. Some also work on every
other beat, leaving the pendulum free one half the time. This allows the pendulum to be largely
detached from the rest of the clock. Many illustrious makers had tried to perfecavitg gr
escapementBerthoud, Mudge, Cumming, Hardy. Bloxam had come close in 1853. All of these prior
attempts suffered from various problems, chief amongst them the fact that the pallets had tended to
bounce off the escapement locking surface; knownippitig'. Edward Dennison (later Lord
Grimthorp) perfected the gravity escapement in 1860 by eliminating the tripping profedid this
through the connection of a fly, a.k.a. an air brake, directly to the escape arbor via a friction clutch. It
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allows the fan to advance slightly after the escapement engages the pallet. The inertia provided by the
weight of the fly keeps the escapement seated against the pallet during lockingnoe esding as an
‘energy sink®. This escapement provides a nearlyadbed pendulum from the rest of the clockwork

and is particularly important in tower clocks where wind and weather can cause disruptions to the
movement through the exterior hands. Another special feature of this escapement is that there is no
sliding friction on the impulse and so it does not need oil. Again, due to the environment in which
tower clocks are found oil contamination is a problem; severe temperature changes can cause oil to
thicken and thin beyond their normal intended characteristics. Becduhese features afforded by

the gravity escapement, the use of a train remontoire is rarely seen in conjunction with it. While there
was some improvement in accuracy over the deadbeat escapement, its real virtues lie in its stability,
t he d e dity tg keépsthe peilmdulum largely detached from the rest of the &maththe lack of

need for oil. This escapement is seen largely in clocks from England.

The negative characteristics are the fact that it is a 'power hogéstape wheel arbor rotatb$" of

a revolution per pendulum swing compared with 1/30th for a standard recoil or deadbeat
escapementafivefold loss. This is even more severe in the case of a 4 legged escapaént, (
revolution)- a 7.5 fold loss. There is usually the needdn extra wheel in the train or a very large

wheel ratio- say a very large great wheel. Both of these solutions involve extra manufacturing
expense. The escapement itself is also more expensive due to the number of parts used as well as the
more complicted fabrication processes needed in manufacture as compared to a standard deadbeat
escape wheel.

'FREE' (intermittently pulsed), (right and top
of next page).

These types of escapements are seen on towef
clocks from Germany Actually, the example on
thefollowing page does not use a remontoire af
all. It impulses the pendulum only once every 3
seconds leaving the pendulum to run completely
free of any interference 96.7% of the time. It was
invented byJoseph Mannhardt, Germany in
€.183. The pendulum nev performs a locking
function. Notice from the drawing the small
ratchet wheel near the apex of the pendulum frz1me
assembly. Every full cycle of the pendulum resu

in the ratchet being advance one notch. Two pi
located on the wheel 180 degrees frorwheather
trip the release mechanism for the impulse
cylinder to drop upon the pendulum rod's .
contoured ralil at precisely the correct point for | Q‘
impulse. That impulse is delivered directly fromj> =
the main weight. So while there is no remontoirg .
supplying its @vn auxiliary power, the pendulum 51\

is isolated from the rest of the movement for [ A\
nearly the entire time which is the first function of
a remontoire. This system has no escape wheel in
the normal sense of the tesimce there

(&)
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is no locking or impude between the pendulum and an escape wheel. When properly set up it is
extremely stable. It rivals or surpasses the accuracy and reliability of the gravity escapement. In
addition it is very efficient compared to the gravity escapement;fégtar of 5:1 The negative
aspects arits high cost to produce, difficulty in setting and adjustangl expert maintenance
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SOME TYPES OF REMONTOIRE USED IN TOWER CLOCKS

Over the past 400 years or so many devices have been invented to provide a constgriodré/for

a balance or pendulum controlled timekeeper. Those for balance controlled movements, generally
watches, reached pinnacles of mechanical art and complexity as demonstrated in the work of Harrison,
Breguet, Hardy, Thiout, etc.We will limit this discussion to those used to drive pendulum controlled
tower clocks.

Remontoire is from the French word remonter
used in a timepiece whereby the main source of power periodically winds a spiftegyeowkight by
egual amounts and at equal intervals to drive the timepiece's escapement. This device should not be
confused with the term 'constant force escapement or remontoire escapement' which was discussed ir
the prior section on escapemenie purpose of a remontoire in a tower clockvigfold. First is to
mechanically isolate the escapement from the rest of the movdinisntrevents variations and

stoppages that might occur due to the environment that a tower clock must operate. Windlaard weat
such as ice and snow acting upon the large clock
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hands on the outside of the tower will be transmitted back through the linkages toward the movement,
through the wheel train and to its escapement.élae also the irregularities caused in the train by

the release at intervals of the heavy striking and chiming trains, calendar or astronomical indicating
mechanismsSecond is to supply a smooth, constant source of power to the escaphamgent.
seasonallemperature variances as well as environmental contaminants will cause differences in oil
viscosity throughout the wheel train and is multiplied as the number of wheels and linkages increase.
A remontoire alleviates this by isolating the escapement fremedst of the movement and keeping

the number of wheels relevant in driving the escapement to a minimum.

Most tower clocks do not have a remontoire as this device added to the expense of manufacture and
required more careful and experienced personnmakiiotain. They are generally more fragile and
subject to derangement than a simple going train movement. To overcome the above mentioned
difficulties most makers went the route of brute force by employing heavier weightsbasd wdheel

trains; an alterate,but less elegant solution.

Remontoire come in a wide variety of mechanical styles, and complexity. They can generally be
divided into two categories. THiest and earlier type is thgravity style It was invented by Jost Burgi,
Swiss (b.15521631),circa 1595irst applied in his Experimental Clock No. He is also known for

his invention of the crosiseat verge escapement. These innovations made his clocks the most accurate
mechanical timekeepers of their d&his type uses a small weight towdrithe escapement indirectly,
usually the next wheel, but direct escape drive is known. The secspidng style It also was

invented by Burgi about 1615 and was used in his Vienna crystal clock, considered his masterpiece
effort. Here a small subsidiaispring is used as the motive of power to the escapement which, in turn,
is kept wound at frequent intervals by the main movementspring as was t he case
every quarter hour through the action of the strike trelive subsidiary sprinig normally attached

directly to the escape wheel in tower clocks, but may be further dovwrathen smaller movements
aswasthecaseBur gi 6 s cl ock.

Each of these styles can operate as a train or escapement type. However in the majority becases w
employed in tower clocks gravity remontoire operate as train remontoire and spring remontoire
operate as escapement remontoire. Both spring and weight styles are periodically rewound or lifted by
the main time weight or occasionally by the strikingrir The remontoire has also been used in some
domestic clocks to overcome the problem of diminishing power being delivered to the escapement as
the main spring unwinds. The main spring will drive a gravity remontoire effectively combining a
spring driverclock and its advantages of portability, with a weight driven clock and its advantage of a
constant force of gravity; in addition to isolating the escapement from the rest of the movement.
Alternatively a fusee was commonly used to overcome the springgeprolh was much simpler and
cheaper but not quite as accurate.

A clock equipped with a remontoire is fascinating to observe, as there is a periodic movement of the
rewind mechanism and this is usually mediated by a fly fan (air brake) that spins dioeiogicle can

vary from as little as one second (rarely found and then only in watches) to one minute or more. The
most common being 30 seconds and one minute.
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Escapement style spring
remontoire: Basic design by

John Harison, but this is a
patente version by Mathias
Schwalbaclf

Gravity train remontoire: Sometimes referred to as
'swinging frame'. BernardHenri Wagner (uncle to Jean
Wagner, c. 1850) Animations of this type of remontoire
are at this link:
http://www.mytime-machines.net/wagner_remontoir.htm
http://www.mytime-machines.net/augustin.dcr
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Gravity train remontoire: Differential .°
Attributed to Augustin Lepaute d/b/a Henry
Lepaute, France. c. 183Seen primarily in R
Germanmade clocks. It is one of the more (
simple and efficient gravity type#n animation !
of this type of remontoire is at this link: e
www. my-time-machines.net/korfhage_remon
toirel.htm

Gravity train remontoire: Epicyclical (planetary
gear).George Biddell AiryEngland. c. 1860
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Gravity train remontoire: Endless chain design.Robert Robin, France, 1772; based on earlier
maintaining power design by Gstiaan Huygens, Holland, 165&enter diagram).

e (8

Gravity train remontoire: Rocker.
AugustelLucien Verite, Beauvais,
Francec. 1840.
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Gravity type escapementemontoire: This is
the only example | know of that incorporates 3
gravity remontoire that operates directly on thq
escapement wheel. This is accomplished thro
the use of two types of joints in place of a
conventional escape arbor. One a normal
universal joint and thetber an expansion style
joint, probably invented byseorge Seybold,
Germany.
http://www.mytime-machines.net/seybold
detail.htm

-

STRIKING SYSTEMS USED IN TOWER CLOCKS

The earliest account of a clock with an hour strike, that is something that @xvdata bell
contemporaneously the time the clock is telling, is in 1283. The system used is unknown. Another
account is given in 1352, however both were unreliablgtil the late 14th century we have several
accounts of tower clocks failing to operg®perly and having their bells rung manudlly.



http://www.my-time-machines.net/seybold_

Count Wheel (internal or externally toothe@).k.a Locking Plate (British nomenclatureand
contemporaneous strike control. pottom prior page).

One of the earliest ways for a clock to be able talst count off the desired number of blows on a

bell was introduced sometime in the second half of the 14th centuough the use of the count
wheel.1 Here a wheel has 12 areas of indentations through which a detent may fall. It does not turn
continuowsly as would a wheel in the time train, but only when the strike train is activated. Each
indentation is spaced slightly further away from its neighbor than the last. In this way the detent will
remain on the rim of the wheel (thus allowing the bell tstbeck) for a longer period of time until the
longest stretch is reached at 12 blows. The shortest period is one. When the detent reaches an
indentation, it falls into it thus locking the strike train and stopping the bell from being struck. The
wheel is @signed to turn twice each day. There were many variations of the wheel itself, in some rare
cases it was designed to turn once per day and so had twenty four spaces of increasing length. A
similar set up is used to strike the quarters with the wheel gné&wim indentations of increasing length
around the count wheel.

This device is a good example of what, for a better term, I'd call a ‘perfect invention'. Its design, form
and function has remained virtually unchanged from inception through the ereroéthanical
tower clock- some 600 years.
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The earliest striking control worked by where one flat bar was mounted on an arbor corresponding to
the fly arbor. One end of this bar locked on a detent controlled by the count wheel. An arm on the great
wheel of the going train lifted the detent clear once an hour but still held the bar for a few minutes thus
providing the warning feature. This is known as 'flail locking' and was introduced around the same
time as the count whe@A flail locking clock s a fairly crude piece of engineering, with its long, (up

to 6 feet), flail whirling around to crash against the locking piece at the end of each striking sequence.
It demands a layout which is awkward. There must be clearance at the front and bacHdatie:

the fly so the movement must be free standing, and there must also be room for someone to wind it at
one side or the othemwhich he must do with the barrel set inconveniently high and the other
awkwardly low. Not to mention the danger of besagiously hurt by the flail if he chooses the wrong
moment to pass through its arc!
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The next method of control developed had the hour wheel lift a weight suspended froma bar an
release it suddenly. The ov@wing of the weight jerked theetent from the peg on which it locked and
allowed the traind run. This is known as a 'kickarting or flirt' system. This was a great improvement
from the flail system. It needs only clearance for the fly at one end and for access to thebzapstan
for winding the clock in the front. Locking is far less brutal because smaller moving parts have less
mass' Later the system was simplified and the weight and peg were replaced by a notchéthoam
locking. The pivoted actuating device known as a 'naggsl’ was replaced with the cam detent system
by the mid 15th century and later the detent became a roller wheel. This basic concept remained
unchanged through the end of the era of mechanical tower clocks. It's simple and reliable.

Rack and Snail and ontemporaneous strike
control, (right and next page).

Invented in 1676 by Edward Booth/Barlow
(1636:1719)° The original motivation for this
invention was the fact that it was impossible to
know the time in the middle of the night without
having to lighta candle or other combustible
material.

B ar | mweriien allowed one to trigger

the strike train at will and get the prior hour

to chime, thus giving the time to the nearest ho
when no light was available. This is impossible i §
do on a clock equipgkwith a count wheel since y
that system is not sediorrecting.
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Another advantage of the design is
that it is selfcorrecting. Should the
strike train stop before the time train
it will automatically correct to the
right strike sequencepon start up of
the strike train. In a count wheel
design the wheel must be readjusted,
and, in fact, the wheels were designed
to be easily removed so as to be turr’[e

to the right position for just such
events. Regrettably, as often happens
with innovatiwe ideas, Barlow was
unable to materially benefit from his design since he was slow to apply for patent protection. In 1687
King James Il of England declared Barlow's repeat mechanism cannot be patented since it had been, in
modern parlance, 'too long inetipublic domain® Imagine the wealth Barlow and his descendants

could have had if the King ruled otherwise! He needed a patent attorney, although the King would
probably have dispatched the hapless attorney 'to the tower'! Most clock subsystems haayhad m
variations. The rack and snail strike system is one of the more complex and therefore, has had many
permutations.

The basic strike control for the rack and snail device was adapted from the count wheel cam locking
system. The same 'warning' deviceised for the racks to be dropped into position before the strike
sequence begins (a.ksetting up). Thus the howaickand if therethe quarter rack is in position
according to the step on the snail. The warning also allows for a more accuratelyetimedce so

that the bell will be struck closely to the appointed hour or quarter.

Pin, Roller Pin.

The pin system used for
liting hammers precedes
the invention of clock
work, perhaps by many
centuries. So it is no
surprise that this would be
the first. Theuse of rollers
comesalong quite early
and examples are seen in
clocks from the 14th
century.
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Cam and Modular cam systems.
Cams allowed for greater precision in timing of
the bell hammer actuators. They could germeral
be placed more closely together and were mor
robust in construction, useful when large
hammers were needed. The modulane
piece- design is credited to E. B. Dennison (Lo
Grimthorp) and was first used on the clock at
Westminster known as Big Belts advantage is
economy and strength. Most often the cast iro
cam ring is fastened to a brass wheel but can g
be cast with the wheel as one piece in the case
movement having cast iron wheels. It may
surprise many in the domestic clock world, bufair number of tower clocks in the 1800's were
manufactured with cast iron wheels, and yes, operating on steel pinions! A great many tower clocks
from Germany and Central Europe used them. Even the illustrious Edward Dent made tower clocks
with cast irem wheels including one of the most famous and accurate, the tower clock at Westminster
Big Ben!In fact, cast iron has a fairly low coefficient of friction as intains graphite and display
greateradverse effects upon pinions versus brass.
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