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Introduction:

Big Ben is a character, a personality, the very heart of London, and the clock tower at the Houses

of Parliament has become the symbol of Britai
andbr ought i nto Britainb6s ppharme sofevtelre dragyt ibon G sh e
|l ong been established as t he roadtastofmaiealt i mepi e
importance.

On the morning of August'51976 at 3:45 AM a

catastrophe occurred to the movement of the great clock in
Westminster Palace. The damage was so great that for a

brief time it was considered to be beyond repair and a new

way to move the hands on the four huge exterior dials was
considered. How did this happen and more importantly why

did this happen and how couldcéua disaster to one of the

worl dos great horological treas
happening again?

Let us first go through a brief history leading up to the
creation of the clock. Then it6¢
into the tower. This second issuthe configuration of the

tower and the installation needed to accommodate the tower

design will become key to the understanding of the source

of the accident.

Clock in northern tower, Westminster

History of Westminster:

Despite itsancientGothic appearance, the clock tower, and the ptdd¢enses of Parliament
came into being only after a fire destroyeddheient Palace of Westminster on October 16,
1834 The firewas started because cancellambden tallies, which were used as treasury
receipts prior to 1812, were being burned in th&reé boiler instead of the usual coke. The
stokers overstocked thédoiler and left their duty early hoping that their fire would last the night
and it certainly ditllt was unfortunate that an overheatectfhet fire to the whole complex of
bU|Id|ngs

Old Westminster Palace, courtyard The bummo of the old Palace, 1834




There had been a clock tower in the old pala‘

the name of Sir Ralpde-Hengham, Chief
Justice of the Kingbo C : {
Court Roll to be er alged 0. enabl ik oneods
fine to be reduced. He was caught. For his ; '
offense he was fined 800 Pounds§) ¢
(£498,000, $797,000 toddy, by King Edward | -
I, and this money was used for the building of "
a tower containing the clock and béihis
may seem like quite a hefty fine, lmampared | _
to common punishments of the time, was qui
lenient as he could have easily been
imprisoned or worse for his transgression. Th
Bell known as Great Tom of Westminster
struck the hours. It is said thiiis was to
remind the judges, who were sitting in the
ancient Courts of Westminster Hall, of Sir
Ral p h 6 s The bhell, ehick weeighed 4
tons, 300 Ibs, was given in 1699 by William [/}
to the new cat heddeal nfo'*“‘“"m““ﬂ%’limdie\_S’_\N_l_t_—h t he
that it should benounted in one of thtowers. Unfortunately was broken in transit, and the site

of the accident became known as Bell Yard in the Strand. The broken bell was melted down and
recast twice by Phillip Wightman, in about 1710, but it was unsatisfactoryamiiéthelps of

Whitechapel Foundry then undertook theasting, and by adding extra takhe succeeded in
producing a good bell i n 1716. Thatisaldogtll | st il
in business today.

f
B

Westminster was therefokeft with a clock but no beih

1699,but the tower was crumbling and1707 it was

demolished, the site being marked by a sundial engraved with

a motto from Virgil, transl ated
Justice of my advicednowlbdte West
its bell, its clock andower. It was not until after thiere

which destroyed the palacei834 that the architect chosen

for therebuilding Charles Barryproduced a plam1842 for

the palacevhich includedanew clock in the northern tower.

Charles Barry




The cl| oc k éGsconpetigon, mmiguesg
and arrogance

In March 0f1844 Barry decided to approach
BenjaminL. Vulliamy, an imminent clockmaker

of the dayto give an estimate for the clock. Barry
had employed Vulliamyds son
so Bary knew Vulliamy and considerddm as a
logical choice. Vulliamy knew that this clock was
breaking new ground on many fronts, both in
accuracy and in sizé.wasto be the centerpiece

of the new palacélhe initial specifications called
for four dials each being 30 feet across. The hours
to be struck on a bell of 8 to 10 tons, with quarters
to be played on 8 bellfater reduced to foulhe
specifications calletbr an unprecedented

accuracy in the strike and time keepiBgze and
accuracy are conflimg parameters in clock

design and/ulliamy was reluctant to supply all

the necessary drawings and specifications as
requested by Barry without being guaradté®e commission. He had, however finally agreed to
supply the specifications and drawings with the provision he be paid 100 G{#h6z300

today) ® and if not accepted for the job, 200 Guin&k0,600)" Vulliamy felt he could do this as
hewas a preeiment clockmaker iBritain and clockmaker to the Queen

Benjamin L. Vulliamy

George B. Airy

Edward Denta rival of Vulliamy and whose firm was also engaged in the manufacture of tower
as well as domestic clocks, regulators and chronomelecgled to apply for theommission.
He knew that winning and successfulyilding the clock would be feather in his cap and add
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greatly to his eothadpleady 6s pr e
made aower clock for theRoyal Exchange which

had performed admirablide wrote George Biddle

Airy,thenBr i t ai nés Astronomer RO\
1845 of hs intention to apply. Airy wasvolved

with the specifications of the Exchange clock;
worked with Dentonjtand appreci ated th
subsequent success. With Air
applied four months tar to theCommissioners of

Woods and Fores{§he Commission) the body

responsible for overseeing the palace project on

behalf of the government and that was to make the

final decision on the clock. It appears that the general
architect,CharlesBarry, did not have this authority.

The Commissiofinformed Dent that Vulliamy was

already engaged to make drawings and that if he

would make an estimate for the construction of the

clock based on those drawings. Dent, wanting to gain
prominence by his own harhd not share any credit

of his achievement <cleverly
adherence to drawings and specifications to be

prepared by another clockmaker were to be stringent

on him, he must decline to become a candidate; that

he should feel it a duty womply with any suggestions from the Astronomer Royal, but could

not engage to act under the directions of authority less eminent, or to follow instructions, which

by degrading him to the position of a mere executive mechanic, would prove detrimergal to hi

r e p ut aNotice how lte praises Airy to further cement his support while giving a backhand

to Vulliamy. Not surprisingly relations between Dent and Vulliamy grew more poisonous as time
went on. Vulliamy, on the other hand, did not help his poshipdelaying his quotain and

complaining to the Commissi@about the fact that they were considering another conteihdser.
interesting to note that in the end Dent inde
mechanico to anothero6s design.

OnJune 20 of 1846, Viscount Canning, who was now the First Commissioner of the board,
wrote to Airy to ask his opinion of the contenders. Airy was now plumped for Dent and wrote
backonthe 28 A A question of similar i mpe®reshamas addr
Committee, in regard to the congttion of a clock for the RoyalX¥€hange. In reply | stated that
(irrespective of the choice of clockmaker) general conditions ought to be laid down as to the
choice of materials, etc., etc., and also that resjgecific conditiongpplying to the accurate

goingof the clock, suggested by me should be laid down, and that intimation should be given to
the clockmaker that his plans were to be submitted to me for my opinion before the work should
be commenced. lauld therefore propose to the Commissioners of Woods and Works that a
similar course should be followed in the instance of the clock for the new palace at Westminster,
and if the Commissioners shall think fit to desire my general superintendence in tier man



which | have described, | will undertake that the clock which shall be mounted shall be
creditable to the natiod.

In regard to the selection of a maker, | suggested to the Gresham committee the names of Mr.
Vulliamy of London (a maker of some celdlribut said to be unmanageable in temper and very
expensive in prices), and Mr. Whitehurst (a man of reputation in the North of England, and
known as the inventor of the Watchmanodos Cl ock
acquainted, the work was placi the hands of Mr. Dent, chronometer maker of 82 Strand; and

| am bound to say that Mr. Dent carried out my views most completely, making, in the

mechanical arrangements, which | suggested, some judicious alterations which received my

entire approvah It should be notedt this juncturé hat Airydés explanation
for one of the makers originally chosen seems purposefully vague. If Airy served in the same
capacity of referee as he now proposes for the Westminster clock, he woultebaviatimately

involved in such a decision.

He ¢ o n tUnderalecscumstances, considering that a new clock pretending to a degree of
accuracy equal or superior to that of the Royal exchange must probably contain some of Mr.
Dent 6s i nv aldatany rate beamprbvedvly his experientteat the trust is, so to

speak, in some manner confidential, and that there is no such thing as a market for clocks of this
size- | think it would be probably the best course to transmit proposals (incloding

conditions) to Mr. Dent, and to ask for his tender. If his price should not be excessive | would
propose to employ him without inquiry of other makers. If it appeared objectionable | would
apply to others, but think (I think) only the two whom | haaenedo ®

The fix in favor of Dent by Airywas in.

In July Charles Barrinformed Vulliamy that the Commissidrad decided to accept

applications from competitors. Two weeks later Vuliamg p|l i ed t o say @AMy gen
conduct has been in all  ,aodinsllg8l tlhadectonel coeng
decline itd ® His reasons given appear to be that he objected to Airy being sole referee, and also
because Airy appeared to peejudiced in favor of Dent. He was right, but his attitude

throughout this did not help him.

Dent wasted no time and on Aug8stl846 submitted hisbidll her eby agree to c
erect in the tower, and keep in order for the first twelve morties;lock for the new Houses of
Parliament, agreeably to the plans and specifications, and to attend, without additional charge, to
any directions of the Astronomer Royal, for the surBlg600, £104,000 or $166,400 today)

His specifications covered a nee2 % page$.

John Whitehurst sent his bid in SeptembeERB73,(£233,800 or $374,000 toda¥/)/ulliamy,
while never submitting a formal bid did have an internal figuE3gs00 plus£105 for the
construction plans di3,605(£250,000 or $400,000 tagf).”

Below arethe original specifications dsst laid down by Airy in June of 184681y comments
on these are in italics.



1. The clock frame is to be of cast iron, and of ample

(S C strength. Its parts are to be firmly bolted together. Where
il == 8 R there ardroad bearing surfaces, these surfaces are to be
Al : U] planed.

e 1 } - 2. The wheels are to be of hard bell metal, with steel
: > | J spindles working in bell metal bearings, and proper holes for

N oiling the bearinggWheel metalvas laterchanged to cast
Sl .- | iron, and a factor irthe accident)
’ { ‘( iy 3. The wheels are to be so arranged that any one can be
] { g taken out without disturbing the others.
] ’ j ) 4. The pendulum pallets are to be jeweldthis was later
> abandoned.)
SN ] : : 5. The escapement is to be deadbeat, or something equally
b . ”1 L ! accurate, the moil escapement to be expressly excluded.

4 Ly | 6. The pendulum is to be compensated.

. 7. The train of wheels is to have a remontoire action, so

Airy’s going fusee constructed as to not interfere with the deadbeat principal of
the escapementA train remontoirelater abandoned.
8. The clock is to have a going fusé&type of maintaining powediagram upper lejt
9. It will be considered an advantage if the external minute hand has a discernable motion at
certain definite seconds in tim@sking for a remontoireas this deviceoes this as part of its
functior? This is later abandoned along with the remontoire. Even so the remontoile kae
needed a minimum of a $@8cond cycle for it to be discernable from the street 184 feet below).
10. A spring apparatus is be attached for acceleratitige pendulum at pleasure during a few
vibrations.(This wasa feature on the Royal Exchange clock but lateendonedere)
11. The striking machinery is to be so arranged that the first blow for each hour shall be accurate
toasecondoftmg. Thi s was a major difficulty but achi
Vulliamy argued until his death prior to the
done with such a large mechaniym.
12. The striking detent is to have symrts that it can make or break a magredémtric current.
(This wadater abandoneyl
13. Apparatus shall be provided in order to make possible to convey the indications of the clock
to several different place@.e. to act as a master clock for slaveaks in the palace.)
14. The plans are to be subject to the approval of the Astronomer (Raoyalof course!)
15. In regards to items 5 to 11, the maker is recommended to study the construction of the Royal
Exchangeclockk Dent 6 s c | oc lamilahwititcamd liRetl r Yy awéd $ nfg it Ot he
world.6) ©

It is interesting that these specifications did mention the size of bell to be struck or the
number and diameter of the dials to be powered all of which would dramatically affect any
design. Perhaps these specifications were considered common knowledge by this time.

On May 8, 1847 Airy submitted his report to t
impossible for me to consider Mr. Vullianag a person who can be employed to construct the

clock, he having declined to compete, except before a numerous committee, and having objected
personallytomyselfes r ef eree. 0 Hé baese omarebdbubhby, examin
beautiful plansin regard to the provisions for strength, solidity, power, and general largeness of
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dimensions they are excellent. In regard to delicacy they fail; and they fail so much, that I think

myself justified in saying that such a clock would be a village obdslery superior character,

but would not have the accuracy of an astronomical @3ckhis was the coup de grafm

Vulliamy and he never forgave Airy for his de
from then on it waspenwarfare. Infactyul I i amyo6s di sl i ke of Airy w:
second only to his hatred of Dent, whom he regarded as a privileged and favored corgdktitor

of which was true!

A twist in theturn of events occurred in July of 1847. Dent had been promised inds845,

inducement for his unpaidork in the design and biddirfigr the Great Clock, the opportunity to

alsobid for all of the other hundreds of clocks that were to be installed in the palace. Vulliamy

had been paiddD Guineas up front for his bid;is unknown if Whitehurst receiveahy

compensation. One can see howpghafit from all of the palace clocksould easily surpass the

difference othez1500b et ween Dent s and his competitoros

In the Spring of 187, having received no invitationshal on these other clocks, he made a

number of inquiries and found that Barry was ordering all of these clocks directly from

Vulliamy. He sent several letters complaining to the Commission and reminded them of their
agreement. When this failed to illi¢chie desired effect, Dent took the drastic step of withdrawing

his name from the job. He copied Mr. Airy who then contacted the Chief Commissioner. After a
considerable internal batfllhe Commission said that due to an oversight, Barry had never been

told of the agreement that was made with Dent or the desirability of putting the work out to bid.
After assurances that no more clocks wloulb e o r d e r e dabiltyitat conpetd, heDe nt 6 s
relented on August 20. Here again we do not know the exact trutly.rBayrhave simply gone

behind the Commission ordering the clocks under the pretense that he had no knowledge of

A

Dent 6s supposed participation. There was no q

On August 17, 1847 the firm Thwaites and Reedilterdarge, English tower clock maker
having heard of Diteddrégsestwoithe Banmessioebée allowsditdbid

for the job. Airy, however intervenet this time with the Commissitating that it was too late

in the process for theto enter and that Dent was just
reinstated to the bidding pool making this unnecessary.
Thwaites, however, will cross the path of the clock again
in a significant way much later on in its existence.

For the next couple of years nothing seemed to happen
toward the final awarding of the contract for the clock.
Here is wher&dmund BecketDenison a well known

and wealthy lawyer who was also an amateur horologist
and architectbegins to play a major ral@he term
Afamat eur 0 i s notonwtsieditatep ej or at
that he did not have a formal training or degree in these
fields. He was as proficient, at least in the case of
horology, as any of his professional contemporarres. |
May of 1848 he wrote to the First Commissioner

Edmund Beckett Denison complaining about the tkys which had already




occurred. He virtually accused Barry of preventing the clock from being ordered because the
Commission had previously prevented it from being placed with Vulliamy. This was unjust, as
the delay was largely due to bureaucratic infigipand the large turnover of personnel that

served on the Commission, although Barry did nothing to expedite the matter. It also boded ill
for future relations with the architect. However, it did draw attention to the delays at the highest
level and restiéd in Denison being appointed joint referee with Airy on the bidding contest. This
was a major step forward in the building of the clock because although Airy was a gifted
scientist, he lacked the drive and determination that Denison could and did theukitk to a
reality. Denison was rather abrasive and never took into account the feelings of others and his
brilliance which ensured that he was so often right in his opinions did little to make him popular
with his contemporaries. Just take a lookiatphoto!

Denison took his responsibilities very seriously and immelgliategaged in a full reviewf

Dent 6s design; with many s ugallyeenstiiutedasomplete i mpr
redesign’ He was a gifted horologist améd designed some first class clocks and was

considered a leading expert on the subject. He had contributed a se&rmmyatopedia

Britannicaand hisRudimentary Treatise on Clocks, Watches and Bl published in 1850

became a standard referemgark. This turned out to be a very good collaboration, with

Deni sonds theoretical knowledge compl ementing

After making a full examination of all three designs submitted, Denison wrote to the

Commission stating | at | y t h atas Bupamidr v the atherswo;ghis of course after

Denison had made this basically his own desigraddition he concludeithe letter with the

commentfilt i s i mpossible not to feel ngtheat he [ De
architect opoposed to him and evidently doing what he can to prevent him from being

employedd'™ Such comments in an official letter to the First Commissioner (which would have

been brought to the attention of Barry) were to have a profound effetetaming up the already

difficult relationship between architect and clockmaker, whose close and frierdpecation

was so essential. It was to play a part in the redesign of the clock which was later to prove
disastrous.

The uneven competition betem Dent and the other contenders as orchestrated by Airy and

Deni son did not go unnoticed. Vulliamy had th
able to persuade friends in the House of Lords to initiate an inquiry in 1848. This inquiry entitled

A Portion of the Papers Relating To The Great Clock for the New Palace At Westminster

printed by the House of Lords with remarks. It is a 56 page document that was restricted to

private circulation within the House. The remarks are a scathing attack afgayrestd Dent.

But besides this contains a wealth of original correspondence between all of the parties and is
recommended to anyone who would like to get a flavor of the contest as well as a wealth of

minutia about the bidding process, specificationstandd d er 6 s dat a. Apparent|
this inquiry and no action was taken by the House of Lords.

On January 29, 1852 the final changes in the specifications were submitted including the size of
the hour bell to be 14 tons, each of the four dials 20 feet in diameter (later 23 feet), the wheels to
be cast iron rather than bronze, the entire pendulure teithin the clock room necessitating the
clock to be over 13 feet off the ground and requiring a stage or platform erected for winding the



clock and examining it on both sides. The size of the bell and dials necessitated the clock to be of

a larger size¢han first imagined. This cost partially offset by the change in wheel material from
bronze to cast 1 ron. D e n E1800 €1f49,00(0r $238j4@0 wi t h t h
today) to be completed in two years.

By this time John Whitehurst had died, leyDent the only firm with a valid bid on hand.

And so, on February 25, 1852 very nearly eight years after Vulliamy had beealbyig
approachedwasDeanctcoesptbeidd. Judging from ealye ot her
was prepared to takdass for the privilege of making this clock.

One must wonder what would have happened if Vulliamy had the sense to submit his
specification and plans within a few months of the original request, and if he submitted his rough
estimate oz 3,600instead ofrefusing to give the Commissi@my idea as to the cost. It might

well have been accepted, in which case Dent, Airy and Denison would never have had such a
golden opportunity to create, by their combined efforts, a clock which was to perfor@with
accuacydeemed by many to be impossible in so large a clock and which was to become the
worl dés most famous public clock.

Dent’s original design

Vulliami's design

Conflicts, construction and completion:

Dent had won the competition, such as it was, and now his problems were just beginaing. T

seeds of the clocks near destruction were sown in MertB52when an inspection of the

tower was made. Remember now that the new palace had been under construction for several

years. The first stone for the clock tower was laid September 28, 184B;, 8é~ years earlier.

At the time of inspection the walls werleeady up 150 feet of the total 3i€et. Dent was

surprised to find that the interior dimensiaighe tower would not accomodate his clock in its
currentconfiguration. They were builtpuon Bar r y6s pl an inwind. By Vul | i am
April Airy, collaboratingwi t h Deni son wor ked out adaptations
configuration and this added an additioBA00 BPS to the co$£8,300 or $13,300 today). One

change washefact that the pendulum would no longer be able to be contained within the clock
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room butbe hung through an opening below the floor. Most significantly was the fact that the
wall facing the rear of the clock was too close to accommodate the space ndoesbarliuge

hour and quarter chime fly fans. This mandated a change in the configuration of the fly fans and
was the proximate cause of the accident that was to occur 124 years later.

This was not the only instance of conflict in the

ar c h idesgrandtise needs of the clock. To be

fair it must be noted that the clock tower served not
only the needs of the clock movement and its bells.

It also was designed as part of a ventilator shaft
system that connected to another 300 foot tower in

the cener of the courtyard designed to take air from

the Lords and Commons chamheats known as

the tower of St. Steghn 6 s . T dls®roemswe r e
that were to ring the central core as well as a
staircase to ascend the ful
central shaft ocore of the tower was 11 x 8 feet

and here is where the weights would descend. This
was also the way that the bells and the clock
mechanism would be brought up the tower.

Barry had specified as early as 1842 a bell of 14
tons to strike the hour. Althgh no bell this large
had yet been cast in Britain, it required only a
simple calculation from the proportions of normal
bells to see that a 14 ton bell of conventional

L=

22 ,;; g ; '. ,:._
3 ‘5’-'-1*'”"‘ N F

N , W (i

e N o o
Big Ben bell on cradle being put into tower base

" Public procesion for bell installation into north tower

designwould need a much larger shdft 1855 Denison had redesigned the gredttbdie
shorter and wider than that of conventional shape. In this way it could be hauled up the tower
lying sideways in a cradle. In October of 1858 the bells were raised into position
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Dent began work on the clock soon after he won the contract in

eaty 1852. The clock took his firntwo years to build and was

completed in late 185&dward Dent died in March 1853, and

so Frederick Dent, Edwardodés step
part of the business continued with the production of the clock.

The framemeasured 15'4"longnd 46 110 wide wi't
mechanism weighinm at 5 tons. Upon completion came

factory trials which were conducted by the staff of the Royal
Observatory under the supervision of Airy and Denison and

lasted over half a year. In 1855 tAstronomer Royal had

notified the Chief Commissioner of his complete satisfaction

with the mechanism and recommendeak Dent be paid his

fee.

The development of the gravity escapement:

At this time the tower was still only half way completed even

though it had been started some 12 years earlier. This proved to

be a blessing in disguise as it allowed Denison, who was never
satisfied even with his best efforts, to carry out many

refinemens in order to improve the accuracy of the clock.

While the mechanism had met the entire criterion established in

the Astronomer Royal 6s specifica
with how stable the escapement would be when exposed to the
realities of driving lhe four heavy dial hands in adverse weather
conditions. As a result he
began experimenting with
gravity escapements.
Gravity escapements are distinguished from convention
escapements since the impulse is not given to the
pendulum directly by energy frothe main weight through
the clockwork, but by some other small weight lifted up,
small spring bent, always through the same distance, by
clock train at every beat of the pendulum. This gives a
constant impulse to the pendulum regardless of other
variables the train is subject to. Many illustrious makers
had tried to perfect the gravity escapemddérthoud,
Mudge, CummingReidandHardy. Bloxamhad 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; known as 'tripping'. Denison had begun thinking
of an improved gravitgscapement in 1846lis first actual
attempt at a new escapement design was the three legg
dead beat escapement. He conceived of this escapeme
1851 and it was applied to the pendulum for six months.

Big Ben bell being lifted up tower

J.M. Bloxam gravity
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Probably in conjunction with a spring type renare to prevent variations of force fratme rest

of the wheel train, and in the astthe pendulunfsee below}! Thiswas then improved, bittis

notknown ifit ever was applied to the clod®n November 27, 1852 Denisamote to Airy

describing hishreeleggedgravity escapement his contains all thelements of the classic

gravity escapement, the remontoireiantof a constant impulsgower supply and Del
importantinnovation of the inertialy fan mounted to the escapement arborasdip clutchthus

solvingthe tripping problem(See appendix A

Denison 3 legged dead beat Denison 3 legged dead beat, improved

He then developed a four legged version and this was a considerable improvement over the prior
one in that the arc of travel was 1/4 revolution verses 1/3 increasing effieirddessening

impact of the legs on the pallets. It was this escapement that likely was installed into the clock
when it wadirst started in the tower in 1859. His final design, thelde three legged gravity,

also known ashe six legged, was his lastprovement to the gravity escapement in 1860

=
=
I Tomen
M
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Denison 3 legged gravity Denison 4 legged gravity Denison 6 legged gravity
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It replaced the prior 4 legged escapement and controls the time train to this day. The importance
of his innovation of the fly fan mounted to a friction clutch cannot be overstatdlbws 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 locking; in essence acting
as an 'energy sifk' This escapement providesiaarly detached 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 nidisig friction on |mpulse 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
characteristicshusaffecting the escapement
This design belongs to a family of
escapements known ascapement
remontoire Conventional train and spring
remontoire had been installed on clocks prior
to this to achieve the same function. It is not
known for certain if the mvement was
originally equipped with
original specifications seem to call for one, in
4 | which case iprobablywould have beete
Airy’s train remontoire Ai r y 0 s(diabers lefg and would have
been considered essential for such a high
profile clock espeailly as it was first conceived artdsted with a conventional Graham and
pinwheel deadbeat escapement whigiuld have benefitted from such a device. If one was
present, the gravity escapement made it superfluous and so it was removed.

So important washis invention that the gravity escapement is considered one of the great
advances in the science of horology; it was soon adopted as the standard for the best tower
clocks, as well as domestic clocks where there was a need for exceptional accuracy as in
observatories or time standard master clocks.
difficult personality- he did not suffer fools lightly, and it seems he viewed many of his

compatriots in this category. Nonetheless, he did not choose to pategwesecapement. He

was a lawyer, and knew full well the economic benefit that would accrue to him from such a
patent. His sole interest was to allow this escapement to become as economically practicable as
possible and so be able to advance the scienaerololgy as a whole.

Now the movement was complete and as perfect as Dent and Denison could make it. The tower
was topped out in and the bells were installed 1858. The dials, motion works and connecting
shafts were begun in 1859. It is a tribute to Dentban the Commission and Astronomer Royal
allowed this new escapement to be fitted to this national symbol of pride without any rigorous
trials - there could not be any, as the escapement was being developed just prior to the clock
being assembtkinto thetower; with the lasescapement being fitted about a year after the

official starting of the clock oMay 30, 1859. The final @bof the clockwas£2376 €174,000

or $278,000 today)n comparison the dishnd hands co$5534 405,000 or $68,000 todg)
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and the bell£5960 €436,000 or $698,000 toda}) The fact that the bells were the most
expensive component is common with large and/ or numerous bells. Bell casting is a laborious,
difficult art involving expensive metals of copper and fis.notedearlier, a successful casting is

not guaranteedand-east i ng i s at the bel

I founderds exp

The final cost of the New Westminster palace came in at times the original estimate or

£3 million (£220 million or $352 million today). t 6 s o kmawasamne things never change!
These figures, as do all prior comparisons, use the retail price index. In this case the average
earnings index may be more appropriate considering the huge amount of hand labor that was
involved in the construction. Usirtgis index the cost wa&l 9.5 billionor $31 billion. To

replace the palace today is probably somewhere in between these two indexesfittabout

billion or $16 billion)”" **

The seeds of destruction:

The cl ock was made afmmidwas @pableeBdt whaswabmotdeastedas Den't
indeed could not be tested with the science available at the time, was the redesign of the

mechani smdéds huge strike train

governors, its

movement 6s f it iequire@acampremist io thedesigwal this gystem.

The diagranbelowshows the front elevatio of the tower as originally designed by Barry, the
next two a first floor and clock room floor @®sections as currently builthe central core
where theclock weights must descend is located in the center of the structure measuring
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approximately 11' x
8'. The clock must be
centered upon this
opening not only for
the weight lines but
for the fact that this is
the geographic center
between the four dials
making the linkages
to clock faces most
efficient. Notice
adjacent to the core is
anotherwo
unmovable structures,
theventilation shaft

to the right (now no
longer in use) and the
staircasen the left If
we call that area the
0rear 6 of the
see thaa clock with a
conventional design
that have horizontally
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mounted fly arbors originating from the rear of the clock would be impossible. It was also

necessary for workman to be able to access the mechanism from all sides for the purposes of
servicing. Ptting the flies on the two ends of the clock would block access from each of the two

sides. The flies could not be located in the front since winding took place from this point and

these would endanger the workman. From 1859 through 1913 the clock was lyydusind It

took two men employed for five hours per day, three days a (tleegtrike trains could go just

over three days; time trafor 5 days) Since the clock chimes every @bnutes this would have

been an impossible situation. Most conventidoaler clocks are designed to go for eight days.

|l tds possible that the time train as initialdl
would go this long. A gravity escapement witluif@r six legs will turn fronb to 7.5 times as

fast as compare a conventional escape wheel with 30 teeth; significantly cutting down on

duration. For the strike trains to go eight days, the weights would need to be nearly three times as
heavy.The weights for the ho, time and quarter trains are 1 ton, 560 |b h#tton. An eight

day duration would have added another 6 tons; far exceedinigsign strength of the over 15

footfrees pan movement frame. Vulliamyds design cal
trains’®

v X I,‘*‘?f“ ”mw mﬁ =7

/A}\ ‘,A

' r‘A.-
\

Movement sn 1}« trains manuall\ “ound from 18~9 through 1913

As a side note the time tram still wound manually to this day once every four days with the
strike trains wound automatically by an electric moB®&fore this, as stated previously, two to
three men spent between five to six hours every three days to wind the mechanism. Altough t
winding handles were attached to a reduction gear set, they were still very heavy to turn and
needed 100 turns of the handle to turn the great wheel drum with its one or more ton of weight
one turn. Not only this, but there was no maintaining powehesettrains, so winding had to be
interrupted during striking. Imagine having wound the crank handle a hundred times only to see
25 turns unwound in the fourth quarter chime strike sequence! No wonder it took nearly all day
to wind.
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Area reserved for pendulum in air shaft

The lack of room or gacticality for the flies on any
guadrant of the cl ock
one place tgo and that is up. The diagrdrelow and
nextpags how t he original desi
well as the redesign to allow for the fly fans to be raised
highabove the movement. That also obviated one of

Ai ryds ear | pattbepenticil3foot at i ons t
pendulum be contained within the room. With the flies

above the movemerthis could not be done. Instead

section of the original air shaft had to be inged upon

at the clock room level and one level below to make

way for the pendulun{red area, left diagram)
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Dent’s initial design with rear mounted, horizontal fly fan shafts

If the fly fans had been arranged in the conventional manner the horizontal arbors would have
been called upon to support the weight of thddlyassemblies. There would have been no

thought to the fact that these arbors would have been made of a solid steel stock. However, under
the demands of the new configuration the connections to the flies were not only much longer, but
did not have to supmpt the direct weight of the fly fans on a horizontal lewghich needs

significant stragth to prevent bending and shieg. This allowed a key change in the material

that was used to connect the flies to the clock. What would have been shortetesbads®rs

in a conventional design was replaced waithhch longer hollow tubed arbar$he flies were

now supported by arbors on their ends needing onlgdh®pressive strengtif the material

which is far greater than the sheer strength for any giveal niéere was also the additional

weight of a solid arbor on the bottom bearing to be considered. Therefore the hollow tube design

was chosen.
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Dent’s revised design with vertical shafts holding flies above the movement

The long tubes would have been fabricated from flat iron strips which would have been formed
into U-sections, chwn through a circular die at red heat and finally the butt joint hammered to

form the welded seam. Unfortunately the method of making seamless tubes was not developed
until after the construction of the clotk.
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The accident:

Most of the informatiorand photographs presented beloweateerptdaken fom a booklet
containing compiled reports documentithg accident as well as the laterensicanalysis of the
movement componen&nd events leading the accidentThese were issudady the Engineering
Sciences Division of the Instition of Mechanical Engineers and The National Physics
Laboratoryof England pages B1, B89. My comments are in italics.

On August 5, 1976@uring the3:30 AM chime sequengéhe wroughiron tubular shaft of the fly
governor controlling the operating speedtbe quarter chiming mechanism, failed by metal
fatigue. This allowed the 1 1/4 ton driving weight to fall uncontrolled for 40 m (132 ft) to ground
level, thus forcing the chiming@chanism to operate at a speed far in excess of its design limits.
This caused the disintegration of the mechanism and broke the cast iron frame of the clock. The
winding drum ( 3/4 ton) of the chiming train was torn loose from its bearings and both it and
parts of the cast and wrought iron mechanism had been flung around the clock room with some
smaller piees (Ip to 5 inches) being projected through the ceiling into the room albovas
fortuitousthe accident occurred in the early morning hours whenrtlom was unoccupied; if
anyone had been present it is likely they would heen killed. The clock room is

unconventional in that thelock ishoused in an inner roomith wallsmade ofsolid masonry
Surrounding this ishe exterior taver wall in whichthe dials are mounted. These walls are
separated by a 5 foot wide passage sphieel the clock room been of conventional design with

no inner solid wall and with thisur 23 foot glass dials surrounding the clocke & ton chime

barrel could have been ppelled through glassdial and down 184 feet to the ground
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