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The Grasohopper

% closer look at the leasen: |
being , o
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Ce a fine escapement

"Author's Note — This monograph
grers, almost spontaneously, from ef-
forts originally directed towards add-

‘ing a bit of dynamic interest to a

talic presented to some Rochester, New
York, members of Cl‘pter 18,
NAWwCC.

Almost exactly one year ago, An-
thon ragil,] our Chapter president,
asked me t¢ brepare a short tclk for
the 10 November wntecting of the
Rochester group and tell how I man-
aged to desigm and construct a. 32-day
weight - driven regulator movement
with wooden wheels, plates, escupe
wheel, and pallets,

As there g a limit to show-und-teli
personal chest-thumping beyond which
no prudent speaker wmust venture
(even before beloved und mon-violent
fellow NAWCC members), it seemed
expedient to provide someching for
lagniappe.

As a congcquence, a Huarrison grass-
hopper cscapement model with «
seven-inch diameter escuve wheel was
fabricated from odds and bits of
materials found during the weck pre-
ceding the meeting night. The pro-
portion: of its construction were scaled
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directly from diagrams in books on

. hand. No efjort at kinematic analysis {

wag mude at the time. :

When the model was assembled the i
escupement immediately worked. Al-
though it was out-of-bear und out of
adjustment — it worked!

I am pleased to say that cudience- :
reaction to the talk breught me no j
bodily harm. Nor was I called out of 1
my name by anybody. True, some ;
nieinbers were observed fondling their H
conglomerates of rubble, vegctables,
fruit, and worse, but not one missile
was launched. I believe the mention
of the Harrisons, John's tenacity in
designing the marine timekeepers, and
the ultimate demonstration of the i
grasshopper escapement were respon- ;
stble fjor the deferment of balligtice !
exercises. One member discarded his . .
ammunition and stentoriously ob-. _ :
served, “I see it but I don’t belisve '
it! Lemme get a closer look.”

Indeed, his rcaction wus understand-
uble. for the madel was ¢ poor thing.
But the long, ponderous pullet-arms’
leaping great distances from the es-
cape wheel teeth to the nnunccessarily
remote spring buffer-stops was amaz-
ing to watch. At the ccnclusion of :
its leap, cach pallet-arm would bounce :
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off its stop, jiggle a bit, and become
quiescent barely in time to be seized
for the next impulse. The bouncing
and jiggling were suggestive of a
dainty house-cat’s shaking its hind-
legs to diglodge unwanted accumula-
tions of cold dew-drops.

Anyhow, the model went back home
to semi-retirement. Occasionally, over
the succeeding months, I would let it
perform, wonder at ite faults, ponder
its virtues, and even try to do a littie
constructive thinking on days when
I could stand the pain.

The conclusions I have since drawn
convince me the marvelously designed
device frequently, and unjustly, has
been maligned by people who should
have known better.

I am chagrined to have been guilty
of quoting them on one or two occa-
gions. This paper is partial penance
for my sin of gullibility.

1 GENERAL DISCUSSION AND
SOME OBSERVATIONS

The Brothers Harrison, John and
James, were both credited with the
invention of a curious, antic mechan-
ical clock-linkage which has been
known through many years as “The
Grasshopper Escapement.” That the
popular name was well-given is at-
tested by all who have had the good
fortune to see a specimen in action
and to witness the crisp, crepitant,
leaping motion of the pallet-arms’
daparture from the escape wheel teeth.

Since there appears to have been
no conflict between the brothers as
to which invented the escapement, it
seems pointless and academic at this
Inte date to speculate on its exact
origin. .

Although the escapement was used
by John Harrison in three of his
famous marine timekeepers and was
used with outstanding accuracy in
long-case timepieces by both brothers,
the principle was virtually abandoned
by subsequent clockmakers.

Possibly the neglect of this fascin-
ating device was due to improper
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It is to be hoped that horological
students and artisans of greater stat-
ure than the author’s may direct
their more capable minds and hands
towards dispelling the mists of mis-
repregentation surrounding the cfforts
of the Harrisons and kindred giants
of the past. It is mot a good thing
to minimize the great lcgacy passed
to us by these ancient and honorable
peoplc.

It is further hopcd this modest
effort may help to recrcate favorable
interest in comstructing and experi-
menting with this splendidly flexible
example of the art and sciemnce of
escapement degign.

To the Harrisons and their kind,
wherever they mow may be, this trif-
ling work is dedicated.

Lang may their lums reek!

Rochester, New York
22 October, 1971

analysis and understanding of its
functions and advantages.

Eminent writers have tended to
diminish the popularity of this in-
genious invention by quoting one
another regarding grave faults said
to be inherent in its design.

In the very few and sketchy ac-
counts this writer has been able to
research, so far, the general consen.
sus of others is that the following
faults are common in the basic prin-
ciple of the grasshopper escapement:

A. Difficult to adjust

B. Excessive recoil necessary

C. Great pendulum amplitude

necessary

On the basis of published schematic
diagrams, the author constructed a
large operating model of the grass-
hopper escapement driven by a weight
barrel mounted immediately below
(and geared to) the escape wheel
arbor.

That the system was difficult to
adjust proved, in practice, to be com-
pletely fallacious! Even in very re-
duced scale, the adjustment should
not prove to be as tedious as that in
most standard regulator mechanisms
commonly in use. Anyone who can
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make, adjust, and put “in-beat” a
classic Graham dead-beat escapement
should find the grasshopper escape-
ment easy to make and to adjust.
And he might be surprised and
amused to discover the escapement
almost insists on performing well
even when subjected to misguided
tinkering!

Proper understanding of the escape-
ment’s geometry and functioning de-
mands more study, however.

Further observation and experi-
ments with the large scale working
model indicated that two of the three
faults mentioned above did, indeed,
manifest themselves. It was readily
apparent that a moderate amount of
recoil was directly realized from the

’-large pendulum arc and ‘excesses of
motive force. In addition, the escape-

ment tripped if most of the motive
force was removed while the pendulum
was swinging.

That these faults were directly as-
sociated with unsound construction
geometry was not immediately
recognized.

The geometry now has been refined,
and it turms out that adherence to
strictly correct principles can elimin-
ate the previously published “faults.”

No additions or second-guess gad-
getry are necessary or desirable for
designing a most satisfactory, effi-
cient and elegantly simple escapement.

Given a sound design basis, original
thinkers should properly be tempted
to extract a legion of derivative mech-
anisms from these principles that

promise immense flexibility. One or:

two very interesting variants have
occurred to the author during the
preparation of this work. Their in-
vestigation may stimulate further
writingssin the not-distant future.

II ACTION, PERFORMANCE,
AND ADJUSTMENT

Description of the grasshopper es-
capement action requires the mention
of “articulated” or jointed pallet-
arms, “static” friction locking, “non-
sliding” impulses, “spring - biased”
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pallet-arms, and other interesting
phrases not often found in the no-
menclature of other escapements. Fig-
ures 1 through 6 show the sequence
of events in the action of a geomet-
vically sound version of the grass-
hopper escapement.

In Figure 1, the shaded tooth on
the clockwise rotating escape wheei
of fifteen teeth* is giving impulse
to pallet (A). The connecting pallet-
arm (AH), pivoted at (H), communi-
cates the impulse to the crank-arm
(GH) and causes it to' move in a
clockwise arc about a center (G)
which is also the pivot-point for the
crutch (or pendulum) of a timepiece.
The pendulum is depicted by the
heavy broken line (GK) at the mid-
point of its swing to the left and
momentarily coincident with the line
of centers (GO). Crank-arms (GH)

and (GJ) are rigidly connected to the.

crutch arbor and move through the
same angular arec.

Meanwhile, the pallet (B) and an-
other shaded escape wheel tooth are
approaching each other and will lock
together when the escape wheel has
rotated one quarter of a tooth pitch

|®

Fig. 1 The escape wheel tooth is engaging
the entry-pallet (A) and is impulsing the
pendulum (K) to the left. The exit-paillet (8)
is seeking engagement with its nearest ap-
proaching tooth
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clockwise from the instantaneous pos-
ition shown in Figure 1.

Figure 2 shows the pallet (B)
locked to its adjacent shaded tooth.
Tha clockwise drive of the escape
wheel is now arrested. However, the
pendulum, having momentum, contin-
ues its swing to the left and the
crank-arm (GJ) continues to pull the
pallet (B) and the locked tooth to
the left and forces the escape wheel
to recoil a small amount, i.e., about
five to ten minutes of angle. As a
cincequence of this recoil, the escape
wheel tooth, associated until now with
the pallet (A), backs away (counter-
clockwizse from (A). .

Being relieved of the escape wheel
tooth load, the pallet-arm (AH) is
immediately urged against a resilient
buffer-stop (M) by a low-force bias-
ing spring (L). (M) and (P) are
fixcd to and move with the crank-
arms (GH) and (GJ). Figure 3
shows the pallet-arm (AH) at rest
against the buffer-stop (M). The
tip of the pallet-nib of (A) must
c'ear tha circumference of the escape
wheel sufficiently to allow the shaded
tocth adjacent to pallet (A) to pass
under the pallet-nib when the pendu-
lum starts its swing to the right.

Fig. 2 The exil-pallet has engaged its
“tooth. The pendvlum momentum to the left
is aboul to cause escape wheel recoil aad
the relcase of the entry-pallet

Figure 4 shows the pallet (B) being
impulsed to the right by its adjacent
shaded escape wheel tooth. The escape
wheel has rotated one-quarter of a
tooth pitch clockwise, the pendulum
(GK) is again momentarily coincident
with the line of centers (GO) as it
rcaches the mid-point of its swing to
tha right, and the pallet (A) has
clearcd its previous impulsing tooth
(shaded). The pallet-arm (BJ) has
b-en drawn away from its buffer-stop
(P) against the mild resistance of
the bias spring (L). As the escape
wheel continues to impulse the pendu-
lum to the right, the pallet (A) dips
bzhind its previous imp:sing tooth
and moves to meet the following tooth
as both seek a locking condition.

In Figure 5, the escape wheel has
rotated clockwise another one-quarter
tooth pitch. The pallet (A) has
locked on its appropriate tooth and
clockwise rotation of the escape wheel
has again ceased. Meanwhile, the
penduium’s momentum to the right is
about to force the escape wheel again
to recoil slightly.

Figure 6 shows how, immediately
after the escape wheel recoil, pallet
({B) jumps to a rest position against

Fig. 3 Recoil has taken place, the entry-
pallet has cleared its whee! tooth, and the
pendulum is about to be impulsed to the
righ! by the wheel tooth engaging the exit-
pailet
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the buffer-stop (P) as urged by the
force of the bias spring (L). The tip
of the pallet-nib of (B) must clear
the circumference of the escape wheel
sufficiently to allow the shaded tooth
adjacent to pallet (B) to pass under
the pallet-nib when the pendulum
starts its swing to the left.

The configuration of Figure 1

, again presents itself, and the cycle
" is repeated.

Careful study of the action cycle
will make it apparent that, unlike the
time-honored Graham dead-beat and
other classic escapements, the Harri-
sons’ grasshopper escapement pos-
gesses near-zero sliding friction. A
very trifling increment of sliding
friction must, of a necessity, exist at
the instant a pallet unlocks from a
whezl tooth at recoil and the pallet
bias spring overcomes the resistance
of the rapidly diminishing static fric-
tion-hold of the tooth on the pallet.

The pallets should not be lubricated.

. They do not require the choice of any
special material in combination with
the escape wheel teeth as regards
low-friction characteristics.

Since energy put into the pallet-arm
bias springs is lost energy, the springs

Fig. 4 The engaged escape wheel tooth/
exit-pallet is impulsing the pendulum to the
right. The entry-pallet is seeking engage-
ment with its neorest approaching tooth

should have just a trifle more strength
than that nccessary to assure raising

_ the pallet-arms against the buffer-

stops. In past years, some- experi-
menters have counterweighted the
paliet-arms to achieve this same effect
with near-constant force. This sub-
stitution for springs has merit and

may well be easier to adjust and con-

trol in applications where space_ per-
mits the proper installation of correct
poise-arms.

The buffer-stops must be resilient
enough to yield as the pendulum con-
tinues to swing by its momentum
after the locking of the escape wheel.
In any event the buffer-stops merely
need to be stiff enough to positively
and accurately locate the pallet-arms
as they are alternately moved away
from the escape wheel by the bias
springs.

Following impulse and locking, the
supplementary arc of the pendulum
is modulated by the energy absorbing
offices of the buffer-stops and the
recoiling gear train of the timepiece.

~ Except for gear train friction losses

and internal molecular friction of the
buffer-stop material, most of the ab-

fig. 5 The eniry-pallet has engoged its
tooth. The pendulum momentum to the right
is about to ccuse escape wheel recoil and
the release of the exit-pallet
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sorbad energy is put back into the
pendulum during its return.

The motive force in the timepiece
should be adjustable to assure reliable
unlocking of the pallets at the ex-
tremities of the pendulum’s swing.
Great recoil is not required for the
proper performance of the grasshopper
escapement. With a well made gear
train, the motive force required to
drive the train and escapement will
be reiatively small, because the grass-
Lopper escapement is efficient.

Impulse is continually given during
the clockwise rotation of the escape
wheel, friction is almost non-existent
at the pallet/tooth interfaces, and
there are no “shakes” or ‘“drop”
losses.

It is probable that some degree of
isochronism couid be realized through
proper balance of the motive force,
the pendulum bob weight, and the
stiffness of the buffer-stops.

The corner formed by the intersec-
tion of a pallet’s pressure face and a
plane passing through the pallet-arm’s
pivot axis should capture the escape

Fig. 6 Recoil has taken place, the exit-
pallet has cleared its wheel tooth, and the
pendulum is about to be impulsed to the left
by the wheel tooth engaging the entry-paliet.
The next step in the cycle duplicates Fig. 1

wheel tooth-point as precisely as can
be managed. By providing the buffer-
stops with fine-pitch adjusting screws,
this condition easily can be met. Ad-
justment of a buffer-stop position
causes a pallet to meet its next
engaging wheel tooth earlier or later
£s necessary to sccure this ideal cor-
nering (Figure 7). This adjustment
can moderately be mismanaged and
the escapement will continue to funec-
tion well. But good cornering is
readily realized; careful craftsman-
ship dictates minimizing all possible
variables.

The pendulum should not be beat-
adjusted in this fashion of moving
onz buffer-stop and then the other.
A separate beat-adjustment is much
to be preferred.

The long pallet-nibs serve only as a
safety function. They prevent acci-
dental tripping of the escapement
and the “running through” of the
train. Classic diagrams fail to show
the necessity of providing this safe-
guard. If the nibs are too short it is
possible for the gear train to rapidly
run down while the pendulum is

D e

PALLET A

Fig. 7 Enlarged views of the two paliets

. show how the escape wheel teeth ‘‘corner’’

in the respective pallet angles at the instant
of engogement

4
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swinging and immediately after the

driving force is momentarily removed
from the train. This condition might
well prevail when winding a timepiece
devoid of a maintaining-work device.**

The point-to-point distance between
the pallet-nibs must be less than the
length of the chord which ecrosses
the escape wheel circumference at the
points where the pallets act. The
pallet-nibs must not be excessively
long, however. Sufficient tip clear-
ance must be provided to pass appro-
priate escape wheel teeth .at the
proper portion of the pendulum’s
swing. These two requirements are
not incompatible if correct. construc-
tion is adhered to.

The evident unsymmetry of the
pallet-nib lengths is explained by the
fact that both pallet-arms operate
through equal angular arcs,*** but
are unequal in overall length from
pallet to pivot. Therefore, the longer
arm subtends a longer action-chord
at the pallet end and the nib has to
be longer in proportion.

The shape of the entry-pallet’s pres-
sure-face is a simple cylinder are
struck from the pallet-arm pivot

, center,

The shape of the exit-pallet’s pres-
sure-face is a plane set perpendicular
to a plane containing the pallet-arm
pivot axis.

The escape wheel’s tooth profile
works very well if it is well-pointed
and the acting face is undercut ten
to twelve degrees from a radial line
drawn to the tooth tip. As in many
Graham wheels, the tooth tips can
be left “flat” with one-half degree of
the circumference left untouched. Care
must be taken to see that the gullets
between the teeth are cut deep enough
to accept the longer pallet-nibs at
full-depth locking,

I PENDULUM AMPLITUDE
CONSIDERATIONS

The choice of the amplitude of the
pendalum arc is easily realized and
accomplished by manipulating design
geometry. The arc length varies di-

rectly as the radius of the escape
wheel and inversely as the nnmber
of escape wheel teeth and the effective
distance between the pallet-arm’s line
of action and the crutch-pivot axis.
The pallet-arm’s distance is equal to
the geometrical . span of the pallet
crank-arm, in most cases. :

The following little formula is use-
ful for planning the pendulum arc
length:

180 R,
=R
where:

¢ = the ‘pendulum arc in degrees

R: = the escape wheel radius

R: = the distance of' the pallet-

arm’s line of action from
the crutch pivot axis

Z = the number of teeth in the

escape wheel

To have an example of this simple
computation, suppose we take the now
familiar diagrams, Figures 1 through
6, and resolve their mutual basic
geometry into a basic linkage diagram
as shown in Figure 8:

Z=/5TECTH

Fig. 8 This is the basic linkage geometry
of the diagrams as shown in Figs. 1 through 6

3
!
1
i
|
4.
i
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let:
RI =1
Re =1
Z = 15 teeth
then;
180 x 1 .
- 15x1 " 12

Now, twelve degrees is a fairly
lerge are, as is often mentioned in
the writings of others who discuss the
grasshopper escapement.

If we try another escape wheel with
thirty teeth and keep the other values
the same as before, we will find the
arc reduced to six degrees. Six de-
grees of arc are better, but the arc
remains about twice the amplitude
associated with good regulators.

From here on, if desired, obvious
steps can be taken to diminish the
are by resorting to the legitimate
expedients of increasing the radius
(R:), the escape wheel tooth count
(Z), or both at once relative to the
escape wheel radius (R,):

let:

R = 1,R.-=:2,Z=60teeth

then;

¢ = 1.5°! . enough said.

IV THE CORRECT GEOMETRY
FOR THE GRASSHOPPER
ESCAPEMENT

The whole secret in getting the
vight start in laying out the grass-
hopper escapement is the understand-
ing of a “mutual -tangents” concept,
or, insuring that the pallet-arms lay
on tangents common to the escape
wheel circle and the crank circle on
which the pallet-arms are pivoted.

Referring back to Figure 8, note
that pallet-arms (AH) and (BJ) not
only coincide with the tangents, but
also their lengths are determined by
the distance between the points of
tangency on the respective circle
circumferences.

The linkage motion, as carried on
over small arcs, is analogous to two
pulley wheels coupled together one-
half of the time by a common loop
belt so ac to rotate together in the
same sense. The other half of the
time they are coupled together with
a crossed belt gnd they rotate in an
opposite sense with respect to each
other.

N~
(@) (b) «
Fig. 9 (o) through (e) illusirate the seq of the di ionl sch tic layout of the
grasshopper escap t. The identifi lettering is consistent with all previous {(and sub-

scquent) diagrams
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Again, from Figure 8, it can be
seen that if center distances are al-
tered, the points of tangency must
shift. This, in turn, means that the
number of tooth pitches spanned by
the pallets is affected and suggests
that some logical procedure is neces-
sary for imposing desired character-
istics into the system.

K

V THE LAYOUT PROCEDURE

The procedure for laying-out follows
for a general-case escapement. Spec-
itic dimensional values are not con-
sidered, as they are at the discretion
of the escapement designer. For
convenience in layout, the pallet-arm
segments are all represented in Figure
9 (a through e), as in Figure 8, i.e.,

,in the locked mid-position, or tangent
to the escape wheel circle. In practice,
each would be spring-biused away
from the wheel circumference and
against the buffer-stops. The bias
angle equals one-half the pendulum
are.

The layout steps in Figure 9 are
as described in keys (a through e), in
acquence:

@)

a. Select a convenient radius (R.)
and draw the escape wheel cir-
cle about a center (O).

b. Lay out a sector whose angle
(AOB) equals the subtense of
(N + .5) tooth pitches. Extend
one arm (OBC) of the sector.

¢. Construct tangents (AD) and
(BD) to the sector radii (OA)
and (OB). Extend tangent
(AD) to a convenient point
(E).

d. Bisect the angle (BDE), letting
the bisector originate at (D)
and terminate at the intersec-
tion point (F) on (OBC). For
reference, observe that angles
(AOB) and (BDE) are equal.
Let the halves of bisected angle
(BDE) be identified by the
symbol («) alpha,

e. Any point. (G) between (D)

- and (F), on line (DF), may be
used as the pallet-crank center.
Using a convenient radius (R.),
centered at (G), draw arc
(H1J) tangent at points (H)
and (J) on the arms (BD) and
{DE) of the bisected angle.
Draw (GH) and (GJ).

This concludes the layout and in-

cludes the complete structural frame-

©

Fig. 9 continved
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work on which a correct escapement
can be based. Figure 10 illustrates
a few of the many configurations, all
correct, that can be created by this lay-
out method. In some of the cases the
pallet-arms are shown pivoted at a
common point (D) on a single crank-
arm. This is a valid construction
method**** and is especially useful
in cases where the exit pallet-arms
become unmanageably short as in
cases where center (G) closely ap-
proaches (F) in the layout diagram.
In either construction, for small mo-
tions, the effective line of action of
tke pallet-arms is equivalent to a line
tangent to radius (R.). It is impor-
tant that this be kept in mind when
making pendulum arc calculations.

Yl FORMULAS FOR THE
LINKAGE DIMENSIONS
(Use Figures 8 and 9e)

e

’38°
f) @
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From the construction diagrams,
and from their content of many sim-
ilar (or identical) right triangles, the
following dimension-finding formulas
can be deduced: '

A, Pallet span angle =

aop = JRXNAD

where:

(N 4 .5) = a whole number of
teeth plus one-half
tooth .
Z = total number of teeth in the
escape wheel
AOB

B. Half span angle a = —9

Note: the angle « is the
key to all the following
formulas:
C. Working dimension DO =
R, secant a
(DO) dimension is required

150°
(k)

1ng"
b

26*
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Fig. 10 {a) through (k) illustrate o number of possible linkage configurations. The lower
circle represents an escape wheel of constant size through the entire group. Note that three
sub-figures (e, f, & g) depict the pallet-arms pivoted on common centers
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