
CHAPTER 12 

Machine and Inverse Escapements 

MACHINE AND INVERSE ESCAPEMENTS 

IN GENERAL 

In this chapter two more types of mechanisms 
will be considered-machine escapements and in
verse escapements. Neither of these is as popular 
with machine designers as are ratchets, cams, or 
Genevas, but both deserve more attention than they 
get, since they offer the designer significant a d 
vantages in many design situations. Both machine 
and inverse escapements look very much like clock 
eseapements, but neither is designed to run syn
chronously and both are designed to handle con
siderably larger loads than the typical clock escape
ment. Despite the geometrical similarities between 
these two types of mechanism, they will be discussed 
separately (machine escapements first) because they 
differ quite a bit in their operation. 

MACHINE ESCAPEMENTS 

Description of Machine Escapements 

A typical machine escapement is shown in Fig. 
12-1. As can be seen from the drawing it looks like 
a clock escapement rxcrpt that the scape lever is 
controlled by the rotation of a snail cam rather than 
by a pendulum. The scape lever, of course, could 
also be controllrd by a solenoid rather than by an 
input cam. This would place the length of the dwell 
period under the control of the oprrator. In either 
case, one of the two teeth (pallets) of the scape 

lever is always in a position to interfere with the 
motion of the scape wheel which, therefore, can 
never run away. 

As in a clock escapement, the scape wheel in Fig. 
12-1 is continuously urged to rotate by the machine 
to which it is fastened. A spring or weight could be 
used, as in a clock or watch, but a slip clutch or 
stallable motor is more commonly used in machine 
design. Sometimes, both a spring and slip clutch are 
used, the clutch being used t-0 limit the torque that 
keeps the spring wound. Spring loaded escapements 
are usually called "load-and-fire" escapements. Ex
amples of these will be seen later on. 

The machine escapement is similar in some ways 
to certain types of limited motion clutches. In the 
next chapter a one-turn ratchet clutch will be seen, 
for example, that might well be mistaken for a ma
chine escapement. The difference is that an escape
ment controls or releases energy in some other 
mechanism; a clutch transmits energy from drive 
to load. 

Figure 12-2 shows another machine escapement. 
It differs from Fig. 12-1 in that the scape lever has 
only a single pallet. This mechanism will function 
correctly only if. the scape lever moves rapidly 
enough to catch each tooth of the scape wheel after 
every motion of the wheel. As mentioned in Fig .
12-1 one of the two pallets of that scape lever is 
always in a posit.ion to interfere with the motion of 
the scape wheel. The mechanism of Fig. 12-2, relying 
as it docs on a race between the scape lever and the 
scape wheel, is a more risky mechanism; but, never-
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Fig. 12-1. Typical machine escapement. 

theless, the single pallet escapement can be made to 
function correctly with proper design. 

One way to help the single-pallet scape lever 
function correctly i s  to spring load it in the manner 
shown in Fig. 12-3A. Every time the pallet escapes 
a tooth on the wheel the lever, provided with a slot, 
immediately jumps ahead and downward (Fig.
12-3B). This trick gives the lever more time to 
re-engage the wheel (or catch the next tooth). The 
spring also acts to cushion the impacts that occur 
when the wheel is stopped by the lever. 

Advantages and Disadvantages of Machine 
Escapements 

One favorable attribute of the machine escape
ment is the fact that it has a large mechanical ad-

mput
s,ope lever 

or pawl 
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@ 
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Fig. 12-2. Machine escapement with single-pallet scape 
lever. 

vantage. A small amount of control energy from a 
low torque rotating shaft or a lightweight solenoid 
can control (release) a large amount of energy or 
torque in the scape wheel and remainder of the 
machine. The only energy which has to be supplied 
to the control system is that required to extract the 
scape lever from thP scape wheel. The ratio between 
this energy or torque and that which is controlled, 
is the same as the ratio between the normal force 
on the lever and the frictional resistance to its 
motion. Since the friction force can usually be kept 
at 10 or 20 percent of the normal force, one unit of 
energy can easily control ten. \1/ith special attention 
paid to the shape and surface treatment of the scape 
lever and wheel teeth, with proper balancing of 
scape lever, etc., the control to output torque ratio 
can be even greater thar. this. 

This mechanicai advantage leads to an additional 
advantag<'. The machine escapt>ment can be operated 

Fig. 12-3. Single-pallet machine escapement-. (A) Engaged. 
(B) Disengaged. 

at very high sp<'eds because we do not have to wait 
for large drive torqu<'S to b<' dC'velop<'d by the system. 
Such torques are always pr<'scnt (produced by stalled 
motors, wound springs, slip clutches, etc.) urging 
the scape wheel forward. The escap<'m<'nt need only 
produce o. small control torqu<' which releases the 
drive torque. Solenoids, motors, or springs which 
drive the scape lever, therefore, can be small and 
the inertia of the escapem<'nt parts can be very 
small. All of this can rPSult. in very high speeds 
(with prop<'r design of the drive circuits, etc.). 

A different advantage can be obtained with the 
"load-and-fire" type of machine escapement. Here, 
a low-power motor can be used (with suitable gear
ing) to wind a large spring slowly. A very small 
control solenoid or equivalent is then used to actuate 
an <'Seapement to release the energy in this spring. 
The system produces large output torques with low 
input energy and torque r<'quirements. Of course, 
cycle rates have to be slow enough to allow the low
energy motor to wind up th<' high-torque spring, 
but, this is not a serious disadvantage in many cases. 
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Another advantage is the machine escapement; it 
is a very simple device, even simpler than a ratchet. 
There is no need for such things as a n o -back pawl, 
non-overthro"· pawl, pawl springs, etc. Simplicity, 
in turn, leads generally to lower costs and to i m 
proved reliability. Finally, the machine escapement 
keeps the load under control quite reliably, although 
there is a period during which the load is free
wlweling bet ween stops. Ht he escapement is designed 
properly, the load (scape wheel) cannot get very far 
before it is stopped (motion control). 

I 
t 

t 

Fig.12-4. :\lotion curves of a typirnl mnchine escapement. 
:--otice the similarity to the curves of a clock escapement i.n
Fig. 11-5. 

Tht•r(' arc disadvantages to machine escapements, 
howevrr. This is an impact mt'chanism, probably 
producing mon' srver<• impacts than a ratchrt, since 
full drive torqut' is usunlly applird to the scape 
wheel at all timrs. This mrans thnt machine escape
ments can only be used in relntivdy light-duty 
applications and can only take short strps (perhaps 
one rrvolution, as a maximum) to n•duce impacts. 
:\lotion times nre always short, thrrrforr, but the 
dwC'll period can bt' plncrd undrr the control of the 
oprrator, if this is desirable. 
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Fig. I 2-5. Manually operated escapement in a towel dis
penser. 

Motion Curves- Machine Escapements 

11otion curves for the scape wheel of a typical
machine escapement are shown in Fig. 12--4. These 
are identical to the motion curves for a clock escape
ment and are characterized by a constant torque 
period (following release of the scape wheel) followed 
by a severe impact as the wheel is stopped when it 
strikes the next pallet of the scape lever. 

Examples of Machine Escapements 

In this manually operated escapement, from a 
towel dispenser (Fig. 12-5), the operator pushes 
the control button which moves the scape lever 
counterclockwise until it strikes the wheel. He is 
now free to pull a towel from the dispenser. This 
act rotates the scape wheel, and tooth a of the scape 
wheel acts on the cam surface of the scape lever to 
move the scape lever back into the position shown in 
the illustration. This brings the right-hand pallet of 
the scape lever into position to interfere with tooth 
b on the scape wheel, and thus prevent the operator
from getting more than one towel. 

Figure 12-6 illustrates a very simple machine 

inpur 

0 

Drawino courteiu of .l!.4CIIINE DESIGN Jfaoozine,- Du. 23. 1965: 
p .  121 6 

Fig. 12-6. Simple machine escapement with a rotating in
put. 
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Fig.12-13 Solenoid powered load-and-6.re escapement. 

l>rov,ift// � of MACHINB DBSIGN MOIIGriM; Doc. '3, 1966: 
p.1111 

Fig. 12-11. Load-and-fire escapement. 

web or belt. The scape wheel could be powered by a 
stalled motor (not shown). 

The input shaft of this load-and-fire escapement 
(Fig. 12--11), rotates continuously. The spring is 
wound until the escapement trigger on the right
hand side is driven outwards by a cam fastened to 
the large gear on the right. This action moves the 
scape lever, allowing the scape wheel to be driven 
by the spring. Both dwell and cycle times are con
trolled by the mechanism. 

Figure 12--12 shows another load-a n d -fire escape
ment. In this design, a clock spring is used to increase 
the amount of energy which can be stored in the 
system between index cycles. The motor should be 
a stallable motor in the arrangement shown, or a 

Dratllift// � of MACHINB DBSIGN M-,i,u; Doc. '3, 1966: 
p ,  1111 

�- 12-12. Load-and-fire escapement with clock spring for 
lltormg energy between index cycles. 

switch of some sort should be provided to fire the 
escapement prior to the end�f-"'ind of the main 
spring. 

In the load-and-fire escapement of Fig. 12-13, the 
input energy is derived from a solenoid which loads 
a heavy spring. When the coil is de-energized the 
heavy spring moves the scape lever upward, loading 
the light spring and then releasing the scape wheel. 
The heavy spring drives the light spring, which 
drives the pawl, which drives the scape wheel-until 
this latter is caught by the lower scape lever -pallet. 
The scape wheel does not rotate further when the 
drive coil is re-energized. (There should also be a 
no-back pawl since the input here is through a 
ratchet mechanism.) 

The input of the low-cost load-and-fire escapement 
in Fig. 12-14 '\\-inds the spring of the right-hand 
shaft until the mutilated cylinder on the left-hand 
shaft releases the long scape lever (which is mounted 
on the right-hand shaft for bearing purposes, but 
which is not fastened to that shaft). This is actually 

outpi<t 

Fig. 12-14. Low-eost load-and-fire escapement. 

http:load-and-6.re
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Fig. 12-15. Heavy-duty load-and-fire machine escapement 
for indexing a large machine tool table. 

a very simple arrangement in which both dwell and 
cycle times are controlled by the input. 

The heavy-duty load-and-fire machine escapement 
in Fig. 12 -15 is used to index the table of a large 
machine tool. It is the same type of device as in 
Fig. 12-14, but with significantly different details. 
The motor (lower right) winds three large coil springs 
which are connected to the indexing table through 
gears. The motor also drives a cam (lower left) 
which eventually operates a spring-loaded latch 
releasing the table for one step. 

Another load-and-fire mechanism is this escape
ment (Fig. 12-16A), from a business machine. The 
"incrementing" wheel ( we would have called it a 
scape wheel) is continuously urged to rotate by a 
spiral spring (25), which is kept wound by a friction 
drum (27) . The incrementing wheel, however, is 
prevented from rotating if solenoid (70) is de
energized. A wheel with flexible teeth (50), serves as 
the scape "lever." It rotates continuously, periodi-

cally escaping the incrementing wheel as long as the 
solenoid is energized. When the incrementing wheel 
is held by the solenoid the scape lever wheel (50), 
can still rotate because it has flexible teeth as shown 
in Fig. 1 2 -16B. Input to this wheel and to the spiral 
spring, therefore, can be continuous. 

A drive roller in the three-piece escapement shown 
in Fig. 12-17, is frictionally connected to a small cam 
which contains a wedging tooth. A pair of spring 
arms constitutes the scape lever ( designated as 
"escapement" in the illustration). When the scape 
lever is moved toward the left, the drive roller rotates 
the cam counterclockwise until a resilient wedging 
tooth contacts the output cam. The wedging tooth 
and then the drive roller will now drive the output 
cam until the cutout in the output cam is again 
positioned opposite t.iJ.e drive roller, as shown in the 
illustration. At this point motion ceases. The wedging 
tooth by this time has moved past engagement with 
the output cam and the tooth carrier has been 
trapped by the right-hand arm of the scape lever. 
lVIoving the scape lever to the right releases the cam 
to return to the position it had at the beginning of 
the cycle. This escapement, then, produces one revo
lution in the output every time the escapement lever 
is actuated. 

Two electrical coils are used to aid permanent 
magnets in this escapement from a high-speed busi
ness machine, Fig. 12-18. An iron scape bar mounted 
on the end of the spring is captured by the upper or 
lower permanent magnet until one of the electrical 
coils is energized; at which point the scape bar will 
be released by one magnet and captured by the 
other. Energizing the coils in the proper sequence, 
therefore, moves the scape bar rapidly up and down, 
thus releasing the output drum. 

The input member of the controlled-output escape
ment shown in Fig. 12-19 not only drives the scape 
wheel but relea.�es it as well, and thereby controls 
output speed, which is rare in an escapement. The 
scape lever Le, driven out of engagement ·with the 
scape wheel by the rotation of the scape wheel, and 
is again locked into engagement with the seape 
wheel during dwell periods by the input cam. This 
is apparently quite an old design (see Fig. 7 - 2  for 
an example) .  

Figure 12-20 shows a breakaway drawing of a 
business machine escapement. This highly developed 
mechanism was designed for the IBM Selectric type
setter. As with the ratchet mechanism of Fig. 7-41, 
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Fig. 12-16. Business machine escapement. Note how in detailed diagram B, at right, portions or scape lever flex to engage 
teeth in incrementing wheel. (U.S. Patent 3,443,442; J. J. Schweihs.) 
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Fig. 1 2 -17. Three-piece escapement with friction drive. Fig. 1 2 -18. Escapement from a high-speed business 
(U.S. Patent 3,446,086; J. R. Peltz, et al.) machine. (U.S. Patent 3,432,695; J. G. Sims, Jr.) 
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it was necessary to provide for motion steps of 
varying lengths. This has been accomplished, in part, 
by providing change gears to control the ratio be
tween the motion of the carriage lead screw and 
motion of the escapement. The change gear arrange
ment, with the sliding collar "clutch" used to couple 
one of three gears to the gear changer shaft, is best 
shown in Fig. 12-20. The carriage lead screw can 
also be seen in this illustration. To provide additional 
variation in the length of tl:!,e motion steps, the teeth 
of the scape wheel were made of sliding pins rather 
than fixed pins, which can best be seen in Fig. 
12-21A. Each pin can be moved laterally out of 
engagement (or into engagement) with the single
pallet scape lever. The mechanism which controls 
the pins is shown in Fig. 1 2 -21B; the scape lever is 
shown in Figs. 1 2 -21A snd 1 2 -21C. 

The pin set and clear bars shown in Fig. 12-21B 
are controlled by logic circuits in the machine, so 
that different motion steps can be taken for different 

k•,;k\'\I hr k,:y type fonts and for different characters: a "w" would 
H,1a1 inJ 
d\ll.ntc 
,.::H')

require a longer step than an "i", for example. 
The escape lever in Fig. 12-21C shows the type G,:::.r 

ch.1t'lfCt 
of refinement that goes into the design of high-speed, 
high-quality intermittent motion mechanisms. Al
though only one pallet assembly is provided, there 
are really two pallets; nearly identical and operating 
beside each other. One of these is free to jump ahead 
of the other to catch the next extended pin on the 
scape wheel, cushioning the impact required to stop 
the wheel, and improving the reliability of the system 
by giving the principal pallet more time to re-engage 
the wheel. See also Fig. 12-3 for a similar, but 
simpler arrangement. 

drive arm 

inputov.tput 

scape lever 

DrGtOino covreuv of PRODUCT ENGINEERING Maoa,in,; D«. IC, 
1966: J)J), 86-98 

Fig. 12-19. Controlled output escapement. 
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Drollino• «>urtui, of B. W. Milu 01ld C. C. Wiuon. IBM Journal of 
R,-,h and Dntlop"""'; Vol. U, No. I, Ju. 1968: pp. ,18-69 

Fig. 12-20. Business machine escapement. 

INVERSE ESCAPEMENTS 

DMcrlptlon of lnvene Escapement 

Figure 12-22 shows a typical inverse escapement 
designed for an instrument application; in this case, 
a high-speed electrical counter. At first glance this 
looks like a machine escapement with the scape lever 
being controlled by a solenoid. Notice the size of the 
solenoid, however. In the inverse escapement the 
power flow has been altered: the verge arm ( or 
scape lever) drives, rather than releases, the ratchet 
wheel. All input energy is derived from the drive 
solenoid and return spring. I have called the "scape 
wheel" a ratchet wheel, to further emphasize that 
this system operates more like a ratchet than an 
escapement. 
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Fig. 12-21. Details of buainesa machine e&:apement in Fig. 12-20. 

The inverse escapement functions very much like 
a ratchet but it is simpler than a ratchet. Notice the 
absence of no-back and non-overthrow pawls, for 
example, which are required in a ratchet to improve 
control. In a properly designed inverse escapement, 
iust as in a machine or a clock escapement, one 
pallet of the verge or scape lever is always in position 
to interfere with the free rotation of the output 
wheel which, as a result, can never get ahead of or 
behind the intended drive position. The inverse 
escapement, of course, is a cam system in which the 
"follower" is driving the cam. Like the machine 
escapement, it is not a very popular device, but it 

should be more popular than it is. I am sure there 
are many machine designs now using ratchets that 
could be improved by the use of an inverse escape
ment. 

Advantages and Disadvantages of Inverse 
Escapement 

The inverse escapement is a very simple device. 
As a result, its reliability and cost are probably more 
attractive than those of a ratchet, which is its nearest 
competitor. It is probably a little better at load 
control than a good ratchet (by " good" ratchet is 
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D,c,1Di"'1 ..,._,, of MACHINE DESIGN M01JOZin,; I>,,,. �S, 1966: 
p. 111 6 

Fig. 12-22. Typical inverse escapement. 

meant one with proper non�:>Verthrow teeth, no-back 
pawl, etc. ) ;  especially at very high speeds. It is 
possible, however, for the ratchet wheel on the in
verse escapement to rebound and back up if it is 
forced to operate at too high a speed. 

Like other escapements, of course, this one pro
duces impact, probably to about the same extent 
as a ratchet. This means that it is usually used 
only in relatively light-duty applications, although 
unlike a machine escapement, the inverse escape
ment can handle heavy loads at slow speeds as we 
shall see later in Figs. 12-33 and 12-35. The steps 
it takes must be fairly short, so the motion times 
are relatively short and cannot be extended. The 
necessity to maintain a good cam angle between 
verge and output wheel ( to guarantee adequate 
drive torque) also limits the number of stops which 
this device can make per output revolution. (See 
Fig. 8-3 for further discussion of this point.) 

It is doubtful that a successful inverse escapement 
could be built which would take fewer than two, or 

three, or more than 100 steps per revolution. How
ever, it is always possible that a clever designer 
could find a way around any flat statement of that 
sort ! But, at least, such has been my experience. 

Motion Curves of Inverse Escapements 

The motion curves of inverse escapements are 
essentially the same as those of impulse ratchets as 
will be seen later, in Fig. 12- 23. 'When the verge 
arm strikes the ratchet wheel, the whed will start 
to rotate but the arm will rebound. The solenoid 
brings the arm back under control and moves it 
back into the wheel for a second blow. After four 
or five separate impacts of this kind, the arm and 
wheel will move together to complete the stroke. 
,Vhen the arm has reached the bottom of the wheel 
tooth, the wheel will come to rest. Since there is 
some play between wheel and drive teeth, and since 
the arm will rebound again at the end of the stroke 
(increasing the backlash a little), the stopping proc
ess will also consist of a series of impacts as shown in 
the curves. 

Figure 12-23 depicts motion curves for a typical 
inverse escapement. Note that these are the same 

?;' 
( OI.) 

time 

time 

time 

Fig. 12-23. Motion curves for ll typical inverse escapement. 
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pleted its pre-travel and is ready to index the wheel. 
The two-level cam arrangement shown in Fig. 12-27 
would produce this kind of drive sequence; i.e., a 
continuously rotating input and a separate drive 
for each pallet. 

In a bidirectional inverse escapement (Fig. 12-28), 
when the clockwise coil is energized it will rotate the 
output wheel 18 degrees, first driving the spring
loaded lower arm dov.'Ilwar.d to release the output 
wheel. When the coil is de-energized, the spring
loaded arm is released and will engage the wheel to 
drive it an additional 18 degrees, thereby turning 
the output wheel a total of 36 degrees for each 
excitation of the input coil. Energizing the counter
clockwise coil will produce the same results but in 
the other direction. This mechanism is used in a 
high-speed electrical counter made by the Citizens' 
Watch Company of Japan. 

((kl 

spring loaded �rm 

Fig. 12-28. Bidirectional inverse escapement. 

A low-cost inverse escapement with magnetic 
drive for the second half of each stroke is shown in 
Fig. 12-29. When the input cam pulls down the 
spring the magnet (which is located behind the 
wheel) will rotate the iron output wheel a few degrees 
counterclockwise, since the magnet is nearer to tooth 
a than to tooth b. When the cam releases the drive 
spring it will move upward and cam the wheel into 
the next position, corresponding to that shown in 
the illustration, to complete the drive stroke. (U.S. 
Patent 3,504,306; D. Fritsch.)  

The motion of the side-acting inverse escapement 
device in Fig. 12-30 is basically the same as that of 
Fig. 12-22, but in this case the action is sideways. 
To see why these devices are called "escapements" 
even though they are drivers, compare this drawing 
with Fig. 11 -7 .  

Figure 12-31 illustrates an axial inverse escape
ment. The three, toothed members in this illustration 
are cylinders. The center one is prevented from ro-

magnet 

---spring 
Fig. 12-29. Low-cost invenie escapement with magnetic 

drive for the second hair or each stroke. (U.S. Patent 3,504, 
306; D. Fritsch.) 

Drcawi"41 <0vrlUV of MACHINE DESIGN M...,;•,; D.,, U, 1966: 
p.  111 § 

Fig. 12-30. Side-acting inverse escapement. 
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Fig. 12-31. Axial inverse escapement. 
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Fig. 12-32. Fluidic inverse escapement. (U.S. Patent 
3,439,695; P. Bauer.) 

tating, and is moved back and forth, as shown, 
alternately engaging the cylinders on the left- and 
right-hand ends of the shaft, both of which are 
pinned to the shaft. This indexes the shaft. 

The principle of the fluidic inverse escapement 
shown in Fig. 12-32 is the same as that of Fig. 
12-2�, but here the driver (28) is powered by jets 
of flwd rather than by a solenoid. 

Sept. 22, 19TO W. E, KASPARECK 3,529,480 
HtCUJCN STCl"Pnu; oant 

FUod Ho•. 7, 196ft 

FIG.2 

INVCNTOR
WAL.T(R £, kA.S.,.H(Ck 

., q/- i; 7  
ATTokNCY$ 

Fig. 1 2 -33. Inverse escapement for an aerospace applica
tion. (U.S. Patent 3,529,480; W. E. Kaapareck.) 

The design for the inverse escapement for an aero
space application shown in Fig. 12-33 was conceived 
at the National Aeronautics and Space Agency. 
Input is through gear (31) which rotates face cam 
(17) to move the drive arms in and out of engage
ment with the teeth of the output member (49). 
NASA says this device produces better torque with 
greater precision than a conventional gear train. 
The sequence of operation of the inverse escapement 
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is shown in Fig. 1 2 -34. A design such as this could 
handle a very heavy load but only at o. re:atively 
slow speed. 

In the inverse escapement of Fig. 1 2 -35, used on 
a heavy-duty machine tool, the drive member (21 ) 
reciprocates rather than rotates, but the principle is 
still basically the same. Again, this escapement would 
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Fig. 12-35. Reciprocating inverse escapement used on 

heavy-duty machine tool. (U.S. Patent 3,161,070; H. J. 
Venables, III.) 
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Fig. 12 -34. Sequence of operation of stepping drive shown 
in Fig. 12-33. (U.S. Patent 3,529,480; W. E. Kaspareck.) (D) : o O \ , 0 . 
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\ ' be suitable for heavy loads if the speed were low 

enough. 
Among the miscellaneous inverse escapements from 

high-speed electrical counters in Fig. 12-36, notice 
the similarity between sketch D and Fig. 12-35. 

Drowinoi ,ourU•u of tht V etder•Root Com pant, 
The double-arm inverse cscape>ment in Fig. 12-37 

Fig. 12-36. Miscellaneous inverse escapements used in
looks less like an escapement and more like a cam high-speed electrical counters. 
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BA 

output pin 

Fig. 12-3i. Double-arm invel"$e escapement. (U.S. Patent 
3,-tH,i64; R. Greenwood.) 

syst<'m than most of the devices in this chapter, but 
it combim•s the featur<'S of Figs. 1 2 -36D and 12-27. 
As in 12-36D, for example, the output cam contains 
a. circle of drive pins. These are pushed alternately 
by two separate drive arms, as was the design of 
Fig. 1 2 -27. In Fig. 12-37, however, the input cam 
oscillates, rather than rotates. This motion forces 
the drive arms outward, alternately, engaging the 
pins on the output. wheel. Xote that the drive arms 
have drive "blocks" at their ends; the pins on the 
output \\'hN.'l are able to move under the inner 
portion of the arms as the wheel turns. The mouse
�rap springs force the drive arms to follow the 
Input cam. 

Anatomy of an Inverse Escapement 

Let us now review the component parts of an 
inverse escapement device as seen in Fig. 12-38: 

A. Output "·heel- joined to C; B. Verge or 
drive arm-serves as drive pawl, non-overthrow 
pawl, and no-back pa"·l making this mechanism 
simpler than a ratchet having the same speed 
capability; C. "Ratchet" or "star" wheel-teeth 
must be shaped to provide proper cam angles 
for the forces received from the verge. It is the 
principal wear point; D. Drive solenoid- at
tracts th<' clnppPr, which moves the verge, which 
indexes the wlwc•l. It would take another book 
to describe all the factors which could be con
sidE>red in the proper d<·sign of a r<>lay movement 
such as this. Such factors as the coil constant, 
the time constant, eddy current losses, /2R 
losses, form factor, rC'sidual magnetic effects, 
bounce, flux lcv<'ls, lrakage losses, temperature 
rise, air gap, etc., all influence performance; 

E. Return spring-with a ratchet we can choose 
direct drive or spring drive. With an inverse 
escapement, alternate steps are spring driven 
and power driven. The spring (which is loaded 
by the solenoid during the power step) must be 
strong enough to move the verge, wheel, and 
clapper fast enough to maintain the desired 
stepping rate; but the spring must be kept as 
light as possible to minimize power require
ments, impact stress, and wear rates; F. Air 
gap-usually must be adjusted in production if 
optimum performance is desired. It affects such 
things as power consumption, operating speed, 
impact levels, and ultimately (after wear) , 
whether or not the solenoid driver produces 
enough motion in the output wheel to put the 
wheel in the correct position to receive the next 
blow from the next verge tooth; G. Clapper 
hinge- must not be in the magnetic circuit since 
magnetic flux has a way of "gluing" moving 
parts together; H. Bearings- must be large 
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Fig. 1 2 -38. Anatomy of an invel"$e escapement. 
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