
CHAPTER 15 

Miscellaneous Types 

All of the ma1or cla&�ifications of intermittent 
motion mechanisms and systems have now b�n 
considered: gears, ratchets, cams, Genevas, stepping
motors, escapements, etc., but the subject is not yet 
complete. Since intermittent motion devices are used 
in many different ways, special or unusual features 
are often required. The various common solutions 
will not solve all of the problems nor will they fit 
all possible applications. Designers have, therefore,
evolved many other devices and systems for pro
ducing intermittent motion. Some of these are ancient 
and yet have never found mass application. Others 
are more recent and may some day become as popular 
as Genevas, ratchets, and the more common mecha
nisms. In this chapter we will consider a few of these, 
as yet, uncommon devices. 

Star Wheels 

Figure 15-1 shows two common intermittent mo.
tion mechanisms we have considered previously: a 
pair of gears, one of which has b<'en mutilated, and 
a five-slot Geneva. Both are simple and popular 
devices and each has advantages and disadvantages. 
The Geneva mechanism, for example, has a rela
tively attractive acceleration and deceleration pat
tern; at least when compared to mutilated gears 
which produce severe impact. i\·I utilated genrs, on 
the other hand, are capable of producing a long 
motion cycle interrupted by a relatively short dwell 
period. They can also produce one, two, or three 
dwells per revolution of the output. The Geneva, of 
course, produces a fairly short. motion period fol-

lowed by a long dwell period and can usually produce
no fe,n'r than four dwell p<'riods p<'r revolution of 
the output. (Gencvas with only three d,Yells have 
been made, but are awlrn·ard; ,,·bile one- and two
dwell Genevas are impossible.) 

Good ideas always appear to be simple and i n 
evitable once some clever di>sign<'r has thought of 
them. In this next cas<', somcone decided to combine 
the better features of a GC'ncva and a mutilated 
gear. The result is culled a star wheel, and an early 
example is shown in Fig. 15-2. A drive member 
similar to a Geneva driver, but cont(lining five drive 
pins instead of one, index<'s an output wheel. This 
wheel has "starting slots" that arc simil(lr to the 
drive slots of a GcnC'va wllC'el, although they are 
curved rather than straight. The first pin on the 
driver engages one of t hese slots and starts the out put 
wheel in motion. The other pins on the driver then 
engage the gear teeth and continue the drive motion 
until the output member is brought to rest by 
Geneva-like locking surfaces on input and output 
members. 

In the earliest star wheels the starting slots were 
epicyclic curves. Figure 15-3 sho,,·s a modern star 
\\·heel in which the slo_ts arc circular arcs and involute 
gear teeth have replaced the drive pins for the con
stant velocity portion of the motion cycle. Using 
circular arcs instead of C'picyclic curves makes the 
star wheel a lot \'asi<'r to manufacture. The use of 
involute t<'eth instead of pins also hdps and it is 
felt that these improvements make the star wheel a 
practical device for the first time. 
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Fig .  15-1. Two common intermittent motion mechanisms; 
a mutilated gear and a four-slot external Geneva. The star 
wheel combines some of the good and had features of both 
types. 

Other versions of the external star wheel, pro
ducing between one and six stops per revolution of 
the output member can be seen in Fig. 15-4. Note 
that gear segments are not included on the star 
wheels with more than two stops per revolution, but 
that the curved "starting slots" are still present. A 
star wheel 1.\ith four stops, therefore, is more com
parable to a Geneva than are the one- and two-stop 
versions. The advantage of the four-slot wheel over 
a Geneva lies in the acceleration pattern. The dwell 
motion ratio of the input of these star wheels can 
also be varied somewhat, as with a Geneva. 

Acceleration curves for one quarter cycle of revo
lution of a four-slot external Geneva and a four-stop 
star wheel are compared in Fig. 15-5. The star 
wheel has a smaller peak acceleration than the 
Geneva, but has a larger instantaneous change in 
acceleration at the beginning and end of motion. 
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Fig. 15-2. 'Early st.ar wheel. This is called a two-stop wheel 
since it will dwell twice for each output revolution. 
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Fig. 15-3. Contemporary two-stop star wheel. (U.S. 
Patent3,443,455; M. J. Zugel.) 
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Fig. 15-4. One- to six-step ext.ernal star wheels. Note that 
the dwell-motion ratio of the input can also be varied some
what by providing additional dtive rollers as with a Geneva. 
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Theoretically, any instantaneous change in acceler
ation will produce infinite jerk. In practice, however, 
a greater instantaneous change (or a more rapid
rate-of-change) in acceleration 'IVill produce more 
jerk; this is considered a disadvantage of the star 
wheel by some machine tool designers. The lower 
maximum acceleration, however, attracts other d e 
signers, since torque is proportional to acceleration, 
not to jerk; and a lower peak acceleration means 
lower maximum drive torque. A given diameter 
drive pin, therefore, will see less stress and/or wear 
less rapidly in a star wheel system than in a Geneva 
system.

The acceleration curve of a star wheel is altered 
significantly by changes in the radius of curvature 
of the starting slots; the curve in Fig .  15-5 being an 
optimum curve obtained with the optimum slot 
shape. As with a Geneva, the acceleration curve is 
also dependent upon the number of dwells per revo
lution of the output member, with the peak acceler
ation tending to decrease as the number of dwells is 
increased (again, similar to a Geneva). 

In Fig. 15-6 several types of internal star wheels 
are shown. In each case the output member rotates 
in the same direction as the input (counterclockwise),
with the lead roller starting the action (accelerating
the out put) and the second roller stopping it. As indi
cated in the first part of Fig. 15-6A, 240 degrees of 
input motion produces 360 degrees of motion in the 
output. The output then dwells during the next 120 
degrers of motion of the input. In the other design
shown, 180 degrres input motion produces 360 d e 
grees of output motion. During the next 180 degrees
of input motion there is 180 degrees of output dwell. 
The action is rcversable. The other designs, shown in 
part B of the illustration, produce different amounts 
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Fig. 15-5. Accelemtion curves for a four-stop external 
Geneva and II four-stop star wheel. Note the initial and peak 
accelerations produced by each mechanism. 
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Fig. 15�. One-, two-, and three-stop internal star wheels. 

of output motion for varying inputs. Gear segments 
cannot be included in an internal star wheel ( elimi
nating one of its advantages over the Geneva.), but 
one, two, and three dwells per revolution of the 
output are still possible, while with an internal 
Geneva, this is either difficult or impossible. 

The units of commercially available star wheels 
shown in the upper photograph in Fig .  15-7, are 
miniature devices with one -inch center distances 
between input and output members. The large, five
stop external start wheel (Left, below) is twelve 
inches in diameter (9½-inch center distance), while 
the two-stop internal unit (shown at right) has pro
duced over 100 million trouble free (and maintenance 
free) operations in one application, and is still going 
strong. 

Roll Cam Drives 

Electrical type\\Titers, computer printers and other 
business machines and peripheral equipment operate 
at very high indexing speeds-pushing ratchets, 
escapements, Genevas, and other simple indexing 
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Fig. 15-9. Another type of roll cam driveisystem in :which . _the output can be stopped in any one of t�n different positions 
(U.S. Patent 2,i59,672; C. S. Simonds, et al,) 

There is probably little or no slip between drive 
cam and input roller, but even if there is, the length
of t.he output step is not affected since this is de
termined by the trigger system and by the sequencing 
of the control solenoid (slip would, of course, increase 
the wear rate of the system). 

Figure 15-9 shows another roll cam system. This 
is similar to the first, but the friction roller is cylin
drical rather than eccentric, and the output can be 
stopped in any one of ten positions rather than in 
just one. Kinetic energy in the stopping driven 
member rocks the support member to disengage 
input and output rolls when the stop arm catches 
the stop wheel. 

Chain and Belt Drive 

All of the mechanisms discussed so far have used 
only rigid links ( unl<'ss operating sp<'eds wiire high 
enough to make th<'m act as <'lastic members). Some 
syst<'ms will now be consid<'r<'d in which flexible 
links, such as chains and b<'lts, arc used. Since such 
mPmbcrs have some built-in rlasticity, th<'y often 
act to cushion shocks and impacts in a desirable 

manner. It  must be remembered, of course, that 
any impact damper which returns energy to the 
system must return it at the right time (between 
drive cycles rather than on top of the next drive 
cycle) if it is, indeed, to reduce and not intensify, 
impact and shock effects. As long as this possible 
trouble is kept in mind, belts-and to a lesser e x 
tent-chains, can be used to cushion sudden starts 
and stops. 

One simple system incorporating a chain is shown 
in Fig. 15-10. This system bears a strong family
resemblance to an epicycloidal gear arrangement 
(Fig. 10-16) but is different in performance. The 
input member is a rotating arm, the output member 
a slotted crank. This crank is driven by a drive 
pin as \dth an epicycloidal gear system. Instead of 
the drive pin being mounted on a planet gear, how
ever, it is now mounted on a chain which connects 
the freely rotating "planet pulley" and the sta
tionary "sun pulley." The output crank in this sys
tem dwP!ls for approximately 120 degrees of rotation 
of the input arm while the planet pulley is "walking 
along the belt." This action can be demonstrated by 
walking an elastic band around one index finger with 
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Fig. 15-10. Chain nnd slider indexing system. The chain is 

"m1lkcd around" the fixed �un pulley by the motion or the 

planet pulley, periodically indexing the chain mounted drive 

pin. 
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the other, as in the illustration. ::\lark one point on 
the rubber band with ink or a piece of tape so you 
can see how the drive pin is periodically lifted and 
moved over the surface of the large stationary cen
ter pulley. 

Figure 15-11 shows another belt system; this one 
involving a four-bar linkage and two timing belts. 
The input crank rotat<'S about the input shaft (16), 
carrying with it a shaft (20) and pulley (25), that 
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Fig. 15-11. Timing belt and four-bar linkage indexing 

mechan ism. In thi$ device, nn o:;cillutory motion is added to a 
continuous motion to produce in termittent motion with 
inst:mtaneous dwell. (U.S. Patent 3,548,669; T. Watkin. )  

arc not allow<'d to rotate with r<'spect to the input 
c1·ank . .  -\s th<' crnnk roti\tes, thrrC'forr, this "fixed" 
input pulley will trnd to rotate the output pulleys. 
As the input ernnk rotntcs, howcvt'r, it nlso oscillates 
the four-bar linkage (consisting of m<'mbt'rs 17, 28, 
81, nnd the frame). This oscillation tends to produce 
an output motion which prriodicnlly adds to and 
subtrncts from th<' rotational motion produc<'d by 
the input timing b<'lt. Dun! pullry (BG) somPtimC'S 
mcrrly "wnlks along" output timing brlt (36), and 
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Fig. 15-12. Another timing belt and linkage system. (See 

Fig. 15-13 for an explanation of how it functions.) Again, an 
oscillatory motion is added to and subtracted from a rotational 
motion. 
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Fig. 15-13. Showin g how the mechanism of Fig. 15-12 com· 
bines osdllntory motion wit-h rotating motion to produce in• 
termittent- motion. 
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theless, to make this book as complete as possible, 
Perhaps one of these unusual solutions will be the 
only possible solution for some future reader. 

Other devices in this collection are included here 
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Fig. 15-16. Cam and linkage indexing system. See Fig. 15-
17 for description of operation. See also Fig. 10-28. (U.S. 
Patent 3,452,613; J. M. Steinke.) 

simply because they cannot be clru.sified with any 
of the devices which have gone before. It is quite 
possible that they may find widespread application 
in the future, and, indeed, are used rather broadly 
at the present time. The fact that they are presented 
la.�t should not in any way indicate that they are 
least effective. 
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Fig. 15-17. Demonst-ration of oscillatory motion combined 
with rotational mo�ion to produce intermittent motion in the 
mechanism of Fig. 15-16. 

The first illustration, Fig. 15-18, shows an old 
friend (a ratchet) combined v..ith a type of driver 
(a rotary solenoid) that has not yet been discussed. 
The rotary solenoid typically produces something
less than 360 degrees of rotation in an output shaft 
every time it is energized. Such a solenoid can be 
used to drive any type of one-way clutch. (In the 
illustration, a ratchet clutch is used.) The input to 
this clutch is the ratchet wheel; the output is a disc 
on which is mounted a spring-loaded pawl. A no-back .h

rotary 
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input 

- -..:, 
output 
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Fig. 1 5 -18. Rotary solenoid and ratchet clutch. The rotary
solenoid typically produces something !es� than 360 degrees of 
rotation in an output shaft every time it is energized. 
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latter controls a locking lever (Fig. 15-25A) which 
releases the output gear (Fig. 15-25B) just prior to 
each drive cycle (and locks it again just after each 
motion cycle). In its basic form, the device bears a 
family resemblance to the detented mutilated gear
system shown in Fig. 10-11, although the output is 
under better control in Mr. Simpson's design. The 
detent lever is spring loaded against the input cam, 
or is driven out of engagement with the output gear
by the motion of that gear whenever the input cam 
allows this. Furthermore, additional refinements have 
been evolved. In Fig. 15-26 input is provided by one 
control cam which is spring loaded to the original 
cam (still fastened to a mutilated gear). The locking
lever engages both cams and the output gear is 
always locked- no output v.·i.11 occur- until the two 
cams are aligned, i.e., a slot on each so that the 
locking lever can swing to the left. Pin, a, on the 
input cam loads a drive spring to drive the mutilated 
gear and lower cam through pin b, which operates
in a slot in the input cam. The result is to combine 
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Fig. 15-26. Load-and-fire snap-action version of the PRIM 
mechanism of Fig. 15-25. 
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Fig. 15-27. In this version of the PRIM mechanism the 
input gear rotates three times for each revolution of the muti
lated gear. 

the features of a load-and-fire escapement (see Fig .
12-11) with the features of a mutilated gear.

The invent-Or also has pointed out (Fig. 15-27),
that if either of these devices is driven through a 
step-down gear ratio the amount of output motion 
(or dwell) can vary from one full revolution of the 
input to another (with, of course, a cyclic repeating
pattern), since different amounts of output can be 
produced for each interaction between the mutilated 
gear and the output gear. This degree of pro
gramming over the output is difficult or impossible
to obtain with most of the mechanisms discussed 
previously. The various gears can be sized, of course, 
so that only two shafts are involved, making a very
compact mechanism. Three shafts have been shown 
in Fig. 15-27 merely to clarify the operation of the 
design. AB a result of this and other refinements,
Mr. Simpson's device truly deserves the name pro
grammed rotary intermittent motion. It would have 
the normal disadvantages of intermittent gearing at 
high speeds or heavy loads, but properly applied it 
should be quite a versatile and useful mechanism. 
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