
BASIC MECHANISMS: MAINTENANCE OP 1140A

There are several types of handcranks. The simplest is a one
position handcrank with the drive gear pinned to the shaft.
The others are the two- and three-position types, with hold-
ing and safety frictions. .

The most commqn type, the two-position handcrank with
either a plunger or a shift lever, and with both a holding and
a safety friction, is discussed in detail in this chapter.

A handcrank may shift with difficulty or bind when turned if
the cover on which it is mounted is improperly seated. This
possibility should be investigated before an apparently faulty
handc:rank is removed from the instrument.

A handcrank can be removed by taking out the screws which
hold the adapter to the cover. Usually the handcrank must be
removed in order to locate the trouble.

Typical symptoms
JAMMING: The handcrank will not turn, or it cannot be
shifted.

STICKING: The handcrank sticks or binds intermittently, or
moves stiffly.

SLIPPING: Turning the handcrank will not turn the drive
gear; or "the handcrank loses its holding power.
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A handcrank shaft may jam or stick because
of a frozen holding friction, metal chips be
tween the shaft and adapter, a bent or burred
shaft, a sticking shift lever, or bent plunger.

In a plunger-type handcrank, if the bushing
of the holding friction freezes to the shaft,
remove the handcrank assembly from the
adapter, loosen the adjusting nut, and try to
free the bushing so that it will turn on the
shaft. If it remains frozen, remove the fric
tion from the handcrank and inspect the
shaft and bushing for dirt or damage.

Locating the cause
Sh.aft: jamming and sticking

Drive-gear wobble usually indicates a bent
handcrank shaft. Complete disassembly is
necessary in order to straighten or replace a
shaft.

If the shaft of a plunger-type handcrank is
frozen in the adapter, try to free it by turning
the knob. If it will not turn freely, remove
the handcrank from the adapter and inspect
the shaft and adapter for dirt or burrs.

If the shaft sticks or jams but none of the
above causes are found, inspect all moving
parts and the inside surfaces of the adapter
for metal chips and dirt.

Slipping of the shaft with respect to the
knob indicates that the taper pin is missing.
When replacing a taper pin in a knob, be
sure to stake it securely.

Shaft: slipping-
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Safety friction:
jamming and sticking
If the drive gear is frozen to the shaft, the
safety friction will jam instead of slipping
when a limit is reached. To free the drive
gear, hold the knob and try to turn the drive
gear by hand. If the gear cannot be turned,
it should be disassembled for cleaning or

. repair.

Safety friction: slipping
Slipping of the drive gear under normal load
when the handcrank is being turned may be
caused by improper adjustment or a dam
aged spring washer.

If the clamp cannot be screwed down far
enough to compress the spring washer, in
spect the threads on the shaft for nicks or
dirt. Dirt or small nicks can be removed
from the threads on the end of the shaft
without completely disassembling the unit.
Badly damaged threads require replacement
of the clamp or shaft, or both. Complete dis
assembly of the handcrank is necessary in
order to replace a shaft.

Shift lever:
jamming and sticking
If a lever-type handcrank is difficult to shift
or will not shift at all, look for a bent lever
shaft; a dirty or damaged roller, roller groove,
or shaft slot; dirt or metal chips between the
moving parts and the adapter; or a bent key.
If turning the shift lever does not shift the
handcrank, look for a sheared or missing
taper pin. In order to clean, repair or replace
these parts, partial disassembly of the hand
crank is necessary.

Shift lever:
excessive lost motion
Excessive lost motion between the shift lever
and handcrank is usually caused by a badly
worn roller or roller groove, or both. Replace
ment of such worn parts requires partial dis
assembly of the handcrank.
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Plunger:
jamming and slicking
If a plunger is difficult to operate, it may be
bent, or there may be foreign matter between
the plunger and its adapter.

At least partial disassembly is necessary in
order to straighten or replace the plunger, or
to. clean the inside of the adapter and the
handcrank surfaces near it.

Holding fridion: slipping
If the quantity which is supposed to be held
backs out of the handcrank, the holding fric
tion is slipping. Slipping may result from im
proper adjustment, a damaged spring, or a
glazed cork disk.

If the spring is damaged, the friction cannot
be adjusted so that it will hold.

If the cork disk has become glazed or dam
aged, it must be replaced. Partial disassembly
of the unit is necessary in order to replace a
disk. See the instructions for attaching cork
to metal, page 18.

Damaged or dirty threads in the adjusting
nut or on the shaft, or burrs on' the edge of
the nut slot prevent proper adjustment of
the nut. Parts with damaged threads should
be replaced. Burred surfaces may sometimes
be smoothed.

In a shift-lever handcrank, failure pf the fric
tion to hold may also be caused by the metal
disK not being seated properly on the pin in
the adapter or by a missing pin.
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Disassembling th
1 Remove the two screws and carefully lift out the shift

lever assembly. Do not lose the roller.

2 Drive the taper pin out of the lever and separate the
parts. Do not remove the oil-seal ring ·unless it must be
replaced. .

If the oil-seal ring is damaged, remove it by the same
method used to remove a bearing.

Disassembli~g the unit
In removing a handcrank, try not to damage the paper gas- ~

ket which separates the adapter from the cover. .,

SH 1FT-LEVER
ASSEMBLY

SHIFT-LEVER ASSEMBLY DISASSEMBLED

3 Loosen the adjustment clamp.

4 Carefully unscrew the switch-actuating screw.

S Unscrew the adjustment clamp from the shaft.

ADJUSTMENT CLAMP

SWITCH-ACTUATING SCREW

/

6 Remove the plain washer and the spring washer from
the shaft.

7 Slide the drive gear off the shaft.

S Remove the wooden disk from its recess in the collar.

WOODEN
DISK

DRIVE
GEAR

SPRING WASHER
WASHER
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HANDCRANKS

9 Drive the taper pin out of the collar and remove the
collar from the shaft.

10 Carefully remove the snap ring and spacer.
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11 Remove the bearing and the adjusting nut by insert
ing a screw driver in the slot of the nut and turning
the handcrank.

12 Take the spring off the shaft.

13 Slide the pressure ring down and off the shaft.

14 Remove the steel disk to which the cork is cemented.
If it does not come out when the bottom of the adapter
is tapped, it will when the shaft is removed.

I
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OIL-SEAL RING

15 Replace the adjustment clamp on the
threaded shaft. Screw the switch-actu
ating screw in as far as it will go and
tighten the clamp. Now tap the switch
actuating screw lightly with a plastic
hammer until the oil-seal ring moves
up out of the adapter.

ADJUSTMENT CLAMP...
~ SWITCH-ACTUATING SCREW

16 Remove the switch-actuating screw and
the clamp and then lift the rest of the
assembly out of the adapter.

ADAPTER
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ADJUSTMENT CLAMP

SWITCH-ACTUATING SCREW

CEMENTED
CORK AND METAL

17 Drive out the taper pin and lift off the
knob. Polish the end of the shaft to
remove burrs.

18 Slide the oil-seal ring off the shaft.
19 Remove the aluminum spacer, the snap

ring, and the ball bearing.

BEARINGALUMINUM SPACER

/

SNAP RING

OIL-SEAL RINGKNOB
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HANOCRANKS

20 To separate the two shafts, drive the
square pin out of the sliding collar. Re
move the sliding collar.

21 Separate the two shafts.

INNER SHAFT "'-...~1i::;:;i:.;;;;:8

Disassembling.
the plunger type
1 Unscrew the small hexagonal nut and re

move the plunger.

~OUTER SHAFT

~SlIDING COLLAR

PIN

y PLUNGER ASSEMBLY

2 Drive the taper pin out of the knob.
3 Remove the assembly from the adapter

and complete the disassembly by driving
out pins and unscrewing and removing
the parts.

ADAPTER

/

RESTRlaED 87



BASIC MECHANISMS: MAINTENANCE-

THREADS

OP 1140A

Repa"iring the parts
Repairing a shaft
Inspect the shaft threads for dirt or damage.
Slightly damaged threads may be cleaned
and smoothed, but it is usually best to replace
the shaft. Dirty threads should be cleaned
with an approved solvent.

ADJUSTING NUT

INNER SHAFT

After cleaning or repairing the threads, lubri
cate them and turn the threaded clamp or
adjusting nut back and forth over the threads
until it moves smoothly. Only partial disas
sembly is necessary to clean or repair the
threads.

Complete disassembly is usually necessary
in order to straighten a bent shaft. After
straightening a shaft, carefully smooth all
burred surfaces. Then polish and clean the
shaft before lubricating it.

Repairing a drive gear
If a drive gear has frozen on its shaft, remove
it. Inspect the inner surface of the hole and
remove any burrs. Then polish the shaft and
the surface of the hole in the gear. Clean these
parts before reassembly. Fit the gear on the
shaft, apply a lubricant and turn the gear.
When it turns freely, remove it and clean all
parts thoroughly with an approved solvent.
Lubricate the gear and reassemble it.

L POLISH
AND
CLEAN
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Repairing a plunger
If a plunger is bent, remove it from the hand
crank for straightening. Clean and polish its
surfaces and check the inner end for excessive
wear. Examine the plunger holes in the bush
ing for dirt or burrs. Polish, clean and lubri
cate these holes and the outer surfaces of the
bushing. Lubricate the plunger and reas
semble it.

HANDCRANKS

PLUNGER HOlES

Cleaning a holding friction
Complete disassembly of the handcrank is
usually necessary in order to clean a holding
friction.

Separate the friction surfaces, thoroughly re- .
move all grease, and clean the surfaces.

Clean and polish the outside surface of the
adjusting nut and adjacent adapter surfaces
so that the nut can be turned freely.

Repairing a knob

I
CORK AND
METAL
DISKS I

SPRING

ADJUSTING
NUT

If the small knob will not revolve on its shaft,
take it off by removing the screw in the top.

Clean and polish the shaft and the inside sur
face of the small knob. Examine these parts
for burrs. If any are found, carefully remove
them. Lubricate the shaft and remount the
small knob on it. SMALL KNOB

/~--.-.-( ~/ "./..~ ~Ii.• l. I
I

~~.- -~. ~./-...../
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Reassembling" the uQit

SNAP RING __----...

BEARING ---..... ""-'-'--'-~

SLIDING
COlLAR --'---

OUTER SHAFT ---.

INNER SHAFT ---~-d[

•

1 Slide the inner shaft into the outer shaft.

2 Replace the sliding collar on the outer
shaft.

3 Pin the collar to the inner shaft with the
square pin and stake the pin at both ends.

4 Replace the ball bearing and the snap
ring on the outer shaft.

S Slip on the aluminum spacer and then re
place the oil-seal ring with its all-metal
surface down.

6 Mount the cemented metal and cork
disks in the bottom part of the adapter.
Be sure to fit the adapter pin into the hole
in the metal disk.

7 Lubricate the upper part of the hand
crank assembly and mount it carefully in
the adapter. Seat the oil-seal ring by tap
ping around its upper surface with a plas
tic hammer. In order to avoid damaging
the shaft threads, support the adapter s"o
that tpe end of the shaft is raised above
the bench.

8 Pin the knob to the shaft.

TAP HERE _

OIL-SEAL RING

ALUMINUM
SPACER

ADAPTER

ADAPTER

PIN HOlE

METAL DISK PIN
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9 Slide the pressure ring on the shaft with
the broad friction surface toward the
cork disk. The pressure ring is the ring
with the key.

10 Replace the coil spring.

11 Screw the adjusting nut back on the
shaft.

12 Replace the bearing on the shaft and
seat it.

13 Replace the spacer (if required) and
the snap ring.

14 Pin the collar to the shaft and replace
the wooden disk.

15 Mount the drive gear with the beveled
ends of the teeth up.

16 Replace the spring washer with its con-
cave (hollow) side toward the drive
gear.

17 Replace the beveled washer with its
larger side down.

18 Replace the adjustment clamp on the
threaded shaft.

19 .Replace the switch-actuating screw.

20 . Put the washer on the shaft of the shift
lever. Mount the shaft in the housing
holding the oil-seal ring.

21 Be sure that the small balls can be
pressed back flush into the lever and
that they spring back to protrude slight-
ly when the force is removed. Pin the
lever to the lever shaft.

22 Mount the shift-lever assembly on the
adapter, meshing the roller with the
sliding collar.

23 Adjust the holding and drive frictions
according to the instrument OP.

24 Set the switch-actuating screw so that
the push-button switch below the hand-
crank will operate properly. LEVER SHAFT

Bench checking the unit
1 Check the assembly of the unit against

the assembly drawing.

2 The friction should operate smoothly.

3 The handcrank should shift freely and
operate smoothly in either position.

4 All moving parts should be lubricated.
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A typical shaft line

92

A shaft line, or gear train, is a series of connected shaft assem
blies which carry a value from one point to another. An entire
shaft line is rarely mounted on only one plate in an instrument.
Usually it is put together in such a way as to turn corners, to
go through plates and around units, and so on. For this reason,
an entire shaft line can seldom be seen from anyone position.

The shaft line shown here was prepared for the purposes of
illustration. It does not exist in exactly this form in any instru
ment, yet it is composed of many of the elements found in
actual shaft lines in use. And since it illustrates the principles
of shaft lines, it may be considered typical. Study it closely.

RESTRICTED



This particular line consists of six shaft assemblies, each having
two gears:

a spur-gear shaft assembly
a spur and bevel-gear shaft assembly
a bevel-gear shaft assembly
a bevel and spur-gear shaft assembly
a spur-gear shaft assembly
a limit-stop shaft assembly

Except for the small vertical plate which supports the meshing
pair of large spur gears, screw-fastened hangers are used to
mount all the. assemblies on the plate. The vertical plate is
fastened from the under side of the mounting plate by screws.

Close-up views of the assemblies which make up this shaft
line are presented on the following pages.

SHAFT LINES
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TAPER PINS

OP 1140A

The shaft assemblies in the line
Here are close-up views of the shaft assemblies and meshing
gears which make up the shaft line under- consideration.

The first two assemblies are connected by meshing spur gears.
_Each assembly is mounted on a hanger at one end, and they
share a vertical plate which functions as a hanger for both.
Notice that a clamp fastens one of the meshing spur gears to
its shaft. All other parts of- both assemblies are taper-pinned.
The second assembly is connected to the third by meshing
spiral bevel gears.

SPIRAL
BEVEl GEARS

TAPER PINS

SPUR GEARS CLAMP VERTICAL PLATE

This reverse view shows the spiral bevel mesh and the oppo
site side of the vertical plate. The third assembly is connected
to the fourth by meshing straight bevel gears.

REVERSE
VIEW

94

STRAIGHT
BEVEl GEARS

SPIRAL
BEVEl GEARS
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SPIRAL
BEVEl GEARS

SHAFT LINES

STRAIGHT
BEVEL GEARS

The assembly with a spiral and
a straight bevel gear is shown
here. Notice the straight bevel
gear mesh and the positions of
the hangers.

STRAIGHT
BEVEl GEARS

SPUR
GEARS

SPUR
GEARS

Here are shown details of the
fourth and fifth assemblies and
three pairs of meshing gears.
Notice the ball bearings and
the positions of the hangers.

BALL BEARINGS

All the parts of the limit stop
assembly can be seen here, as
well as the large meshing spur
gear. Notice the dowels in the
large spur gear which insure
that the peened-over hub and
the gear turn together. The
large spur gear on the limit
stop assembly is held by a
clamp.

LIMIT STOP
ASSEMBLY
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ALL SHAFT ASSEMBLIES ARE NUMBERED

OP 1140A

Gearing diagrams
To trace any shaft line through an instrument,
it is necessary to follow the instrument gear
ing diagram. Each shaft assembly on this dia
gram bears a number which is also stamped
on both the corresponding assembly and its
mounting surface in the instrument. The first
part of this number identifies the unit where
the assembly is mounted; the second part
identifies the assembly itself.

SPUR GEARS

96

45-56

45-S26

MULT1PLlER

l 11111111111

A-ISS

t

LIMIT
STOP,-

Here is a small section of a gearing diagram
showing one particular. shaft line. It neces
sarily shows all the assemblies as though they
were in the same plane, but remember that
in the instrument they are not all mounted on
the same plate. This shaft line carries a quan
tity from a handcrank to both a dial and a .
multiplier.

The handcrank is the lock-in, pull-out type.
When It is pulled out and turned, a quantity
is carried through spur-gear assemblies to a
dial, and through a combination of bevel-gear
and spur-gear assemblies and a limit stop to
a screw type multiplier.

The quantity cranked in is one of the inputs
to the multiplier. The other input and the
output gears and shafts have been omitted
here for the sake of simplicity.
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Isolating a faulty shaft line

SHAFT LINES

In general, this chapter presents methods of
trouble shooting shaft lines as distinct from
shaft assemblies. The problem confronted'
here is that of tracking down the cause of the
trouble in a shaft line taken as a whole.

It is assumed that the trouble shooter is al
ready familiar with Part 1 of this OP: Basic
Tools and Operations. A detailed discussion
of repair and maintenance of shaft assemblies
as single units is presented in Chapter 2, Basic
Repair Operations.

Before trouble shooting any shaft line, be cer
tain that the source of the trouble is in the
line itself and not in a connected mechanism.
This chapter assumes that the trouble is
known to be in a particular shaft line and
that the line is disconnected from all units.

A test analysis and unit check tests as de
scribed in the instrument OP will help to lo
cate a faulty shaft line. Always remember,
however, that a shaft line may appear to oper
ate abnormally because a unit to which it is
connected is not operating normally.

GEARS DISCONNECTED

""
45-526

On the instrument gearing diagram, identify
the assemblies which make up the faulty shaft
line. It may also be necessary to refer to the
assembly drawing after the particular shaft
assembly which is the source of the trouble
has been found.
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OP 1140A

Typical symptoms
If a shaft line is operating properly, the. entire
line can be made to turn normally from one
end. If this cannot be done, check the line for
the following typical symptoms.

JAMMING: The line cannot be turned at
all by hand, or requires excessive hand pres
sure.

STICKING: The line turns, but a tight spot
or a bind can be felt.

EXCESSIVE LOST MOTION: The line
turns, but there is too great a lag between the
turning of the first assembly and the last.

SLIPPING: If the last assembly in the line is
held stationary, turning the first assembly
does not turn all the others.

Locating the cause
To restore normal operation in a shaft line, it
is necessary first to locate the cause of the
trouble in a particular shaft assembly, or pair
of meshing gears, and then to make whatever
repair is needed.

There are two general methods of tracking
down the source of trouble in a shaft line:

Checking the accumulated lost motion
and the increments of accumulated lost
motion in the line.
Checking the lost motion at each gear
mesh throughout the line.

Either of these methods or a combination of
both may be used, depending on the nature of
the shaft line and the shaft assemblies of
which it is made up.

If there is a lost-motion take-up spring any
where in the line, the clamp should be loos
ened to free the spring before the line is
checked for lost motion. If the spring clamp is
not loosened, an accurate check of the line
cannot be made.
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Checking accumulated lost motion

Accumulated lost motion is the total of all the lost motion
throughout a shaft line. It can be felt by holding the gear at
one end of the shaft line stationary and turning the gear at the
opposite end of the line slowly back and forth. The amount of
lost motion felt in this way is the accumulated lost motion in
the entire line. Increments of accumulated lost motion can be
felt by holding a gear stationary at one end of the line and turn
ing each gear in succession from the opposite end.

This general procedure can be used to locate the source of jam
ming, sticking, excessive lost motion, or slipping in a shaft line.
In a slipping line, it is necessary to hold one gear and try to
turn each of the others through a complete revolution.

SHAFT LINES

CHECKING ACCUMULATED LOST MOTION
IN AN ENTIRE SHAFT LINE
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c at e ch e r sh
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It is often possible to track down the cause of the trouble to
one or two shaft assemblies by starting at the first gear mesh
at either end of a shaft line and checking for lost motion at each
mesh in succession throughout the line. This method is especial
ly useful where a line normally carries a heavy load and is
therefore difficult to turn by hand.

Remember that lost motion at a gear mesh is measured as the
distance the driver gear turns before the driven gear is turned.
It can be accurately measured with a dial indicator, but for
trouble shooting a shaft line it can be felt by hand. This is done
by holding one of the two meshing gears stationary and turning
the other slowly back and forth.

Beginning at either end of the line, check each pair of meshing
gears in this way until some symptom of abnormal operation is
found: jamming, sticking, excessive lost motion, or slipping.

. ,
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A shaft line may jam because of dirty or dam
aged gears or bearings, or because of a bent
shaft in one or more of the shaft assemblies
which make up the line. Never force a jammed
line to turn. Forcing a line may bend a shaft,
damage a gear, or otherwise put too much
strain on some assembly in the line. Use one
or both lost motion checks to locate the source
of the trouble in a particular shaft assembly
or gear mesh.

In a jammed line, the farther a gear mesh is
from the point of jamming, the more accumu
lated lost motion can be felt in it. As the
checking proceeds from mesh to mesh toward
the point of jamming, less and less lost motion
can be felt until the jammed gears are reached.

If a jammed spur-gear assembly is mounted
on hangers or an adapter, loosen the screws.
If the gears then tum freely, position the
hanger or ad.apter for correct lost motion and
tighten the screws. Unless the shaft is bent
or the bearings are dirty or damaged, this re
positioning will eliminate jamming caused
by a tight spur-gear mesh.

For an explanation of the proper method of
positioning bevel-gear assemblies, study
pages 54-55.

A bent shaft or defective bearings will con
tinue to jam the shaft line. To repair either
of them, the shaft assembly should be re
moved from the instrument. Study its loca
tion and connections to see 'how it can best be
removed.

With the assembly on the bench, inspect the
gear teeth and bearings for foreign matter
and damage, and check shaft and gear run-out.
Repair or replace the part which is causing
the assembly to jam. Be sure to stake all taper
pins during reassembly and to remove all set
screws.

Before reinstalling the assembly, check the
other assemblies in the line for smoothness of
operation. Finally, reinstall the assembly and
check it in place for correct end play and lost
motion.
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Slic ing
A shaft line may stick because of loose hangers, a bent shaft,
or defective gear teeth or bearings in one or more assemblies
in the line.

GEAR SIDE-WOBBLE

.
Check the hangers first and tighten any that are loose.

To determine whether a shaft is bent, turn the gears by hand
until a tight spot or a bind is felt. Then check the gear meshes
for lost motion, just as in a jammed line, to narrow down the
cause of the trouble to one or two assemblies.

Check the shaft by eye for run-out; turn it by hand and watch
closely to see if the gears wobble or the shaft hops. If either of
these faults is found, the shaft assembly should be removed
from the instrument for repair.

Dirty or damaged gear teeth may cause a gear to stick once
during each complete rotation. First check the gears on the
assemblies which stick or bind once for each turn. Inspect them
for nicks and dents, chips, or embedded particles. If the gear
teeth are badly damaged, the shaft assembly should be re
moved from the instrument for repair.

If the shafts are all straight and lost motion is uniform through
out the line, defective bearings may be causing an 'assembly to
stick. If the bearings are dirty, remove the shaft assembly in
which they are mounted and wash them thoroughly in a suit
able solvent. Never attempt to wash bearings inside the instru
ment unless removal is extremely difficult.

After the bearings have been cleaned or replaced, check the
shaft assembly for shaft and gear run-out. If necessary straight
en the shaft and replace worn or defective parts. Before install
ing a repaired shaft assembly, check the remaining assemblies
in the line for run-out and smoothness of operation.

Finally, reinstall the assembly and check it in place for end
play and lost motion.

GEAR RUN-OUT
I , •

Excessive lost molion
Excessive lost motion in a shaft line may be caused by worn
gears at a single gear mesh, loose or shifted hangers, or slightly
worn ge"ars throughout the line.

Sometimes excessive lost motion is caused by slightly worn
gears throughout the line rather than by worn gears at one or
two meshes. It is not always possible to reach all the shaft as
semblies to reposition them. By sufficiently reducing lost mo
tion at those assemblies which can be reached, however; it may
be possible to reduce the total accumulated lost motion in the
line so that it will operate normally.
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SCREW MISSING

Slipping
Slipping, or failure of all the assemblies in a
shaft line to turn together, may be caused by
loose hangers, stripped gear teeth, loose
clamps, or missing or sheared taper pins or
dowels.

To locate a particular assembly which is slip
ping, follow a procedure similar to that used
to check accumulated lost motion and incre
ments of accumulated lost motion. Hold the
gear at one end of the line and, beginning at
the opposite end, try to turn each of the other
gears through a complete revolution.

Examine the hangers to see whether there are
any loose or missing screws. Missing screws
may allow a hanger to shift far enough to
move a gear out of mesh. Reposition the
hangers if necessary.

Examine the gears for stripped teeth. If any
are found, replace the gears.

Test for a loose clamp by holding the shaft
and trying to turn the gear. Clamp slots some
times close entirely without holding the hub
firmly against the shaft. Such clamps must be
replaced.

Inspect all hubs for missing taper pins. Test
for sheared taper pins or dowels by holding
each gear and turning its shaft until the slip
ping gear is found.

To redowel or repin a slipping gear, first re
move it from the shaft. Tap the pieces of a
sheared taper pin from the gear and shaft
separately. Examine the parts carefully and
replace any that are damaged.

Inspect a gear with missing dowels to see
whether the hub or gear has been damaged.
If the fit is a little too loose, it can be tightened
by peening. Check the gear for run-out before
redoweling it. For doweling and riveting pro
cedures, see pages 74-79

RESTRICTED

DOWELS FORCED
OUT OF HUB
INTO GEAR
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This chapter deals with six common
devices which are used for special pur
poses in shaft lines. They perform
such functions as limiting the number
of turns made by a shaft line, guiding
a shaft line into a definite position and
holding it there, joining two shaft
ends, protecting mechanisms, elimi
nating excessive lost motion, and mak
ing fine adjustments possible.

A LIMIT STOP protects delicate
mechanisms by limiting the number
of turns of the shaft line to which it
is connected.

A FRICTION eases the strain /)n deli
cate mechanisms-by slipping when
the driving force becomes too great.
Some types of frictions hold shaft
lines so as to prevent values from
backing out.

A COUPLING joins two shafts to
gether so that they function as one. It
can also serve as an expansion joint,
compensate for misalignment of
shafts, hold a removable shaft in place,
or connect one unit directly to an
other.
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A DETENT guides a shaft into a defi
nite position and holds it there until
another position is required. It is used
where a limited number of values
must be set quickly and accurately.

A VERNIER CLAMP is used to
make fine adjustments in the position
of one gear in relation to another.

A TAKE-UP SPRING eliminates lost
motion between meshing gears by sup
plying enough tension to a shaft line
to hold a driving gear firmly against
a driven gear.

SHAFT LINE DEVICES
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GEAR

OP 1140A

THE LIMIT STOP

A limit stop is a safety device in a shaft line between two
mechanisms. Its job is to prevent a shaft from turning too f~r

and possibly damaging the connected mechanisms. Since a
limit stop is essentially a shaft assembly, many of the repair
operations are the same as for shaft assemblies.

In order to remove the limit stop for repair, remove the screws
holding each of the two hangers to the plate and carefully lift
out the unit. Before removing the unit, consult the instrument
OP for instructions.

Typical symptoms
If a test analysis and shaft line check indicate that a limit stop
is not operating normally, look for one or more of the following
typical symptoms:

JAMMING: The limit stop cannot be turned by hand.

STICKING: When the limit stop is rotated, the screw turns
sluggishly or resists turning past certain points.

SLIPPING: The gear can be turned after the traveling-nut
stop plate reaches one of the adjusting-nut stop plates, or the
screw turns intermittently or not at all when the gear is
rotated.

EXCESSIVE LOST MOTION: There is too much play be
tween the threads of the traveling nut and the screw.
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Locating the cause

Jamming or sticking

A limit stop may jam or stick because of dirty
or damaged bearings or threads, a bent guide
rod or screw, or a loose stop plate. Bearings or
threads may sometimes be cleaned with an
approved solvent without disassembly.1f the
limit stop then operates satisfactorily, apply
a lubricant to the screw and turn the travel
ing nut back and forth through its full travel.
If cleaning does not eliminate jamming or
sticking, proper running-in with the unit re
moved from the instrument is sometimes
effective.

CAUTION: Too much running-in will wear
the threads. The compound must be kept out
.of the bearings. Damaged bearings or threads
usually require disassembly of the unit and
replacement of the damaged parts.

A bent screw should be replaced. If the guide
rod is not badly bent, it may be straightene<;l
without disassembly. A badly bent guide rod
requires disassembly of the unit for repair or
replacement.

A loose stop plate may stop the traveling nut
before it reaches one of its limits or may cause
improper clearance between the stop plates.·
A loose stop plate requires disassembly of the
unit for repair..

Slipping

Slipping may result if a taper pin is sheared
or missing. The unit should be disassembled
and the taper pin replaced.

Excessive lost motion
Excessive lost motion between the traveling
nut and the screw is caused by worn threads.
This condition may cause the traveling nut to
jump one revolution so that it does not make
the specified number of turns. The unit should
be disassembled and the worn parts replaced.

RESTRICTED
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GEAR MARKING

HANGER MARKING

LIMIT OF TRAVEl

LIMIT OF TRAVEL

OP 1140A

Dis .. ssembling the unit
Before disassembling the limit stop, count the
number of turns of the gear required to move
the traveling nut from one limit to the other.
One method of counting the turns is to turn
the stop until the traveling nut is at either
limit. Indicate the position of the gear by
marking both the gear and its hanger. These
marks make it possible to determine the exact
number of turns made by the gear in order
to move the traveling nut to the other limit.
For example, if a 20-tooth gear turns 3 full
turns plus 10 teeth, the screw has turned 3.50
turns. The number of turns should be not less
than the number specified on the assembly
drawing and not over 0.02 of one turn more.

During disassembly be sure to tag the hang
ers, adjusting nuts, and traveling nut in order
to indicate their position in relation to the
gear end of the limit stop. It is important not
to reverse these parts when the unit is re
assembled.

1 Drive out the taper pin in the gear hub
and remove the gear.

TAPER PIN

HANGER

108

2 Remove the hangers and the guide rod.
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ADJUSTING NUT

3 Drive the taper pins out of the adjusting
nuts, and unscrew the nuts. Be careful not
to damage the screw.

ADJUSTING NUT _

PIN

4 Turn the sc'rew out of the traveling nut.

~
PIN

SHAFT LINE DEVICES

TRAVELING NUT

SCREW

~-._ ---"- ._.__ ,-

Repairing the parts
pairing a ~oos stop plate

Remove the adjusting or traveling nut from
the unit, stake some metal under the plate
and reset the rivet to eliminate looseness.
Clean, lubricate, and reassemble the parts.

STOP
PLATE

Straight ning a guid ro
This operation is similar to straightening a
shaft. Mount the rod in V-blocks or pinning
supports and tap it lightly with a plastic ham
mer. Use a dial indicator to measure run-out.

RESTRIOED

STAKED
METAL

109



BASIC MECHANISMS: MAINTENANCE

TRAVELING NUT

TAPER PIN
HOLES

BRASS SET SCREWS
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SCREW

ADJUSTING NUTS
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R la ing a traveling nut
Clean the screw and the new traveling nut
thoroughly with an approved solvent and
then lubricate them lightly. Turn the screw
into the nut. The screw should turn smoothly
in the nut with a minimum of lost motion. If
the fit is too tight, run the screw in and out
until it does turn smoothly. Clean and lubri
cate the screw and nut after a running-in
operation.

When the stop plates are one turn away from
engaging, the clearance between them should
be 0.006 to 0.010 inch. If necessary, file the
plate or plates to obtain this clearance.

Repladng a st:rew or an adjusting nut
If it is necessary to install' a new limit-stop
screw, ,the adjusting nuts must be correctly
positioned and held by brass set screws for
pinning. Mount' one adjusting nut on the
limit-stop screw and tighten the brass set
screw. Mount the traveling nut. Mount the
other adjusting nut but do not tighten the
brass set screw until the nuts are positioned
the correct number of turns apart. Pin the ad
justing nuts to the screw.

CAUTION: If the set screw in the second ad
justing nut is completely tightened too soon,
the threads may be damaged and make final
adjustment difficult. Check the number of
turns before pinning the adjusting nuts to
the screw.

If a new adjusting nut is to be installed, diffi
culty in lining up the old pin holes in the
screw with the new pin holes in the nut will
be encountered. To avoid this trouble, it is
suggested that both adjusting nuts be reposi
tioned on the screw. Move the nut that is to
remain to a new location on the screw to
assure a complete new hole. Use this position
as a base to position the new adjusting nut.
While this procedure may be necessary in an
emergency, it is better to rebuild the limit
stop with a new screw as well as new ad
justing nuts.

RESTRICTED



Reassembling the unit

1 Turn the screw into the traveling nut.

2 Position the adjusting nuts on the screw
and pin them.

3 Mount the screw and guide rod in the
hangers. .

4 Pin the gear to the shaft.

GEAR

Bench checking the unit

The number of turns of the screw needed to
move the traveling nut from the stop plate in
one adjusting nut to the stop plate in the
other adjusting nut should be the full number
spe~ified on the assembly drawing. It should
not be over 0.02 of a turn more.

There should be 0.006 to 0.01 O-inch clear
ance between the stop plate on the traveling
nut a~d the stop plates on the adjusting nuts
when the traveling nut is one revolution from
either limit.

The traveling nut should move freely from
one limit to the other.

The limit stop should be washed and lubri
cated.

RESTRICTED
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CLAMP NUT

BAtc;ELlTE
DISK

~-.-,~lt"'""- SPRING

ADJUSTMENT
SCREW

PINS

HOLDING FRICTIONS
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ADAPTER

--~~2;;~~~;;;;;bcL:"-- PINNEDPRESSURE
DISK

SLIDING
PRESSURE
DISK

SHAFT

SAFETY FRICTION

Holding frictions and safety frictions are the
most common types.

A holding friction prevents values from back
ing out through a shaft line.

In one kind of holding friction, the friction is
generated by spring pressure squeezing a
bakelite disk between two metal di~ks. The
spring pressure is regulated by adjusting a
clamp nut on a threaded hub. In another kind,
the friction is generated by clamping a metal
drum between two cork-lined brackets. In
this holding friction, the spring pressure is
regulated by turning an adjustment screw.

A safety friction prevents damage to mecha
nisms by limiting the amount of torque trans
mitted by a shaft line.

For a discussion of handcrank holding and
safety frictions, see pages 82-83.
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Repairing the parts

·Cleaning friction surfaces
A bakelite disk or cork ring can be cleaned
with an approved solvent. "Glazing" of the
bakelite or cork surfaces causes the friction to
chatter. The "glazing" may be .removed by
rubbing the surface on a file. Burrs on the
metal friction surfaces or around the pin hole
should be removed with a fine file and the
surfaces then polished.

SHAFT LINE DEVICES

r. -
.~ ...~

FRICTION
SURFACES

BAKELITE
DISK

Adiusting a clamp nut
If the clamp nut on a screw-type holding fric
tion cannot be adjusted properly, look for
dirty or damaged threads. Badly damaged
threads require replacement of the part. For
the proper adjustment procedure, consult the
instrument OP.

CLAMP NUT

REmlCTED

THREADS

SPRINGS

THREADS

BAKELITE
DISK
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Fr .ng a friction gear

A safety friction in which the friction gear
turns directly on a shaft instead Of on a bear
ing may freeze on the shaft so that it will not
slip. Complete disassembly of the unit is re
quired in order to polish the shaft and the
hole in the gear. The gear and both disks
should be checked for run-out, and straight
ened if necessary.

Cementing a cork disk

114

CORK

GEAR

BAKELITE
DISK

If the cork disk has come loose from the gear,
disassembly is necessary in order to cement
the parts together again. Use the materials
furnished in the lubrication kit. See the sug
gestions in the Introduction, page 18.

Repladng disks

Refer to the assembly drawing of a screw
type friction for the tolerance between the
stud and slot in the bakelite disk. If there is
too much play, it is best to replace the dam
aged part or parts. If the pressure disk which
is pinned to a shaft wobbles, it may cause un
even operation of the friction. A wobbling

. disk should be repaired in the same way a
wobbling spur gear is repaired.
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Disassembling the unit

Holding friction

1 Loosen the clamping screw and unscrew
the clamp nut from the threaded hub. Do
not lose the two coil springs.

2 Remove the sliding pressure disk.

CLAMPING
SCREW

SHAFT LINE DEVICES

SPRINGS

CLAMP NUT

3 Remove the bakelite disk.

SLIDING
PRESSURE
DISK

THREADED
HUB

4 Most repairs can be made without remov
ing the threaded hub. If it is necessary to
remove the hub and the disk, drive the
pin out carefully.

SLIDING PRESSURE DISK
(UPSIDE DOWN)

BAKELITE DISK

PINNED
PRESSURE
DISK

PIN,
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FRICTION GEAR SPRING

SLIDING
PRESSURE DISK WASHER

SPUR GEAR SHAFT

ADAPTER
ADJUSTMENT

PINNED
CLAMP

PRESSURE
DISK

Saf ty friction
SPRING

WASHER

ADJUSTMENT
CLAMP

1 Loosen the adjustment clamp and un
screw it from the shaft.

2 Remove the washer.

3 Remove the spring from the shaft.

SLIDING
PRESSURE

DISK

FRICTION
GEAR

PIN

\

TONGUE

4 Drive the pin out of the tongue and re
move the tongue from the shaft.

5 Remove the sliding pressure disk.

6 Remove the friction gear. Do not remove
the cork rings from the gear unless they
must be replaced.

SPUR GEAR

TAPER PIN

PINNED
PRESSURE
DISK

7 Drive the taper pin out of the spur-gear
hub and pull off the gear.

8 Pull the shaft with the pinned pressure
disk out of the adapter.
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Reassembling the unit

Hoi i 9 friction

If the threaded hub has been removed
from the shaft, repin it. The sliding pres
sure disk will not fit over the hub unless
the ends of the pin are slightly below the
surface of the threaded hub. Burrs raised
by staking the pin must be removed.

2 Mount the bakelite disk on the shaft and
stud.

3 Replace the sliding pressure disk.

4 Apply a small amount of grease to the
coil springs to hold them in the clamp nut
while it is being assembled. Be careful not
to get any grease on the disks.

SLIDING
PRESSURE
DISK

CLAMP NUT

THREADED
HUB

BAKELITE
DISK

SLIDING PRESSURE DISK

BAKELITE DISK

PIN

~

5 Screw the clamp nut down until the fric
tion holds as recommended in the instru
ment OP. Tighten the screw.

RESTRICTED
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\
PINNED
PRESSURE
DISK

/
2 Pin the spur gear to the shaft.

1 Put the shaft into the adapter.

Safety friction

~
SHAFT

I

4 Replace the sliding pressure disk
on the shaft.

3 Mount the friction gear on the
shaft.

5 Mount the tongue and pin it to
TONGUE the shaft.

..
SLIDING
PRESSURE
DISK

FRICTION
GEAR
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6 Replace the spring on the tongue.

7 Mount the metal washer with its
flat surface toward the clamp end.

8 Replace the clamp.

9 Adjust the unit according to the
directions given in the instrument
OP.

SHAFT LINE DEVICES

Bench checking the unit
The friction assembly should be
checked before the unit is reinstalled
in the instrument.

It should be possible to adjust the
friction easily.

When the friction is tightened, it
should turn smoothly by hand.
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COUPLINGS
A coupling is a device which joins two shafts so that they
function as one.

An OLDHAM COUPLING is used to compensate for lateral
misalignment. It consists of two slotted disks, pinned with their
faces flush with the ends of the shafts, and a center disk which
has lugs that fit in the slots. A coil spring holds the center disk
in position. A spacer in the form of a spring clip keeps the
coupling from being opened by a severe shock. Another cou
pling, similar to the Oldham coupling in appearance, is used as
an expansion joint, or for joining removable shafts. In this
coupling, the shaft ends extend into the center disk and there
can be no lateral misalignment.

~ OLDHAM COUPLING

SLonED DISK_~ ,'# !
SPRING CLIP ~ ~

CENTER DISK LUG -------

PIN

________ CENTER DISK

CENTER DISK LUG

A JAW COUPLING, or CLUTCH, is made up of two parts,
one with a tongue and the other with a mating groove. The
split hub of each part is clamped to its respective shaft.

CLAMPS

TONGUE

SPLIT HUB

CLAMPS

CLOSED A JAW COUPLING OPEN

A SLEEVE COUPLING consists of a metal tube or sleeve
which fits over the ends of the two joining shafts. It is slotted
at both ends so that it can be clamped firmly on the shafts.
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Whenever possible, a coupling should be repaired without dis
assembly. If disassembly is necessary, the instrument OP
should be consulted, because shafts, hangers, and even units
may have to be removed.
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Typical symptoms
If a shaft line check indicates that a coupling
is not functioning properly, look for one or
more of the following typical symptoms:

STICKING: When the shaft is turned, it
binds at one or more points or turns slug
gishly.

EXCESSIVE LOST MOTION: There is too
much play in the coupling.

SLIPPING: One shaft moves intermittently
when the other shaft is turned.

I
SLOTS

COUPLING

LUGSSLOTS

Locating the' cause and
repairing .the- parts
STICKING in a shaft line may be caused by
chips between the mating surfaces which may
cock the coupling, insufficient clearance be
tween the ends of the shafts, or misalignment
of the two shafts in excess of the allowable
limit.

A burr on the mating surfaces of coupling
tongues, grooves, lugs, or slots can be removed
by filing or stoning. Be very careful not to
cause excessive play by removIng too much
metal.

If, after a repair has been made, the shaft
ends interfere at the coupling, reposition
hangers in the gear train to relieve the inter
ference. If this is impracticable, shorten the
shafts, but only as a last resort.

If two shafts joined by an Oldham coupling
are misaligned beyond the allowable limit,
this condition may be corrected by reposition
ing shaft assemblies or units. Be sure that the
problem has been thoroughly investigated
before making these repairs.

SHAFT ENDS
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EXCESSIVE LOST MOTION may be
caused by improper fitting of the coupling
parts.

The angular lost motion through all the parts
should not exceed the allowable limit meas
ured on the largest diameter. Lost motion of
this type has the same effect as lost motion
between gears.

MEASURE RADIAL
LOST MOTION ON
LARGEST DIAMETER

Excessive end play in a removable shaft may
be reduced by repositioning the coupling
disks or the shaft hangers. Where one of the
disks is held to the shaft by a clamp instead
of a pin, the disk may have been improperly
positioned when the clamp was tightened. In
such a case, reposition the disk by means of
the clamp.

122

SLIPPING may result if there is too much
clearance between the disks of a coupling or
if a taper pin is sheared or missing. The parts
between which there is too much clearance
should be repositioned. A sheared taper pin
should be replaced and the cause of the con
dition found and eliminated.
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Disassembling
and reassembling the unit
The following disassembly procedure for the
coupling used on removable shafts will allow
most repairs to be made and permit replace
ment of defective parts.

1 Remove the spring clip.

2 Disconnect the removable shaft.

3 Remove the bent steel wire.

'I.I~"',
-'I "-'" ,

, , ,

SHAFT LINE DEVICES

SPRING CLIP

REMOVABLE
SHAFT DISK

STEel WIRE

SPRING CLIP

4 Remove the center disk· and the coil
spring.

The same procedure can be carried out in re
verse order for reassembly.

Bench checking the unit
The coupling should be reassembled to meet
the allowance given on the assembly drawing.

There should be no excessive lost motion.

All moving parts of the coupling should be
lubricated.

RESlRlaED

COil SPRING STEel WIRE
HOlES

CENTER DISK
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I----SHAFT

DETENT
WHEEL

OP 1140A

THE DETENT
A detent is used to hold a shaft firmly in one
of several definite positions.

A detent consists of a specially shaped wheel
fixed to a shaft, and a follower on an arm. The
follower is held in the depressions of the
detent wheel by a spring. The detent wheel is
usually pinned ,to a shaft.

Lo(at"ing the (a use
and repairing the parts
If a detent does not hold the shaft at exactly
the proper position because the follower is not
held securely in each depression of the detent
wheel, look for a weak or loose spring, a dirty
or damaged bearing, a faulty pivot, or a bent
follower arm.

124

A weak or loose spring can be replaced with
out disassembling the unit. To make a new
spring, wind a piece of music wire to fit the
specifications of the assembly drawing. If
necessary, a spring having the last coil broken
or damaged can be repaired.

To detect a faulty bearin"g on the follower,
turn the detent wheel by hand. The move
ment of the follower as it goes across the high
point and into the depression will feel rough
if a bearing or pivot is dirty or damaged. To
replace a faulty bearIng or pivot the unit must
be disassembled. It must also be disassembled
to straighten a bent follower arm.
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1 Unfasten the spring from the arm.

Disassembling the unit

2

3

Remove the cotter pin in the pivot and
lift the arm off the pivot.

Remove the cotter pin and spacer and
pull off the follower bearing. Do not lose
the spacers; they position the follower
with respect to the detent wheel.

SPRING

PIVOT

COTTER ...........
PIN ~

/
ARM

FOlLOWER
BEARING

SPACER

SHAFT LINE DEVICES

PLATE

COTTER
PIN

4 Tap out the pin holding the detent wheel
to the shaft.

Reasse~bling the unit
In reassembling the unit, follow the disassem
bly procedure in reverse. Be sure to replace
the spacers so as to line up the detent teeth
with the follower.

Bench checking the unit
The follower and detent wheel should be in
full mesh. The shaft to which the detent
wheel is pinned should turn freely when the
follower is disengaged. When the follower is
engaged, it should click sharply into each de
pression in the detent wheel as the shaft is
turned.

RESTRICTED
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LOCKING
PLATE
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THE VERNIER QAMP
A vernier clamp is used to make a fine adjust
ment in the position of a gear on a shaft.

A vernier clamp consists of three parts: a
sleeve, a spur gear, and a block. The sleeve
usually has an ordinary clamp to hold it to
the shaft. The gear fits over the sleeve and
can be turned on it. The spur gear is pinned
on a worm gear hub. The block is pinned to
the sleeve and holds a small worm that
meshes with the worm gear. There is a slot in
one end of the worm so that it can be turned
by a screw driver. When the worm is turned,
the worm gear and shaft turn with respect to
the shaft. A locking screw holds the worm in
position after the adjustment has been made.

Typical symptoms
JAMMING OR STICKING: The gears
freeze or stick on the sleeve.

EXCESSIVE LOST MOTION: There is too
much play between the worm and the spur
gear.

SLIPPING: When the shaft is turned, the
vernier clamp is not carried around. with it,
or adjusting the worm does not turn the gear.

Locating the cause and
repairing the unit
If the head of the locking screw is burred, it
may be difficult to adjust the screw or to make
it hold after it has been adjusted. Replace the
locking screw, or repair it by filing a deeper
slot in the head and smoothing the burred
edges.
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JAMMING OR STICKING of the worm may
occur because of damaged worm threads or
worm gear teeth; or because of dirty, burred
or rough bearing surfaces on the sleeve or in
the spur and worm gear a~sembly.To free the
spur and worm gear assembly so that it can
be turned on the sleeve, smooth the sleeve,
using a very fine abrasive to remove just
enough metal to even out the high spots. If
too much metal is removed, the assembly will
fit too loosely on the sleeve. Clean andlubri
cate the parts and reassemble the unit.

EXCESSIVE LOST MOTION between the
spur gear and the shaft may be caused by a
damaged worm or worm gear, -by a weak or
broken wire spring, or by a weak spring
washer. The unit must be disassembled to

. replace a damaged worm or to replace a
spring washer which does not take up the lost
motion.

SLIPPING of the spur gear with respect to
the shaft may result if the dowel pins which
secure the spur gear to the worm gear hub
are sheared; or if the taper pins securing the
sleeve to the block are sheared. The unit must
be partially disassembled to replace worn or
damaged parts. For instructions on replacing
pins, refer to the section on doweling, pages
74-75.

WORM GEAR HUB _

SPUR GEAR

RESTRICTED,
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Disassembling the unit

1 Remove the adjustment clamp.

/
SPRING
WASHER

SLEEVE

2 Slide the sleeve and block off the shaft.

3 Remove the locking screw, the metal
locking plate, and the wire spring.

4 Drive the pin out of the small collar.

128

LOCKING
SCREW

LOCKING
PLATE

WIRE
SPRING
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5 Lift off the collar and spring washer.

6 Carefully pull the worm out of the block.

COlLAR

7 Drive the taper pin out of the block.

SPRING
WASHER

T
COlLAR PIN

TAPER PIN HOlE

8 Drive the sleeve out of the block. Do not
lose the two dowel pins.

TAPER PIN

,BLOCK

SPACER

BLOCKSLEEVE
SPUR
GEAR

WORM
GEAR

Remove the spacer and gears from the
sleeve.

9
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Reassembling the unit
Lubricate all parts before reassembly. In re
assembling the unit, be careful to eliminate
all excessive lost motion.

1 Mount the gears and spacer on the sleeve.

TAPER PIN HOLE

BLOCK ---'

2

DOWEL
HOLES

3

DOWELS, ~TAPERPIN

WORM

BLOCK

4 Mount the spring washer and collar on
the worm shaft.

PIN
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SPRING WASHER COLLAR
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PIN

COlLAR

LOCKING
PLATE

5 Pin the collar to the worm shaft.

6 Replace the locking plate and the locking
screw, and mount the wire spring on the
screw.

7 Slide the assembled parts on the shaft.

8 Mount the adjusting clamp and tighten it.
WIRE
SPRING

Bench checking the unit
Be sure that there are no damaged gear teeth.

Turn the worm to check that the movement
of the spur gear is smooth without excessive
lost motion. When the locking screw is tight
ened, the locking plate should hold the worm
securely in position.

The wire spring should press down firmly on
the worm shaft to take up any looseness in
the plain bearings.
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WIRE TAKE-UP SPRING
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OP 1140A

THE TAKE-UP SPRING
A take-up spring is a coiled length of wire, or
a metal ribbon like a clock spring, mounted
in a shaft line. Its purpose is to take up lost
motion in the shaft line.

The wire spring is usually wound around a
shaft, with one end clamped to the shaft and
the other hooked to a post on a hanger.

To adjust the take-up spring, consult the in
strument OP.

CAUTION:
Do not wind the spring too tightly, or wind it
backward. If there is sticking in the shaft line
which prevents the spring from taking up lost
motion, locate and eliminate the trouble. Do
not attempt to compensate by winding the
spring too tightly.
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Locating the cause
and repairing the parts
With the instrument power OFF, turn the
largest gear in the shaft line in the SAME di
rection that the spring is wound. If the spring
does not return the gear to its original posi
tion, the spring may be damaged, or one end
may be loose from the clamp or post, or there
may be a sticking or binding in the shaft line.

A metal-ribbon spring wound backward may
unhook or snap at the points where it is con
nected.

To repair a wire spring broken at the post or
the clamp, use long-nosed pliers. Without
kinking the wire, bend the end of the spring
to make a new hook. Replace a damaged
spring. Consult the instrument OP before re
hooking a metal-ribbon spring to the case.

RESTRlaED
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WIRE SPRING WOUND CORRECTlY
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Disassembling a wire spring
1 Loosen the clamp.

2 Drive the pin out of the collar and remove it from the shaft.

3 Loosen the hanger screws and pull off the hanger, the spring,
the clamp and the long spacer.

4 Unhook the spring from its post and unhook the clamp from
the spring.

134

Reassembling a wire spring
1 Slide the clamp and the long spacer on the shaft.

2 Draw the spring over the spacer and hook it to the clamp.

3 Push the hanger on the shaft and secure it to the plate.

4 Hook the spring to the post.

5 Pin the collar to the shaft.
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Disassembling
a metal-ribbon spring

SHAFT LINE DEVICES

1 Loosen the clamp and pull the cap up just
enough to enable the spring to be un
hooked from its post.

2 Unhook the spring from the post inside
the case.

3 Loosen the case and pull the case and
spacer off the shaft.

Reassembling
a metal-ribbon spring

CAP

CLAMP

1 Mount and secure the case on the plate.

2 Hook the spring to the post in the case.
The arrow on the case indicates the direc
tion in which the spring should spiral from
the post in the case.

3 Replace the spacer.

4 Mount the cap and hook the spring to its
post.

S Place the clamp on the split hub of the cap.

Checking the units
Check that the spring takes up the lost motion
in its shaft line when the spring is wound ac
cording to the instructions given in the in
strument OP.

Check that there are no kinks or crimps in the
spring and that the coils are uniform in ap
pearance.
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RING DIAL

DIAL ASSEMBLIES
Dial assemblies are usually mounted in ac
cessible parts of the instrument. They may
be attached to shafts which are parts of other
larger units, or they may be mounted on
plates. Repairs can often be made without
removing the assembly from the instrument.
Consult the instrument OP before attempt
ing any repairs.

There are two kinds of dials: disk and ring
dials. A disk dial is held to a shaft between a
hub on the shaft and a cap screwed to the
hub. A ring dial is usually mounted on posts.
The ring dial posts may be mounted on a
planetary reduction gear spider.

PLANETARY
GEARS
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POSTS

SPIDER

ADAPTER

Typical symptoms
If a dial assembly is not operating properly,
look for one or more of the following typical
symptoms:

JAMMING: The shaft, gear or spider sup
porting the dial cannot be turned by hand.

STICKING: The shaft, gear or spider sup-:
porting the dial resists moving past a certain
point or points.

EXCESSIVE LOST MOTION: There is ex
cessive play in the dial assembly gearing.

SLIPPING: The dial slips with respect to its
hub, or the gearing supporting the dial slips
with respect to the input shaft or gear.
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INDEX

DIAL ASSEMBLIES AND COUNTERS

INDEX BLOCK

Lo(ating the (ause

Jamming or sticking
Jamming or sticking of the dial against the
mask, the mask 'lip, the index or the index
block may be caused by a bent dial, a bent
disk dial shaft, or a bent ring dial post.

Jamming or sticking may also be caused by
dirty or damaged gears or bearings, frozen
retainer balls, or a damaged race.

A ring dial may jam or stick because of inter
ference between adjoining parts and the large
gear on which it is mounted.

LIPS

MASK

RING DIAL

DISK DIAL

DISK DIAL
SHAFT

RACE

BEARING

DISK DIAL
SHAFT

RETAINER
BAllS
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DISK DIAL SHAFT

BEARING

DISK DIAL EDGE

DISK DIAL __~

OP 1140A

If a disk dial jams or sticks, inspect the paint
at the edges of the dial for signs of wear. If
the paint is worn off, probably the shaft on
which the-dial is mounted is bent. If the paint
is not worn, the trouble may be a dirty or
damaged bearing or gear on the shaft line.
Make sure that the dial itself is not bent. Dis
assembly of the unit and removal of the shaft
are necessary in order to repair or replace
dirty or damaged parts.

If a ring dial jams or sticks, inspect its edges
. for worn off paint. If the paint is worn off, the

posts on which the dial is mounted may be
bent; or the ring dial may be shifted within
the clearance holes and secured in the wrong
position relative to the mask and disk dial.

The ball races in the plate recess and on the
gear may also be worn or damaged. An ex
cessively worn race on the plate or gear will
allow the gear hub to rub against the plate.

HUB
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LARGE GEAR

BALL RACE ON
UNDER SIDE
OF GEAR

BALL RACE

PLATE-- _
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DIAL ASSEMBLIES AND COUNTERS

Inspect the ring dial to see whether or not it
is bent. A bent dial can often be straightened.
A loose dial can usually be secured by tight
ening the three post screws. Make sure that
the mask, index, and index block are mount
ed so that the dials turn freely and without
rubbing. In order to straighten, repair, or re
place damaged parts, the unit must be dis
assembled.

If the paint on the ring dial edges is not worn
off, remove the dial and try to turn the large
gear by hand. If it jams or sticks, disassemble
the unit and look for damaged gear teeth or
bearings, or balls frozen in the retainer. Clean
and repair the parts and free any frozen bear
mgs.

INDEX BLOCK

INDEX

DISK DIAL

RING DIALS

MASK

In the dial group shown in the accompanying
illustrations, the ring dial is not geared to its
corresponding disk dial; hence it turns inde
pendently. If the center shaft tends to turn
with the large gear when the latter is turned,
the bearing in the center of the large gear is
probably dirty or damaged. A dirty bearing
must be cleaned and a damaged one replaced.

LARGE GEAR BEARING

LARGE GEAR

RING DIAL

REmlaED

BEARING

LARGE GEAR
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INPUT
GEAR

GEAR

LARGE
GEAR

OP 1140A

Exe ssive lost motion

Excessive lost motion between the input gear
and the dial may be caused by worn gear
teeth, improper meshing of gears, or by a
loose dial.

Make sure that all gears mesh properly. Clean
dirty gears and replace worn ones. Secure a
loose dial by tightening the screws which
hold it to its mounting.

RING
DIAL

SIDE
VIEW

DISK
DIAL

GEAR In a planetary-type dial unit, a lag between
the fine and coarse dials is usually caused by
excessive lost motion between the planetary
gears and the sun gears. In order to reduce
such lost motion, reposition the planetary
gears 'by moving the hanger. Redowel the
hanger with oversize dowels.

PLANETARY
GEARS

DOWel

TOP VIEW
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Slip °ng

A disk dial may slip if the screws holding the
cap to the hub are too long. Make sure that
the dial cap is fastened with screws of the
length specified by the assembly drawing.
Screws that are too long will bottom before
they clamp the dial between the cap and the
hub. Tighten cap screws carefully in order to
avoid burring the slots or shearing the heads.

RESTRlam
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Disassembling the unit

MASK
SCREW

CAP

DISK DIAL

LARGE
GEAR

RING
DIAL

POST
SCREWS

__DIAL

TRANSPARENT
INDEX

INDEX BLOCK

REMOVE RING DIAL FIRST

REMOVE MASK FIRST

MASKMany repairs require only partial disassem
bly. If complete disassembly is necessary,
first consult the instrument OP. If possible,
avoid removing the dial assembly from the
instrument. The mask and the ring dials of
some units have lips ·which make it necessary
to remove one before the other.

MASK
SCREW

The fine and the coarse dial assemblies have
similar parts. When disassembling both dial
assemblies at the same time, tag the parts to
keep them separate.

1 Remove the mask. (The index assembly
may be doweled to the base plate or to
the mask.)

2 Remove the transparent index from the
fine dial assembly.

)
3 Remove the cap and the disk dial.

4 Remove the fine ring dial from the posts.

5 Remove the index block.

6 Drive the taper pin out of the hub. Back
up the hub to prevent bending the shaft.
Tag the pin and hub taken from the fine
dial assembly.

7 Remove the large gear with three posts
from the shaft.
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OP 1140A

8 Lift out the ball retainer.

9 Follow the same procedure in disassem
bling the coarse dials.

Disassembling
the synchro transmitter dial
In synchro transmitter dial assemblies, the
dial is clamped on one end of a gear hub which
is secured to the synchro shaft by a cap nut
and Woodruff key. The cap nut is slotted to
receive a screwdriver.

1 While holding the gear turn the cap nut
counterclockwise to "jack" the entire dial
assembly off the synchro shaft.

2 Remove the cap from the hub in order to
lift off the dial. (The dial may be re
moved while the hub is still on the syP
chro shaft).

3 Separate the aluminum portion of the
hub from the portion riveted to the gear
in order to remove the cap nut.

REASSEMBLE a synchro transmitter dial
assembly by reversing the disassembly pro
cedure.-

CAP

ALUMINUM
PORTION

RIVETED
PORTION
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CAP NUT DIAL

RIVET

GEAR

•
I

,
X WOODRUFF

/' t::> KEY
SYNCHRO
SHAFT
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DIAL ASSEMBLIES AND COUNTERS

Repairing Ihe paris LARGE GEAR
TOP VIEW

POST
'--- RIVETING

ili- --r---- POSTS

LARGE GEAR
BOTTOM VIEW

Dials may be made of aluminum or plastic.
Graduations may be engraved on the dial or
printed photographically. Some aluminum
dials have punched out graduations.

The method of repairing dials depends on the
type of dial and the material from which it
is made.

A bent dial can usually be straightened in
place. If a dial is badly bent, however, place
it on a small anvil and tap it into shape with
a small plastic hammer. Protect the painted
surfaces while tapping.e·

If a ring dial does not run true and rubs
against a mask, the dial may have shifted
within the screw clearance holes. In order to
reposition the dial, loosen the screw and shift
the dial until it runs true and clears both the
mask and the disk dial.

If a dial rubs against one portion of a mask,
regardless of the value at which the dial is
set, the mask should be shifted until the dial
clears. Masks usually are doweled, so the
dowels must be removed before the mask can
be shifted. Redowel the mask in its new posi
tion, using oversize dowels.

MOVE WITHIN
CLEARANCE HOLES

SHIFT MASK
AND REDOWEL
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DIAL RING
INNER EDGE
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Replacing a dial

If a dial has to be replaced, be sure that the
new dial has the same part number. This is
usually stamped on the back of the dial.

DISK DIAL
OUTER EDGE

ROlLING AN EDGE UNDER

144

A new aluminum dial which has punched
out graduations may rub against a mask or
against an adjacent dial because the edges
flare out too much. An outer edge can be
"rolled under" a few thousandths of an inch
by pressing and rolling the dial on a smooth
flat plate. Be very careful not to bend the dial
out of shape or chip the paint.

Too much paint on the edge of a new dial
may cause the dial to rub. Remove any ex
cess paint with fine abrasive paper.

Painting a dial
Be sure to use the right kind of lacquer to
paint the damaged surface or graduations of
a dial. .

CAUTION:
Do not use lacquer thinners on photographic
dials.
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Repairing a ball retainer
BALL RETAINER

DIAL ASSEMBLIES AND COUNTERS

If a ball does not spin freely in the retainer,
remove it and enlarge the hole with a fine
jeweler's file. Then polish the hole, but do not
polish the ball. Replace the ball and secure it
by staking each side of the hole. Lubricate
the ball retainer.

Polishing the plate and gear surfaces

Pits or grooves in the plate can sometimes be
removed by using a fine abrasive paper and
then polishing the plate. A pitted gear sur
face can sometimes be polished smooth. Be
fore reassembly, clean the retainer and the
plate and gear surfaces with a suitable sol
vent.

Repairing the large gear

If the large gear is bent, remove it from the
ass.embly. Do not attempt to straighten it in
the assembly, because a blow on the gear will
make the balls pit the plate and the gear.

Burrs on the gear teeth can be removed by
stoning. Clean and lubricate the gear before
reassembly.

REmlCTED

PLATE SURFACE AGAINST
WHICH THE BALLS BEAR

RETAINER AND BALLS
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FINE DIAL ASSEMBLY
BAll RETAINER

BEARING

Reass'embling the unit

This reassembly procedure is for t~e ball
retainer type.

1 Replace the ball retainer in the fine dial
assembly. Be sure that all the balls are
retained, yet free to rotate. Lubricate the
retpiner, the balls, and the bearing for
the shaft.

2 Check the shaft for burrs. Polish it if nec
essary.

4 Pin the hub to the shaft. Using a dial in
dicator with its point against the surfaces
which support the disk dial, make sure
that the hub runs true.

3 Replace the gear and the hub. Check the
gear meshes. Lubricate the gear and the
bearing.HUB

GEAR

INDEX BLOCK

TRANSPARENT 5 Replace the index block.
INDEX

6 Mount the fine ring dial. Using a dial in-
CAP dicator with its point as near the top of

the inner edge as possible, make sure that
the ring dial runs true.

DISK DIAL
Replace the fine disk dial and secure it7

RING DIAL in place with the cap and screws.

8 Replace the transparent index.

w.t--;-- SHAFT
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DIAL ASSEMBLIES AND COUNTERS

9 Replace the mask.

10 Follow the same procedure in reassem
bling the coarse dial.

Bench checking the unit

1 Be sure that the dials do not rub.

Insert a piece of paper between the dial
and the adjacent part and move the
paper completely around the dial. Re
peat this operation with the dial in at
least four positions of its working range.

2 The unit should have been properly
lubricated.

3 The dial assembly should move freely
on the ball retainer.

4 The index line and the crowfoot on the
index plate should be in line.

5 The gear meshes should be free and
have a minimum of lost motion.

6 The dials should not be damaged or
bent.

RESTRICTED
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LARGE COUNTER

SMALL COUNTER

148

OP 1140A

COUNTERS
A counter is usually mounted in a housing,
but it may be mounted between hangers with
out a housing. A counter in a housing can be
removed from the instrument by taking out
the screws which hold the housing to the
plate. A counter which has no housing can
be removed by taking out the hanger screws.

Never try to repair a damaged counter if a
replacement is available.

COUNTER MOUNTED
BETWEEN HANGERS

Typical symptoms

If a counter is not operating normally, check
for one of the following typical symptoms:

JAMMING: The counter input shaft will not
turn.

STICKING: The counter input shaft resists
turning past a certain point or points.
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DIAL ASSEMBLIES AND COUNTERS

EXCESSIVE LOST MOTION: There is too
much play between the input gear and the
counter drums.

SLIPPING: A drum remains stationary
when the counter input shaft is turned.

Locating the cause

INPUT GEAR

DRUM

DRUM SHAFT

FIRST DRUM

SECOND DRUM

INPUT SHAFT

THIRD DRUM

INTERMITIENT
GEAR SHAFT

If a large counter jams or sticks, the trouble
is probably caused by a bent or dirty input
shaft, drum shaft, or intermittent gear shaft;
dirty or damaged teeth on the drum gears or
intermittent gears, or dirt or damage inside
the housing.

Jamming or sticking

Try to turn the input shaft. If the first drum
jams or sticks, the input shaft may be bent or
dirty, or the first drum may be sticking on the
drum shaft or against the housing. If jamming
or sticking occurs when the second or third
drums should begin to turn, the drum shaft
or intermittent gear shaft may be bent or
damaged; or the intermittent gear teeth or
the teeth on the inside of the drums may be
dirty or damaged.

If the input gear wobbles when the input
shaft is turned, the shaft is probably bent and
should be removed for repair.

If the trouble seems to be in the second or
third drums or the drum shaft, the unit must
be completely disassembled to clean 'Or repair
the parts.
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Ex(essive lost motion

If the first drum can be turned back and forth
when the input shaft is held, the pin on the
disk fastened to the input shaft may be loose
or worn; the gear teeth in the first drum ot
the hole in the drum may be worn.

PIN

INPUT
SHAFT

DISK

If the second or third drums can be turned
back and forth when the input is held, the
teeth on an intermittent gear or the teeth in
the second or third drums may be worn.

Only partial disassembly is required to repin
the disk on the input shaft or to rivet a new
pin to the disk. If the drum hole, the drum
shaft, or any gear is worn, the unit must be
completely disassembled for repair.

INTERMITTENT GEAR

HOUSING

HANGER
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Slipping

If the counter slips when the input gear is
turned, the gear may be slipping on the input
shaft, a taper pin may be missing, or an inter
mittent gear shaft may be sheared or missing.

INTERMITTENT GEAR SHAFT

The gear on the external drum of a small
counter may slip on the hub if the staking is
broken.

If the input gear slips on the shaft, tighten
the clamp on the split hub so that it will hold
the gear firmly on the shaft. If the cause of
slipping is located inside the housing, the unit
must be disassembled for repair.

RESTRlaED

CLAMP

INPUT GEAR

SMALL COUNTER

DIAL ASSEMBLIES AND COUNTERS

TAPER PIN

GEAR
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Disassembling the unit

This is the disassembly procedure for a large
counter:

1 Loosen the clamp and remove the input
gear.

--- CLAMP

~--- INPUT GEAR

2 Take out the four long screws.

L-----;1 SCREWS

INPUT SHAFT

END CAP

DISK

3 Remove the end cap containing the disk
and input shaft.
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DIAL ASSEMBLIES AND COUNTERS

4 Remove the drum which has four sectors.

SECTORS

~~~

----- DRUM

5 Remove the first housing containing an
intermittent gear.

6 Remove the drum which has one sector
(the second drum).

DRUM
HOUSING

INTERMITTENT
GEAR
HANGER

SECOND
DRUM

dEUE_"ii:;:--- SECTOR
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7 Remove the second housing and the
third drum.

8 Pull out the drum shaft.

SECOND HOUSINGTHIRD DRUM.

DRUM SHAFT

9 Separate the last (third) housing from
the end cap.

END CAP LAST (THIRD)
HOUSING

10 If necessary, the intermittent gears can
be taken from their housings by remov
ing the hangers which are held in place
with staked screws.

HOUSING

HANGER

.e
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Repairing the parts

Repairing an input shaft

To straighten a bent input shaft, refer to Basic
Repair Operations, pages 68-71. Only partial
disassembly of the unit is necessary to repair
or replace an input shaft.

Repairing a drum shaft

To repair a drum shaft, the unit must be com
pletely disassembled. A slightly bent shaft
can be straightened. Polish a shaft that is too
tight or burred. Keep trying it in the drums
until it fits smoothly but without excessive
looseness.

·If a drum shaft must be replaced, make sure
that the new one is the proper length. Com
pare the length of the replacement shaft with
the old shaft. If the replacement shaft is too
long, shorten it to agree with the old shaft.
Try it in place. Remove it for cleaning and
lubricating before final assembly.

DIAL ASSEMBLIES AND COUNTERS

DRUM
SHAFT

RESTRIOED

DRUM SHAFT

155



BASIC MECHANISMS: MAINTENANCE OP 1140A

Repairing an intermittent gear shaft
If possible, replace the entire drum housing
assembly. If a replacement is not available,
however, the damaged shaft can be removed
for repair or replacement. Smooth a slightly
burred shaft with a fine oilstone, but replace
a badly damaged one. Clean the shaft and
hangers and lubricate the shaft before re
assembly. Be sure to stake the gear tightly to
the shaft at both ends.

HOUSING

INTERMITIENT
GEAR

HANGER

STAKED
SCREWS

INTERMITIENT
GEAR SHAFT

Repairing a drum
If possible, replace a damaged drum. If the'
surface of the drum is damaged and no re
placement is' available, the surface can be
reworked. Support the drum from the under
side while reworking the surface. Carefully
polish the metal before repainting. Smooth
any rough surfaces inside the housing with a
fine jeweler's file and clean the housing thor
'oughly before mounting the drum in the
housing.

INSIDE
OF THE
HOUSING

DRUM
SURFACE
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Reassembling the unit
1 Mount each intermittent gear in its hous

ing so that the cutaway teeth will be
toward the input end of the housing.
Mount the hangers. Tighten and stake
the hanger screws.

DIAL ASSEMBLIES AND COUNTERS

CUTAWAY TOOTH

TOWARD
THE
INPUT

HANGER

2 Replace the "third" (last) housing on the
end cap.

3 Mount the drum shaft.

4 On the drum shaft, mount a drum which
has one sector. The internal gear should
be toward the input end of the counter.

RESTRICTED

END CAP

THIRD (LAST)
HOUSING

DRUM

INTERNAL GEAR

DRUM SHAFT
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5 Hold the mounted drum with both the
zero and the nine showing at the window.
Position the intermittent gear with the
full tooth down and replace the middle
housing.

MIDDLE
HOUSING

FULL TOOTH
OF INTERMITTENT
GEAR 6 Replace the "second" drum, which also

has only one sector, so that the zero and
nine show at the window and the internal
gear faces the input shaft.

158

MIDDLE
DRUM

HOUSING

7 With a full tooth of the intermittent gear
facing downward, replace the "first" hous
mg.

8 Replace the "first" drum, having the four
sectors, so that a zero and a five line up
with the zeros and nines on the other
drums and the internal gear faces the
input shaft.

FOUR-SECTOR
DRUM
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9 Replace the end cap with the disk and
input shaft and tighten the four screws.

10 Mount the clamp and input gear and
tighten the clamp.

Bench checking the unit

1 Be sure that the counter turns freely.

2 Slowly turn the input shaft to make
sure that the drums operate correctly
at all transfer points.

When the unit drum moves ten gradu
ations, the second drum should shift
one number. When the second drum
has made one complete revolution, the
third drum should shift one number.

3 Check the counter for excessive lost
motion.

4 The input shaft must have minimum
end play.

RESTRICTED
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i,,

THE INTERMITTENT DRIVIE \'

TOP PLATE REMOVED

160

An intermittent drive is always mounted be
tween its own two plates. It is used as a single
unit on a shaft line connecting two mecha
nisms which have different limits of opera
tion. Each intermittent drive has an input
shaft and drive gear near one· plate corner,
and an output shaft and shift gear at the op
posite corner. When the shift gear is cut out
of mesh, the output shaft is locked even
though the input shaft continues to drive.

Before the unit can be removed, some adja
cent gearing and mechanisms may have to
be taken out. Then the entire unit can be re
moved for repair or replacement. If the unit
must be removed, consult the instrument OP
for instructions.

Typical symptoms
If test analysis and unit check tests have indi
cated that an intermittent drive is not operat
ing normally, look for the following typical
symptoms:

JAMMING: The input shaft cannot be
turned by hand.

STICKING: The input shaft resists turning
or is sluggish.

EXCESSIVE LOST MOTION:. There is too
great a lag between the .turning of the input
gear and the turning of the output gear.

SLIPPING: The output shaft does not turn,
although the shift gear is cut in and the drive
gear is turning.
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Locating the cause
Jamming or sti(king
The shift gear may jam or stick against the
spider at its cut-in or cut-out point because the
unit is out of adjustment, or because of a bent
shaft, an excessively bent lever arm, or a dir
ty, damaged, or loose cam or cam lever fol
lower. If the input shaft cannot be turned by
hand, the gears or the output shaft slot may
be dirty or damaged.

If the shift gear jams or stickS" at the poinh
where it cuts in or out of mesh with the spider
gear, check to see that the screw dowel holes
are of the proper diameter and in line with
each other, and that the screw dowel is not
bent, sheared, or missing. If the hole is dis
torted or the screw dowel is sheared or miss
ing, the unit is probably out of adjustment.

To check for proper adjustment, turn the in
put shaft until the marked tooth on the cam
shaft gear lines up directly with the mark on
the locking disk. At the same time, the mark
on the side of the locking disk should line up
with the mark on the side of the spider when
the locking tooth on the shift gear is 180 0

out of mesh, and the planetary gears are next
to the output shaft. Now it should be possible
to insert a screw dowel through the edge of
the top plate and into the stationary shaft.

PLANETARY
GEARS

STATIONARY
SHAFT

INTERMIITENT DRIVE

SHIFT GEAR

SCREW
DOWEL

SCREW DOWEL HOLE
IN STATIONARY SHAFT
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If the input gear jams or sticks at the cut-in or cut
out point when the unit is correctly adjusted, one or
more of the shafts may be bent. To locate a bent
shaft, carefully examine all gears on the input, out
put, stationary, planetary, and cam shafts for wobble.
To repair or replace a bent shaft, the unit must be at
least partially disassembled.

If the unit is correctly adjusted, but still jams or sticks
at the cut-in and cut-out points, the source of the
trouble may be in the cam, the cam lever, or the cam
lever hub. Examine the cam lever to see whether it
is bent or loose, and the cam, cam lever, cam follower,
and lever hub for looseness, wear, and dirt.

Only partial disassembly of the unit is necessary in
order to repair or replace these parts.

CAM GEAR

LOCKING
DISK

CAM GEAR

RING
SECTOR

SHIFT GEAR

--....---'--.-

If the input gear jams or sticks in any position when
the unit is correctly adjusted, check all bearings and
gear teeth for dirt, and the input and stationary shafts
for run-out. Check also for adequate clearance be
tween the shift gear and the ring sector and between
the cam gear and the locking disk.

The sun gears can be inspected only when the unit
is disassembled. Remove any dirt or embedded par
ticles from these gears and lubricate them. Turn the
input gear to see whether the shift gear will now cut
in or out without jamming.

CHECKING FOR
PROPER CLEARANCE

CUT-IN AND
CUT-OUT POINT

CAM LEVER

INPUT SHAFT
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Excessive lost motion
Excessive lost motion between the input and
the output shafts may be ca1..lsed by worn or
damaged gear teeth.

Carefully examine each pair of meshing gears
in the unit for dirt or embedded particles and
for worn or damaged gear teeth.

Check the end play in the cam shaft.

INTERMITTENT DRIVE

TO CHECK
GROOVE WEAR MOVE LEVER

Slipping
Slipping of the shift gear when it is cut in and
the drive gear on the input shaft is turning is
probably caused by a missing or sheared pin.
Inspect the cam and all gear hubs and collars
for a missing or sheared pin.
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STATIONARY SHAFT

SCREW DOWEL

TOP'-__

PLATE
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Disassembling the unit
1 Remove the screw dowel which goes

through the top plate and into the sta
tionary shaft.

2 Unscrew the five screws holding the top
plate and remove the plate.

3 Remove the L-shaped post and the cam
lever fastened to it by taking out the
screw under the lower plate.

4 Lift off the output shaft.

5 Remove the cam shaft and spacer.
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6 Lift off the input shaft.

7 Remove the planetary assembly con
sisting of the spider gear, the spider, and
the locking disk. To do this, tap gently
on a rod held against the slotted lower
end of the shaft, from below the lower
plate. SPIDER GEAR

......_-- STATIONARY

!!I.ail SHAFT

LOCKINGDISK __II

8 Gently pry up the locking disk and pull
it off the stationary shaft. The revolving
sun gear is attached to the disk and will
come off with it.

REVOlVING
SUN GEAR

SPIDER

9 Unscrew the three screws which hold
the gear on the spider, and remove the
spider gear.

10 Lift the stationary shaft out of the spi
der and remove the planetary gears by
tapping their shaft out of the spider.

SPIDER GEAR

HELICAL
STATIONARY
SUN GEAR

STATJO'''N:A~RY~ar-u
SHAFT -

SPIDER

SPACER

SPIDER

PLANETARY
GEARS
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TEMPORARY SHAFT

TEETH
ALIGNED

Repairing the parts
Replacing planetary gears
Be sure that both new gears are clean and
undamaged before riveting them together.
Mount the two gears on a temporary shaft,
align the teeth, and then rivet the gears to
gether so that there is no space between them.
For a detailed explanation of riveting, see
page 76.

File the rivets flush on both sides.

Check the shaft for straightness.

Ream the hole in the gears to a hand push-fit
on the planetary shaft, and mount the shaft
and gears in the spider with the spur gear on
top. Invert the spider and install the shaft
through the bottom plate. Check the gear
assembly for excessive end play and wobble.

~~ -GEARS ,.,

SECTOR GEAR-~65=~~-
J" .

II~
IJI -
.~-.. : ,.:-~
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Replacing sun gears
Check the stationary shaft for straightness.
Be sure that the new stationary sun gear is
clean and undamaged. Mount the shaft in the
spider and turn the spider to check the mesh
between the stationary sun gear and its plane
tary gear. Check lost motion between this pair
of gears.

Be sure that the new sun gear which turns is
clean and undamaged. Remove any dirt or
foreign matter, seat the gear in the locking
disk, and rivet it. Check the two teeth of the
sector gear on top of the locking disk for wear.

Mount the gear and locking disk on the sta
tionary shaft. Check to see that the gears are
free to turn with a minimum of lost motion.
Lubricate the gears.
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Replacing
a cam stud shaft and hub
Remove the cotter pin from the stud shaft
and slide off the spacers and cam lever. Repi~
the stud shaft to the L-post if it is loose.

INTERMITTENT DRIVE

Lubricate the shaft and fit the new hub to it..
Test the hub for wobble and smoothness of
operation on the stud shaft.

Remove the hub. Seat and rivet the new
hub in the cam lever so that the hole is on
top of the hub for convenient lubrication of
the shaft. Lubricate the stud shaft and mount
the cam lever on it with a spacer between the
L-post and the lever. Replace the outer spacer
and the cotter pin and check for smoothness
of operation.

Fitting a new follower

LUBRICATION
HOLE

FOLLOWERS

Lubricate the cam follower stud and, if neces
sary, ream the follower to fit freely on the
stud with a minimum of lost motion. If thG..-_--.....
follower is too loose, install a larger stud.

Try the follower in the cam or shift-gear hu
groove and check for lost motion. If a cam fol
lower stud is loose, remove it and rivet an
other securely in its place. For riveting in
structions, see page 76 .
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PLANETARY
GEARS

'------.r---" BEARINGS

Reassembling the unit
Wash and dry all the parts before starting to
reassemble the unit, and lubricate each part
before replacing it. Use grease on the gears,
grooves, studs, shafts, and the vertical slot in
the output shaft collar. Put a drop of light

. machine oil in each bearing.

In reassembling the parts, be sure that all
parts are in the same relative positions as
before disassembly.

3 Push the spider gear assembly into po
sition on the spider and tighten· the
three screws.

5 Replace the top plate temporarily. Line
up the dowel hole in the stationary shaft
and the top plate. This can be done by
turning the slotted end of the stationary
shaft. Remove the top plate, being very
careful not to disturb the shaft position.

2 Mount the assembly consisting of the
stationary sun gear and stationary shaft
in the spider.

4 Place this part of the planetary assem
bly on the lower plate.

1 Replace the planetary gears, the bear
ings, and the spacer in the spider.

6 Replace the output shaft and mesh the
shift gear with the spider gear so that
the cut-away tooth is 180 0 out of mesh
and the planetary gears in the spider
are toward the shift gear. Hold the gears
in this position.

SPIDER

STATIONARY
SUN GEAR

LOWER
PLATE

SPIDER

SPIDER
GEAR

SPIDER GEAR---~

SPIDER
GEAR

OUTPUT SHAFT

PLANETARY
GEARS
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Replace the locking disk and the cam
shaft at the same time. Be sure to line
up the marks on the gear tooth and the
disk, and on the spider and the side of
the disk. Replace the spacer on the sta
tionary shaft.

7

8 Replace the input shaft.

3 Shaft end play and lost motion between
gears should not exceed allowable max
imums specified on the assembly draw
ing.

2 The mark on the side of the locking disk
should line up with the mark on the
spider at the same time that the mark
on the cam-shaft gear lines up with the
mark on top of the locking disk.

1 Check the assembly of the unit against
the assembly drawings.

9 Replace the L-shaped post and care
fully fit the followers on the cam lever INPUT SHAFT --1M

into the grooves in the cam and in the
shift gear hub.

4 Turn the input gear to see whether the
shift gear cuts in and out smoothly.
When the unit is correctly aligned, the
input shaft drives the output shaft '29
turns. Then the output shaft remains
stationary for 87 additional turns of the
input shaft.

11 Turn the input shaft to see whether the
shift gear will cut in and out smoothly.

10 With all the scribe marks still lined up,
carefully lower the top plate into posi
tion, replace the screw dowel in the sta
tionary shaft, and fasten the plate with
the five screws.

Bench checking the unit
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THE SHOCK ABSORBER

A shock absorber is clamped to the output shaft of an inter
mittent drive to prevent damage to gears when the output
line suddenly starts turning. The clamp makes contact with
two steel arms which are held by a spring against the sides of
a block riveted to the disk. When the shaft suddenly starts
turning, the clamp spreads the arms against the spring so that
the first shock is absorbed and gradual acceleration of the gear
is permitted.

A shock absorber can be removed from the shaft after the
clamp screw has been loosened.

Typical symptoms
If a test analysis and a unit check test indicate that a shock
absorber is faulty, look for one or more of the following symp
toms:

JAMMING: An arm does not open or return to its normal
position against the block after opening.

STICKING: An arm is sluggish in returning to its normal
position against the block.

EXCESSIVE LOST MOTION: There is too much clearance
between the block and one of the arms.

SLIPPING: The motion of the shaft is not carried by the unit.
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Locating the cause and

repairing the parts
A SHOCK ABSORBER MAY JAM OR
STICK because of a dirty or damaged plain
bearing or pivot pin. Also, an arm may re
turn to its normal position sluggishly because
of a stretched or weakened spring which does
not pull the arm back to the block.

A shock absorber may appear to jam or stick
because of an overloaded shaft line.

Replace a weak spring. To check for an over
loaded shaft line consult the instrument OP.

A plain bearing that jams or sticks must be
removed from the unit and polished. To do
this, disassemble the arms from the unit,
mount the split hub end in a lathe and care
fully turn off the spun shoulder which over
laps the retaining washer. Caution: removing
too much of the shoulder may make the hub
useless.

RETAINING
WASHER

SPLIT
HUB

SHOCK ABSORBER

PLAIN BEARING

ARM

SPUN
SHOULDER

GEAR

Drive the hub out of the gear. Polish, clean,
and lubricate the bearing surfaces of the hub
and the gear. Remount the hub in the gear
and replace the retaining washer. Hold the
assembly so that the split hub is protected
and peen the shoulder over the washer. From
time to time during the riveting operation,
rotate the hub to be sure that it turns easily.

To smooth the pivot pin or the pivot holes in
the arms, or to install a thinner spacer in the
pivot-pin assembly, the unit should be dis
assembled. Polish the pivot pin, the holes in
the arms, or the flat pivoting surfaces on the
arms to 'remove any rust spots or roughness.
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A SHOCK ABSORBER MAY HAVE EX
CESSIVE LOST MOTION because the arms
do not bear simultaneously against the block,
the clamp post, and the clamp.

To correct excessive lost motion, the unit
should be disassembled. A clamp post which
is too long can be filed and polished to size.
A block that is too small should be replaced.
For instructions on riveting the block to the
disk, see page 76.

A SHOCK ABSORBER MAY SLIP because
the dowel pins holding the disk to the outer
ring of the sleeve bearing are sheared, the
clamp is loose or damaged or the shaft hole
in the hub is too large. The unit must be dis
assembled to replace an oversize hub or a
sheared pin. For instructions on replacing a
pin, see page 74.

CLAMP
SCREW

CLAMP ASSEMBLY
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A loose clamp can be tightened in the instru
ment. A faulty clamp must be replaced.
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Disassembling the unit
1 Remove the clamp assembly from the disk and withdraw

the screw.

2 Remove the spring from the posts.

3 Remove the cotter pin and spacer from the pivot pin.

4 Remove the pivot pin from the arms and the clamp and
separate the parts.

SHOCK ABSORBER

SPRING

CLAMP ASSEMBLY

- COTTER PIN SPRING

CLAMP SCREW

SPACER PIVOT PIN

COTTER PIN

ARM
~~flIiIJli~-- AND CLAMP

ASSEMBLY

SPLIT HUB

DISK

Reassembling the unit
1 Replace the arms and clamp on the pivot pin. Make sure

that the clearance hole in the clamp faces the hole in the
arm.

2 Replace the spacer. Use a new cotter pin if one is available.

3 Replace the spring.

4 Replace the arm and clamp assembly on the split hub.

S Insert the clamp screw.

Bench checking the unit
1 Check the unit against the assembly drawing.

2 All moving parts should be well lubricated. Oiling the
clamp screw will make later adjustments easier.

3 There should not be any lost motion between the arms and
the block.
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