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A
35MM TRANSPORT SYSTEMS B

You’ve already studied a typical camera-body mechanism /\\’// ?\ , p U@‘F A "’
for cocking the shutter. The camera-body mechanism has an \37 7 p‘o A N = & ‘b‘
additional duty -- it also advances the film. In 35mm cameras, «1\*\:)"\‘(‘”‘ sy O,Js?"\
the film-transport and film-metering systems follow some stan- o <, PO,
dard guidelines (they have to, since they all use the same film). Wl _))/V 3 (’éff'y

Fig. 1 shows a section of 35mm film. Notice that there are AN ’\. 2\

four perforations along each side of a single frame. By moving
the film four perforations between each exposure, the camera
brings a new area of film into position.

A single-frame (also called ‘‘half-frame’’) 35mm camera
uses a section of film covering four perforation holes for each
frame, Fig. 1. So does a 35mm motion-picture camera. But
most 35mm still cameras use a double-frame (also called ‘‘full-
frame’’) format. A double-frame tormat has eight perfora-

haracteristics

tions along each film frame. Figure 1 PERFORATION HOLES

Those film perforations make it convenient to accurately e
measure the film required, for each exposure. So we’ll first look A A e o N ‘@ 0
at the typical film-transport, film-metering, and timing NP D \7"’» ) A\:‘

A Y \

features of 35mm cameras.

THE SPROCKET AND TAKE-UP SPOOL 'ﬁ\'j‘

At the back of the camera, locate the sprocket and the
take-up spool, Fig. 2. One end of the film attaches to the take-
up spool. And the film perforations engage the sprocket.

Both the sprocket and the take-up spool rotate as you ad-
vance the wind lever. The film then wraps around the take-up
spool. The sprocket turns the same amount for each wind-lever
stroke.

The sprocket then stops. A mechanical stop inside the
camera determines that the sprocket has turned the right
amount. So the film also stops. A new frame of film now sits in
the focal-plane aperture.

Camera Design
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» Why not just turn the take-up spool a fixed amount during the
\ N\ wind stroke? Some of the simpler 35mm cameras do indeed use

N the

It may seem that you wouldn’t really need the sprocket.

such a system. But these cameras produce negatives which
aren’t evenly spaced along the roll.

Why? Because one turn of the take-up spool doesn’t wind
film a constant amount. As the take-up spool turns, it
winds on the film. And, as more and more film winds on, the
diameter of the take-up spool increases.

Providing even spacing between the film frames requires a
film-metering part in actual contact with the film. In some
types of cameras, such as the cartridge-loads, the film-
metering part simply senses how far the film has moved. When
the film has advanced the right distance, the film-metering part
signals an internal mechanism to block the wind lever. But in
35mm cameras, the film-metering part -- the sprocket -- actual-
ly advances the film a fixed amount.

Again, the sprocket always turns the same distance -- it’s
geared directly to the wind mechanism. Yet, with film in the

camera, the take-up spool rotates a different amount each /-~

time. So the take-up spool doesn’t gear directly to the wind "~

mechanism. Rather, a slip spring carries the take-up spool.

The slip spring always tries to turn the take-up spool with
the wind shaft. However, if you hold the take-up spool, you
can still advance the wind lever. The slip spring then ‘‘slips’’
around the wind shaft -- it allows the wind shaft to move even
though the take-up spool stays put.

There’s one other characteristic of the 35mm film-
transport system -- pushing the rewind button disengages the
sprocket. Then, the sprocket turns freely as you rewind the
film. And, thanks to the slip spring, the take-up spool can also
turn in the rewind direction.

Notice the rod passing through the sprocket gear, Fig. 4.
The sprocket rod couples the sprocket to the sprocket gear. In
action, the transport mechanism turns the sprocket gear, the
sprocket gear turns the sprocket rod, and the sprocket rod
turns the sprocket.

The lower end of the sprocket rod also serves as the re-
wind button. Pushing in the rewind button moves the sprocket
rod toward the top of the camera -- that disengages the
sprocket rod from the sprocket gear. Now, the sprocket can
turn freely in either direction.

With most 35mm cameras, depressing the rewind button
allows a spring-loaded latch to engage a notch in the sprocket
rod, Fig. 5. The rewind latch then holds the sprocket rod
disengaged. So you don’t have to hold down the rewind button
as you rewind the film.

Also, most 35mm cameras automatically disengage the re-
wind latch the next time you advance the wind lever. In Fig. 5,
a cam attached to the wind shaft strikes the end of the rewind
latch during the wind stroke. The cam then disengages the re-
wind latch. And a spring returns the sprocket rod to its normal
position -- engaged with the sprocket gear.
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AN A be certain the timing is critical. For example, consider the gear

Check the action by pushing in the rewind button -- make
sure the sprocket turns freely in both directions. Then, advance
the wind lever. The rewind button should disengage. And the
sprocket should turn in only one direction -- the direction that
advances the film.

SPROCKET TIMING

You’ll rarely have to disturb the timing of the sprocket.
However, if you disengage the film-transport gears, you may
lose the sprocket timing. So it’s a good idea to note the
sprocket position before you disturb any timing points.

The actual sprocket position may vary from camera to
camera. But there’s a general rule that applies to many 35mm
cameras:

' ?'i',f With the shutter fu
of sprocket teeth - one tooth on top and one tooth on
~ bottom -- should point directly to the back of the
 camera. Fig. 6 shows the typical timing. Notice that
‘one upper sprocket tooth and one lower sprocket
tooth point to the back of the camera.

' cocked or fully released, a pair

The sprocket timing provides proper film registration.
Once the film has been processed, the space between film
frames should also be between sprocket holes, Fig. 1. Some

Qtypes of slide mounts depend on the perforation holes for

holding the film. In that case, the position of the sprocket
holes with respect to the film frames may be important.

As with every general rule, though, you’ll find exceptions
-- especially with this rule. The proper position of the sprocket
depends on distance ““A’’ in Fig. 7; this distance varies in dif-
ferent cameras. That’s why you should note the sprocket posi-
tion before disassembling the transport gears. Also, it helps to
scribe gear positions before disturbing the timing. Scribing
gears can be a most valuable time-saver on reassembly.

WHEN TO SCRIBE
How do you know when to scribe a gear? You can often
tell by the gear’s function -- and by the gear’s shape.
Whenever a gear has a special lug or projection, you can

>\ shown in Fig. 8. The post on top of the gear tells you that the

gear’s timing is critical. Don’t disengage the gear until you note
its timing. And the easiest, fastest way to note gear timing is to
use scribe lines.

How can you scribe the gear shown in Fig. 8? Just make
two scribe lines -- one on the gear and one on the bottom of the
camera’s body casting. When you replace the gear, align your
scribe marks.

But there’s one other consideration -- did you scribe the
gear with the shutter cocked or with the shutter released? If the
gear is part of the transport or shutter mechanism, you must be

“Mcareful. The gear shown in Fig. 8 doesn’t make a full revolu-

tion when you cock the shutter.
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In many cases, it doesn’t matter whether the shutter is
cocked or released. But in other cases, it makes a big dif-
ference. So, if you’re in doubt, make a note -- note whether the
\( . shutter was cocked or released when you made your scribe.
TUJ | A sprocket gear, Fig. 9, does make a full revolution dur-
N\ [ ing the cocking cycle. Consequently, you can scribe the gear in
N | either the shutter-cocked or the shutter-released position.
X\ ‘ [t’s not always necessary to scribe gear timing; sometimes,

the position of the gear makes no difference. A gear that’s
symmetrical in shape often has no timing considerations. Still,
you can save yourself a lot of trouble if you follow a basic rule:

TEST-YOURSELF QUIZ #1
1. What part assures that the film advances the same amount

for each wind-lever stroke? ZpProC k=]

2. As the film wraps around the take-up spool, the diameter of
the take-up spool increases. Consequently, the amount that
the take-up spool must turn is different with each wind
stroke. What allows the take-up spool to turn different
amounts as the film advances?_S. /2 Spr/ns00 THE

JAKE P SPoat

3. Pushing in the rewind button disengages the

sprocket

B . take-up spool

4. Proper film registration is provided by the timing of the

@sprocket

B . take-up spool
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wind stroke, the two-piece reduction gear turns
.~ counterclockwise. That motion drives the sprocket gear in a
ol clockwise direction.
N
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A TYPICAL TRANSPORT SYSTEM

You’ve seen what’s necessary for transporting and meter-
ing 35mm film. Now, we can look at the disassembly, ad-
justments, and timing in a typical system. The camera we used
earlier as a representative, Fig. 9, also provides a good example
here.

Remember the function of the latch-release cam, Fig. 9 --it
disengages the rewind latch as you start advancing the wind
lever. But the latch-release cam serves a second purpose. When
you allow the wind lever to return, the latch-release cam comes
against the stop shown in Fig. 9. The stop holds the wind shaft
in the proper position for the next cocking cycle.

The latch-release cam attaches to the bottom of the wind
shaft. Since the wind lever attaches to the upper end of the
wind shaft, the latch-release cam always turns with the wind
lever -- clockwise during the winding stroke and counterclock-
wise as you allow the wind lever to return to its rest position.

During the wind stroke, the main-wind gear also turns
clockwise. You can just see the teeth of the main-wind gear
under the latch-release cam, Fig. 9. But the main-wind gear
doesn’t attach directly to the wind shaft. Rather, a one-way_~—
clutch (under the latch-release cam) turns the main-wind gear
clockwise.

Why the one-way clutch? Because the main-wind gear
turns only in the clockwise direction. The one-way clutch

allows the wind shaft to return in a clockwise direction without -

moving the main-wind gear. A little later in this text, we’ll
examine different types of one-way clutches.

The main-wind gear engages the upper section of the two-
piece reduction gear, Fig. 9. And the lower section of the two-
piece reduction gear engages the sprocket gear. So, during the

. A two-piece gear such as the one shown in Fig. 9 transfers

he end result -- the sprocket gear turns one full turn. And the
sprocket gear drives the sprocket one full turn.

The lower section of the two-piece reduction gear also
drives the take-up spool. You can’t as yet see the take-up spool
gear -- it’s underneath the main-wind gear. But the take-up
spool gear also turns one full turn during the cocking cycle.

However, the take-up spool doesn’t attach directly to the
take-up spool gear. As you’ll recall, the take-up spool turns

—\different amounts according to how much film has been ad-
vanced. Yet the take-up spool gear always turns one turn.

Fig. 10 shows how the take-up spool works. Here, we’ve
removed the take-up spool shaft (the take-up spool gear is part
of the shaft) and the take-up spool. The take-up spool seats

1
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over the slip-spring collar, Fig. 10. Two tabs on the slip-spring
collar engage two slots on the bottom of the take-up spool.
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The slip-spring collar turns with the shaft of the take-up
spool. However, the two parts aren’t directly connected.
Rather, the slip spring, Fig. 10, applies downward pressure on
the slip-spring collar. That downward pressure tends to hold
the slip-spring collar against a shoulder on the take-up spool
shaft.

So, if you hold the take-up-spool shaft, you can still turn
the slip-spring collar. The slip-spring collar then ‘‘slips’’ on the
shoulder of the take-up-spool shaft.

How easily does the slip-spring collar turn? It depends on
the pressure applied by the slip spring. The more pressure the
slip spring applies, the more difficult it is for the slip-spring
collar to turn. Most 35mm cameras provide an adjustment for
the amount of slip-spring pressure.

In Fig. 10, the adjustment collar provides the adjustment
point. The adjustment collar screws onto the take-up-spool
shaft. After loosening the locking setscrew, Fig. 10, you can
turn the adjustment collar in either direction. Turning the ad-
justment collar in a clockwise direction (as seen from the top)
screws the adjustment collar further onto the take-up-spool
shaft. And that increases the pressure applied by the slip
spring.

If there’s too little slip-spring pressure, the film may not
wrap properly around the take-up spool. And if there’s too
much pressure, the take-up spool may not slip as its diameter
increases. In that case, the take-up spool attempts to keep ad-
vancing the film after the sprocket has stopped. The sprocket
may then tear the film along the perforation holes.

How much pressure should the take-up spool have? Fac-
tory service manuals often specify the proper torque -- how
much pressure should cause the take-up spool to turn.
However, it’s nearly impossible to measure this torque without
special gages.

But you can check the slip spring by feel. Hold the take-up
spool with your finger as you advance the wind lever. Or, cock
the shutter and then turn the take-up spool with your thumb.
The take-up spool should turn, smoothly but with noticeable
resistance.

Try this test on the cameras you encounter -- you’ll then
get an idea as to the proper ‘‘feel.”” Chances are the slip-spring
adjustments will be correct; it’s rare to have a problem in the
slip-spring mechanism (that’s fortunate, because reaching the
slip-spring adjustment normally requires quite a bit of
disassembly).

TEST-YOURSELF QUIZ #2

1. You’re about to remove a gear from the transport
mechanism. You note that the gear has a pin on its top sur-
face. Is the timing of this gear critical?__ Y £ S




2. Consider that you’re about to remove a gear, and you aren’t
sure whether or not the timing is critical. What technique

can you use to assure that you replace the gear in the same
position? SCUEE AR TBo0Y cAsTING

3. The main transport-wind gear in a transport mechanism
normally doesn’t connect directly to the wind shaft. Rather,
a_ONCE- WAL CLUTC \& connects the wind
shaft to the first gear of the transport system.

4. Suppose that a customer brings in a 35mm camera with this
complaint: ‘“The camera tears the film.”” What part would
you check first? T=cS10 Q0F 5P S2IiNG o THE

TAKE UP SPou =
ONE-WAY CLUTCHES
Earlier, we mentioned an application for a one-way clutch

(allowing the wind lever to return to the ready position). You’ll

encounter several types of one-way clutches in transport

systems. But they all do the same thing -- they allow free rota-
tion in one turning direction while blocking rotation in the op-
posite turning direction.

For example, consider again the camera shown in Fig. 9.

This camera uses a focal-plane shutter with horizontally travel-

ing curtains. As you cock the shutter, you’re pulling the shutter /

curtains against their spring tensions.

The curtains latch in the fully cocked position. But what if
you let go of the wind lever part way through the wind cycle
--before the curtains have latched? The curtains then try to
return to their rest positions. And that turns the entire
transport gear train in the wrong direction.

So the transport system includes a one-way clutch. The
one-way clutch allows the transport gears to turn freely in the
shutter-cocking direction. Yet it prevents the gears from turn-
ing in the opposite direction.

Our example camera in Fig. 9 uses the simplest type of
one-way clutch -- a spring-type clutch. The spring seated over
the sprocket rod, Fig. 9, provides the clutching action. As you
advance the wind lever, the sprocket rod turns within the
clutch spring. Turning in a clockwise direction -- the direction
that advances the film -- the sprocket rod rotates freely. The
one-way clutch spring has no effect.

But the clutch spring won’t allow the sprocket rod to turn
in a counterclockwise direction. Suppose that you release the
wind lever before the shutter’s fully cocked. The curtains then
try to pull the transport gears in the wrong direction. When the
sprocket rod tries to turn counterclockwise, the clutch spring
goes to work -- it tightens on the sprocket rod, preventing
reverse rotation.

You can check the operation of the clutch spring by simp-
ly watching the action. Partially cock the shutter. Then, let go
of the wind lever. The sprocket gear should turn slightly in a
counterclockwise direction. But it should then stop as the
clutch spring seizes the sprocket rod.

Camera Design Characteristics
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What if the clutch spring is defective? Then, the curtains
may return completely -- all the way to their rest positions. By
advancing the wind lever in short strokes, it’s possible you’d
never get the shutter cocked -- the curtains would return each
time you allowed the wind lever to return.

The solution? Replace the clutch spring. It’s very difficult
-- and time-consuming -- to reform the worn spring properly.
You may encounter a similar problem if someone has oiled the
RATCHET clutch spring. A technician may try to cure a rough wind stroke
by placing a drop of oil inside the spring coils. That oil may
help smooth the wind stroke. But it may also defeat the pur-

pose of the one-way clutch. § 7
Another type of one-way clutch -- the ratchet clutch -- (j\
provides a more positive action. Fig. 11 shows a typical design.

The ratchet gear turns as you cock the shutter. And the spring-
loaded pawl rides against the ratchet-gear teeth.

As the ratchet gear turns counterclockwise, the pawl rides
against the sloped sides of the teeth. The sloped sides simply
push the pawl out of the way. So the ratchet gear turns freely in
a counterclockwise direction.

Fig. 12 shows what happens when the ratchet gear tries to
SPRING turn in the opposite direction. Here, the straight side of a tooth

comes against the pawl. And the pawl prevents the ratchet gear
from turning any further.

The ratchet clutch shown in Fig. 12 rarely presents a prob-
lem. If the clutch fails, you’ll normally spot the problem im-
mediately -- it’s most likely a broken, weak, or disconnected
pawl spring. Excessive wear on the pawl or the ratchet teeth <=
could also allow reverse rotation. RN e

But some of the simplified versions of the ratchet clutch NETE
can be frequent problems. In Fig. 13, the ‘“‘pawl’’ is simply a
SPRING , spring which rides against the ratchet gear. Here, it’s not un-
common for the end of the spring to break. The ratchet gear
can then turn in the reverse direction, causing the same
malfunction we described earlier.

Fig. 14 shows a simpler version yet -- a type of clutch
sometimes used in inexpensive cameras. Notice that the side of;
the spring (rather than the tip of the spring) rides against th
ratchet gear. If the spring doesn’t place enough pressure ,_le\

against the ratchet gear, the one-way clutch will fail. That’s a

common problem caused by spring fatigue. Q‘ﬁy—

Some technicians simply reform the spring to increase its o
SPRING pressure. That works fine for a while. But the problem may j
/ reappear in a short time. So other technicians reform the
spring as shown in Fig. 15. Here, the tip of the spring actually
‘ engages the ratchet teeth for a more positive action.

@ You’ll find many versions of the ratchet clutch used in
transport systems. But there’s another common application for

this type of clutch -- in the counter mechanism. Here, the rat-
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chet gear turns one tooth as you advance the wind lever. The
counter dial then advances to the next film-frame calibration.
And a pawl drops into engagement, preventing the spring-
loaded ratchet gear from returning.

In a typical counter mechanism, Fig. 16, the counter dial
mounts to the top of the ratchet gear (we’ve removed the
counter dial in Fig. 16). Notice the two pawls in Fig. 16 -- the
advance pawl and the latching pawl. A spring-loaded counter-
return lever engages the advance pawl.

The counter-return lever extends through a slot in the
camera body. One end of the counter-return lever engages the
camera back. Opening the camera back allows the counter-
return lever to move away from the counter dial, Fig. 17. The
counter-return lever then pulls the two pawls away from the
ratchet gear. That allows the spring-loaded ratchet gear to
rotate counterclockwise, returning the counter dial to its start-
ing position.

Closing the camera back allows the two pawls to engage
the ratchet gear, Fig. 16. The camera back pushes the counter-
return lever toward the counter mechanism. Both pawls then
engage the ratchet gear.

As you now advance the wind lever, the advance pawl
moves the ratchet gear one tooth in a clockwise direction. And
the latching pawl drops into engagement with the next gear
tooth to hold the ratchet gear.

So the ratchet gear advances one tooth at a time. But
there’s one tooth missing in the ratchet gear. When the counter
dial reaches its last film-frame calibration, the cutaway section
of the ratchet gear faces the advance pawl. Consequently, the
advance pawl can’t turn the ratchet gear as you cock the shut-
ter.

We’ve described one-way clutches used in transport
systems and in counter mechanisms. How about that one-way

lutch which allows the wind lever to return? Here again,
you’ll frequently encounter ratchet clutches. However, quality
cameras often use roller clutches for their satin-smooth opera-
tion.

The roller clutch for the camera shown in Fig. 9 sits under
the latch-release cam. In Fig. 18, we’ve removed the latch-
release cam to show the roller clutch.

The three-lobed cam, Fig. 18, is part of the wind shaft. So
the wind-shaft cam always turns with the wind lever -- both
directions. But the main wind gear simply fits around the wind
shaft; there’s no direct connection. That’s because the main
wind gear must only turn as you advance the wind lever. It
must not rotate in the reverse direction as the wind lever
returns.

Notice that each cutout in the wind-shaft cam, Fig. 18,
contains a roller. And each of the three rollers has its own com-
pression spring. The compression springs push the rollers
toward the narrower ends of the cam slots.
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As you advance the wind lever, the wind-shaft cam turns
clockwise, Fig. 18. Turning clockwise, the narrower ends of
the cam slots tend to wedge the rollers against the main wind
gear. Consequently, the rollers carry the main wind gear in the
same direction.

The wind shaft turns in a counterclockwise direction when
you allow the wind lever to return. But the main wind gear
can’t turn counterclockwise -- the clutch spring on the sprocket

| rod prevents reverse rotation. Still, the roller clutch permits the
counterclockwise rotation of the wind shaft.

Why? As the wind-shaft cam turns counterclockwise, the
narrower ends of the slots no longer force the rollers against
the main wind gear. The narrower ends of the slots are now
moving away from the rollers. The rollers then ‘‘roll’’ along
the inside surface of the main wind gear.

The roller clutch is exceptionally reliable -- it has to be ex-
tremely dirty before it’ll fail. But roller clutches do cause prob-
lems in disassembly. Once you’ve removed the cover over the
roller clutch, those springs and rollers like to pop out
--especially if you try operating the mechanism without the
\ cover. It’s no great task to reassemble the roller clutch. Yet it
{ can be quite a task to find the springs and rollers.

So, whenever you’re working around the wind shaft, keep
in mind that you may uncover a roller clutch. If you do,
remove the springs and rollers (before they decide to remove
themselves). For reassembly reference, note that the compres-
sion springs fit between the flat surfaces of the wind-shaft cam
and the rollers. And the springs push the rollers toward the
narrower ends of the cam slots.

In fact, with any type of one-way clutch, you can quickly
decide the proper method of assembly -- just recognize the type
of clutch, the direction of motion desired, and other factors
which are individually simple. Let’s review the three types of
clutches we’ve discussed:

1. In the spring-type clutch, the shaft tends to
tighten the spring upon itself when turned in one
direction -- and loosens the spring when turned
in the opposite direction.

2. In the ratchet-type clutch, the spring pawl will
pass freely over the ratchet teeth in one direction
--but it will jam in the teeth in the other direc-
tion.

3. In the roller-type clutch, the shaft will turn freely
within the clutch when the shaft moves the
rollers toward the wide ends of the recesses. But
when the shaft rotation forces the rollers to the
narrow ends of the recesses, the rollers will bind.
So both the shaft and the gear or disc driven by
the clutch must turn together.
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REPLACING THE SPROCKET AND TAKE-UP SPOOL

\)
.»\3

It’s not uncommon to have to replace a sprocket or take-

\ up spool. These parts are usually plastic. And they do

sometimes break.

Replacing either part can be an easy repair. But it can also
be a time-consuming repair. Depending on the particular
camera, quite a bit of disassembly may be required to remove
either the take-up spool or the sprocket.

As you study complete cameras, you’ll see some specific
procedures. So in this text, we’ll stick to general principles you
can apply to most 35mm cameras.

REMOVING THE SPROCKET

Sprocket-drive mechanisms are usually quite similar. So
once you remove one sprocket, you’ll pretty well know the pro-
cedure for other 35mm cameras. The variations are in how
many parts you must remove to reach the sprocket support
bushing, Fig. 19.

The support bushing serves as a pivot for the upper end of
the sprocket. And it provides a bearing for the sprocket rod. In
most cases, you must remove the support bushing before you
can take out the sprocket. The support bushing simply screws
into the body casting. In the camera illustrated, you can reach
the support bushing once you pull the top cover. Unfortunate-
ly, it’s not always so easy. You often have to remove several
parts covering the support bushing.

To remove the sprocket, first take out the sprocket rod.
Normally, a long screw passes through the sprocket rod, Fig.
20. A slot in the bottom of the sprocket fits over the
screwhead.

So turn the sprocket until you can see the screwhead.
Then, remove the screw and lift out the sprocket rod, Fig. 21.
There’s usually a compression spring inside the sprocket that
pushes down the sprocket rod. The spring may stay in place or
it may be loose at some state of the disassembly, depending on
the design.

With the sprocket rod removed, the sprocket seems free.
But you’ll have to unscrew the support bushing, Fig. 19, before
there’s enough clearance to remove the sprocket. Then, lift out
the sprocket from the back of the camera. That’s all there is to
replacing a sprocket.

All this disassembly has no effect on the sprocket timing.
As yet, you haven’t disturbed the timing of the sprocket gear.

Camera Design Characteristics
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You can see the top of the sprocket gear in Fig. 22. Notice the
four slots. The screw passing through the sprocket rod fits
through a pair of these slots.

In Fig. 23, we’ve replaced the sprocket rod without the
sprocket. Here, you can see how the sprocket rod couples to
the sprocket gear. Since the screw engages the slots, turning the
sprocket gear also turns the sprocket rod. And the sprocket rod
turns the sprocket -- remember, the screwhead engages a slot at
the bottom of the sprocket, Fig. 20.

Pushing in the sprocket rod to rewind the film moves the
screw up and out of the sprocket-gear slots, Fig. 24. Now, the
sprocket rod and the sprocket gear can turn in either direction.
The rewind latch, you’ll recall engages a slot in the sprocket
rod. So the sprocket rod stays in the raised position.

As you start advancing the wind lever, though, the rewind
latch disengages. The compression spring inside the sprocket
then pushes down the sprocket rod. And the screw once again
engages the sprocket-gear slots, Fig. 23.

REMOVING THE TAKE-UP SPOOL

To replace a take-up spool, you’ll have to remove the
wind shaft. And here you’ll encounter a lot of variations,
depending on the particular camera.

But plan on removing the wind assembly at the top of the
wind shaft, Fig. 25. The wind assembly often comes out as a
modular unit. With the camera shown in Fig. 25, the counter
mechanism is part of the wind assembly -- that’s also typical.

The spring which returns the wind lever often comes out
with the modular wind assembly, Fig. 26. In many cases, you
don’t have to unwind the spring -- it stays in place.

You’ll normally have to do some additional disassembly
at the bottom of the wind shaft. It’s usually necessary to
remove the main cocking gear of the transport mechanism. In
Fig. 27, a single screw holds the main cocking gear to the bot-
tom of the wind shaft -- the one-way clutch is at the top of the
wind shaft, Fig. 28. And with the camera shown in Fig. 18, you
must disassemble the one-way clutch to reach the main wind
gear.

disturbing critical timing. So use scribe lines.

Most wind shafts come out from the top of the camera.
Yet you still may be unable to pull the take-up spool. Like the
sprocket, the take-up spool normally has a support bushing.
You’ll then have to unscrew the support bushing to remove the
take-up spool.

With the design shown in Fig. 29, the support bushing is
part of the wind shaft. Both the support bushing and the take-
up-spool gear, Fig. 30, have spanner holes. So you need two
spanner-type wrenches to remove the wind shaft. Use one
spanner wrench to prevent the wind-shaft gear, Fig. 30, from
turning. And use the second spanner wrench to unscrew the

support bushing, Fig. 29. [\ .

Remember, when removing transport gears you may be L—
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b Again, disassembly procedures vary considerably from

F camera to camera. As an example of extremes, you can pull the

take-up spool from the camera shown in Fig. 30 with a
minimum of disassembly. Yet removing the take-up spool

from the camera shown in Fig. 27 requires almost a complete
disassembly -- you even have to remove the shutter module! ‘<~
That’s because the support pivot for the take-up spool is ‘\’”‘j"/
riveted to the shutter’s mechanism plate. ) C’)"/

So you often have to “‘feel your way’’ through the dis- C A"
assembly. Still, there are some general precautions which are AL \
pretty typical. For one, watch for washers. You’ll frequently —
find washers at the ends of the take-up spool. =

Keep the washers in the proper sequence for reassembly.
These washer positions vary in different cameras (and even in 0 a2
the same camera models). Manufacturers often use washers to g ‘,‘&\/‘
take up end play in individual parts. Consequently, the OF
number, sizes, and positions of washers may vary from camera
to camera.

Here’s another precaution: on reassembly, you must
normally key the take-up spool to the slip-spring mechanism.
In Fig. 31, the slip spring fits around the shoulder of the take-
up-spool gear. A tab on the slip spring fits into a slot in the
bottom of the take-up spool. As you seat the take-up spool, the
slot must fit over the slip-spring tab -- otherwise, the take-up
,,,,, T, A spool will bind.

And finally, make sure you replace the take-up spool right
SLIP-SPRING LUG side up. With most designs, it’s pretty obvious -- the slot for
.N." ¥y ON TAKE-UP- hooking the film leader goes toward the bottom of the camera.

SPOOL GEAR . : i
Yet with other designs, the take-up-spool position may not be
so obvious. For example, the take-up spool shown in Fig. 10
doesn’t have film-hooking slots or tabs. With this design, you
' N just lay the leader on the take-up spool -- you don’t have to
S L AR hook the leader to a slot. The take-up spool then automatically
picks up and advances the film. Canon calls its easy-load

system ‘‘QL’’ for ‘‘quick load.”

Whenever you replace a take-up spool, check the feel of / .

the slip spring. You should also test the operation with a dum-/-/};: )\
my roll of film (a regular 35mm cassette you use for test pur- ~ - -
poses). el

The transport-system repairs we’ve covered apply to both  \™
focal-plane and leaf-type cameras. Later, you’ll study com-
: , ; plete cameras in both categories. But before you do, there are
- some other general repair techniques with which you should be
‘ familiar.

Quite often, transport repairs involve riveting (or ‘‘stak-
ing’’). Rivets, Fig. 32, may hold the wind gears. Such rivets
aren’t limited to inexpensive cameras. Nor are they limited to
transport mechanisms. So we’ll cover the riveting process and
other common techniques normally associated with the trans-
port system.

TYPES OF RIVETS

Figure 32
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TEST-YOURSELF QUIZ #3 )
1. Should you lubricate a one-way clutch? N @,

2. What type of one-way clutch is used in the Canon counter
mechanism?

A . slip-spring
ratchet-type

C . roller-type

3. You’re reassembling a roller clutch. The compression
springs should push the rollers toward the M
(narrow, wide) ends of the cam slots.

4. When removing a sprocket, you discover a loose compres-

sion spring. This spring goes inside the sprocket where it
pushes down the _SPRock=T @a®

5. The slip-spring assembly in a 35mm transport assembly keys
to the _| | > Cotie

RIVETING AND STAKING

Rivets may hold the various parts to the camera body. Or,
the part itself may include a rivet. In that case, you’ll have to
use a riveting operation to replace the part.

For example, consider the mechanism plate from a leaf-
type shutter such as you’ve already studied. All the support
posts are riveted -- or ‘‘staked’’ -- to the mechanism plate.
Each support post simply fits through a mechanism-plate hole.
The manufacturer then stakes (flattens) the end of the support
post against the other side of the mechanism plate.

In other cases, a rivet may hold two parts together. Each
part then has a hole to accept the shank of the rivet. As shown
in Fig. 33, the rivet fits snugly through the holes.

Replacing such a part then requires removing the rivet.
It’s pretty tough to remove a metal rivet without destroying it.
Normally, you must cut away one end of the rivet to remove
the part. And use a new rivet for reassembly.

Fig. 34 illustrates a conventional riveting operation. Once
you insert the rivet, you must form a second head on the other
end. Put the end which already has a head on an anvil. Then,
use a ball-peen hammer to distort the end of the rivet as shown
in Fig. 35. Partially flatten this end. Finally, use repeated
strokes of the hammer’s ball end to round the rivet’s second
head.

Don’t strike the rivet at any set pattern. Rather, vary the
angle from which you swing the hammer. That way, you can
shape the head into a semi-round shape.

Camera Design Characteristics
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““Staking”’ normally differs from riveting in that you
don’t actually form a second head. One end of a part to be
staked may have a concave end as shown in Fig. 36. To stake
the part, first use a round-nose punch, Fig. 37 -- that flares the
concave end over the support part. Then, use a flat-nose
punch, Fig. 38, to flatten the flare.

A watchmaker’s staking tool, Fig. 39, has some applica-
tions in camera repair. For example, it’s useful when you’re
restaking a post to a mechanism plate, Fig. 40. Sometimes
these posts work loose. And all you really need to do is tighten
the stake.

The staking tool includes a series of punches and a series
of stumps. So you have a wide selection for the right size and
shape of punch. Select a stump which has a hole large enough
to accept the shaft of the post you’re staking, Fig. 40. Here,
you’re using the stump to support the post by its shoulder.

Then, insert a punch into the staking tool, Fig. 40. Start
with a round-end punch to flare the end of the post. And finish
the job with a flat-end punch. Notice in Fig. 40 that we’re us-
ing a brass hammer. Using a brass hammer prevents damage to
the punch.

You may not encounter enough riveting or staking jobs to
justify the expense of a special tool. However, you can accom-
plish the same thing using your bench block and an assortment
of punches. Select the hole in your bench block which will
properly support the post.

With inexpensive cameras, though, you’ll often encounter
plastic rivets. Here, a hammer or a staking tool won’t do you
any good. One end of the plastic rivet may be cemented in
place. Or, the manufacturer may use heat -- a ‘‘heat seal’’ -- to
spread one end of the rivet.

It’s sometimes possible to reuse a heat-sealed rivet. Sup-
pose you have a heat-sealed rivet holding a gear to a mec-
hanism plate. And you want to replace the gear. Touch your
soldering iron to the heat-sealed end of the rivet. Then, pull
out the rivet to free the gear.

If you’re careful, you may be able to pull the rivet without
burning away too much of the heat-sealed end. Enough of the
end must remain to form a new heat seal. After replacing the
plastic rivet, touch your soldering iron to the heat-sealed end.
The plastic should then flow over the supporting part to hold
the connection.

OTHER PLASTIC PARTS

Although plastic rivets can be a problem, you won’t face
the problem too often. But there’s one situation where plastic
parts cause frequent headaches. That’s when the camera uses a
plastic body housing or some other part that accepts metal
SCrews.

Why’s that a problem? It’s very easy to strip the plastic
screw threads. A stripped screw isn’t much of a problem -- you
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Figure 41 Plastic Repair Kit
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can always replace the screw. But what about stripped threads
in a plastic body casting?

If you’re careful, you can usually avoid the problem. Just
use caution when you’re working with plastic-body cameras.
Say you’re just starting the screw into position. Make sure that
you’ve started the screw correctly -- a cross-threaded screw will
tear out the plastic threads.

Here’s one trick you can use: As you start the screw, try
turning it slightly in a counterclockwise direction -- opposite
the direction you’d turn the screw to tighten it. You should
““feel’’ the threads click into place. You then know that the
screw has started properly.

And be careful you don’t overtighten the screw. Tighten
the screw until it’s snug. But if you put any extra pressure on
the screw, you may very well strip the plastic threads.

Even careful technicians do occasionally strip a plastic
thread. Fortunately, you don’t have to throw away the camera
body -- you can make a repair. One technique is to use Plas-T-
Pair, a plastic repair kit, Fig. 41. Using Plas-T-Pair, you can
fill in the plastic threads. Then, when the Plas-T-Pair dries, use
the screw to cut new threads.

TEST-YOURSELF QUIZ #4

1. To stake a post to a mechanism plate, firstusea 2o v D
NosSC punch to spread the concave end of
the post; then usea __[F L AT No S€ punch

to flatten the end of the post over the mechanism plate.

2. Many modern cameras use plastic rivets. What is normally
used to spread and flatten the end of the rivet? tesy
S

3. When a metal screw threads into a plastic piece, you must be
very careful to avoid =117 7 NG the plastic
threads.

4. Name the two things that normally cause stripped plastic
threads.

1. (oSS THREAD WS>  the screw.

2 . eO\Ne TWeWIENIWA the screw.

LOCKING AGENTS
We’ve discussed the problems involved in removing sealed
parts (screws, retaining rings, etc.). Manufacturers frequently
use locking agents on threaded parts. And there’s a good
reason -- vibrations can cause threaded parts to work loose.
Also, certain camera parts move quickly and stop sudden-
ly. The normal camera action may then cause the screws
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holding these parts to work loose. How about those external
parts, like wind-lever cover screws? It sometimes seems
manufacturers lock these parts just to prevent owners from
disassembling their own cameras.

In many cases, it’s good practice to relock such parts

--especially those under heavy stress. For example, suppose
you’re replacing the screw that holds the motor-drive coupler
in Fig. 42. The motor drive engages this coupler to cock the
shutter and advance the film. And a motor drive puts a lot of
stress on the parts. So you should relock the screw.
_ There are several locking agents you can use. Some techni-
cians usE%urple glyptol. Others use commercial locking com-
pounds such as Loctite. In either case, apply the locking agent
to the threads of the screw (or the threads of a retaining ring),
Fig. 43. Then, install the screw. If you try applying the locking
agent after installing the screw, it won’t work -- the locking
agent won’t harden.

But many technicians use lacquer to lock parts -- or even
fingernail polish. A drop of fingernail polish on the screwhead
will lock the screw in place. In some ways, it’s preferable to
lock the screwhead rather than the threads. That way, you can

“replace the screw and check the operation before applying a

locking agent.
You’ll also see lacquer used to lock adjusting screws, Fig.
44 and Fig. 45. Here, manufacturers often use red lacquer. The

. \\‘red lacquer serves both to hold the adjustment and to warn the

technician -- it tells you at a glance that turning the screw will
affect an adjustment.

When you do make an adjustment, though, you should
relock the screw. Again, fingernail polish works well. You
want to make sure the adjustment doesn’t change after the
camera has been returned to the owner.

Camera Design Characteristics
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Figure 46

Figure 47

METAL FASTENERS -- E-RINGS AND SNAP RINGS

Besides using screws and rivets, camera mechanisms often
use metal fasteners -- or ‘“clips’’--to hold parts in position. Fig.
46 shows two types of fasteners -- the E-ring and C-ring. You’ll
often hear the terms ‘‘E-ring’’ and ‘‘C-ring”’ used inter-
changeably. But, as you can see in Fig. 46, there’s a slight
design difference.

Metal fasteners rely on their spring-clipping action to hold
parts. Installing the metal fastener forces the sides to spread
apart. Once in place (normally in a slot, Fig. 47), the metal
fastener springs back to its original shape.

The E-ring is especially popular in camera designs
(popular with manufacturers, not so popular with technicians).
Normally, the E-ring secures a rotating or pivoted part. Or it
may hold a spring in position. The part, such as a lever or the
compression spring in Fig. 47, fits over a post. A groove cut
around the post then receives the E-ring. That leaves the part
free to pivot or rotate between the E-ring and the base or
shoulder of the post.

There’s a good reason technicians aren’t overly fond of
E-rings -- it’s easy to lose the tiny E-rings during disassembly
and reassembly. You must use some pressure to remove or
replace an E-ring. And, if you’re not careful, the E-ring may
go flying across the room.

It may take a little practice before you can handle E-rings
with confidence. However, even experienced technicians often
find themselves on the floor searching for an elusive E-ring. So
most technicians keep an E-ring assortment on hand, Fig. 48.
It takes less time to simply install a new E-ring than it does to
find the old one.

There are special tools available for removing and replac-
ing E-rings. These tools may be valuable if you do find the
E-rings difficult to handle. But you can remove and replace
E-rings using a screwdriver. Insert the tip of the screwdriver in-



to the E-ring as shown in Fig. 49. Then, pull the E-ring off the
post. Here’s one tip to avoid losing the E-ring -- keep your
finger over the E-ring during removal.

To replace the E-ring, start the open end over the groove.
Then, use your screwdriver blade to snap the E-ring into place,
Fig. 50. Again, keep your finger over the E-ring to prevent
loss.

Although the E-ring provides a simple, inexpensive
fastener, it has one design drawback. Remember, the E-ring
clips into a groove or slot. So there may be excessive endplay
between the E-ring and the part which must pivot or rotate.
Manufacturers often use spacer washers under the E-ring to
take up endplay.

Another type of fastener -- the snap ring -- often
eliminates the need for endplay washers. The snap ring, Fig.
51, clamps onto the post with a viselike grip. Consequently,
there may not be a groove in the post; the manufacturer can
adjust the endplay simply by positioning the snap ring.

Figure 48 E-ring Assortment

Figure 50 Replacing E-ring

SNAP RINGS IN WIND
MECHANISM

Figure 51
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But snap rings can be tougher to remove than E-rings.

You may be able to pry off the snap ring using a screwdriver

lade. However, that’ll probably distort the snap ring. So it’s
best to use a special snap-ring plier, Fig. 52.

Just insert the tips of the snap-ring plier into the snap-ring
ends. Then, squeeze the snap-ring plier to slightly spread the
snap ring. You can now lift the snap ring up and off the post.

Be careful to avoid spreading the snap ring any more than
necessary. If you spread the snap ring too much, the snap ring
won’t spring back to its original shape. You must then use a
new snap ring on reassembly. Some snap-ring pliers have an
adjustable stop screw which limits how far the pliers can open.
Properly adjusting the stop screw eliminates the chance of
damage.

As you replace the snap ring, you can adjust the endplay
of the part (such as the lever and gear in Fig. 51). Seat the snap
ring against the part. Then, move up the snap ring a slight
amount -- until the part rotates or pivots freely.

WATER-DAMAGED CAMERAS

Rust can quickly destroy a camera. What do you tell
someone who has dropped a camera in water? The best advice
-- bring in the camera as soon as possible. If you can get to the
mechanism right away, you might be able to salvage the
camera.

Salt water causes more damage than does fresh water. So
if a camera has had a salt-water bath, use fresh water to flush it
out. Bathe the camera in fresh water before disassembly.

Then, you may have to put other work aside to give im-
mediate attention to the water-damaged camera. With a
minimum amount of disassembly, you can check the extent of
the water damage. What’s the first step? Right -- pull the bot-
tom cover.

You can then see how much effect the water has had. How
bad is the rust? Can you brush it away? Or has it eaten its way
into the metal parts?

The question isn’t really whether or not you can repair the
camera -- it’s whether or not you can repair the camera
economically. Even with extensive rust damage, you can prob-
ably repair the camera. Yet you may have to charge more than
the camera’s worth.

Why? Because you’ll have to remove virtually every part.
You can then use a glass brush to scrape away the rust. Or soak
the individual parts in a rust-removing solution. Sure, you can
do it. But it takes a lot of time.

If the rust damage doesn’t appear excessive, you may be
able to make an economical repair. Again, you can tell most
quickly by looking at the bottom of the camera.

Your first step -- get the water out of the mechanism
before it can cause more damage. A fast technique is to bathe
the entire mechanism in alcohol. Alcohol drinks up the water.
Yet the alcohol dries on its own without leaving a residue.



You’ll still have to remove certain parts. For example,
don’t bathe the lens elements in the alcohol -- that can damage
the optics. Rather, use a lens-cleaning solution and clean the
optics separately. But, after removing the lens elements, you
can place the entire lens mechanism -- including the diaphragm
-- in the alcohol bath.

Also, don’t put plastic parts in alcohol. The alcohol will
eat up plastic parts such as windows and focusing screens.

After the alcohol bath, proceed with the disassembly.
Here, you may have to disassemble the camera no further than
with an ordinary cleaning job (how far is that? -- you’ll cover
this subject when you study complete camera mechanisms).

Some technicians don’t offer a warranty for water-
damaged cameras. Others tell the customer he can expect to
bring back the camera at least once during the warranty
period. That warning does have merit. The customer may not
have to bring back the camera for additional work. But if he
does, he isn’t likely to be unhappy -- you’ve given him fair
warning.

TEST-YOURSELF QUIZ #5
1. When using Loctite on a screw, apply the locking agent to

A . the screwhead
@. the threads

2. When you see a screw locked by red lacquer, be careful
--turning the screw may disturb A 273U ST M 1S

3. Which type of metal fastener clips to a groove or slot in a
post?

@. the E-ring
B . the snap ring

—
4. A glass scratch brush is used to remove 2.0 SN

5. You have a leaf-type shutter which has water damage. The
diaphragm-setting ring of the shutter has two plastic lugs.
Would it be necessary to remove the diaphragm-setting ring
before soaking the shutter in alcohol? \,/6’5
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SUMMARY

The main emphasis in this assignment has been on 35mm
film-metering systems. In particular, you’ve studied the two
key parts -- the sprocket and the take-up spool.

Remember that the sprocket both advances and meters the
film. The take-up spool simply wraps on the film advanced by
the sprocket. Pushing the rewind button disengages the
sprocket from the transport mechanism. The sprocket may
then turn in the reverse direction as you rewind the film.

As the film winds on the take-up spool, the diameter of
the take-up spool increases. Consequently, the take-up spool
must have a slipping action. A slip-spring mechanism normally
carries the take-up spool.

You’ve also learned the importance of using scribe lines
before removing gears. Taking the time to scribe a gear’s posi-
tion pays off in the long run -- it can save you a lot of time on
reassembly.

The three common types of one-way clutches covered in
this assignment are the slip-spring clutch, the roller clutch, and
the ratchet clutch. The slip-spring clutch normally causes the
most problems, and the roller clutch is normally the most
reliable.

Some of the common repair procedures you’ve covered in-
clude riveting and staking. Put particular emphasis on the por-
tions of your assignment covering the procedures and precau-
tions for plastic parts. More and more cameras are using
plastic bodies and other plastic parts. It’s easy to strip plastic
threads if you’re not extremely careful.

Threaded parts which are under heavy stress -- or sub-
jected to sudden stops and starts -- should normally be locked
with a locking agent. But be cautious when you see red lacquer
used to lock a screw -- that red lacquer often signals an ad-
justed part. Turning the screw may disturb a critical adjust-
ment.

Many cameras, regardless of cost or quality, use E-rings
or snap rings. E-rings can cause a lot of grief to camera repair
technicians. Since the E-rings are under tension, they’re easy to
lose. Remember to keep your finger over an E-ring as you’re
removing or replacing it. Special snap-ring pliers are desirable
when removing or replacing a snap ring. Without the special
pliers, you may spread or deform the snap ring.

Finally, you’ve covered what to do about a water-
damaged camera. A water-damaged camera can normally be
repaired. But can it be repaired economically? At first, this
may be difficult to determine -- you may find yourself com-
pletely disassembling a water-damaged camera before deciding
it’s uneconomical to repair. But with experience you’ll be able
to judge the extent of water damage after pulling the bottom
cover.



ANSWERS TO TEST-YOURSELF QUIZZES

QUIZ #1

1. The sprocket meters the film, assuring that the film ad-
vances the same amount for each wind-lever stroke.

2. A slip-spring mechanism allows the take-up spool to slip
more as its diameter increases.

3. Pushing the rewind button disengages the sprocket (A).

4. The sprocket provides proper film registration.

QUIZ #2

1. Chances are the timing is critical. The pin probably has to
be in a precise location.

2. To note the gear timing, use scribe lines.

3. A one-way clutch normally connects the main-wind gear in
the transport to the wind shaft.

4. Check the slipping action of the take-up spool. If the take-

up spool isn’t slipping, it continues to advance the film after
the sprocket has stopped.

QUIZ #3
1. Normally you should not lubricate a one-way clutch.

2. The Canon counter mechanism uses a ratchet-type clutch
(B).

3. The compression springs should push the rollers toward the
narrow ends of the cam slots.

4. The compression spring pushes down the sprocket rod.

5. The slip-spring assembly keys to the take-up spool.

QUIZ #4

1. First use a round-nose punch to spread the stake; then use a
flat-nose punch to secure the stake.

2. A heat seal normally holds plastic rivets.

3. Be careful to avoid stripping plastic threads with the metal
SCrew.

4. Two things that often cause stripped plastic threads are
overtightening the screw and cross-threading the screw.

Camera Design Characteristics
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QUIZ#S
1. Apply the locking agent to the threads of the screw.

2. Turning a screw marked with red lacquer may disturb an ad-
justment.

3. The E-ring (A) clips to a groove in a post. The snap ring
normally doesn’t require a groove.

4. Use the glass scratch brush to remove rust.

5. Yes, remove the diaphragm-setting ring. The bath in alcohol
could ruin the plastic lugs.



