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7 PROJECTOR SPARE BELTS AND TWIN
APERTURE BRUSH FUSES
SPARE EXCITER LEGS
FUSES LAMP
Figure 1-2A, Type AQ-2A(3) 16mm Projector with Case Door Open

Figure 1-2B. Amplifier Tube Grille Removed-
Type AQ-2A(3) Projector
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Introduction = Section I

INTRODUCTION

This handbook provides operating and service
instructions for the Types AQ-2A(1) and AQ-2A(3)
16-mm Sound Motion Picture Projectors (figures
1-1, 1-2 and 1-2A), The instructions cover operation,
inspection, lubricationand maintenance services which
can be performed by operating personnel.

The AQ-2A(1) and AQ-2A(3) projectors are manu-
factured by the Bell & Howell Company, Chicago,
under their designations Design 614DB and 614AD,
respectively, This portable equipment projects 16-mm
sound motion picture film at a speed of 24 frames
per second, and reproduces the sound recorded on
the film sound track. The equipment is designed to
aid in training, briefing and entertaining Air Force

personnel and may be operated in any average~sized
room, small theater, or auditorium where the desig-
nated electrical power is available.

These instructions cover two variations of the
Type AQ-2A(1) projector, which differ primarily in
electrical circuitry {figures 4-9 through 4-12). The
latest of these projectors, bearing serial numbers
P99000 through P99576, are equipped with an octal
plug (P102) and socket (J205) to facilitate conversion
to magnetic sound reproduction. The AQ-2A(3) projec-
tor is very similar electrically to the latest AQ-2A(1)
equipment, but has additional electrical refinements
ag noted in figures 4-13 and 4-14, Alsonote, in figure
1-2A, the twin fuses and the altered case leg design.

SECTION 1

OPERATION

1-1, DESCRIPTION.

1-2. GENERAL. The projectors consist of a 16-mm
sound motion picture prejector, an integral amplifier
and a 5-inch, 10-watt loudspeaker, all mounted in one
portable case, This assembly, for the AQ-2A(1) pro-
jector, together with a 16-foot power cable assembly,
and the maintenance parts and accessories shown in
figure 1-3, are stored in a large carrying case for
handling and storage (figure 1-1). Feor the AQ-2A(3)
projector a duck cover is provided instead of the
carrying case and the power cord and reel are held
in a2 pocket on the side of this cover. The smooth
finish aluminum case of the projector itself houses
the projection and sound-optical systems. This case
is composed of a main rectangular section with a
hinged operating door on the right side. The ampli-
fier-loudspeaker components are mounted on the left
gide of the projector case by means of nine screws.
The carrying handle, tilt mechanism, and AC re-
ceptacle are mounted to the main section of the case.
The ingide of the projector operating door provides
storage space for the reel arms, accessories, and
yarious maintenance parts (figures 1-2 and 1-24),

1-3, PROJECTOR MECHANISM PANELS, All of the
mechanical subassemblies are mounted to the front
and rear gray enameled aluminum castings. The sound
head, film rollers and sprockets, projection lens,
condensing lenses, film drive, and intermittent me-
chanism are mounted on the front mechanism panel
casting. The lamphouse, projection lamp, reflector,
projection drive motor and ventilating motor are
mounted on the rear mechanism panel casting.

1-4, REEL ARMS. When the projector is not in use,
the two reel arm assemblies are mounted to the
inside of the front projector door as shown in figure
1-2. Both reel arms are provided with a spindle and
a lock-lateh for holding the reels in place. Friction
is applied to the spindle on the feed reel arm to
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maintain proper tension of the film as it is being
pulled from the reel. The pulley is attached to the
spindle as a meana of rewinding the film. The pulley
attached to the spindle of the take-up reel arm pro-
vides a means of taking up the film after it has run
through the projector. Friction is applied to the take~
up spindle toprovide proper tension on the film take-up
as the take-up reel becomes loaded with film and the
weight of the reel increases.

1-5. DRIVE BELTS. Two drive belts are used in the
projector — spring belts inthe AQ-2A(1) projector and
fabric belts in the AQ-2A(R) projector. The rewind belt -
rotates the film reel on the feed reel arm during the
rewinding operation, and the take-up belt drives the
take-up reel during projection. The take-up belt isthe
longer of the two. Onthe AQ-2A(3) projector, the small
belt pulleys are provided with an eccentric for belt ten-
sion adjustment during initial “wear-in" of the belis.

p——

e

Pigure 1-3. Projector Accessories and Spares
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Feed reel arm 10, Pressure plate closing handle 18. Loopsetter roller assembly

1.

2. Film guide rollers 11. Focusing control knob 19. Loopsetter positioning assembly
3. Feed sprocket 12. Loudspeaker selector switeh 20. Threading knob

4. Spring belt drive pulley 13. Sound sprocket 21, Framing knob

5. Projector threading lamp 14, External speaker receptacle 22. Projector lamphouse door

6. Power receptacle 15, Tilt control knob 23, Levelling adjustment screw

7. Hourmeter 16. Take-up sprocket 24. Take-up reel arm

8. Lens locking screw 17. Pressure plate release knob 25. Aperture plate assembly

9.

Microphone input

25, Pressure plate assembly

Figure 1-4, Identification of Parts on Projector Operating Side

1-6. FILM SPROCKETSAND STRIPPERS. Threefilm
sprockets are used in the projector (figure 1-4).
All three sprockets turn with a uniform velocity and
therefore help move the film at a constant speed.
The uppermost sprocket is the feed sprocket, which
unwinds the film from the feed reel and maintains
a loop of film above the film channel. The center
sprocket is the sound-sprocket, which feeds the film
to the sound head and maintains a loop of film of
proper sizebelow the film channel. The lower sprocket
is the take-up sprocket, which moves the film away
from the sound-head to the take-up reel. The film
stripper rests on the hub of each sprocket where it
doez not interfere with the film. When film tears, it
has a tendency to wrap itself arcund a sprocket.

2

The film stripper forces the film away from the
sprocket, keeping it from damaging itself against the
sprocket teeth.

1-7. SPROCKET SHOES. The sprocket shoes ({igure
1-4) lock in position under the feed sprocket and over
the sound and take-up sprockets to maintain registra-
tion between the film perforations and sprocket teeth.
The shoes are designed to afford 140-degree coverage
of the sprockets,

1-8. APERTURE PLATE AND APERTURE. The ap-
erture plate assembly is shown in its normal operat-
ing position in figure 1-4. This is the film channel
through which the film is moved before the aperture,
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Figure 1-5. Sound Head and Exciter Lamp

1-19, SOUND OPTICAL UNIT. Light from the ex-
citer lamp 1s imaged on the film sound track by
the sound-optical unit (sound-lens) in the form of
a light line scanning beam. (See figure 1-5.) The
special type of sound lens used in this projector
is of adequate depth of focus to produce the required
frequency response characteristics from either side
of the {ilm without adjustment.

1-20. OPTICAL LIGHT PIPE PRISM. The optical light

pipe prism is not discernible in figure 1-35, since it

is positioned behind the sound drum. Its purpose is

to concentrate all of the sound light beam intoa

small area and transmit this concentrated beam tothe
| photo cell without loss,

1-21. PHOTOQOCELL, The AQ-2A(1) projectors are
equipped with a lead sulphide photocell; the AQ-2A(3)
projector is equipped with a germanium diode photo-
cell, The purpose of the photocell is to convert light
variations into variations in electrical currents,
which are transmitted to the amplifier and loud-
speaker where they are converted to sound energy.

1-22. ADJUSTABLE FILM GUIDE ROLLER AS-
SEMBLY. This assembly (figure 1-5) performs three
important functions., First, it provides the proper
tension to ensure that the film wraps around the
sound drum sufficiently, and thereby prevents it
from slipping on the drum. Second, it guides the film
over the sound drum smoothly with the sound track
protruding over the edge of the sound drum in the
correct lateral position in relation to the scanning
light beam. Third, it provides an adjustment for cor-
rectly positioning the film sound track laterally in
relation to the scanning light beam in the event that
the sound track is not confined to standardized limits.

4
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1-23. DRIVE MOTOR. A universal, series-wound,
governor-type motor is used for driving the projector
mechanism. This motor guarantees speed constancy
over voltage ranges from 100 to 130 wvolts, This
range is especially advantageous where gasoline gen-
erator sets, with their varying frequency and voltage
characteristics, are the source of power supply for
the equipment.

1-24, COOLING SYSTEM. A separate motor is used
to furnish power for the cooling system. The ven-
tilating motor, with its blower fan or wheel, isin
operation at all times when the projector is operating,
except when the projector is in REWIND position. A
cooling blast of air is blown continuously up around
the projection lamp to carry away the heat generated
by the lamp. In addition, it cools the condensing
lenses, the aperture, and the film itself. Cooling air
intakes are provided by the grille in the switch panel
and air vents under the lamp house cover, shuttle
cover, and in the base of the maintenance door.

1-25, HOUR COUNTER. The hour counter assembly
is mounted at the rear of the front mechanism casting
(figure 1-4) and is viewed from the front of the pro-
jector. The counter records up to 99999 hours of
operation. It is mechanically coupled to the take-up
and rewind drive chain sprocket which turns at
constant speed while the projector mechanism op-
erates. The hour counter is specifically useful in
keeping track of the number of hours that the equip-
ment has been in use,

1-28, AMPLIFIER. The amplifier of the AQ-2A(1)
projector has a rated output of 8 watts; that of the
AQ-2A(3) projector has a rated output of 7-1/2 watts,
Total harmonic distortion does not exceed 2.0% at
any ifrequency from 100 to 7500 cycles. The ampli-
fier mounts at the rear of the projector case by
means of nine screws. Ready access to the amplifier

Figure 1-6. Amplifier Tube Grille Removed -
AQ-2A(1) Projector

Revised 15 June 1968
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Figure 1-7. Projector — Amplifier Rear Controls

tubes and fuse is obtained by unlocking the three
Dzus fasteners which hold the grille in place (figure
1-6). Access to electrical components (capacitors,
resistors, switches, etc.) is obtained by removing
the six screws holding the loudspeaker mounting
cover to the main chassis,

1-27. LOUDSPEAKER. The loudspeaker (figure 1-6)
is an integral part of the projector and is mounted
to the removable service cover of the amplifier.
The loudspeaker is a 5-inch, 10-watt, permanent
magnet, moving voice coil type of speaker with an
impedance of 8 ohms.

1-28. REAR OPERATING CONTROLS. All of the
electrical switches for the projector are located at
the rear of the operating switch panel, These switches
include the THREADING LAMP, MOTOR-LAMP, and
REWIND switches, The space marked CHANGEOVER
has a non-functioning blank plug. The amplifier has
two sets of operating controls., The control panel at
the rear of the case, adjacent to the projector operat-
ing switch panel (figure 1-7), includes the following:
A power switch (OFF-ON), a VOLUME control,
and a TONE control (marked LO-NOR-HI). A pilot
light is provided to illuminate these controls,

1-29, FRONT OPERATING CONTROLS, These con-
trols (figure 1-8) include an input jack (marked
MICROPHONE) for connecting a high impedance
microphone or record phonograph, a loudspeaker
selector switch (marked LOCAL SPEAKER ON -
REMOTE SPEAEER ON), and an output receptacle
(marked REMOTE SPEAKER) for connecting an ex-
ternal 16-ohm loudspeaker. '

Revised 15 June 1858
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Figure 1-8. Amplifier Front Controls
1-30. TABLE OF LEADING PARTICULARS.

Power supply . ........105-129 v AC, 50-60 cycle
Power consumption. , ., ., , 1050 w with 750 w lamp
1300 w with 1000 w lamp
Projection lens , ,,..... v+ vsee. . 2-inch, /1.4
Film speed (sound only), . .. ... 24 frames per sec.
Reel capacity (max.) , 2000 ft. (1600 ft reel supplied)
Projection lamp. . .., .. 750 w, 115 v, medium pre-
focus base, rated 25 hours
Exciter lamp . ...... 6 volt, 1 amp, double contact
Threading lamp, ..... 6w, 120 v, candelabra base
Pilot lamp (projector). . 6 w, 120 v, candelabra hase
Fhotocell — AQ-24(1) ............ Lead sulphide
Photocell — AQ-2A(3) ............. Photodiode
Projectorfuse .................... 15amp
Drive motor, . . 5,554 rpm, with centrifugal governor
Blower motor. ..., ... 3-inch dia., 24-blade rotor
Amplifier output — AQ-24(1). ...... 8 w, less than
2% distortion
Amplifier output — AQ-24(3) ... 7-1/2 w, less than
2% distortion
Input signal (amplifier). . ... .0.180 volts with 20 db
reserve gain
Sound head output impedance. ..., .. 150,000 ohms
Amplifier frequency . ... = 1-1/2 db; 80 to B000 cps |
Tone Control:
"Hi" range accentuation .. 6db (x 2db) at 3500 cps
"Hi" range attentuation. . . 10db (= 2db) at 5000 cps
"Lo" range attentuation .. 12db (+ 2db) at 100 cps
Tube components . . (2) 12AX7 (V201, V202) (3) 6AQ5
{vaoa, V204, V205) (2) 6X4 (V206, V20T)
Pilot lamp (amplifier) ........,.... 6 to 8 volts
Amplifier fuse — early AQ-2A(1) . 1 amp slow-blow
Amplifier fuse — late AQ-2A(1),. 0.8 amp slow-blow
all AQ-2A(3)
Speaker, ... ... 5-inch, 10 watt, permanent magnet
type with 8 ohm impedance

5
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1-31. PRINCIPLES OF OPERATION.

1-32. GENERAL, The principles involved inthe mak-
ing and showing of 16-mm motion picture sound films
are not included, since such material is considered
fundamental text book information available to all
operating personnel. Following is a brief discussion
of the actual mechanical process involved in the
reproduction of sound and picture as accomplished
by the type AQ-2A (1) Projector.

1-33. INTERMITTENT MECHANISM OPERATION. A
shuttle and actuating cam arrangement is used to ad-
vance and position the film in front of the picture
aperture. Each frame of film is held for an instant
in front of the aperture, and then pulled away very
rapidly. This sequence proceeds at a rate of 24
frames per second. In the film threading process,
two loops of film are formed: one above the picture
channel, and one below the picture channel. These
film loops ensure that the film will pass the aperture
intermittently. Also, the lower loop of film, when cor-
rectly sized, guarantees proper synchronization of
sound and picture,

1-34, AUTOMATIC LOOP FORMING OPERATION.,
It is essential that a lower loop of film of con-
ventional size be formed immediately below the
picture channel (between the intermittent movement
and the sound feed sprocket} in order to maintain
synchronization between the picture and sound. It
is the function of the loopsetter roller and its
attached lever arm to control the size of this loop.
The loopsetter lower lever arm may be indirectly
depressed or operated by the loopsetter pushbutton
on top of the projector case. The loopsetter lower
lever arm must be limited as to the maximum dis-
tance it can be depressed, otherwise a larger than
conventional lower loop would be formed and thus
result in a loss of synchronization between picture
and sound. This is primarily the function of the loop-
setter positioning assembly. When this assembly is
adjusted correctly, the lower film loop formed will
result in a film distance of 26 frames between the
picture aperture and sound scanning point, The loop
positioning adjustment lever provides a range of
adjustment in a ninety-degree movement, Low-shrink

T. O. 10D1-2-9-1

or new film is accommodated when the adjustment
lever is at its maximum position away from the pro-
jector mechanism plate. Shrunken or old film is ac-
commodated when the adjustment lever is depressed
parallel with the mechanism plate. The setting which
will accommodate most film is midway between these
two positions. After this adjustment is made, the
loopsetter pushbutton should be depressed to set the
correct length of the lower loop to result in a 26-
frame distance between the projected picture and the
sound scanning point.

1-35. PROJECTION OPTICAL SYSTEMOPERATION.
A typical projection optical system is i{llustrated in
figure 1-9. A high-wattage concentrated filament lamp
located behind the film provides the light beam for
projecting the film image on the screen. Condensing
lenses concentrate the light from the filament of
the projection lamp on the picture area, and a re-
flector placed behind the lamp recovers the light
emanating to the rear of the lamp, which otherwise
would be lost, The recovered light is directed for-
ward through the optical system. An aperture plate
masks the beam of projected light from the lamp,
screening it off from all except the film frame po-
sitipned in front of the aperture opening. This re-
sults in a maximuem brilliance in the projected pic-
ture. The projection lens, in front of the film, fo-
cuses the image of the film frame on the screen.
The size of the projected image is determined by
the distance of the projector from the screen and
by the focal length of the projection lens.

1-36. SOUND OPTICAL SYSTEM OPERATION. The
sound motion picture projector has a second optical
system in addition to the one used to project the
picture onto the screen. It is called the sound-
optical system. In running through the projector, the
filmm sound track passes in front of the sound optical
unit (sound lens) which focuses a beam of light from
the exciter lamp ontc the sound track. This beam of
light passes through the film and is reflected, by
means of a mirror or prism, onto the photo cell.
This light beam is called a scanning beam. The
variations of light intensity control the volume of
electrical impulses to the amplifier, whereas the
rapidity of change gives the pitch and tone and thus

REFLECTOR
APERTURE PROJECTION LENS
CONDENSING
LENSES —_
PROJECTION OPTICAL AXIS
He SCREEN

Figure 1-9. Typical Projection Light Optical System

)
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SECTION I

INTRODUCTION

1-1. IDENTIFICATION,

1-2. This handbook provides complete overhaul and
testing instructions for the Type AQ-2A(1) 16-mm
Sound Motion Picture Projector, manufactured by the
Bell & Howell Company, Chicago, under their model
designation Design 614-DB. See figure 1-1 for over-
all view of equipment.

1-3. PURPOSE,

1-4. The projector is designed as an aid in training,
briefing and entertaining Military personnel and can
be operated in any average-sized room, small theatre,
auditorium or aircraft hanger when specified electric
power is available.

1-5. ADDITIONAL MODELS.

1-6. Sections I, II and I of this handbook contain
overhaul and test instructions for the Type AQ-
24(1) projector set. Overhaul and test instructions
lior additional models are provided in Section IV
by the use of Difference Data Sheets, The addi-
Btional models included in Section IV are listed in
Section IV,

1-%. TABLE OF LEADING PARTICULARS.

Film SIZ8 . . . & v v v v b o v m x e a e e 16-mm
Film reel capacity . . . . . .+« .« .. , 2000 feet
Film speed ., . . .. .. . . . 24 frames-per-second
Power supply . . . . .. 105-129 volts, 50-60 cycles
Power consumption ., . . . . . ... . . . 1050 watts
Projection lamp (25 hr, life) . . . T50-watt, 115-volt
Exciter lamp . . . . .. . . . . . . BG-volt, 1-amp
Threading lamp . . . ... ... . . 120-volt, B-watt
Photocell . . . . ... ... . Lead =sulphide, photo-
resistive cell, 80 volts

Projector fuse (1 req'd). . . . . . . . . ... 15 amp
Amplifier fuse (1 req'd). . . . l-amp, slow-blow
Drive motor . . . . . . .. .. Centrifugal governor,
universal type

Ventilation. . . . . . .. . 24-blade, motor-driven,
3-inch diameter rotor

Amplifier input . . . .. . .. 0. . . 0.4 volts
Power output . . . . ... .. .. .. + « . . Bwatts
Sound head output impedance . . . . . .150, 000 chms
Tube complement , . . . . (2) TAN12AxT, (2) JAN6x4

and (3) JANG0O5/6AQ5W /6095

Overall dimensions . . .14-1,/2" high, 12-1/8" wide,
16-1,/4" long

L 1 . 48 lbs,

Figure 1-1. Type AQ-2A(1) Projector and Carrying Case

Revised 1 November 1957
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SECTION I

OVERHAUL INSTRUCTIONS

2-1, SPECIAL TOOLS,

2-2. The special tools illustrated in figure 2-1 are
required to perform the overhaul procedures outlined
in this handbock. Refer to the key to figure 2-1 for
proper part number and nomenclature of tools.

2-3. GENERAL OVERHAUL INSTRUCTIONS.

2-4, The following procedures provide for the com-
plete disassembly of the 16-mm projector, with each
of its major components treated separately. Before
performing all of the steps in the disassembly se-
quence, first attempt to localize the trouble by an-
alyzing the failure report with reference to the
trouble shooting chart (paragraph 3-59), the am-
plifier trouble analysis chart (Table II} and the
equipment characteristics tests (Tables VI, VIII

and IX} at the end of Section HI. I a complete
overhaul of equipment is indicated, periorm the
operations specified in the following paragraphs.
Obvicus disassembly of miscellaneous parts will not
be discussed.

2-5. REMOVAL OF MAJOR COMPONENTS.

2-6., PROJECTION LAMP PARTS. (See figure 2-2.)
a. Open lamphouse door. Press down on projection
lamp (9) and twist counterclockwise o remove it
from lamp socket (10).

b. I necessary to replace lamp socket (10), remove
two screws (11), lift up socket and disconnect lead-
wires.

c. The complete lampholder assembly (12) is se-
cured to mechanism plate with two screws (13) and
lock washers (14).

5-061091-N1&

S-0410B1-MN13 S-041081-M8

§5-063196-M2

5-041081-M31

5-041082-M1

—— 5-061020-N10

SURFACE PLATE
(NOT SUPPLIED)

Procuring Service

Part Number Nomenclature Stock Number
S5-061000-F1 Toeol, sound optical

S-061020-N10 Block, master

S-061020-N3 Gage, front camshaft indicator
5-061081-N15 Gage, shutter and intermittent
S-061081-N16 Gage, sprocket film clearance
S5-061081-N31 Gage, sprocket synchronizing
5-061081-N6 Gage, shuttle alinement
8-061081-N8 Gage, shutter protrusion indicator
8-061082-N1 Gage, sound drum positicning
8-063196-N2 Gage, aperture guide rail

Figure 2-1. Special Overhaul Tools for Type AQ-2A(1) Projector
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Fuse, 15 amp 250 v
Fuseholder

Lock washer, No, 6
Fuseholder bracket
Flywheel

Cable clamp

O D00 T O e G DD e

[t

Lock washer, No, 8

22

Round hd screw, 6-32 by 3/8
Elastic cam lock stop nut

Flywheel retaining screw
Phillips hd screw, §-32 by 1,2

. Hex nut, No. 8§

. Special hex nut

. Loopsetter knob

. Front and rear mechanism plate

assembly

. Binding hd screw, 12-24 by 3/4
. Lock washer

. Round hd screw, 10-32 by 3/8
. Lock washer, No, 10

. Lock washer, No. 10

. Hex nut, No. 10

. Phillips hd screw, 8-32 by 1/2
. Lock washer, No._ 8

. Flat washer

. Hex nut

. Hex hd screw, 12-24 by 3/4

. Lock washer

. Flat washer

. Projector case assy

e

OO0 o ~TMh b

Figure 2-3. Removing Mechanism Plate Assembly from Case,

Lamphouse cover
Heat shield

Spacer 13
Speed nut 14
Light baffle 15
Speed nut 16
Spacing collar 17

Light baffle
Cover subassembly
Sound head assembly

Eey for Figure 2-4

. Special screw

. Lock washer, No. 4

. Threading knob

. Set screw, 8-32 by 1/8

. Ground wire cable

. Round hd screw, 10-32 by 1/4
. Lock washer, No. 10

. Fillister hd screw, 10-32 by 5/8
. Lock washer, No, 10

. Drive motor assy

. Round hd serew, 10-32 by 5/8

. Lock washer, No, 10

. Plain washer

. Drive chain

. Blower motor and cover assy
. Round hd screw, 6-32 by 3,8
. Lock washer, No, 6

. Rear mechanism plate assy

. Round hd serew, 10-32 by 1/2
. Lock washer, No, 10

. Front mechanism plate ASSy
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Section II

Figure 2-4. Removing Sound Head, Drive Motor and Blower Motor




Section I
Paragraphs 2-7 to 2-15

2-7, FEED AND TAKE-UP REEL ARMS. (See figure
2-2.) The reel arms (18 and 20} are normally stowed
in the projector case door when not in use, and are
fastened down by means of the thumb screws (19
and 21).

2-8. AMPLIFIER AND SPEAKER ASSEMBLY. {See
figure 2-2). The amplifier housing is secured to the
projector case by six screws (23) and lock washers
{24) located at the top, front and bottom of the case
and three screws (25) and lock washers (26) which
also serve to fasten one edge of the switch plate (30)
to the amplifier case. Remove these screws and
carefully pull the amplifier away from the projector
case until the leadwires are exposed. Disconnect
leadwires as required, and separate the amplifier
assembly from the projector case.

2-9. SWITCH PLATE ASSEMBLY. (See figure 2-2,)
Remove screws (2B), lock washers (29) and junction
box front plate (27). Remove screws (33 and 34),
elastic cam lock stop nuts (35) and cable clamp (36)
to free junction box. Unsolder fuseholder and re-
ceptacle leadwires within the junction box. Note
wiring harness connections to various projector com-
poneants, Two small, shielded wires from sound head
assembly must be disconnected at the OFF-MOTOR-
LAMP switch and unwound from harness. The ground
terminal at one end of large, shielded harness is
fastened to mechanism plate just behind projection
lamp socket. Two leadwires must be disconnected
from the lampholder hehind the junction box. The
two blower motor leadwires must be disconnected
at the OFF-MOTOR-LAMP switch. Remove three
switch plate screws (31} and lock washers (32),
and carefully lift complete switch plate assembly
(30}, with wiring harness, from projector.

2-10. FRONT AND REAR MECHANISM PLATE
ASSEMBLY. (See figure 2-3,)

a. Loosen special hex nut (13) and remove loopsetter

knob (14) from loopsetter rod.

b. Remove flywheel retaining screw (8) and care-

fully remove flywheel {7} from stabilizer shait.

¢. Check all leadwires and cables, loosening any

T.O. 10D1-2-9-3

cable clamps or freeing any leadwire terminals that
might prevent removal of the mechanism plate.
d. Remove two binding head screws (16) and lock
washers (17) and two hex head screws {26), lock
washers (27) and flat washers (28) that secure the
mechanism plate at the four vibration mounts.

e. Remove mechanism plate (15) through the door
side of the projector - not through the amplifier
opening.

2-11. SOUND HEAD ASSEMBLY. (See figure 2Z-4.)
The sound head assembly (10) is fastened into the
mechanism plate with seven special screws (11) and
lock washers (12). Remove carefully to avoid damage
to the sound drum,

2-12, DRIVE MOTOR ASSEMBLY, (See figure 2-4.)
Loosen set screw (14) and remove threading knob (13).
Loosen the two screws in the idler roller bracket
at the top of the drive motor, and shift bracket to
the right to remove tension from drive chain (24).
Disengage chain from sprocket above motor. Re-
move four screws (21), lock washers (22) and plain
washers (23), supporting the drive motor to prevent
it from falling. Carefully remove drive motor, dis-
engaging drive chain from flexible drive coupling,

2-13, BLOWER MOTOR AND COVER ASSEMBLY.
{See figure 2-4.) The blower motor and cover assem-
bly (25} is held in place by seven screws (26) and
lock washers (27). Remove this assembily.

2-14. REAR MECHANISM PLATE ASSEMBLY, (See
figure 2-4.) The rear mechanism plate assembly
(28) is secured to the front mechanism plate assembly
(31) with four screws (28) and lock washers (30).
Separate the two mechanism plates.

2-15. COUNTER AND COUNTER DRIVE MECHANISM,
(See figure 2-5.) Remove two each of screws (9 and
14) and lock washers (10 and 15) and lift assembled
counter (8) and counter drive mechanism (13) from
mechanism plate, Do not disassemble counter drive
arm (11) from counter (8) unless one or the other of
these two parts requires replacement.

Key for Figure 2-5

1, Idler pulley 18. Set screw, 8-32 by 7/8 36, Special screw

2. Idler pulley stud 19, Drive chain 37. Lock washer

3. Lampholder 20. Rewind sprocket 38, Loop setter rod

4., Round hd screw, 4-36 by 3/8 21, Set screw, 8-32 by 1/8 39, Condenser lens assy
5. Hex nut, No, 4-36 22, Feed pulley assy 40, Pressure plate assy
6. Lock washer, No, 4 23. Fiber washer 41, Aperture plate assy
7. Lamp bracket 24, Take-up chain sprocket 42, Lens holder stop plate
8. Ratchet counter 25. Set screw, 8-32 by 1/8 43, Special screw

9. Round hd screw, 4-36 by 3/8 26, Take-up pulley assembly 44. Lock washer, No. 4
10, Lock washer, No, 4 27, Fiber washer 45, Lens hoider assembly
11, Counter drive arm 28. Idler assembly 46, Friction button

12, Fillister hd screw, 3-48 by 5/16 29, Binding hd screw, 8-32 by 1/2 47, Friction spring

13. Counter drive mechanism assy 30. Flat washer 48. Guide disc

14. Round hd screw, 6-32 by 1/4 31. Lock washer, No, 8 49, Lens mounting assy

15, Lock washer, No. 6 32, Idler roller 50. Special screw

16, Mounting stud 33. Retaining ring 51. Roundhd screw, 4-36by1/4
17. Drive sprocket 34, Idler arm subassembly 52. Lock washer, No. 4

35: Loop setter bracket
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Section II
Paragraphs 2-16 to 2-23

2-16. FEED AND TAKE-UP PULLEY ASSEMBLIES.
(See figure 2-5.) Loosen two screws (29) so that
idler assembly (28) can be shifiedtothe right, thereby
removing tension from drive chain (19). Slip drive
chain from sprockets (17, 20 and 24). Loosen set
screws (21 and 25), and remove sprockets (20 and 24},
pulleys (22 and 28} and thrust washers (23 and 27)
from mechanism plate.

2-17. CONDENSER LENS ASSEMBLY. (See figure
2-5.) Place thumb of left hand on top of condensing
lens lock lever and fingers beneath lens housing.
Press down on lock lever to compress lock spring
and pull condenser lens assembly (39) toward rear
edge of mechanism plate until it comes free.

2-18. PRESSURE PLATE ASBSEMBLY. (See figure
2-5.) Open film channel by pulling out on pressure
plate release knob located on lens mounting assembly
(49). Grasp handle of pressure plate {40) and pull
outward gently and evenly to remove it from projector,

2-19, APERTURE PLATE ASSEMBLY. (See figure
2-5.) Retract shuttle teeth by manually turning the
mechanism drive sprocket on back of mechanism
plate. Grasp thumb handle at top of aperture plate

T.0. 10D1-2-9-3

(41) and gently pull upward — then outward — until
aperture plate is free of mechanism plate.

2-20. LENS HOLDER ASSEMBLY. (See figure 2-5.)
Remove two screws (43), lock washers (44) and the
lens holder stop plate (42). Slowly rack the lens
holder assembly (45) forward by turning the knurled
focusing knob on the lens mounting assembly (49)
until the lens holder assembly is free, Be careful
not to lose the friction button (46) and friction spring
(47) located in a recess in the mounting assembly.

2-21. LENS MOUNTING ASSEMBLY. (Seefigure2-5.)
Remove three screws (50 and 51) and one lock washer
(62) and lift the lens mounting assembly {49) from
the mechanism plate. Invert mounting assembly and
permit guide disc (48) to drop into hand,

2-22, FEED REEL ARM ASSEMBLY REPAIR.

2-23. DISASSEMBLY, (See figure 2-6,)

4, Remove nuts (3 and 4) and spring {5).

b. Tap out the driving pin (6) and remove spindle
clutch assembly (7), clutch plate subassembly (8),
and thrust washer (10)., If necessary, press ball
bearing (9) from clutch plate subassembly.

8

\

|\ .

1. Thumb screw
2. Spindle assy

3. Elastic stop nut
4. Tension nut

5. Tension spring

6. Driving pin

7. Spindle clutch assy

8, Clutch plate subassembly
9, Ball bearing

10, Thrust washer

11. Thrust bearing
12, Spindle pulley

13. Friction washer
14. Arm subassembly
15. Alining pin

Figure 2-8, Feed Reel Arm Assembly

Revised 1 October 1958
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¢, Remove spindle assembly (2}, pulley (12), friction
washer (13) and thrust washer (10). fnecessarypress
thrust bearings (11} from arm (14).

2-24, CLEANING AND INSPECTION, Clean all parts
thoroughly in dry cleaning solvent (Federal Specifi-
cation P-S8-661), and allow parts to dry thoroughly.
Inspect parts for actual physical damage; wear is not
a vital factor in determining replacement. Press
bearings onte wooden dowels of snug fit and spin the
bearing, noting any roughness in rotation which would
indicate bearing balls or rollers with flat spots.

2-25. REPAIR OR REPLACEMENT, Repair of parts
is not practicable; replace damaged parts.

2-26, LUBRICATION. Apply a very light coating of
grease (Military Specification MIL-G-3278) to both
sides of thrust washer (10), and to the bearings
(9 and 11),

2-27. REASSEMBLY. (See figure 2-6.) Reassemble
the parts in reverse order of disassembly, noting the
following special precautions:

a. After installing spindle tension nut (4), tighten
this nut just enough so that, when the pulley (12)
is held, the spindle can be turned manually.

b. Tighten elastic stop nut (3) up against spindle
tension nut (4), but do not overtighten. Spindle (2)

Section 0
Paragraphs 2-24 to 2-33

must turn freely and must have approximately 1/32-
inch end play (in and out of arm).

2-28., TAKE-UP REEL ARM ASSEMBLY REPAIR.

2-29. DISASSEMBLY. (See figure 2-7.)

4, Remove elastic stop nut (3), tension nut (4) and
tension spring (5).

b, Tap out driving pin (8) and disassemble remaining
parts from take-up arm (12},

2-30. CLEANING AND INSPECTION. Clean all parts
thoroughly in dry cleaning solvent (Federal Specifi-
cation P-S-661) and allow parts to dry. Inspect parts
for actual physical damage; wear is not a vital factor
in determining parts replacement. Press the bearings
onto wooden dowels of snug fit and spin the bearing,
noting any roughness in rotation which would indicate
bearing balls or rollers with flat spots.

2-31, REPAIR OR REPLACEMENT, Repair of parts
is not practicable; replace all damaged parts.

2-32, LUBRICATION, Apply a very light coating of
grease (Military Specification MIL-G-3278) to both
thrust bearings (9} and the ball bearing (8).

2-33. REASSEMBLY. (Seefigure 2-7,) Reassemble the
parts in reverse order of disassembly, noting the

1. Thumb screw 6. Driving pin 10. Spindle pulley

2. Spindle assembly 7. Tension plate 11. Friction washer
3. Elastic stop nut 8. Ball bearing 12. Thrust washer

4. Tensicn nut 9. Thrust bearing 13. Arm subassembly
5. Tension spring 14, Alining pin

Figure 2-7. Take-up Reel Arm Assembly

Revised 1 October 1958




Section I

Alquisssy 9elq yoyiag "g-z aandig

(

T.O, 10D1-2-9-3

& 6t

8

10




)

T.O, 10D1-2-9-3

Section 1I
Paragraphs 2-34 to 2-45

Key for Figure 2-8

1. Lampholder 14, Nut, hex 27. Hex nut
2. Filter and junction box assy 15, Lock washer 28. Lock washer, Na, 6
3, Lamp, 6w, 120 v 16. Switch plate 29. Spacer
4, Knocb 17, Pilot light bracket 30, Retaining ring
5. Set screw, 8-32 by 3/8 18. Flat hd screw, 4-36 by 3/8 31. Mounting plate
6. Button plug 19, Lock washer, No, 4 32. Flat hd screw, 6-32 by 3/8
7. SPST switch 20. Hex nut 33. Lock washer, No. 6
8. Hex nut 21. Fiat hd screw, 6-32 by 1/2 34. Hex nut, No. 6-32
9, Lock washer 3%, Lock washer, No. 6 35. Cable clamp
10. D.P.D.T. switch 23. Small hex nut 36, Flat hd screw, 6-32 by 1/2
11, Hex nut 24, Lampholder 37. Lock washer, No, 6
12, Lock washer 25. Octal tube socket 38. Small hex nut
13. Rotary snap switch 26. Round hd screw, 6-32 by 1-1 /8 39, Swltch plate housing

following special precautions:

a. After installing spindie tension nut {4), tighten
this nut just enough so that, when pulley {10) is held,
the spindle can be turned manually.

b. Tighten elastic stop nut (3) up against spindle
tension nut (4), but do not overtighten. Spindle (2)
must turn freely and must have approximately 1/32-
inch end play (in and out of arm).

2-34, SWITCH PLATE ASSEMBLY REPAIR.

9.35. DISASSEMBLY. (See figure2-8.) Under normal
circumstances, complete disassembly of the switch
panel will not be necessary. Removal of parts for
replacement can he accomplished by reference to
figure 2-8.

2_36. CLEANING AND INSPECTION. Wipe all parts
with a cloth dampened in dry cleaning solvent (Federal
Specification P-$-661). Inspect parts and wiring for
actual physical damage. Refer to paragraphs 3-1
through 3-14 for descriptive and maintenance test
data on the projector electrieal circuit.

9-37. REPAIR OR REPLACEMENT. Other than the
straightening of dents or twists in metal parts, repair
is not practicable; replace damaged parts.

9-38. LUBRICATION. No lubrication required.

2-39. REASSEMBLY. (See figure 2-8.} Reassemble
the switch plate assembly by reference to figure 2-8.

2-40. SOUND HEAD ASSEMBLY REPAIR.

2-41., DISASSEMBLY. (See figure 2-9.)

a. Remove retzining rings (2 and 5) and pull jockey
roller assemblies (1 and 4) from pivot studs (3 and 6).
Refer to paragraph 2-46 for repair instructions for
these roller assemblies.

b. Remove screw (8) and impedance roller assembly
(7). Refer to paragraph 2-52 for impedance roller re-
pair instructions.

¢. Loosen set screws (10 and 11) and carefully with-
draw stabilizer housing assembly (9). Refer to para-
graph 2-58 for repair instructions for housing
asgsembly.

d. Loosen cover screw (13) and remove lamp COver
assembly (12). Move pin release cam {18) to extreme

right-hand position, and lift out the exciter lamp (186).
Lamp socket paris can be disassembled by removing
lamp socket nut {17}, screw (20) and lock washer (21),
and three fiat head screws (23).

The scanning lens (24) is pre-set by means
of precision instruments for maximum effici-
ency and should not be disturbed unless it has
been determined that this item requires re-
placement. If such is the case, remove SCrew
(25) and withdraw the lens.

e. Loosen knob on P. C. cell cover assembly (26)
and lift off the cover. To remove P. C, cell assembly
(37), take out screws (38) and lock washers (39) and
disconnect cell leadwire lugs fromterminal block (30).
f. Remove screws (31 and 34) and lock washers (32}
to free terminal block (30). Note spacing collar (33)
between terminal block and casting and hexagonal
spacer nut {35)at front of terminal block. Disassemble
remaining parts as required.

9.42. CLEANING AND INSPECTION. Clean sound
head casting with a cloth dampened in dry cleaning
solvent (Federal Specification P-§-661), being careful
not to touch the scanning lens if still assembled.
Wipe exciter lamp with clean, dry cloth or lens tissue
to remove fingerprints. Clean remaining parts in dry
cleaning solvent and allow parts to dry before re-
assembly. Examine parts for actual physical damage.

9-43, REPAIR OR REPLACEMENT. Repair of dam-
aged parts is not practicable; replace all damaged
parts. P.C. cell agsembly replacement is determined
by analyzing the accompanying failure report for the
projector and by pre-testing the equipment as in-
structed in Section L

2-44, LUBRICATION. No lubrication required.

9-45. REASSEMBLY. (See figure 2-9.)

a. Insert the stabilizer housing assembly (9) care-
fully into and through the mounting plate (43). Adjust
position of stabilizer housing 50 that its light pipe
prism will be perpendicular to the scanning lens when
lens is installed. The inner face of the sound drum
should extend 0.044-inch (+0.002-inch) beyond the

11
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Figure 2-9, Sound Head Assembly
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Key for Figure 2-9

Section

i

1. Upper jockey roller assy 17, Lamp socket nut 28, Hound hd screw, 6-32 by 1/4
2, Retaining ring 18, Pin release cam 29, Lock washer, No. 6
3. Fivot stud 19, Socket contact assy 30, Terminal block
4. Lower jockey roller assy 20, Round hd screw, 8-32 by 1/4 31, Round hd screw, 6-32 by 5/8
5. Retaining ring 21, Lock washer, No, B 32, Lock washer, No. 6
6. Pivot stod 22, Socket subassembly 33, Spacing collar
7. Impedance roller assy 23, Flat hd screw, 2-56 by 5/16 34, Round hd screw, 6-32 by 3,/4
8. Special screw 24, Scanning lens 35. Spacer nut
9, Stabilizer housing assy 25, Fillister hd screw, 6-32 by 3/8 36, Cable aszembly
10. Set screw, 6-32 by 1/8 26, P.C, cell cover assy 37, P.C, cell assembly
11, Set screw, 10-32 by 3,/16 264, Knob 38, Round hd screw, 4-36 by 0,187
12, Lamp cover assy 26B, Lock washer, No, B 39, Lock washer, No, 4
13. Cover screw 26C,. Stud 40, Mounting plate
14, Ruby jewel 26D, Cover 41, Round hd screw, 4-36 by 3/16
15, Cover 27, Cable clamp 42, Lock washer, No, 4

16, Exciter lamp

centerline of the scanning lens, as shown in figure
2-10. This dimension is obtained by use of the sound
drum adjustment gage, Tool Number S5-081082-N1
ifipure 2-1),

b. Insert sound drum adjustment gage as shown in
figure 2-11, and move the stabilizer housing assembly
in or out until inner face of sound drum just touches
small projection on end of gage. Recheck to make
certain that light pipe prism is perpendicular in
relation to the scanning lens. Then install and tighten
set screws (10 and 11) while maintaining the alinement.
¢. Install terminal block (30) with screws (31 and 34)
and lock washers (32). Make certain that serew (31)
passes through terminal block and spacing collar
(33). Install hexagonal spacer nut (35) on end of
screw (34).

d. Install P.C. cell mounting plate (40) with screws
{41) and lock washers (42), but do not tighten screws.
Shift plate until center point of exposed light pipe
prism is equidistant from the edges of the opening
in mounting plate. While maintaining this alinement,
tighten screws (41).

e, Note small round hole on one side of P.C. cell
assembly (37). Mount cell assembly to cell mounting
plate with small round hole facing light pipe prism.
Install serews (38) and lock washers (39). Connect
P.C. cell terminal lugs to upper two posts of terminal
block., Terminal lugs of cable assembly (36) connect
to the lower two posts of terminal block. Install cable
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Figure 2-10, Positioning the Sound Drum

43. Mounting plate

clamp (27) and P.C. cell cover assembly (26).

f. Insert scanning lens (24) into opening in mounting
plate with tapered end facing sound drum,. Install and
tighten screw (25) just enough to hold. Scanning lens
must be finally adjusted after projector is reas-
sembled.

g. Install exciter lamp socket parts (17 through 23).
With pin release cam (18) in extreme right position,
install exciter lamp (16); move pin release cam to
the left (locking) position. Wipe fingerprints from
lamp with clean cloth. Install the lamp cover as-
sembly (12).

h. Install upper jockey roller assembly (1) and lower
jockey roller assembly (4). Insert shaft of impedance
roller assembly (7) through mounting plate until as-
sembly is seated against plate. Install screw (8},
tightening just enough to hold. This roller assembly
should impart a five to six-ounce tension, or pres-
gure, on the film as it passes around the sound drum.
Lift roller end of impedance roller assembly with an
ounce spring scale, and check the tension. The tension
is adjusted by loosening screw (8) and rotating entire
roller assembly within the mounting plate. Rotate
assembly clockwise to decrease tension and counter-
clockwise to increase tension.

SOUND DRUM

5-041082-M1

Figure 2-11. Using Adjustment Gage S-061082-N1
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Paragraphs 2-46 to 2-54

4, Sleeve bearing
2. Set screw, 5-40x 1,4 5. Roller

1, Sleeve bearing

3. Roller shaft 6. Housing

Figure 2-12, Upper Jockey Roller Assembly

2-46. JOCKEY ROLLER ASSEMEBLY REPAIR.
NOTE

Both the upper jockey roller assembly and
lower jockey roller assembly are covered
by the following instructions. Except for the
difference in roller housings, hoth assem-
blies are identical in construction.

2-47. DISASSEMEBLY. (See figure 2-12 or 2-13.)
Loosen set screw (2) and pull out roller shaft (3),
thus freeing all parts of assembly. Do not press bear-
ings (1 and 4) from housing (6) unless damaged.

2-48, CLEANING AND INSPECTION. Clean all parts
in dry cleaning solvent (Federal Specification P-5-661)
and allow them to dry before reassembly. Inspect
roller for deep scratches, nicks or flat spots. Inspect
shaft for bends and make certain that shalt bearing
surfaces are not rough. Check housing for rough spots
which might interfere with free rotation of roller.

2-49, REPAIR OR REPLACEMENT. Fine scratches
in the roller or bearing surfaces of shaft can be re-
moved by polishing with crocus cloth. If too badly
marred, these parts must be replaced. Remove rough
spots from housing with a file. Replace shaft if bent.
If bearing holes are out-of-round, replace bearings.

2-50. LUBRICATION. Place a drop of oil (Military
Specification MIL-0-6085) into each bearing.

2-51. REASSEMBLY, (See figure 2-12 or 2-13.) Po-
sition roller (5) between bearings (4) and install
shaft (3). Tighten set screw (2) just encugh to hold
roller to shaft. Make certain that roller rotates
freely with a minimum of end play.

CAUTION

Do not overtighten set screw (2), as this
could bend the shaft and cause the roller
to rotate erratically.

14
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1. Sleeve bearing 4. Sleeve bearing

2. Set screw, 5-40x 1/4 5. Roller

3. Roller shaft 6. Housing

Figure 2-13, Lower Jockey Roller Assembly

2-52. IMPEDANCE ROLLER ASSEMELY REPAIR.

2-53. DISASSEMBLY. (See figure 2-14.)

a. Loosen set screws (1 and 2) and unscrew the ad-
justable pivot pin (4). The slug (3) will drop into the
housing (12) as pivot pin is withdrawn. Remove plain
pivot pin (5) and lift roller (6) from housing.

b. Disassemble parts (7) through (11) irom hous-
ing (12).

2-54, CLEANING AND INSPECTION. Clean all parts
with dry cleaning solvent (Federal Specification P-5-

\f’i& |

. Set screw, 5-40x 1/8 7, Binding hd screw,
. Set screw, 5-40x 1/8 4-40 x 3/8
. Slug 8. Lock washer, No. 4
Pivot pin, adjustable 8, Adjusting nut
Pivot pin 10, Stud
. Impedance roller 11. Spring
12, Housing

O N de L3 I =

Figure 2-14, Impedance Roller Assembly
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661) and allow them to dry. Inspect pivot pins (4 and
5) to make certain that tapered ends are not blunted
or distorted. Check spring for broken ends. Make
certain that bearings in roller are free of dirt, dust
or other foreign substance. Inspect roller for deep
scratches, nicks or flat spots.

2-55, REPAIR OR REPLACEMENT. Fine scratches
in the roller can be removed by polishing with crocus
cloth; if badly marred, replace roller. Allother parts
must be replaced if damaged,

2-56. LUBRICATION, Place two drops of oil (Military
Specification MIL-0-6085) into the bearings at each
end of the roller and allow oil to seep into the felt
wick within the roller. Entire shaft of stud (10) and
mounting face of adjusting nut {9} must be coated
lightly with grease (Military Specification MIL-G-
3278) during reassembly.

2-57. REASSEMBLY. (See figure 2-14,)

a. Hold roller {(6) in position between arms of
housing with 5/32-inch wide roller groove closest
to arm with plain (unthreaded) pivot pin hole. Insert
pivot pin {5) and install set screw (1) so that cone
point of screw engages groove in pivot pin.

b. Screw adjustable pivot pin (4) into place to a paint
where roller rotates freely with a minimum of end
play. Ingert slug (3), burr side up, into set screw
hole, and install set screw (2). Re-check roller
freedom of rotation and end play. End play must be
barely perceptible (not in excess of 0.0005-inch).
Tighten set screw (2).

¢. Insert spring (11) so that bent end engages hole
within housing (12). Lubricate stud (10), as instructed
in paragraph 2-56, and insert stud through spring and
housing, Outer bent end of spring must engage small
hole in mounting flange face of stud. Lubricate nut
{9}, paragraph 2-56, and install nut, screw (7)and lock
washer (8). Tighten screw just enough to hold parts

Section IT
Paragraphs 2-55 to 2-61

together. This screw will be tightened after the sound
optical system alinement tests (paragraph 3-52) are
made, following reassembly of the projector.

2-58, STABILIZER HOUSING ASSEMBLY REPAIR.

2-59. DISASSEMBLY. (See figure 2-15.)

a. Hold lock nut (10} with wrench and carefully
remove sound drum nut (1), Pull film scanning drum
(2) from shaft (14).

b. Remove screws (6) and carefully Lift brackets
(5), prism mount (8) and light pipe prism (7) from
housing {(15). Lift the prism gently from the mount,
c. Remove screws (12) and pull assembled shaft
(14) from housing. Place wrench on flats of shaft,
unscrew self locking mut (9), Unscrew lock nut (10)
and remove lock plate (11) and bearing (13) from
shaft. Remove bearing (3) and thrust washer (4} from

housing.
CAUTION

Aveid placing fingers on ball races of bearing
during removal, and do not use any tool that
might cause damage tobearing. After removal,
wrap bearing in clean cloth or tin foil.

2-60. CLEANING AND INSPECTION. Wash all parts,
except prism, in dry cleaning solvent (Federal Speci-
fication P-5-661), and allow parts to dry. Prism
should be wiped with soft lint-free cloth. Ingpect
prism for chips, scratches or discoloration. Inspect
film scanning drum for nicks or grooves. Make cer-
tain that stabilizer shaft is not bent inany way. Check
ball bearing rotation; bearings should rotate freely
and smoothly,

2-61. REPAIR OR REPLACEMENT. Repair of dam-
aged parts is impracticable, Replace all damaged
parts.

1. Sound drum nut
2. Film scanning drum
3. Front bearing
4. Thrust washer
5. Light pipe bracket
6. Round hd screw, 2-56
by 1/8
7. Prism
8. Prism mount
9. Self locking nut
10. Lock nut
11. Lock plate
12. Fillister hd screw,
3-48 by 1/4
13. Rear bearing
14, Stabilizer shaft
15. Bearing housing

Figure 2-15. Stabilizer Housing Assembly
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Figure 2-16. Drive Motor Assembly
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. Section I
Paragraphs 2-62 to 2-65

Key for Figure 2-16

1. Fixed resistor, 150 ochms 20. Idler assy 37. Brush holder
2. Round hd screw, 10-24 by 4-1/2 21, Binding hd screw, 8-32 by 1/2 38. Fixed capacitor, 0,01 uf
3, Elastic stop nut 21A, Plain washer 39. Round hd serew, 8-32 by 5/16
4, Centering washer 21B, Lock washer, #8 40, Lock washer, #8
5, Mounting bracket 22, Bracket subassembly 41, Bracket
6, Binding hd screw, 8-32 by 1 /4 23, Ground strap 42, Rear housing
7. Lock washer, #8 24, Round hd screw, 10-32 by 1/4 43, Binding hd screw, 6-32 by 1/2
8, Fixed capacitor, 0,5 uf 25, Lock washer, #10 44, Lock washer, #B
9. Round hd screw, 6-32 by 1/4 26, Brush holder cap 45, Drive gear pin
10. Lock washer, #6 27. Brush and spring 46, Drive gear
11, Motor gear housing assy 28, Set screw, 8-32 by 1/4 47, Ball bearing
Motor brush holder 48. Ball bearing

12, Binding hd screw, 8-32 by 5/16 29,
13, Lock washer, #8 a0.
14, Fillister hd screw, 8-32 by 3/8 31,

0. Fixed capacitor, 10,000 uuf
Round hd screw, 10-32 by 1/4 50.

49: Armature
Bearing loading spring

15, Lock washer, #8 32, Lock washer, #10 51, Octal plug

16, Motor mounting bracket 33, Governor 52, Motor field assy

17. Round hd screw, 10-24 by 1 34. Set screw, 8-32 by 1/8 53, Field retaining screw
18, Lock washer, #10 35. Brush and spring 54, Lock washer, #8

19. Round hd screw, 10-24 by 1-1/2  36.

2-62, LUBRICATION. Apply a light film of grease
{Military Specification MIL-G-3278) to the bearing
races, the bearing shoulders of the housing, and to
the stabilizer shaft during reassembly.

2-63. REASSEMBLY, (See figure 2-15.)

a. Lubricate bearing (13), paragraph 2-62, and press
bearing up against shoulder of shaft (14) by hand. Do
not exert undue pressure during installation.

b. Install lock plate {11) and lock nut (10), tightening
nut by hand, The lock nut holds bearing to shaft and
must fit into groove of lock plate. With wrench en-
gaging flats on stabilizer shaft, tighten lock nut (10)
securely, Install and tighten self locking nut (9).
c. Lubricate shaft, paragraph 2-62, and ingert par-
tially assembled shaft into housing (15). Install three
screws (12) just enough to hold lock plate (11) in place.
d. Insert thrust washer (4), concave side toward
bearing (3), into front opening in housing {15). Lub-
ricate bearing (3), paragraph 2-62, slide it over end
of shaft, and gently press it into stabilizer housing and
down against thrust washer (4).

e, Install film scanning drum (2) and nut (1}, Hold
lock nut {(10) with wrench while tightening sound drum
nut (1). Tighten the three screws (12) and rotate the
shaft. The stabilizer shaft must turn freely with no
perceptible binding.

Handle sound drum carefully at all times to
avoid damage which might impair sound,

f. Place partially assembled stabilizer housing ina
V' block, and measure the true-running quality of
the film scanning drum by rotating it against a true-
ness indicator, The total indicator deviation onturned
diameter of scanning drum must not exceed 0.0004-
inch with the housing held stationary. If deviation ex-
ceeds 0.0004~inch, the largest diameter of the stabil-
izer housing should be accurately located ona lathe
steady-rest to maintain the 0,0004-inch concentricity.
Seal the prism opening with cotton and tape and drive
the stabilizer shaft to fine-turn the drum.

Revised 1 October 1958

Set screw, 8-32 by 3/16 55,

Front housing

NOTE

Do not turn diameter of scanning drum to
a point greater than 0.010-inch of original
diameter.

g. Remove tape and cotton from prism opening in
stabilizer housing. Be sure that no stray strands of
cotton remain in openings. Insert prism (7) into
mount (8) with clear areas of prism facing up. Insert
mount into one of the brackets (5), again with clear
prism areas facing up. Insert assembled parts into
stabilizer housing with clear prism areas facing up
and widest end of prism extending approximately 0.040-
inch under the film scanning drum. Install remaining
bracket (5) with four screws (6).

2-64, DRIVE MOTOR REPAIR.

2-55, DISASSEMBLY. (See figure 2-16.)

a, Remove resistor and mounting bracket parts (items
1 through 7) and capacitors (8 and 30) from motor
housing, unsoldering leadwires as required.

b. In order o remove motor gear housing assembly
(11}, it first will be necessary to remove the flexible
coupling from the gear housing shaft. This can be done
by locsening the coupling set screw closest to the end
of the shaft and sliding off the coupling with attached
chain sprocket. Take out three screws (12 and 14)
and lock washers (13 and 15) and withdraw the com-
plete gear housing, Temporarily assemble coupling
to shaft and get this assembly aside. Repair instruc-
tions for the gear housing assembly are outlined in
paragraph 2-70.

¢. Disassemble motor mounting bracket and parts
(items 16 through 25).

d. Remove brush holder caps (26) and brush and
springs assemblies (27), Brush holders (29) need not
be removed.

e. Loosen two set screws (34}, and remove governor
{33) and governor brush and spring assemblies (35).
Brush holders (37) need not be removed,

f. Remove bracket (41) and capacitor (38), unsolder-
ing capacitor leads as required.
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CAPACITOR
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Figure 2-17. Drive Motor wiring Diagram

g. Drive out pin (45) and remove drive gear (46).
Remove rear housing (42) andarmature {49). Becare-
ful not to lose the two bearing loading springs (50}
from end of armature shaft,

h. Disassemble motor field (52) from housing (55).
These parts are machined in assembly and must be
replaced as an assembly.

2-66. CLEANING AND INSPECTION.

a. Clean all parts, except electrical components,
with dry cleaning solvent (Federal Specification
P-8-661)., Wipe electrical parts with a dry cloth,
b. Inspect bearings to make certain that they spin
freely and smoothly and that they geat properly in
the bearing recesses of the housing. Bearings must
not be loose in bearing recess.

¢. Check field coils for continuity.

d. Check armature for short circuits on a growler.
Inspect armature winding for signs of burning, char-
ring, or sericus nicks and breaks. Examine com-
mutator for excessive wear or badly burned commuta~-
tor bars

e. Inspect motor brushes for excessive wear (shorter
than 3/8-inch) and broken pigtails and springs.
Inspect governer brushes for excessive wear (shorter
than 3/16-inch) and broken pigtails and springs.
f. Check slip rings on back of governor for indication
of a permanent open Or short. Resistance on volt-
ohmmeter should read “zero' with governor contacts
closed; resistance ghould be infinite with contacts

18
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held open.

g. Check capacitors with electronic mullimeter for
leaks and shorts. Check resistor with volichmmeter
for proper resistance {150 ochms}.

2-67, REPAIR OR REPLACEMENT. Repair of dam-
aged or worn parts is impracticable. Replace all
damaged and excessively worn parts.

2.68. LUBRICATION. Apply a light coating of grease
{Military Specification MIL-G-3278)} to the bearings
(47 and 48) and to the drive gear (46) during re-
assembly.

2-69, REASSEMBLY. (See figure 2-16.}

a. Assemble motor field (52) into housing (55).
Lubricate bearings (47 and 48), paragraph 2-68, and
assembie them to armature (49). Slip two loading
springs (50) onto commutator end of armature shaft
with prongs againstihe bearing {48)., Insert this group
into front housing (55) until the bearing seats in the
bearing recess.

b. Install rear housing (42) over ball bearing (47}
on armature shaft and flush against front housing.
Holes for screws (43) must line up with tapped holes
in field coil retaining studs, and the tapped bosses
on rear housing and front housing, for screws (19),
must be alined. Secure the rear housing. Install
drive gear (46) to end of armature shaft with pin (45).
Lubricate gear, paragraph 2-68.

c. Remove flexible coupling from gear housing as-
sembly {11), and install gear housing assembly torear
housing with screws (12 and 14) and lock washers (13
and 15). Note that binding head serew (12) is installed
below flexible coupling to allow clearance for drive
chain around sprocket, It may be necessary to rotate
gear housing shaft until worm gears engage, thus
permitting gear housing to seat fully. Armature shaft
must turn freely with maximum end play of 0.008-inch.

d. When installing motor brushes, make certain that
concave face of each brush maiches diameter of
commutator,

e. Install all electrical components, except the gover-
nor, making wiring connections as illustrated in fig-
ure 2-17T.

f. Install motor mounting bracket parts (items 16
through 25) by reference to figure 2-18.

g. Install governor brushes (35) and bracket (41).
Place governor (33) on armature shaft. Governor
should seat about 1/32-inch from each brush holder.
Install and tighten two sets screws {34). The motor
speed adjustment will be made just before drive
motor is installed to projector (paragraph 2-187).

2-70. DRIVE MOTOR GEAR HOUSING REPAIR.

9-71. DISASSEMBLY. (See figure 2-18.)

a. Loosen set screw in flexible drive coupling (1)
to free the sprocket (2).

b. Disassemble remaining parts from housing (8).

2-72. CLEANING AND INSPECTION. Clean all parts
with dry cleaning solvent (Federal Specification
P-§-661), removing all old grease from housing. Dry
parts thoroughly. Inspect parts for physical damage -
bent shaft, chipped or broken gear teeth, or cracks
in the castings.
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Section IT
Parapgraphs 2-T3 to 2-T5

Figure 2-18, Drive Molor Gear
Housing Assembly
1. Flexible drive coupling
2, Sprocket
3. Cover
4. Round hd screw, 4-36 by 3/8
5. Lock washer, No. 4
-3 6. Fibre washer
- 7. Gear and shaft assy
5 8. Gear housing assy
{(q
2-73. REPAIR OR REPLACEMENT. Repair of dam- housing is filled to approximately one-third its depth.
aged parts is not practicable. Replace all damaged Also, the shaft bearings in the cover (3) and housing
parts. {8) should each be lubricated with four drops of vil

{Military Specification MIL-0-6085).

3-74, LUBRICATION. After the unit is reassembled,

fill the gear housing with seven grams of grease 2-75. REASSEMBLY. (See figure 2-18.)
(Military Specification MIL-G-3278), or until the a. Install fiber washer (6) on shaft (T) and assemhble

o

Blower wheel 7. Round hd screw, 8-32 by 2-1/4 12, Washer

1.

2, Insulating screw cap 8, Lock washer, No_ B8 13. Motor housing L

3, Brush and spring 9. Ball bearing 14, Fixed capacitor, 0,01 uf B
4, Set screw, 8-32 by 1/8 10, Armature 15, Field asay

5. Brush holder 11, Bearing loading spring 16. Round hd screw, 8-32 by 1-1/8

6. Cover 17. Lock washer, No, 8

Figure 2-19, Blower Motor Assembly

19




Section I
Paragraphs 2-76 to 2-81

shaft into housing {8). Install cover (3).

b. Insert hub of sprocket (2} into coupling (1), noting
that set screw must bear againgt flat of sprocket hub.
Do not assemble coupling and sprocket to shaft until
gear housing is fastened to drive motor (paragraph
2-69, step c).

2-76, BLOWER MOTOR REPAIR.

2-77. DISASSEMBLY. (See figure2-19.) Disassemble
the blower motor as shown in figure 2-19, Be care-
ful not to lose the bearing loading spring (11} at the
commutator end of the armature (10).

2-78. CLEANING AND INSPECTION,

a. Wipe all electrical parts with a clean, dry cloth.
Wipe remaining parts with a eloth dampened in dry
cleaning solvent (Federal Specification P-5-861),
b. Inspect motor brushes for broken springs or ex-
cessive wear (shorter than 1/4-inch in length).
¢, Check field coils for continuity,

d. Inspect winding of armature for signs of burning,
charring, serious nicks or breaks. Examine com-
mutator for out-of-round, excessive wear or burned
spots.

€. Spin the ball bearings and check for smooth, quiet
rotation,

f. Inspect blower wheel for bent or broken blades.

T.0. 10D1-2-9-3

g. Check capacitor (250 volt) with voltohmmeter for
leaks or shorts.

2-79. REPAIR OR REPLACEMENT.

2. If commutator is out-of-round, has high spots or
burned spots, it can be turned down in a lathe, Make
cut no deeper than necessary. Ends of commuliator
segments should not be less than 1/16-inch thick
after cutting operation,

b. Straighten bent blower wheel blades; replace
blower wheel if blades are broken.

¢. Replace all other damaged parts.

2-80. LUBRICATION. Apply a light coating of grease
(Military Specification MIL-G-3278) to the outer dia-
meter of bearings.

2-81. REASSEMBLY, (See figure 2-19.} Reassemble
the blower motor by reference to figure 2-19. Note
that bearing loading spring (11) must be positioned
inside the bearing recess of motor housing with the
prongs up against the bearing, When assembled, arm-
ature must revolve freely with a minimum end play
of 0.010-inch. When installing blower wheel (1}, main-
tain an exact clearance of 0.047-inch between blower
housing cover (§) and inner face of blower wheel,
Tighten blower wheel set screw securely and re-check

clearance,
Q@
\
13

AN
12

1, Idler pulley 8. Reflector assembly 15. Special screw

2, Idler pulley stud 9, Round hd screw, 8-36 by 5/16  16. Idier shaft

3. Grounding cable 10. Lock washer, No, 8 1%7. Film guard

4, Round hd screw, 10-32 by 1,/4 11. Lock ring 18. Vibration mount

5. Lock washer, No, 10 12. Reflector 19, Set screw, 8-32 by 1/4
6. Fillister hd screw, 12-24 by 1/4  13. Bracket 20. Spacer

7. Lock washer, No, 12 14. Idler roller 21, Rear plate

Figure 2-20, Rear Mechanism Plate Assembly
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2-82. REAR MECHANISM PLATE REPAIR.

2-83. DISASSEMBLY. (See figure 2-20.) Disassem-
ble the rear mechanism plate, as required, by re-
ference to figure 2-20.

2-84, CLEANING AND INSPECTION. Clean all parts,
except reflector (12}, with dry cleaning solvent (Federal
Specification P-8-661) and dry thoroughly before
reassembly. Remove dust and dirt from reflector by
blowing air across the surface with a syringe bulb,
Remove stains with cleaning tissue. If necessary,
use a drop or two of denaturedalcohol (Military Spec-
ification MIL-A-6091) to remove o0il film or finger-
prints. Inspect all parts for physical damage.

2-85. REPAIR OR REPLACEMENT. Repair of dam-
aged parts is impracticable. Replace damaged paris,

2-86. LUBRICATION. Place a drop or two of ¢il
{Military Specification MIL-0Q-6085) on the roller
bearing surface of the idler pulley stud (2) and on
each of the idler shafts (17) during reassembly,

2-87. REASSEMBLY. (See figure 2-20.) Reassemble
the rear mechanism plate by reference tofigure 2-20,

Section II
Paragraphs 2-82 to 2-8%

Be sure to perform required lubrication (paragraph
2-86) and avoid leaving fingerprints on the reflec-
tor (12).

2-88. COUNTER DRIVE MECHANISM REPAIR,

2-89. DISASSEMBLY. (See figure 2-21.)

a. Remove screw (2), washer (3) and cover {1).
b. Remove four screws (7) and lock washers (8)
and separate gear train plate assembly (6) from
housing (29).

c. Remove retaining ring (5) and cam and gear as-
sembly (4} from cam gear stud (13)., If necessary,
drive stud from plate (14). Pry pinion (10} carefully
from pinjion hub assembly (9) and remove hub and
shoulder washer (11). ¥ necessary, press sleeve
bearing (12) from plate (14).

d. Loosen set screw (16) and remove drive dise (15).
e. Loosen set screw (18} so that ratchet worm gear
(17) is loose on shaft (19) within the housing (29).
Pry retaining rings (20} from grooves in shaft, and
pull shaft from housing, catching gear (17) as it
falls free.

f. Unhook and remove spring (21). Remove remaining
parts (22 through 28) from housing as shown in
figure 2-21.

1. Cover 11,
2. Round hd screw, 3-56 by 3/16 12,
3, Lock wasgher, No, 3 13,
4. Cam and gear assy 14,
5. Retaining ring 15.
6. Gear train plate assy 16.
7. Fillister hd screw, 5-40 by 1/4 17,
8. Lock washer, No. 5 18.
9. Pinion hub assy 19,
10, Pinion

Shoulder washer 20, Retaining ring
Sleeve bearing 21, Spring

Cam gear stud 22. Ralchet wheel
Mounting plate 23. Retaining ring
Drive disc 24, Spacer

Set screw, 5-40 by 1/8 25. Fiber washer
Ratchet worm gear 26, Shim

Set screw, 5-40 by 1/8 27. Ratchet arm
Output shaft 28, Flat washer

29, Housing assy

Figure 2-21, Counter Drive Mechanism Assembly
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Figure 2-22, Feed and Take-up
Pulley Assemblies

Take-up and rewind shaft
Elastic stop nut, 8-32
'Extruded washer

Bearing ball

Pulley ratchet

Ball bearing

Pulley

.-:l.mu‘rhwmz-

2-90. CLEANING AND INSPECTION, Clean all parts
in dry cleaning solvent (Federal Specification P-S-
661) and dry thoroughly before reassembly. Inspect
all parts for actual physical damage—stripped screw
threads, chipped or broken gear teeth, bent shafts,
and so forth.

2-91, REPAIR OR REPLACEMENT. Repair of dam-
aged paris is not practicable. Replace damaged parts.

2-92. LUBRICATION, During reassembly, apply a
light coating of grease (Military Specification MIL-
G-3278) to all gear teeth and to the bearing surfaces
of the pinion hub assembly, cam gear stud and output
shaft, Remaining lubrication is outlined in the reas-
sembly procedure.

2-93. REASSEMBLY. (See figure 2-21.)

a. Apply a very light film of oil {Military Speci-
fication MIL-0-8086) on the mounting stud which will
receive the ratchet wheel (22), Install parts (22)
through (28) on the stud within the housing (29).
Place two drops of oil between washer (25) and ratchet
wheel (22). Note that the quantity of shims (26} must
be determined to limit ratchet wheel end play to
0.001 to 0.003-inch,

b. Hook spring {21) between hole in housing (29) and
hole in lower end of ratchet arm (27).

c¢. Insert output shaft (19) into housing, installing
gear (17} on shaft while doing so. Install retaining
rings {20) on shaft inside housing to prevent shaft
from sliding out. Center the teeth of gear (17) with
worm of ratchet wheel (22} and tighten set screw (18)
against flat of shaft (15). Install drive disc {15) on
end of shaft, tightening set screw (16) against flat of
shaft. Place four drops of oil (Military Specification
MIL-O-6086) at the two points where output shaft
protrudes through housing, allowing oil to run down
into the housing.

d, Press sleeve bearing {12) and cam gear stud (13)
into mounting plate (14), Bearing flange must be flush
against mounting plate. Large diameter of atud (13),
at base of gear shaft portion, must protrude 3/64-
inch (+ 0.010-inch) above surface of plate. Insert
pinion hub (9) through sleeve bearing (12) and install
shoulder washer {11), with shoulder facing out, and
pinion (10) on pinion hub. Pinion hub must turn freely
with the pinion pressed in place.

e, Install cam and gear assembly (4) on gear shait
of stud (13), securing with retaining ring (5), While
pressing lower end of ratchet arm {27) toward drive
disc (15), assemble the gear train plate assembly
{6} to housing {29) and install screws (7) and lock
washers (8). Upper finger on ratchet arm must hear
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against cam hub of gear (4). Place one or two drops
of o0il between ratchet arm finger and cam hub.
f. Make certain that ratchet fingers (riveted to
housing and ratichet arm) are engaging teeth of
ratchet wheel, Install cover (1), screw (2) and lock
washer (3).

2-94, FEED AND TAKE-UP PULLEY REPAIR.

2-95. DISASSEMBLY. (See figure 2-22.) Disassemble
the feed and take-up pulleys by reference to figure
2-22, being careful not to lose the bearing balls {4).

2-96, CLEANING AND INSPECTION, Clean all parts,
except bearing, in dry cleaning solvent (Federal
Specification P-5-661) and dry thoroughly before re-
assembly. Inspect ears of pulley ratchet for excessive
wear. Check bearing for smooth, free rotation. In-
spect shaft for distortion or excess wear,

2-97. REPAIR OR REPLACEMENT. Repair of dam-
aged parts is impracticable. Replace damaged parts.
If ears of ratchet are grooved, replace ratchet. If
shaft is worn to less than 0.247 inch in diameter,
replace shaft.

2-98, LUBRICATION. No lubrication required.

2-99. REASSEMBLY. (See figure 2-22.)

CAUTION

The ears of pulley ratchet (5) must face in-
ward in the take-up pulley assembly and out-
ward in the feed pulley assembly.

a. Press bearing (6) into pulley (7). Place ratchet
(5) within pulley with ratchet ears Iacing outward
and place a bearing ball (4) into each of the three
notches formed by bending the ratchet ears,

b. Carefully insert threaded end of shaft (i} through
pulley until large diameter flange of shaft presses
firmly against ratchet. The pin on the flange must
engage the hole in the ratchet. Invert this assembled
group and install washer (3) and stop nut (2).

c. The shaft must turn freely in one direction and
lock in the other, after nut (2) is tightened.

2-100, CONDENSER LENS ASSEMBLY REPAIR,

2-101. DISASSEMBLY, (See figure2-23.) Condensers
(1 and 3) are held in place by means of lock springs
(2 and 4), Be careful not to scratch glass surfaces
during removal of springs.
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Section II
Paragraphs 2-102 to 2-115

Figure 2-23. Condenser
Lens Assembly

Front condenser
Lock spring

Rear condenser
Lock spring

Lock lever

Lens bracket screw
Lock lever spring
Lens bracket
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2-102. CLEANING AND INSPECTION. Clean the con-
densers by blowing away the dust and dirt with
syringe bulb, then wiping with lens cleaning tissue.
If necessary, use a few drops of denatured alcchol
(Military Specification MIL~A-6091) on glass surface
to remove fingerprints and oil or other residue.
Clean remaining parts indry cleaning solvent (Federal
Specification P-5-661} and dry thoroughly. Inspect
condensers for scratches, chips or cracks,

2-103. REPAIR OR REPLACEMENT. Repair of dam-~
aged parts is impracticable. Replace all damaged
parts.

2-104. LUBRICATION. No lubrication required.

2-105. REASSEMBLY. (See figure 2-23,) Reassemble
parts by reference to figure 2-23. Avoid leaving
fingerprints on condensers.

2-106. PRESSURE PLATE ASSEMBLY REPAIR,

2-107. DISASSEMBLY. (See figure 2-24.) Disassem-
ble as shown in figure 2-24 for replacement of
springs (3).

2-108. CLEANING AND INSPECTION, Clean all parts
with denatured alcohol (Military Specification MIL-A-
6091), making certain that hardened film emulsion
is completely removed, Inspect pressure plate for
scratches or grooves, nicks, distortion or excessive
wear,

2-109, REPAIR OR REPLACEMENT. Repair of dam-
aged or worn parts is impracticable. If pressure
plate film surface is scratched or nicked, if plate
ie bent, or if pressure plate rails are worn to a point
where picture area and sound track area of film con-
tact the metal surface of the plate, the plate must be
replaced, Fine scratches can be removed by pol-
ishing with erocus cloth,

2-110. LUBRICATION. No lubrication required.

2-111. REASSEMBLY. (See figure 2-24.) Reassemble
as shown in figure 2-24,

Revised 1 October 1958

2-112, APERTURE PLATE ASSEMELY REPAIR.

2-113. DISASSEMELY. (See figure 2-25,)

a. Remove screws (2) and film rail (1).

b. Remove screws (4), film floating rail (3) and
bracket spring (5). Washers (8) will drop free when
rail (3) is removed.

2-114. CLEANING AND INSPECTION. Clean aperture
plate subassembly with aperture brush. To remove
caked film emulsion, use a few drops of denatured
alcohol (Military Specification MIL~A-6091), Inspect
sapphire jewel insets in rails for chipping. Inspect
aperture plate subassembly for excessive wear at the
plate rails,

2-115. REPAIR OR REPLACEMENT. Repair of dam-
aged parts is impracticable, Replace spring if broken.

1. Pressure plate clip
2. Retaining ring

J. Compression spring
4, Plate and stud assy

Figure 2-24, Pressure Plate Assembly
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1. Film rail subassy 4, Bracket screw

2. Film guide screw 5. Bracket spring

3. Film floating rail subassy 6. Bracket washer
7. Aperture plate subassy

Figure 2-25, Aperture Plate Assembly

Replace film rails if sapphire jewel insetsare chipped
or broken. Replace plate subassembly if rails show
signs of grooving.

2-116. LUBRICATION. No lubrication required.

2-117. REASSEMBLY. (Sce figure 2-25.)

a. Secure film rail (1) to plate subassembly (7)
with screws (2), tightening screws just enough to
hold. The rail must be free to move. Place guide
rail gage (Tool No. S-063196-N2) on aperture plate
as shown in figure 2-26. Press down firmly on
gage so that the two alinement pins on back of gage
fit snugly into aperture plate mounting holes. Press
gage upward (toward aperture plate handie) to lock
the pins into mounting holes. Hold film rail up flush
apainst the gage and tighten screws (2) securely.
b. Lay washers (6) over floating guide rail mounting
holes in aperture plate, and place rail (3) on top of
washers so that pin on underside of rail protrudes
through hole in aperture plate. Install and tighten
screws (4).

¢. Invert aperture plate and place loop of spring
(5) over floating film rail pin. Engage straight ends
of spring in slots in under side of aperture plate.

2-118. LENS HOLDER REPAIR,

2-119. DISASSEMBLY. (See figure 2-27.) Disassem-
ble as shown in figure 2-27,

2-120, CLEANING AND INSPECTION. Cleanallparts
in dry cleaning solvent (Federal Specification P-3-
661) and dry thoroughly, Inspect fiber bufton on
end of lens lock screw for good condition. Inspect
gear rack for broken teeth, Check machined mounting
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GUIDE
RAIL

5:063196-N2

Figure 2-26. Adjusting Fixed Film Guide Rail

surface of lens holder for wear and rough spots.

2-121. REPAIR OR REPLACEMENT. If necessary,
remove rough spots from machined mounting surface
of lens holder with crocus cloth or a very fine-cut
file, If surface is worn unevenly, replace holder.
Replace lens locking screw if fiber tip is worn or
frayed, Replace gear rack if any teeth are broken.

2-122. LUBRICATION, Lubricate gear rackteeth with
film of grease {Military Specification MIL-G-3278).

2-123, REASSEMBLY. (See figure 2-27.) Reassemble
as shown in figure 2-27.

1. Lens lock screw assy 3. Gear rack screw
2. Lens focusing gear rack 4. Lens holder

Figure 2-27, Lens Holder Assembly
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Paragraphs 2-124 to 2-131

Figure 2-28, Lens Mounting
Assembly

Pressure plate holder assy
Elastic stop nut, 10-32
Holder rod push arm

Holder rod collar
Compressicn spring
Focusing kncbh

Setscrew, 5-40 by 1/8
Spring washer

Release rod knob

10, Side rail

11. Round hd screw, 4-36 by 0,187
12, Lock washer, No, 4

13, Compression gpring

14, Release rod

15, Focusing pinion

16, Retaining plate

17. Round hd screw, 4-36 by 0,187
18. Lock washer, No. 4

19. Flat spring

20, Top rail

21. Round hd screw, 4-36 by 1/8
22, Stop stud

23. Lens holder mounting
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2-124. LENS MOUNTING ASSEMBLY REPAIR.

2-125, DISASSEMBLY. (See figure 2-28.) Disassem-
ble by following the sequence outlined in figure 2-28.

2-128. CLEANING AND INSPECTION. Cleanall parts
in dry cleaning solvent (Federal Specification P-§-
661) and dry thoroughly before reassembly. Inspect
focusing pinion (15) for chipped or broken teeth.
Inspect sliding track of lens holder mounting (23)
for rough spots. Examine springs for breaks incoils,

2-127. REPAIR OR REPLACEMENT, Remove rough
spots from sliding track of lens holder mounting
with a very fine-cut file. Repair of any other damage
is impracticable. Replace zll damaged parts.

2-128. LUBRICATION. During reassembly, apply a
light film of grease (Military Specification MIL-G-
3278) to the teeth of pinion (15) and the sliding track
of lens holder mounting (23). .

2-129. REASSEMBLY. (See figure 2-28.)

a. Fasten top rail (20) to mounting (23) with screws
(21).

b. Invert mounting, place flat spring (19) in recess,
and install retaining plate (16) with screws (17) and
lock washers (18}. Concave side of spring (19) must
face into the recess.

c. Lubricate teeth of pinion (15), paragraph 2-128,
and insert pinion into mounting, Install spring (13) on
release rod (14) and insert rod into mounting. Install
side rail (10} with screws (11) and lock washers (12),
d. Insert shaft of pressure plate holder assembly (1)
through mounting. Install spring (5), collar (4) and
push arm (3) onto end of shaft and secure parts with
elastic stop nut (2).

e. Screw knob (9) onto release rod, Install washer

(8), concave face against rail (10), onto focusing
pinion shaft. Press knob (6) onto shaft and tighten
set screw (7).

2-130. SPROCKET, FILM SHOE AND GEAR REPAIR.
2-131. DISASSEMBLY. (See figure 2-29.)
NOTE

The following procedure outlines the disas-
sembly of only such parts as require special
instructions. Purely mechanical disassembly
procedures are not included.

a. Remove screw (2 and 3) and lock washers (4) and
lift off gear cover (1) to expose gears,

b. Remove retaining ring (7) and spacer (8) and pull
double idler gear (6} from gear stud (9). Remove re-
taining ring (11) and pull single idler gear (10) from
gear stud (12). Pull sleeve (13) from shaft of gear (17).
¢. To remove sprockets {(14), loosen set screws (15)
and pull sprockets and fiber washers (16) from gear
shafts. Withdraw gears (17, 18 and 19} from rear of
mechanism plate. Be careful not tolose film stops (20},
d. Film strippers (21) and film shoes (24) canbe re-
moved by taking out attaching parts (22and 23) and (25
and 26), respectively. I necessary, disassemble film
shoes (items 27 through 31) as shown in illustration,
€. Unhook spring (34) from rear arm (36), loosen
set screw (37) and disassemble rear arm and loop-
setter assembly (38) from mechanism plate.

f. Remove three screws (40) and lock washers {41)
at rear of mechanism plate and lift off film slack
adjusting assembly {39). Refer to paragraph2-136ior
repair instructions,

g. Removal of remaining parts is purely mechanical
and can be accomplished by reference to figure 2-29.
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Figure 2-29, Removing Sprockets, Film Shoes and Gears

2-132, CLEANING AND INSPECTION.

a. Clean parts which contact film with denatured
alcohol (Military Specification MIL-A-6091), being
sure to remove all traces of hardened film emulsion,
Clean remaining parts with dry cleaning solvent
(Federal Specification P-8-661) and dry thoroughly.
b. Inspect gears and sprockets for chipped or broken
teeth.

c¢. Examine film contacting surfaces of sprockets
and rollers for grooves, deep scratches, nicks and
rough or flat spots.

d. Inspect film contacting surfaces of film shoes
and film strippers for rough spots.

e. Examine all springs for breaks in coils.

{. Inspect grooves of pivot bracket {31}, in which the
point of the locking rod {29) rides, for excessive wear
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and breaks. Inspect point of locking rod for excessive
bluntness due to wear.

2-133. REPAIR OR REPLACEMENT. Repair ofdam-
aged parts is impracticable. Replace damaged parts.

2-134. LUBRICATION, During reassembly, perform
the following lubrication procedures:

a. Apply a light film of grease (Military Specification
MIL-G-3278) to all gear teeth,

b. Apply a very light film of oil (Military Specifi-
cation MIL-0O-6086) to all gear shafts, gear studs and
film roller shafts.

c. After reassembly of projector, make certain that
oil well cup at top of projector mechanism plate is
filled with oil (Military Specification MIL-0-6086).
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Sectien I}
Paragraph 2-135

Key for Figure 2-29

1. Gear cover 23. Lock washer, No, 3 43, Setscrew, 5-40 by 1/8
2. Round hd screw, 6-32 by 3/8 24. Film shoe assy 44, Truss hd screw, 3-48 by 1/4
3. Round hd screw, 6-32 by 3/4 25. Special screw 45. Film slack adjusting collar
4. Lock washer, No, 6 26. Lock washer, No. 4 46. Stop pin
5. Cover gasket 27, Film shoe 47, Stop pin spring
6. Double idler gear 28, Pivot screw 48. Film slack adjusting rod
7. Retaining ring 29, Locking rod 49. Compression spring
8. Spacer 30. Compression spring 50. Housing
9. Idier gear stud 31, Pivot bracket 51. Driv-lock pin
10, Single idler gear 32. Jockey roller stop stud 52. Spring
11, Retaining ring 33. Lock washer, No. § 53. Bracket
12, Idler gear stud 34, Tension spring 54. Special screw
13. Sleeve 35, Spring stud 55. Lock washer, No. 4
14, Film sprocket 36, Rear arm assy 56. Tension lever
15, Setscrew, 8-32 by 1/8 37. Setscrew, 5-40 by 1/8 57. Special screw
16, Fiber washer 38. Loopsetter assy 58, Fleoating idler assembly
17. Feed sprocket gear assy 38A. Knob 58A. Idler roler
18, Sound sprocket gear assy 38B. Roller 58B. Special screw
19, Take-up sprocket gear assy 38C., Loopsetter subassembly 58C. Floating idler subassembly
20, Film stop 39. Film slack adjusting assembly 59. Vibration mounting
21. Film stripper 40, Round hd screw, 4-36 by 1/4 60. Setscrew, 8-32 by 1/4
22, Fillister hd screw, 3-48 by 1/4 41, Lock washer, No. 4 61. Spacer

42, ¥ilm slack retaining roller

2-135. REASSEMBLY. {See figure 2-29.)
NOTE

Ii front mechanism plate is to be completely
disassembled, the repair procedures outlined
in paragraphs 2-142 through 2-153 must be
accomplished before the following reassembly
steps are begun,

a. Assemble mounting (59) and spacer {61) into mech-
anism plate; install and tighten set screw (60),
b. Assemble rollers (584) and screws (58B) to shaits
of idler subassembly (58C). Assemble floating idler as-
sembly (58} and tension lever (56) to mechanism plate
with screw (57). Install bracket {53} with screw (54)
and lock washer (65). Do not tighten screw. Hook
spring (52) between bracket (53) and lower end of
lever {56). Adjust bracket so that all slack is re-
moved from spring, and tighten screw (54) securely,
¢, Attach reassembled film slack adjusting assembly
(39) to mechanism plate with screws (40) and lock
washers (41). Assemble loopsetier assembly (38) and
insert its shaft through mechanism plate. Install arm
{36) on endof loopsetter shaft, tightening set screw (37)
down against flat on end of shaft. Hook one end of
spring to mechanism plate with spring stud (35).
d. Apply a very light film of grease (Military Speci-
fication MIL-G-3278) to locking rod (29), spring (30)
and the lock rod point grooves in the bracket (31).
When assembling film shoe into bracket, these two
grooves should be at top of bracket (toward open face
of shoe). Instzll and tighten pivot screws (28). Press
bracket down so that lock rod heole in shoe is ac~
cessible, and insert spring {30) and rod (29) into hole,
Hold lock rod down with screwdriver while snapping
bracket back up into position.

e. Install film stops (20) on flange of bearings in
mechanism plate so that U-shaped edge of stop is
centrally located in regard to film shoe mounting

holes. Install gears (17, 18 and 19)and install washers
(16) and sprockets (14) on gear shaits. Securely lock
each sprocket with two set screws (15), Sprockets
and shafts must turn freely with a maximum end play
0.0005~inch.

f. Mount film shoes (24) either under or over sproc-
ket as required, with two screws (25) and lock washers
(26). Do nottightenscrews. Raisefilm shoe awayfrom
sprocket and insert film clearance gage (Tool Number
5-061081-N16) between sprocket and shoe as shown
in figure 2-30. Close film shoe against gage and
tighten screws (25) securely. Open film shoe and re-
move gage, Repeat procedure for all three film shoes.
Attach film strippers (21} with the screws (22) and

FILM SPROCKET

FILM SHOE FILM SHOE

SPAGING GAGE

Figure 2-30, Using Film Clearance Gage
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lock washers (23).

T.O. 10D1-2-9-3

must be pressed in 0.046-inch below outer dia-

g. Install sleeve (13) on protruding shait of gear (17). meter of shaft. Place spring (49) on rod and insert o
Mount gears (6 and 10) to gear studs with retaining rod into housing (50). The pin (51) must engage the
rings (7 and 11). Be sure spacer (8) is in place on approximate center of the slot in housing and the
gear stud (9). notch-out in end of rod must face toward curved
h. Check to make certain that all shafts turn freely radius of housing.
with no perceptible end play, Lubricate all gear teeth b, Insert spring (47) and stop pin (46) into smali —~
(paragraph 2-134) and install gear cover (1) and its hole in housing and install adjusting collar (45)
gasket (5) with six screws (2 and 3) and lock washers on shaft in such a manner that tip of pin engages
{4). H a new gasket (5) is being used, a one-inch teeth of collar.
gsection must be cut from it to provide movement c., Place retaining collar (42) on shaft and install,
clearance for the arm (36) as it protrudes from the but do not tighten, set screw {43). Apply pressure
casting. The two long screws (3) areinstalled through to both ends of assembly until pin (51) is in center of
the holes closest to the blower motor mounting location. slot in housing. Hold in this position while tightening
set screw (43) against flat of shaft. Install screw (44).
2-136. FILM SLACK ADJUSTING ASSEMBLY REPAIR.
2-142. SHUTTER AND SHUTTLE MECHANISM
2-137., DISASSEMBLY. {See figure 2-29.) Remove REPAIR.
screw (44), loosen set screw {43), and disassemble
all parts (45 through 49) from housing (50). 2-143. DISASSEMBLY. (See figure 2-31.)
a. Loosen set screws (2) and remove framer knob
2-.138. CLEANING AND INSPECTION. Cleanallparts (1). Remove screws (4), lock washers (5) and shutter
in dry cleaning solvent (Federal Specification P-S- cover assembly (3). If shutter cover requires repairs,
661) and dry thoroughly. Inspect adjusting collar for refer to figure 2-32 for disassembly procedure.
broken teeth and small end of stop pin for excessive b. Remove screws (7 and TA) and lock washers (8)
wear, Check springs for broken coils, and lift off the cover (6). Disengage spring (9).
Disassemble items (10) through (23) from mechanism
2-139. REPAIR OR REPLACEMENT. Repair cfdam- plate, Note that parts (17} through (23) are furnished
aged parts is impracticable. If pin end of stop pin (46) as a complete kit and must be replaced as a complete
is rounded excessively or broken, replace both pinand kit if any one part is damaged.
adjusting collar. Replace other parts which are dam- ¢. Loosen set screw (25) and remove sprocket (24).
aged. If pin (51) is broken off, replace adjusting rod Remove screws (27), lock washers (28) and bracket —~
and pin, (26). Remove screw (30) and lock washer (31) and
disassemble parts (29), (32), (33), (34) and (35) from
2-140. LUBRICATION, No lubrication required, mechanism plate. Tie the shims (33) and (35) in
groups and mark them so the same quantity can be
2-141, REASSEMBLY. (See figure 2-29.) installed during reassembly.
a. I adjusting rod (48) was replaced, new pin (51) d. Loosen two set screws (37) and disassemble gear
Key for Figure 2-31
1. Framer knob 26, Drive shaft bracket subassy 49B. Shutter screw
2. Set screw, 8-32 by 1/4 27, Round hd screw, 10-32 by 1/2  489C. Shutter shaft
3. Shutter cover assy 28, Lock washer, No. 10 50. Locking collar
4, Special acrew 28, Front cam gear assy 51, Set screw, 5-40 by 3/16
5. Lock washer, No, 4 30. Special screw 52, Shaft bracket
6. Cover subassembly 31. Lock washer, No. 5 53, Fillister hd screw, 3-56by 1/4
7. Round hd acrew, 2-56 by 5/8 32, Front cam gear lock ring 54, Lock washer, No, 3
7A. Round hd screw, 2-56 by 3/4 33, Shim 55. Pivot bar assy
8. Lock washer, No. 2 34, Front camshaft 56. Bar mounting screw
9, Shuitle spring 35. Flat shim washer 57. Bar spring washer
10, Bpecial mut 36. Rear cam gear assy 58, Friction washer
11. Front cam counterwelght 37. Set screw, 8-32 by 3/16 59, Framer ghaft
i2. Labricating disc 38. Rear camshali assy 60, Qil reservoir
13. Shuttle cams and pivot kit assy 39. Mounting plate subassy 61, Spring and wick assy
14. Elastic stop mut, 4-40 40. Flat hd perew, 2-56 by 3/16 62. 0il reservoir adapter
15, Elastic cam lock stop mut 41, Thrust collar 63, Mounting bracket assy
18. Retaining washer 42, Set screw, 8-32 by 1/8 64. Mounting bracket screw TN
17. Rear cam, horizontal motion 43, Drive gear assy 65, Lock washer, No. 10
i8. Front cam, vertical motion 44. Set screw, 8-32 by 3/16 66. Flat washer
19. Bushing washer 45, Hub washer 67. Oil cup assembly
20, OQuter spacer 46, Drive shaft 68. Oiling system aasy
21. Pivot bushing 47, Shutter gear assy 68A. ©Oil reservoir cap —
22, Imner spacer 48, Set screw, 8-32 by 1/8 68B. ©Oil retaining pad
23, Shutile assy 49, Shutter assy 68C. Oil guide wire ‘
24, Rewind sprocket 494, Shutter 68D. Oiling system subassembl
25, Set screw, 8-32by 1/8 69. Plate and insert subassembly
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Figure 2-32. Shutter Cover Assembly

Mameplate

Hex nut, 5-40

Lock washer, No. 5

Round hd serew, 5-40 by 1/2
Cover plate

Warning plate

Drive screw, No. 00 by 1/8
Upper shield 4
Drive screw, No. 00 by 1/8
Spacer

Lower shield y,
Drive screw, No. 00 by 1/8 h
Shutter cover
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(36) and rear camshaft (38) from mechanism plate,
Press drive shaft (46) from mechanism plate, and
disassemble thrust collar (41), hub washer (45) and
drive gear (43) from shaft. Remove screws (40) and
plate (39).

e. Loosen set screw (48) and remove shutter gear
{47) and shutter assembly (49) from mechanism plate.
Disassemble shutter only if necessary for parts re-
placement.

f. Loosen set screws (51) in locking collar (50).
Remove three screws (53) and lock washers (54)
and withdraw bracket (52) and collar (50) from shaft
(59). Remove screw (56), spring washer (57) and
friction washer (58) to free the pivot bar (55). Un-
gerew shaft (59) from pivot bar,

g. Remaining disassembly can be accomplished by
reference to figure 2-31.

9-144, CLEANING AND INSPECTION. Cleanall parts
in dry cleaning solvent (Federal Specification P-5-

SURFACE PLATE

|

Figure 2-33, Setting the Camshaft Indicator Gage

30

661) and dry thoroughly before reassembly. Inspect
all parts for unusual wear or damage. The shuttle
kit parts should be examined very closely for wear.
Check gears for chipped or broken teeth. Made cer-
tain that shutter blades are not bent or twisted. Check
camshafts to see if they are bent or otherwise dis-
torted. Inspect oil wick to see if it is clogged with
old oil.

2-145. REPAIR OR REPLACEMENT. Repair ofdam-
aged parts is impracticable. All damaged parts must
be replaced. Note in figure 2-31 that shuttle parts
{17} through (23) must be replaced as a complete kit
if any one part is damaged or excessively worn.
Replace oil wick if clogged or thick with old oil.

2-146, LUBRICATION, During reassembly, apply a
light film of grease (Military Specification MIL-G-
3278) to all gear teeth and one or two drops of oil
(Military Specification MIL-0O-6086) to the bearing

Figure 2-34, Setting Camshaft with Gage
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surface of each shaft, Also, place one drop of oil
on the pivot bar stud (55), front cam (18) and rear
cam (17).

2-147, REASSEMELY. (See figure 2-31.)
NOTE

If the mechanism plate is to be completely
disassembled, follow repair procedures out-
lined under paragraph 2-148 before proceeding
with reassembly.

a, Assemble lubricating parts (60, 61, 62, 67 and 68)
to mechanism plate. Felt wick (61) and oil pad (68B)
should be saturated with oil (Military Specification
MIL-0-6086) before reassembly.

b. Screw shaft (59) into pivot bar (55) and attach
bar to mechanism plate with screw (56) and washers
(57 and 58), Spring washer (57) must be installed
with cup face toward bar., Hold collar (50), beveled
face up, in place between arms of bracket (52) and
slide bracket and collar up onto shaft (59). Secure
bracket with screws (53) and lock washers (54). Slide
collar up until it touches bracket and tighten set
screws (51).

¢. Fasten bracket (26) to mechanism plate with serews
(27) and lock washers (28). Do not tighten screws.
Insert drive shaft (46) through bracket and into bearing
in mechanism plate. Make certain that drive shait is
alined squarely in both bearings, shifting bracket (26)
if necessary. Then tighten screws (27). Withdraw
shaft from mechanism plate to permit installation of
collar (41), gear (43), and washer (45) on shaft. Press
shaft back into mechanism plate until end of shaft is
flush with front face of mechanism plate bearing.
Press gear and washer toward mechanism plate until
washer bears against flange of bearing. Tighten two
set screws (44) securely. Move collar (41) until it
touches bearing in bracket (26) and tighten its set
screws (42) securely. Shaft should turn freely with a
minimum end play of 0,003-inch. Secure sprocket
(24) to shaft with set screw (25),

d, Fasten mounting plate (39) to mechanism plate
with three screws (40). Install shim washers (35)
on front camshaft (34) and insert camshaft through
its bearing in the mechanism plate. Place master
block (Tool No, 5-061020-N10) on a surface plate with
front camshaft indicator gage (Tool No. 5-061020-N3)
positioned above it as shown in figure 2-33. With stem
of gage just touching the master block, adjust indi-
cator until pointer reads "zero". Place indicator gage
on machined surface of mechanism plate as shown
in figure 2-34. With stem of gage just touching end
of front camshaft, indicator should read “'zero".
Add or remove shims (35) on front camshaft until
condition is met.

e, Install shims (33) and gear (29) on front camshaft,
alining slot in gear with slot in camshaft. Assemble
lock ring (32) into slot in gear and camshaft and in-
stall serew (30) and lock washer (31). Camshaft must
revolve freely with no noticeable end play. If neces-
sary, shim washers (33) must be added or removed
until these conditions are met.

{. Assemble rear camshaft (38) and gear (36) to
mechanism plate. Hub of gear must face away {rom
mechanism plate. Tighten set screws (37) just enough
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Figure 2-35. Synchronizing the Shutter and
Intermittent Mechanism

to hold the gear.

g. Before installing shutter (49}, check to make cer-
tain that heads of screws (49B) are centrally located
in their elongated slols and are tightly screwed in
place. Install shutter and shutter gear (47), tightening
set screws (48) just enough to hold. Hub of gear must
face mechanism plate,

h. Turn front camshaft (34) and rear camshaft (38)
until the registration pin is to the right of the shaft
(when facing mechanism plate). Rotate the shutter
until the shutter blades form a parentheses ( ) above
the camshafis, Install shutter and intermittent gage
({Tool No. 5-061081-N15) as shown in figure 2-35,
and lock gage in place by installing knurled nut (1)
on front camshaft, Loosen knurled nut (2) and raise
the pgage bar up against shutter blades. Tighten
knurled nut (2) to hold gage bar in this position.
Tighten set screws (37 and 48) securely, remembering
that both camshafts and the shutter must revolve
freely but with a maximum end play of 0.0005-inch.
Remove the gage.

i, Fasten mounting bracket (63) to mechanism plate
with screws (64), lock washers (65) and flat washers
{66). Do not tighten screws until aperture plate
mounting bracket has been alined (paragraph 2-168).
j. Install front cam (18) on front camshaft (34).
Install rear cam (17), retaining washer (16) and cam
lock stop nut (15) on rear camshaft (38), Install
spacer (22) and bushing (21) on shaft of pivot bar (55),
Hook spring (9) into hole in end of shuttle (23) and in-
stall shuttle over cams and pivot bushing, Sapphire
jewel inset in center shuttle tooth must be on bottom
of tooth when shuttle is installed, Hook free end of
spring (9) into hole in bent arm at rear of mounting
plate (39), Install spacer (20) over outer diameter of
pivot bushing (21) and install washer (19) up against
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Figure 2-36. Removing Front
Mechanism Plate Bearings
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bushing, Secure these parts with elastic stop nut (14).
Install lubricating disc (12) to front camshaft, with
pin in camshaft entering small hole in disc. Install
counterweight (11), inserting its pin intc large hole
in disc {12). Secure these parts with special nut {10).
Place one drop of oil (Military Specification MIL-O-
6086) on each cam and on parts mounted to pivot
bar (55), Do not install covers {6 and 3) or knob (1)
until the shuttle has been properly adjusted (para-
graph 2-169).

2-148, MECHANISM PLATE BEARING REPLACE-
MENT.

2-149, DISASSEMBLY. (See figure 2-36.) All bear-
ings are shown removed in figure 2-36, However,
bearings should not be disassembled from mechanism
plate unless inspection indicates a need for replace-
ment, because new bearings must be broached to size
after installation.

2-150, CLEANING AND INSPECTION, Without re-
moving them from mechanism plate, clean all bear-
‘ings with dry cleaning solvent (Federal Specification
P-5-661), Wipe entire mechanism plate with a cloth

32

dampened in solvent. Inspect ail bearings for cut-oi-
round and for signs of scoring or unusually great wear,

2-151, REPAIR OR REPLACEMENT, Repair of parts
is not practicable, Bearings must be replaced in pairs.

2-152, LUBRICATION. Place a drop or two of oil
{Military Specification MIL-0O-6096) on the rollers of
the four needle bearings.

2-153. REASSEMBLY. (See figure 2-36.)

a. Needle bearings (1) must be installed with lettered
ends of bearings toward outside of casting, Lettered
face of each bearing must be 0.01C-inch below
surface of casting.

b. Install eight sprocket shaft bearings (2) and line-
broach inner diameter of bearings to 0.2502 (-0.0004)
inch,

¢. The cut-out of bearing (6) must line upwith the hole
in the casting when installed. Line-broach inner dia-
meter of bearings (3) and (4) to 0.2502 (-0.0004) inch;
bearings (6) and (7) to 0,1870 (+0.0005) inch.

d. Line-broach the inner diameter of bearings (5) and
(8) to 0.2502 (-0,0004) inch. Line-broach inner dia-
meter of bearings (12) to 0,1870 (+0.0005) inch,
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e. If dowel pin (9) required replacement, it must
be pressed in until pin extends 1/8-inch beyond edge
of plate. Stud (10) must extend 0.437T-inch beyond
edge of plate. Gate lock seat (11) must be pressed
in flush with casting.

2-154, INSTALLATION OF MAJOR COMPONENTS.

2-155. LENS MOUNTING ASSEMBLY.
(See fipure 2-5.)

a. Make certain that lens holder rails of mounting
are free from dirt and grit and that they are lubri-
cated with a film of grease (Military Specification
MIL-G-3278).

b, Attach lens mounting assembly (49) to mechanism
plate with two screws (50) and the screw (51) and lock
washer (52). Insert guide disc (48), spring (47) and
friction button (46) into proper holes inlens mounting.

2-156. LENS HOLDER ASSEMELY. (See figure 2-5.)
a. Install lens holder assembly (45) on lens mounting
assembly and slide holder in about halfway. Press
down on friction button (46) and slide lens holder
inward as far as it will go.

b, Turn focusing knob to engage pinion teeth with
focusing rack on underside of lens holder., Press the
side rail (item 10, fipure 2-28) flush against the as-
sembly and tighten the side rail mounting screws
securely, Turn focusing knob back and forth; lens
holder should move freely without excess slack,
c. Loosen set screw in focusing knob, press knob
in against its spring washer, and tighten set screw.
With lens holder racked all the way intothe mounting,
attach lens holder stop plate (item 42, figure 2-3)
with screws (43) and lock washers (44).

2-157. APERTURE PLATE ASSEMBLY. (See figure
2-5.) Pull outward on the release rod knob of the lens
mounting to open the film gate, and install the aper-
ture plate assembly (41) in its normal operating
position.

2-158, PRESSURE PLATE ASSEMBLY. (See figure
2-5.) With the release knob pulled outward, slide the
pressure plate (40) into place on the pressure plate
holder of the lens mounting.

2-159, CONDENSER LENS ASSEMBLY. (See figure
2-5.) With thumb of left hand on top of lens mounting
lock lever and fingers at bottom of housing, press
down on lock lever and slide condenser lens assem-
bly (39) into place on mounting pins in mechanism
plate. Release the lock lever.

2-160. FEED AND TAKE-UP PULLEYS. (See
figure 2-5.)

a. Apply a very light film of grease (Military Speci-

fication MIL-G-3278) to both sides of washers (23

and 27) and assemble pulleys (22 and 26) and their

washers to mechanism plate.

b. Install sprockets (20 and 24) on pulley shafts,

hubs facing outward, and secure with set screws (21

and 25) turned down tightly against flats on pulley

ghafts, Each group should rotate freely with a mini-

mum (not more than 0.0005-inch) of end play. Engage

drive chain (19) with teeth of both sprockets.

c. Install drive sprocket (17) to feed sprocket shalft,
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Figure 2-37, Drive Chain and Sprockets Installed

hub facing outward, and secure with set screws (18).
d, Fasten assembled drive chain idler assembly (28)
loosely to mechanism plate with screws (29), flat
washers (31) and lock washers (30). Adjust position
of idler roller bracket so that thereisa small amount
of slack in drive chain, and tighten screws (28)
securely. Proper installation of chain and sprockels
is shown in figure 2-37.

e, Apply a coating of grease (Military Specification
MIL-G-3278) to entire length of drive chain.

2-161, COUNTER AND COUNTER DRIVE
MECHANISM. (See figure 2-5.)
a. With the exposed numbers of the counter (B) in
perfect alinement, the counter drive arm (11) must
be installed to the ratchet shaft of the counter at the
angle shown in the inset of figure 2-5. Tighten
locking serew (12) securely.
b. Install counter drive mechanism (13) to tapped
studs (18) in mechanism plate with screws (14) and
lock washers (15). Arms on pinion hub of counter
drive mechanism must enter holes in the drive
sprocket (17).
c. Install counter (B) with screws (9) and lock
washers (10), engaging long slot in drive arm (11)
with pin in counter mechanism drive disc.

NOTE

Lampholder (3) should not be installed un-
til after mechanism plate is assembled
into case.

2-162, REAR MECHANISM PLATE. (See figure 2-4.)
Attach rear mechanism plate assembly (28) to front
mechanism plate assembly (31) with attaching screws
(29) and lock washers (30).

2-163, BLOWER MOTOR AND COVER ASSEMELY,
(See figure 2-4.) Fasten the blower motor and cover
assembly (25) to rear mechanism plate with seven
screws (26) and lock washers (27). Wiring connec-
tions will be made after all major components have
been installed.
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Figure 2-38. Type AQ-2A(1l) Projector Schematic Wiring Diagram

9-164. SOUND HEAD ASSEMBLY, (See figure 2-4.)
a. Insert assembled sound head {10} into its mounting
on the mechanism plate and secure in place with
geven screws {11) and lock washers (12). The upper
and lower jockey rollers should be held ina raised
position during insertion of sound head assembly so
that they will rest on their respective stop studs
after instaliation.

b. Wiring connections will be made after all major
components are installed.

2-165. FRONT AND REAR MECHANISM PLATE
INSTALLATION. (See figure 2-3.)

a. Carefully insert the partially assembled front and
rear mechanism plate (15) intothe projector case (29).
Vibration mounts at top of mechanism plate must be
alined with two screw holes in top of case so that
screws (16) can be installed., Mounts at front and rear
edges of mechanism plate must be positioned below
brackets within projector case so that hex head
screws (26) can be installed.
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b. Install all hardware parts (18 through 28) and
make certain that all shielded ground wire cables
(item 15, figure 2-4) are properly connected.

¢. Secure the flywheel (7, figure 2-3) to the sound
head stabilizer shaft with screw (8).

d. Install fuseholder (2} and fuse {1).

e. Install special nut (13) and knob (14) on upper end
of loopsetter rod. Knob should extend about 3/32-inch
above surface of case. Tighten nut up against bottom
of knob.

f, Install lampholder {(item 3, figure 2-5).

9-166. SWITCH PLATE ASSEMBLY. (Seefigure2-2.)
a. Install switch panel casting of switch plate as-
sembly (30) to rear edge of projector case with three
serews (31) and lock washers (32),

b. Thread the heavy shielded cable properly within
the projector case near the top of the mechanism
plate. Proper wiring connections are shown in the
schematic wiring diagram, figure 2-38.

c. Note that one branch of the heavy shielded cable,
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Figure 2-39. Drive Motor Governor Adjustment

containing two black leadwires, must emerge through
the projection lamp socket opening on the front side
of the mechanism plate. The shielding, at this point,
is grounded to the mechanism plate just above the
opening by a screw, flat washer and lock washer.
Also, make the connections to the lampholder in
the upper left-hand corner of the mechanism plate
(see figure 2-38) and intertwine the small shielded
wires from the sound head around the heavy shielded
cable and over to the switch panel. Connect blower
motor leadwires as shown in figure 2-38.

d. Install the projection lamp parts (10 through 14},
making wiring connections as shown in figure 2-38,
e, Install the condenser bracket portion of the switch
plate assembly (30) with the screws (33 and 34) and
lock nuts (35). Make the wiring connections to the
fuseholder and the pins of the power receptacle
{figure 2-38). Recheck all wiring connections against
the schematic wiring diagram to make certain that
they are correct.

2-167, DRIVE MOTOR ASSEMBLY. (See figure 2-4.)
a., Connect projector power cable between power
receptacle and 105 to 129-volt AC power source.
b, Connect motor plug to its receptacle on inside of
switch plate assembly, and turn OFF-MOTOR-LAMP
switch to MOTOR position,

¢. With motor running, check the motor speed by
means of a tachometer on the motor armature shaft.
Motor speed should be 5554 revolutions-per-minute.
To adjust motor speed, loosen adjustment nut (B),
figure 2-39, on the governor. Turn adjustment screw
{A) clockwise to inerease speed or counterclockwise
to decrease speed. Tighten nut (B} securely after ad-
justment has been made. Turn switchto QFF position.
d. Disconnect motor plug, and install motor (20,
figure 2-4) to mechanism plate with four screws (21),
lock washers (22) and plain washers {23), While motor
is being installed into place, drive chain (24) should
be hooked around sprockel on motor gear housing

Section 11
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shaft and the sprocket to the right of loopsetter rod.
There should be a small amount of slack in the drive
chain. This slack is obtained by positioning the motor
properly and by adjusting the position of the idler
pulley bracket at the top of the motor casting. Be
sure to tighten all screws securely after adjustment.
e. Install threading knob (13) with set screw (14).
With the shuttle tooth at maximum protrusion po-
sition, the words "THREADING KNOB" should be in
a horizontal plane. Reconnect motor plug.

2-168. AMPLIFIER AND SPEAKER ASSEMBLY. (See
figure 2-2.)

a. Lift assembled amplifier and speaker assembly
(22) as close as possible to projector to permit con-
nection of jack plug to photocell input connector and
leadwire spade lugs to proper projector terminals.
See amplifier schematic wiring diagram, figure 3-1.
b, Lift amplifier and speaker assembly carefully
up into position and press into place against pro-
jector case, Install six screws (23) and lock washers
(24) at top, front and bottom of amplifier, and three
screws (2b) and lock washers (26} at rear edge of
switch panel casting,

APERTURE PLATE— __

APERTURE PLATE
MOUNTING BRACKET
ASSEMBLY

BRACKET MOUNTING
SCREW

CENTER SHUTTLE
TOOTH MUST EXTEND
.03} INCH BEYOND

APERTURE PLATE

sHuTTLE \ /
CAMS N
;\

BRACKET MOUNTING N\) %
SCREW /

Figure 2-40. Horizontal Position of Shuttle and Cams
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Figure 2-41, Checking Shuttle Tooth Protrusion

2-169, ADJUSTING SHUTTLE AND APERTURE
PLATE MOUNTING BRACKET.

a. For proper operation, the center tooth of the
shuttle must protrude 0.031-inch (+ 0.002, - 0.001-
inch) beyond the surface of the aperture plate, Attain-
ment of this precise dimension requires that the
aperture plate mounting bracket (item 63, figure
2-31) be alined in a straight perpendicular plane in
relation to the horizontal position of the shuttle.
In order to perform this adjustment, it is necessary
to remove the lens holder assembly (paragraph 2-20)
and lens mounting assembly (paragraph 2-21) from
the mechanism plate. Leave the aperture plate in the
projector.

b. Turn threading knob clockwise until the center
shuttle tooth is at its maximum protrusion position.
The cams should be parallel to the shuttle as shown
in figure 2-40.
¢. Place shuttle alinement gage (Tool No, 5-061081-
N8, figure 2-1) on a surface plate with gage plunger
contacting the plate. If necessary, loosen gage dial
set screw and rotate dial until indicator points
exactly to "zero" reading. Thentighten dial set screw.
d. As indicated in figure 2-41, place gage against
aperture plate with gage plunger contacting center
shuttle tooth. The gage indicator reading should not
be less than 30 nor more than 33 (indicating a pro-
trusion of 0,030 to 0.033-inch).

e. To adjust shuttle tooth protrusion, the aperture
plate mounting bracket must be moved back (away
from the lens) to increase the amount of protrusion
or forward (toward the lens) to decrease the amount
of protrusion. Before tighteningaperture plate mount-
ing bracket screws, check by eye to make certain
that bracket is perpendicular to horizontal line through
cams and shuttle.

f. After tightening screws, recheck shuttle tooth
protrusion with indicator gage to make certain that
the proper dimension has been maintained.

g. Before reinstalling lens holder and mounting,
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Figure 2-42, Using Sprocket Synchronizer Gage

adjust the shuttle for proper film perforation clear-
ance as instructed in paragraph 2-170.

2-170., ADJUSTING SHUTTLE FILM PERFORATION
CLEARANCE,
a. Place the shuttle alinement gage (Tool No. 3-
061081-N6, figure 2-1) flat against the aperture plate
with the opening in the gage at the bottom and away
from mechanism plate. Gage should rest flushagainst
the fixed film guide rail of the aperture plate.
b. Turn threading knob clockwise slowly, and check
movement of shuttle teeth. All three teeth should
enter the opening in the gage without striking either
side of the opening.
c. If shuttle teeth strike the gage, remove the aper-
ture plate and adjust position of fixed guide rail as
instructed in paragraph 2-117. Reinstall aperture
plate in projector and repeat gage check (step b,
above). If shuttle teeth continue to strike gage, the
front camshaft adjustment (paragraph 2-147, step d)
was not made properly during reassembly.
d. Refer to figure 2-31. Install shuttle cover (6)
with screws (7 and TA) and lock washers (8). Note
that the one long screw (TA) is inserted in lower left-
hand corner of shuttle cover, Install shutter cover (3)
with screws (4) and lock washers (5). Secure framer
knob (1) to shaft (59) with set screws (2).

2-171, SYNCHRONIZING LOWER FILM SPROCKETS.
a. Turn threading knob clockwise until center shuttle
tooth is at its maximum protrusion position.

b, Loosen the set serews in each of the lower {ilm
sprockets until sprockets can be turned. Rotate both
film sprockets until one of the set screws in each is
accessible at the right side of the sprocket.

c. Place sprocket and shuttle synchronizer gage
{(Tool No. S-061081-N31, figure 2-1) over sprockets
as shown in figure 2-42. Teeth onboth sprockets must
enter grooves in the gage, and the gage must be in
exact perpendicular position as shown in figure 2-42.
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Figure 2-43, Spring Scale Adjustment for Film
Take-up Tension

d. With gage held in proper engaging position, tighten
accessible set screw in each sprocket. Remove gage
and tighten remaining set screws. Check sprocket
end play; end play must not exceed 0.0005-inch.

2-172. FILM TAKE-UP TENSION ADJUSTMENT.
NOTE

In the event that the take-up spindle (2,
fipure 2-7), pulley (10) or friction washer
(11) were replaced, a run-in period of 15
to 16 hours will be required before the film
take-up adjustment can be performed.

a. Mount the feed and take-up reel arms to the pro-
jector by means of their thumb screws, and attach
the spring belts to both reel arm pulleys.

b. Wrap three feet of 16-mm film around the hub of
an empty 400-foot film reel and install reel on take-
up arm spindle, Tighten elastic stop nut on end of
take-up spindle against the tension nut and attach
hook-end of 18-ounce spring scale to end of film as
shown in figure 2-43,

¢, Start motor and read the scale, Tension exerted
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Figure 2-44, Film Slack Lever Adjustment

on film should be 8 ounces. If necessary, adjust the
tension nut on take-up spindle by tightening the
elastic stop nut until correct reading is obtained.
d. Stop the motor and remove scale and {ilm, but
leave the film reel installed, Tie the reel to reel
arm with string or wire to apply tension to take-up
arm during run-in period. Start projector and let
it run for a period of at least 16 hours. Remove wire
or string from reel and arm after run-in period.
2. Wrap the three-foot length of film around hub
of empty 400-foot film reel on take-up spindle and
attach hook-end of scale to end of {ilm (figure 2-43).
Tighten or loosen elastic stop nut and tension nut
on spindle until reading on scale is 8 ounces maxi-
mum. The tension now is set to accommodate all size
film reels from 400-foot to 2000-foot capacity.

2-173. FILM SLACK ADJUSTING ASSEMBLY
ADJUSTMENT. (See figure 2-44,)

a. Move the film slack adjusting collar (45, figure
2-29) over its entire course and observe the action
of the loopsetter assembly (38). The loopsetter as-
sembly should move up and down. If movement does
not oceur, proceed as follows:

b. Insert a screwdriver between retaining collar
(42) and truss head screw (44) and apply pressure
against head of screw. Loosen set screw (43) while
holding the screwdriver in this position. Ease up on
the pressure of the screwdriver so that the ad-
justing rod (48) moves upward approximately 3/64-
inch; then tighten the set screw (43) securely.

2-174. PROJECTOR CASE REFPAIR.

2-175. DISASSEMELY. (See figure 2-45.) Disassem-
bly of projector case parts can be accomplished by
referring to figures 2-45 through 2-48,

2-176. CLEANING AND INSPECTION,
a. Clean removed parts with dry cleaning solvent

a7
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Figure 2-45. Projector Case Assembly Exploded

{Federal Specification P-5-661) and allow partstodry
before reassembly.

b. Inspect tilt jack rack and pinion for broken teeth,
c. Inspect rubber tips on legs and tilt rack jack for
damage.

d. Inspect cork lining in tilt jack housing for oil
saturation or fraying.

e. Inspect film rollers for flat spots.

2-177. REPAIR OR REPLACEMENT. Repair of dam-
aged parts is impracticable. Replace damaged parts.

2-178, LUBRICATION. During reassembly, apply a
light film of grease (Military Specification MIL-G-

K1}

3278) to teeth of tilt jack rackandpinion. Place a drop
or two of oil (Military Specification MIL-O-6086)
on each film roller shait.

2-179. REASSEMBLY. (See figure 2-45.)

a. Insert rack (53) through slot in housing (54).
Depress friction spring {59) and insert spring into
housing, being careful not to damage cork lining.
b. Insert pinion (57} into housing, engaging the spring
{59) with slot in pinion. Teeth of pinion and rack
must engage.

¢. Install thrust washer (58) on shaft of pinion. The
tilt jack arm (60) must fit onto pinion and into the
friction spring.
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Key for Figure 2-45
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1. Identification plate 22. Flat wasgher 43, Rivet
2. Round hd screw, 6-32 by 3/8 23. Cork pad 44, Rear projector leg assy
3. Lock washer, No, 6 24, Acoustic filter 45. Round hd screw, 8-32 by 3/4
4, Hex nut 25, Cover 46. Elastic stop nut, No. 8-32
5. Lubrication plate 26, Round hd screw, 4-36 by 3/8 47. Front projector leg assy
6. Round hd screw, 6-32 by 3/8 27. Hex nut, No. 4-36 48. Round hd screw, 8-32 by 3/4
7. Lock washer, No, 6 28. Lock washer, No, 4 49, FElastic stop mut, No, 8-32
8, Hex nut 29, Receptacle 90. Tilt jack knob
9. Clear handle 30. Oval hd screw, 4-36 by 7/16 51, Straight pin
10. Elastic stop nut, 8-32 31, Hex nut, No, 4-36 52, Tilt jack leg (rubber)
11, Handle post 32, Lock washer, No. 4 53. Tilt jack rack
12, Tension spring 33. Warning plate 54 Tilt jack housing
13. Pin 34, Drive screw, No, 2 by 3/16 53. Flat hd screw, 5-40 by 5/16
14, Handle plate 35. Support bracket 56, Elastic stop nut, No, 5-40
15, Loopsetter rod knob stop 36. Phillips hd screw, 8-32 by 3/8 57. Tilt jack pinion
16. Speed nut 37. Lock washer, No. 8 58. Thrust washer
17. Rewind warning plate 38. Storage bracket 59. Friction spring
18, Drive screw, No, 2 by 3/16  39. Phillips hd screw, 8-32 by 3/8 60, Tilt jack arm
19, Bracket and roller assy 40, Lock washer, No, 8 61, Case clamp
20. Round hd serew, 5-40 by 5/16 41. Flat washer 62. Rivet
21. Lock washer, No. d 42, Storage bracket 63. Casc

d. Insert assembled mechanism up into position
within projector case and secure with three screws
(55) and elastic stop nuts {56). Secure knob (50) to
tilt jack arm (60) with straight pin (51).

e. Assemble any remaining parts to projector case
as shown in figure 2-45.

2-180. AMPLIFIER AND SPEAKER REPAIR,

2-181. Actual physical replacement of amplifier and

speaker parts can be accomplished by removing the
amplifier and speaker assembly ({(paragraph 2-8)
and referring to figures 2-49 through 2-52 for identi-
fication of replacement parts. To determine which
electronic parts require replacement, it first will be
necessary to perform a complete trouble shooting
check and circuit analysis of the amplifier and
speaker as instructed in Section III. Replace all
faulty components.

v

p—

-

.
S

1. Bumper mounting
2. Lock washer, 1/2 in.

3. Adjustable bumper mounting
4., Binder hd screw, special

6. Adjustment screw
7. Rear leg

5. Lock washer, No. &

Figure 2-46. Rear Projector Leg Assembly

Revised 1 November 1957
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/“q\
/‘\
t
1, Bumper Mounting 3. Lock washer, 1/2 in, 3, Cage front leg
Figure 2-47, Front Projector Leg Assembly
/‘\

Key for Figure 2-48

Film guide roller bracket
Roller shaft screw

Hex nut, No, 4-32

Lock washer, No, 4
Film guide reller

[3 TSy X

Figure 2-48, Bracket and Roller Assembly
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10. Round hd screw, 8-32 by 1/4

6. Phillips hd screw, 6-32 by 1/2
7. Elastic cam lock stop nut

8. Speaker grille

9. Cable clamp

1. Tube vent grille

2. Speaker panel
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No. 6
5 inch

3. Phillips hd screw, 6-32 by 3/8
]

4, Lock washer
5. Loudspeaker,

Figure 2-49. Removing Loudspeaker and Grilles
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36 35 36 3

36 3
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.

Fuse holder
Spacer

Fuge (1 amp, 125v}
Tube shield

Tube shield

Tube shield

Tube, 12AX7
Tube, 6AQD

Tube, 6X4
Transformetr, hex nuis
and lock washers

., Oscillator coil, hex nuts

12,

13,

14,

42

and lock washers
Receptacle, rd hd screws,
hex nuts and washers
Capacitor (1500 uf), hex
nuts and lock washers
Capacitor (0,1 uf)

15,

16.
17,
18,
19.
20,
21,
22,

nH

dard o

4.

25.
26.

27.
28.

Figure 2-50. Amplifier Tubes and Sockets

Rd hd screws, hex nuts
and lock washers
Resistor (47 ohmy}
Terminal lug

Rd hd screws and hex nuts
Control knob

Setscrew, 8-32 by 3/16
Control shaft assembly
Setscrew, 6-32 by 1/8
Potentiometer

Hex mut, plain washer
and lock washer

Tone control awitch
Hex nui, plain washer
and lock washer
Mounting bracket

Rd hd screw, hex nut
and lock washer

29.
30,

31,
32,
33.
34.

33,
36.

3m.
38.

39.
40.

Resistor-capacitor strip assy
Elastic stop nuts, rd hd
screws and spacers
Resistor (160 ohms)
Elastic atop nut, rd hd
screw, insulating washer
and insulating plate

Tube socket

Rd hd screw, hex mut
and special washer

Tube socket

Rd hd screw, hex mt
and apecial washer

Octal socket

Rd hd screw, hex nut
and lock washer
Terminal lug

Rd hd screw and hex nut

Changed 5 June 1963
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1. Potentiometer 11. Toggle switch 20. Hex nut, No. 8-32

2. Hex locking nut, 3/8-32 12, Switch guard 20. Lock washer, No, 8§

2. Plain washer 13. Receptacle 21, Cable clamp

2. Lock washer, 3/8 in, 14, Fillister hd screw, 4-36 by 3/8 22. Flat hd screw, 6-32 by 1/2

3. Retaining clamp 14, Hex mut, No. 4-36 22, Hex mut, No. 6-32

4, Round hd screw, 8-32 by 3/4 14, Special washer 22. Lock wagher, No, 6

5, Capacitor, 20 uf 15, Contact spring 23. SPST switch

6, Receptacle 16, Rivet 24, Lamp

7. Hex mat 17, Cable clamp 25, Lampholder

7. Phenolic washer 18, Flat hd screw, 6-32 by 1/2 26, Control panel plate

7. Extruded washer 18. Hex nuf, No. 6-32 27, Control panel housing

8. Recepiacle 18, Lock washer, No. 6 28. Phillips hd screw, 6-32 by 3/8
8. Hex nut 19, Output transformer 28. Hex mut, No, 6-32

9, Lock washer 20. Round hd screw, 8-32 by 3/8 28. Lock washer, No, 6

0, Soldering Iug 29, Amplifier chassis subassembly

-

Figure 2-51. Amplifier Capacitors, Switches and Receptacles
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Resistor, 1 meg 10. Resistor, 750, 000 ohms 18. Resistor, 470, 000 ohms
Capacitor, 0.005 uf 11. Resistor, 15,000 ohms 19, Capacitor, 0.1 uf
Resistor, 5600 ohms 12. Resistor, 110, G600 ohms 20. Resistor, 270, 000 ohms
Resistor, 580, 000 ohms 13. Resistor, 200,000 ohms 21, Resistor, 3.9 megohms
Resistor, 10, 000 ohms 14. Capacitor, 0.1 uf 22, Capacitor, 1000 vuf
Resistor, 56, 000 ohms 15. Resistor, 75, 000 ohms 23. Capacitor, 2200 uuf
Capacitor, 0.01 uf 16. Resistor, 6800 ohms 24. Capacitor, 51 uuf
Resistor, 8200 ohms 17, Resistor, 500 ohms 25. Capacitor, 100 uuf
Capacitor, 200 uuf 26. Mounting strip

Figure 2-52. Resistor - Capacitor Strip Assembly

Changed 5 June 1963
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Section III
Paragraphs 3-1 to 3-14

SECTION III

TEST PROCEDURE

3-1. DESCRIPTION OF PROJECTOR ELECTRICAL
CIRCUIT. (See figure 2-38.)

3-2. GENERAL. The projector electrical sysiem is
divided into three major sections: motor and lamp
circuits, exciter lamp supply from amplifier, and
photo cell ocutput to amplifier, All three are des-
cribed in the following paragraphs with reference to
figure 2-38,

3-3, MOTOR AND LAMP CIRCUITS.

3-4. The projector drive motor, ventilating motor
and projection lamp receive power through receptacle
J103. The entire power circuit is protected by fuse
F101. An R-F filter E102 in series with the line to
the drive motor, wventilating motor and threading
lamps minimizes radic freguency radiation. Surge
current in the projection lamp prevents the use of
such a filter in its line; therefore, the wiring from
J103 to E105 is shielded and as short as practicable.

3-5. The threading lamps E103 and E104 receive
power through the pilot lamp switch 8102,

3-6. The ventilating motor receives its power through
terminals 11 and 12 of the motor lamp switch, $103.
These terminals make contact on the first clockwise
position from "OFF'" of 8103. Capacitors C104 and
C105 are connected between the armature brushes
and ground to prevent radio-frequency radiation.

3-7, The projector drive motor is a series wound
motor, being able to drive the projector at line
voltages as low as 85 volts. The speed of the motor
is controlled by a centrifugal governor mounted on
the armature shaft. When the motor speed is low,
the switch closes, shorting out resistor R104 which
increases the current through the circuit. As the
speed increases, the switch opens, inserting the
additional resistance which in turn reduces the speed.
Capacitors C106 across the centrifugal governor and

€105 across R104 minimize radio-frequency radiation,

3-8, Additional radio-frequency suppression is pro-
vided by capacitors C107 and C108 connected from
the drive motor armature to ground.

3-9, The drive motor wiring is connected to the
power supply through plug P10l and recetacle J104,
allowing rapid replacement of the entire motor as-
sembly, if necessary,

3-10. When the rewind switch 5105 is in the "OFF"
position, drive motor operation is normal and is con-
trolled by the motor-lamp rotary switech 8103. In
the "REWIND" position of switch 5105 the motor-
lamp rotary switch 5103 is by-passed, thus allowing
rewinding without ventilating motor and projection
lamp operation.

3-11. The projection lamp E105 receives its power
through terminalis 1 and 3 of motor-lamp switch $-103.
These terminals make contact on the extreme clock-
wise position of the motor-lamp switch.

3-12, EXCITER LAMP CIRCUIT. Exciter lamp power
is supplied by the integral 8-watt amplifier through
receptacle P103 and terminals 13 and 14 of the 5103.
Shielded cahble is used throughout this ecircuit to pre-
vent radiation of the 112,000-cycle exciter current.

3-13, AUDIO FREQUENCY SIGNAL. This signal is
generated by the lead sulphide photo conductive cell
V101. The proximity of the amplifier makes possible
the direct connection of the cell to the input of the
amplifier through receptacle P102. The photo cell
wiring assembly, carrying the signal, is shielded
to prevent noise pickup and is short to reduce high
frequency losses.

3-14, PROJECTOR CIRCUIT VOLTAGES. Voltages
for normal operation, measured at various points,
are given in Table I, following.

TABLE I, PROJECTOR CIRCUIT VOLTAGES

Test Symbol Measure across Correct
Point (Figure 2-38) Name of Part Terminals Voltage
1 E103 Threading lamp Socket 120 v ac
2 E104 Threading lamp Socket 120 v ac
3 E105 Projection lamp Socket 120 v ac
4 E102 R-F line filter R-F line filter 120 v ac
5 J104 Drive motor 1-2 36 vac
receptacle 6-7 8b v ac
6 J103 Power receptacle 1-3 120 v ac
7 Ventilating Motor Term. 11 0of 5103 totoplug | 120 v ac
of threading lamyp socket
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3-15. DESCRIPTION OF AMPLIFIER ELECTRICAL
CIRCUITS. (See figure 3-1.)

3-16. GENERAL, The amplifier isdesignedtodeliver
8 watts of audioc power at less than 2% distortion
from 100 to 6000 cycles per second into the speaker
load with an input signal of 0.40 voits into the photo
cell input J201. A reserve gain of 20 decibels is
provided for reproduction of incorrectly recorded
sound tracks. The operation of the amplifier is
described in paragraphs 3-17 through 3-30, following,
with reference to figure 3-1.

3-17, AMPLIFIER POWER SUPPLY. The power re-
quirements for the amplifier include: (1) An a-c
supply for operation of the vacuum tube heaters, and
(2) a d-c supply for positive plate and screen po-
tentials and negative grid bias for the power output
tubes.

3-18. ALTERNATING-CURRENT SUPPLY. The 115
volt a-c supply voltage is obtained from the projector
electrical system. One side of the amplifier a-c
line is connected to the top lug of the threading lamp
socket E104 through a one-ampere slow-blow fuse
F201, A single-pole, single-throw switch $202 is in
series with the other line which is connected to the
No. 12 terminal of the motor-lamp rotary switch
5103, The power transformer T202 hastwo secondary
windings; the first winding (terminals 3, 4 and 5,
center tap 4) supplies 265 volts {each side of center
tap) to the plates of the two 6X4 rectifier tubes V206
and V207. The second winding (terminals 6, 7 and
8, center tap 7) supplies 6.3 volts to the pilot lamp
E201 and the filaments of all tubes.

3-19, DIRECT-CURRENT SUPPLY. Thed-c require-
ment of the amplifier is met by rectification and
filtering of the a-c voltage appearing across winding
(1), terminals {3 and 4, and 4 and 5} of power trans-
former T202. Full wave rectification of this voltage
is accomplished by the two 6X4 rectifier tubes V206
and V207. The plates of each rectifier tube are
paralleled to conduct the current safely. The ripple
components of the resulting d-c voltage are removed
by the RC Pi-section filter composed of input capa-
citor C216(A), resistor R228, and terminating capa-
citor C216(B). Center tap (4) of the high-voltage
secondary winding is grounded through resistor R229,
thus providing a negative bias voltage of 16 volts for
the power amplifier tebes, Grounding center tap (7)
of the filament winding in a similar manner biases
the heaters at -16 volts, thus reducing hum generated
within the amplifier.

3-20. D-C POWER DISTRIBUTION. Direct current
for the amplifier tube requirements is distributed
in the following manner. The center tap, terminal
(2}, of the output transformer T201 is connected to
the input of the power supply filter at C216(A),
furnishing plate voltage for the 6AQ5 power amp-
lifier tubes V203 and V204 through the primary
winding. Screen grid excitation for the output tubes
V203 and V204 is obtained at the output of the power
supply filter at C216(B), with additional filtering
action being provided by resistor R227 and bypass
capacitor C214(A), Resistor R226 and capacitor
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C214(C) are the f{filtering and decoupling elements
which supply the plate voltage to tube V202, Plate
voltage for tube V201 is obtained through R225, with
capacitor C214(B) providing filtering action. Final
voltage division and filtering is accomplished by
resistors R224 and R223 and capacitor C215, whose
function it is to supply the positive bias voltage for
the photo cell in the projector. Refer toparagraph 3-13
for photo cell operation,

3-21. PROJECTOR EXCITER LAMP OSCILLATOR.
The exciter lamp requires a 6-volt, 1-ampere, direct~
current power supply or ils eguivalent in alternating
current. An equivalent a-c source must be at a fre-
quency high enough so that the thermal inertia of the
lamp will prevent the exciting current from modu-~
lating the output of the photo cell, To satisfy this
requirement a frequency of 112,000 cycles-per-
second is used, furnished by the oscillator V205,
The output voltage of the oscillator is stepped down
through the secondary winding of the oscillator coil
L201 in order to obtain the low-voltage, high-current
power required by the exciter lamp. This output
is fed to the projector by means of a shielded cable,
the outer conductor of which is grounded and con-
nected to one side of the exciter lamp. The inner
conductor is connected to No. 13 terminal of the
rotary motor-lamp switch 5103 in the projector.

3-22. POWER OUTPUT STAGE. The output stage
delivers a normal rated audio ocutput of 8 watts at
less than 2% distortion over a frequency range of
from 100 to 6000 cycles per second. It consists of
two 6AQ5 beam power pentodes, V203 and V204, con-
nected in class AB push-pull. The output impedance
of these tubes is matched to the loudspeaker by the
output transformer T20l. The secondary winding of
the transformer is tapped to provide an 8-chm
winding for the local speaker load {terminzls 4 and
5), and a 16-ohm winding for the remote loudspeaker
load (terminals 4 and 6), The speaker is connected
to the output transformer by means of a shielded
two-wire cable, the shield of which is grounded.
Provision is made for the use of an external 16-
ohm speaker connected to receptacle J203, A single-
pole, double-throw switch 8203 is used to select
the desired speaker. Resistors R220 and R221 are
grid load resistors connected to a common source
of fixed negative bias obtained from the power supply.
Capacitors C212 and C213 are grid coupling capa-
citors to the phase inverter stage.

3-23. PHASE INVERTER STAGE, The second section
of V202 is cathodyne or split-load phase inverter.
Phase splitting is accomplished by driving V203 from
the plate circuit and V204 from the cathode circuit.
The gain of the stage under these circumstances is
less than one, Component functions are as follows:
C211 is the grid coupling capacitor from the first
triode section of ¥202; R216 is the gridload resistor;
R219% is the plate load resistor across which the
signal for Vi03 is developed, R218 is the cathode
load resistor across which the signal for V204 is
developed; and R217 is the cathode bias resistor.
Resistors R218 and R219 are of equal value so as to
impress signals of equal amplitude on the grids of
the power ouiput tubes.
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16MM PROJECTOR SET AQ-2(1)

2 3 4 SMe7BR9
TONE_CONTAOL SETTING
NORMAL----CENTER POSITION
Hi=l-======-{31. FQS, CLOCKWISE
HI-2- --2nd. PQS. CLOGKWISE
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Figure 3-2, Tone Control Frequency Response Characteristics
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Figure 3-3, Projector Frequency Response Characteristics
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3-24, VOLUME CONTROL AND FEEDBACK VOLT-
AGE STAGE. The {irst section of V202 is a voltage
amplifier stage, the signal impressed onits gridbeing
a function of the position of the volume contrel po-
tentiometer R213. Negative feedback of 10 decibelsis
applied to this stage through resistor R222, which is
connected between terminal (6) of the output trans-
former T201 and the cathode of tube V202(A). The
feedback loop improves the stability and frequency
response of the amplifier, and at the same time
reduces distortion. Component functiong are as fol-
lows: resistor R215 is the plate load resistor; re-
sistor R214 is the cathode bias resistor; and re-
sistor R213 is the grid load resistor and veolume
control.

3-25, TONE CONTROL, Control over the frequency
response characteristics of the amplifier is achieved
by means of a two-circuit, five-position rotary switch
8201. The switch section 5201(A) to the left on the
schematic diagram varies the amount of negative
feedback applied to the first triode section of tube
V201, The feedback components are non-linear with
respect to frequency, causing the gain of the stage to
vary with frequency in the apecified manner. The
switch section S201(B) to the right on the schematic
diagram varies the frequency response characteristics
of the coupling network between the second triode
section of tube V201 and the first triode section of
tube V202, thereby varying the signal amplitude as a
function of frequency,

3-26. HIGH FREQUENCY ACCENTUATION ANDLOW
FREQUENCY ATTENUATION. In the first clockwise
position from normal of the tone control switch,
frequencies below 700 cps are attenuated due to the
reduced coupling capacity to the grid of tube V202{A)
by the insertion of capacitor C210 in series with
capacitor (€208, This low freguency attenuation is
increased in the second c¢leckwise position by the
insertion of capacitor C209 in series with capacitors
C208 and €210, In addition, capacitor C206 and re-
sistor R211 are shunted across the cathode bias
resistor R205 which accentuates frequencies above
700 cps by reducing the cathode degeneration., The
second clockwise pogition frem normal of the tone
control switch provides 12 decibels {+2 db) of at-
tenuation at 100 cps and 6 decibels (x2 db) of ac-
centuation at 3500 cps. The tone control frequency
response characteristic curve is shown to figure 3-2.

3-27. HIGH FREQUENCY ATTENUATION. The first
counterclockwise positien from normal connects
capacitor €204 inparallel with feedback resistor R210,
thus increasing the negative feedback for frequencies
above 700 cps. The second position increases the
capacity across resistor R210, further attenuatingthe
high frequencies. This provides 10 decibels (+2 db)
of attenuation at 5,000 cps.

3-28. FUNCTION OF NON-TONE CONTROL COM-
PONENTS, The function of components not directly
related to tone control are as follows: C208 is the
grid coupling capacitor between V201(B) and V202(A);
R209 is the plate load resistor for the second triode
section of V201; R208 is the cathode bias resistor for
V201(B). Forthe firsttriode section, R206 is the plate

Section III
Paragraphs 3-24 to 3-34

load resistor; R205 is the cathode bias resistor; R203
and R204 are the grid load resistors; and C202 is
the grid coupling capacitor, Resistor R210 in series
with capacitor C207 is the basic feedback network
between the plate of V201(B) and the cathode of
V201(A). Resistors R232, R233, and R234 suppress
"click™ as the tone control switch is rotated.

3-20, INPUT CIRCUIT. The audio voltage generated
by the lead sulphide pheto conductive cellis developed
across the cell load resistor R201. Capacitor C201
and resistor R202 act as an RC filter to attenuate
the low frequencies, thus compensating for filmscan-
ning high frequency response losses. The resulting
projector-amplifier frequency response is in accord
with the specifications. Capacitor C202 is a coupling
capacitor, blocking the d-c cell bias from the grid
of tube V201(A). The grid load resistor is composed
of R203 and R204 in series, resistor R203 being a
potentiometer whose contact arm is connected to the
grid of the input tube V201(A), thereby permitting
adjustment of the input sipnal to prevent over=loading
of the amplifier and to insure a 20 decibel amplifi-
cation reserve.

3-30. MICROPHONE INPUT. An input jack J202 is
provided which allows use of the amplifier with any
external high impedance sound device such as micro-
phones, phonographs, etc.

3-31. LOCALIZING SOUND TROUBLES.

3-32. GENERAL. The following is a systematic ap-
proach to the problem of trouble shooting inthe event
of equipment failure during operation. It is intended
to serve as a guide for rapid location of troubles.

3-33. PROJECTOR MOTOR AND PROJECTION LAMP
FUNCTIONING NORMALLY BUT NO SOUND. With
film properly threaded in the projector, the following
conirol settings and conditions must be established
for sound operation:

a. ON-OFF amplifier toggle switch inthe ON position.
b. Speaker selector switch in the LOCAL position,
if an external speaker is not heing used.

¢. Volume control in the mid-position.

d. OFF-MOTOR-LAMP switch inthe LAMP position.

NOTE

If the above mentioned operating conditions
have been established and no sound is pre-
sent, proceed as directed in paragraph 3-34.

3-34. CHECKING THE PROJECTOR TO LOCATE
SOUND FAILURE. The projector sound system con-
sists of the exciter lamp, photocell and associated
light path elements. The method for checking is as
follows:

a. When the OFF-MOTOR-LAMP switch of the pro-
jector is rotated to the LAMP position, the exciter
lamp should light. This may be determined by the
jewel opening on the exciter lamp cover. If the lamp
does not operate replace it with one known to be
good, If the new lamp does not light, replace the
6AQ5 oscillator tube V205 in the amplifier.

b. With no film in the projector and the volume
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control at the mid-position, insert a piece of card-
board or heavy paper between the sound drum and
sound lens, obstructing the optical light path. This
sould produce a "plop" in the speaker. Failure to
do so ‘may be the result of a bad photo cell, an open
or shorted photo c¢ell cable, misalinement of the light
path, an improperly functioning amplifier or loud-
speaker, or an obstruction such as oil, dirt, or a piece
of broken film. Photo cell V101 should last at least
three years with normal use.

c. Failure to obtain sound after the above checks
indicates the trouble is in the amplifier or loud-
speaker. Proceed as directed in paragraph 3-35.

CAUTION

Never attempt to remove or adjust the scan-
ning lens of the sound optical system unless
special adjusting equipment and trained per-
sonnel are available,

3-35. CHECKING THE AMPLIFIER AND LOUD-
SPEAKER. If the amplifier pilot lamp does not
operate, this indicates that either the lamp is de-
fective or that no filament power is present at the
amplifier. I the tubes do not heat-up after allowing
approximately one minute for warm up, no a-c
power is being delivered to the amplifier. The fuse
(F201) should be checked or replaced to eliminate it

T.0, 10D1-2-9-3

as a possible source of the trouble. If the pilot lamp
and tube filaments are operating normally but no
sound is available, proceed as follows:

a. With no film in the projector and with the OFF-
MOTOR~LAMP switch in the MOTOR pusition, and
with the volume control fully clockwise, move the
6AQS output tube V204 in and out of its socket. Noise
from the speaker as the tube pins make and break
contact with the socket is an indication that the
speaker and output tube are operating.

b. Repeat step a with the BAQ5 output tube V2032,
Noise as heard above indicates that tube is good.
c. If no noise was heard when either output tube
was moved check the speaker connections and speaker
selector switch, If the connections are intact and the
switch is in the proper position, replace the 6X4
rectifier tubes V206 and V207,

d. If noise was heard in steps a and b, repeat step
a with the 12AX7 driver tube V202. A similar noise
of greater intensity should be heard. Failure to pro-
duce ncise at this point would indicate a bad 12AX7
driver tube. Repeat the same procedure with the
12AX7T input tube V201.

3-36. AMPLIFIER TROUBLE IDENTIFICATION .
3-37. TEST EQUIPMENT REQUIRED. The following

test films and test equipment are required for
thorough testing of the Type AQ-2A(1) projector.

PROJECTOR TEST EQUIPMENT

Nomenclature

Function

Type

Volt-ohmmeter

Vacuum tube voltmeter
16-ohm, 10-watt resistor
400 cycle test film
Oscillator

Oscilloscope

Distortion analyzer -
Flutter bridge

A-C voltmeter

Voltage divider

Multi-frequency film

3000 cycle film

Scanning uniformity film

Scanning beam focusing film

Buzz track film

A-C, D-C and resistance measurements
A-C signal voltage measurement

Amplifier load resistor

A-C signal voltage source

To supply test frequencies

Checking distortion

Measuring distortion

Measuring speed variation

Measures a-c signal in amplifier accurately
To supply calibrated voltages

To provide means of making complete system
frequency response measurements

To measure steadiness of speed of projector
at sound head (flutter)

To check uniformity of scanning beam
illumination

Focus and azimuth adjustment of sound lens

To check correct location of sound track
for scanning

20,000 ohms-per-volt

Hickok 208A or equal

Navy Stock #H18SMP-99F-1632
Hewlett Packard #200B or equal
Dumont Type #208 or equal
Hewlett Packard #330B or equal
RCA Type #MI976BA or equal
Ballantine Model #300 or equal
G.R. #546~B or equal

Navy Stock #H18SMP-59F1627

Navy Stock #H18SMP-99F1628

Two types availahle

Two types available
Navy Stock #H185MP-99F1629
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Figure 3-4, Amplifier Frequency Response Characteristics

3-38, TESTING PRECAUTICONS, When performing
tests, the following points must be observed in order
to insure correct measurements.

a. A 20,000 ohm-per-volt meter must be used for
d-c¢ measurements. Lower resistance instruments
will result in significantly lower readings.

b, All voltage and resistance readings are fo be
made between circuit ground and voltage point re-
ferred to on amplifier schematic wiring diagram,
figure 3-1.

¢. Measurements of input signal voltage must be
carefully made. Parasitic pick-up of hum, etc., will
cause erroneous readings.

d. Particular attention must be paid to common
grounding of the oscillator and distortion analyzer
when distortion measurements are made.

e. All meagsurements should be made with the amp-
lifier operating from 115-volt, 60-cycle supply, other-
wise readings shown in figure 3-4 will be erroneous,

3-39. AUDIO FREQUENCY MEASUREMENTS, Per-
formance of the amplifier, with respect to the audio
frequency signal, cannot be determined without a
steady amplitude input signal. This may be supplied
from three different sources;

a. When a projector, known to be operating satis-
factorily, is available, 400-cycle test film may be
used to supply the audio frequency signal for all
amplifier emergency =audio frequency performance
measurements. The film can be used in the form of
a loop about 2 feet in length, if desired.

b, When a complete malfunction of the audic channel
exists, this same 400-cycle film can supply the test
tone essential for point to point checkings,

c. In the absence of 400-cycle test film, a normal
16-mm print of good quality will do. Definite audio
frequency measurements cannot be made with such
film, however.

3-40. OVERALL FREQUENCY RESPONSE MEA-
SUREMENTS. Measurements of the overall frequency
response of the system, including the projector,
cannot be made without multi-frequency test film.
This measurement should he made whenever the sound
system is repaired, and the overall response should
never exceed limits shown in figure 3-3.

3-41. Color prints may be released for use with the
emulsion on either side of the film base. Reproduction
must be the same in either position for best intelligi-
bility. Frequency response curves should be made by
running the film normally, and then reversing the
test film and running it through the projector. In both
cases, the resulting curves should fall within the
limits shown in figure 3-3.

3-42. AUDIO FREQUENCY CHARACTERISTICS AND
DISTORTION MEASUREMENTS. The amplifier audio
frequency characteristics and distortion measure-
ments cannot be made without an audio {requency sig-
nal generator of low distortion and an audio frequency
distortion analyzer of good quality. All amplifier
characteristica tests may be conducted with this
equipment,

3-43. After a major overhaul, or for periodic per-
formance checks, perform all tests listed in Table
VIOI, Amplifier Characteristics Tests.

3-44, When measuring the performance of the tone
control, the amplifier output power should be set at
a level of 2 watts at 700 cycles (5.67 volts across
16-ohm load); otherwise, the amplifier power output
stage will be overloaded and erroneous readings
result.

3-45. TUBE VOLTAGE MEASUREMENTS, This data
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is given in Table I near the end of Section II.
i includes all pertinent normal voltage and re-
sistance conditions involved in the correctfunctioning
of the amplifier. Measurements are made with cor-
rectly functioning tubes. It is necessary, therefore,
that all of the tubes be checked prior to installation
in the amplifier, otherwise readings taken may be
erroneous. Conversely, if means of checking tubes
are not available, voltage readings (taken at points
indicated in Table ) could be used for determining
tube condition in a correctly functioning amplifier.
Note the following precautions.

a. A-C signal voltages must be measured with ahigh
impedance vacuum tube voltmeter, otherwise readings
will be in error.

b. The amplifier should be terminated in a correct
value load resistor (16 chms) in lieu of the exiernal
loudspeaker for making output power measurements.

3-46. AMPLIFIER SCHEMATIC VOLTAGE DATA.
The following data serves to clarify the voltage data
given on the amplifier schematic diagram, figure 3-1.
a. The d-c power supply points for measurement are
given for points which would not appear on the tube
terminal test points chart. See Table IV, D=C Supply
Voltage Drop.

b. Circuit malfunctions are rapidly identified by
measuring the voltage drop cccurring across the
individual resistors in the direct current power
distribotion network. A higher voltage drop than
given in the voltage drop table indicates either in-
creased resistance or an abnormally increased cur-
rent flowing through that portion of the circuit.

3-47. LOUDSPEAKER TROUBLE ANALYSIS.

3-48. GENERAL, The loudspeaker component, which
is an integral part of Projector Set AQ-2(1}, is a 5-
inch, dynamic loudspeaker containing a permanent
magnet and a. moving voice coil. Audio freguency
energy is transmitted from the amplifier to the
loudspeaker through its connecting cable, thereby
getting the voice coil in motion. Movement of the
coil within the air gap and magnetic field causes
vibration of the conical diaphragm attached to the
voice coil, This diaphragm then sets a large volume
of air into motion through vibration. These vibra-
tions are produced at the proper frequency for cor-
rect sound transmission.

3-49. LOCALIZING LOUDSPEAKER TROUBLES.

a. Remove loudspeaker by reference to {igure 2-49.
The length of the speaker cable will permit the speaker
mounting panel to be placed on a bench for service.
Disassemble speaker from mounting panel.

b. Check the loudspeaker cone for holes or cracks.
Apply equal pressure to all sides of the cone and
gently push the cone with the fingers to make sure
that the voice coil is not rubbing in the air gap.
Be carecful that this inspection of itself dces not
further damage the loudspeaker.

¢. Unsolder the connection from the terminals of the
loudspeaker. Check loudspeaker resistance with an
ohmmeter. The d-c resistance of the voice coil
should read approximately 8 ohms.
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3-50, PROJECTOR SET CHARACTERISTIC TESTS,

3-51. After major overhaul, or after disassembly
and repair, the Type AQ-2A(l) projector should meet
all of the performance characteristic tests outlined
in paragraph 3-52 (sound optical system alinement
tests) and in Tables VII, VII and IX at the end of this
section, When making these tests, the following pre-
cautions should be noted.

a. All tests should be madeat 115 volts ac, 60 cycles,
unless otherwise specified.

b. All test films and test equipment required for the
performance characteristic tests should be in accor-
dance with, or equivalent to, those specified in para-
graph 3-37. Be sure toobserve the testing precautions
outlined in paragraph 3-38,

3-52. SOUND OPTICAL SYSTEM ALINEMENT
TESTS.

3-53. PRELIMINARY SYSTEM CHECK.

a, Connect the equipment as for normal operation.
Be sure all components are in operating condition.
Turn the GAIN (Volume) control on amplifier panel
to an intermediate position and turn the TONE con-
trol to NORMAL. Turn amplifier switch to the ON
position. Turn OFF-MOTOR-LAMP switch to LAMP
position. The red jewel on the exciter lamp cover
should glow, indicating that the exciter lamp is
operating.

b. Make the thump test by inserting a clean white
card approximately one inch wide between the sound
optical unit (sound lens) and the sound drum. Move
card back and forth in this position to interrupt the
scanning light beam from the sound optical unit to the
photo conductive cell. If the sound system is operating
satisfactorily, a thumping sound will be heard in the
loudspeaker,

¢. I thumping sound is not heard then the alinement
of the sound optical prism or the sound drum were
not made in accordance with the directions given in
paragraphs 2-45 and 2-63. Recheck thesealinements.
Repeat thump test until thumping sound is heard in
the loudspeaker and continue with the following ad-
justment procedures.

3-54. BUZZ-TRACK TEST FILM ADJUSTMENT,

a. This adjustment determines if the film guide ad-
justment roller (figure 3-5) is in proper lateral po-
sition in relation to the scanning beam. Thread
projector with three-foot loop of buzz-track test film,
The emulsion side of the film should face the exciter
lamp, Operate the equipment as for regular film.
Be sure the amplifier and loudspeaker are connected.
Turn up the amplifier volume control about half-way.
Set tone control in position marked NORMAL. Turn
OFF-MOTOR-LAMP switch to the LAMP position.
b. If the position of the film guide adjustment roller
is in proper lateral position in relation to the scan-
ning beam, the low signal (300 cycle) and the high
signal (1000 cycle) will (1) not be heard in the loud-
speaker, or (2}, there will be a faint reproduction of
equal intensity from both the low signal (300 cycle)
and the high signal (1000 cycle).

c. If the low signal (300 cycle) is reproduced strongly,
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Fipgure 3-5. Projector Sound Head Alinement
Adjustments

loosen the binder head screw (2), figure 3-5 and turn
the knurled scanning adjustment nut (3) in a counter-
clockwise direction until the signal is very faint or
is not heard.

d. If the high signal (1000 cycle) is reproduced
strongly, loosen the binder head screw (2), figure
3-5 and turn the knurled scanning adjustment nut {3)
in a clockwise direction until the signal is very faint
or is not heard.

e, Stop projector and remove the loop of test film.

3-55. ADJUSTMENT FOR UNIFORMITY OF
SCANNING BEAM ILLUMINATION.
a, Thread projector with a loop of test film for de-
termining uniformity of scanning beam illumination
(1000 cyele). There are two types of this test film;
field type and laboratory type.
b. Connect a "volume indicator' or "output" meter,
preferably carrying a decibel or "VU" scale, across
the output terminals of the amplifier to read the
output level of the 1000-cycle tone. Usually, the most
convenient point for making the connection is at the
loudspeaker. Turn OFF-MOTOR-LAMP switch to the
LAMP position. The position of the sound track,
relative to the ends of the light beam at any instant,
is shown by the animated diagram appearing in the
plcture area of the film. Read the output level of the
1000-cycle tone. As long as the variation does not
exceed + 1.5 db, the projector has satisfactory uni-
formity of scanning beam illumination.
d. Greater variations than + 1.5 db in the output may
be caused by dirt on the exciter lamp, the sound
optical unit or the optical light pipe prism, or by
deformation of the exciter lamp filament, or by mis-
placement caused by a bent or loose socket, ete.
Clean the sound optical elements and make repairs
or replacements as needed to correct the unevenness

Section I
Paragraphs 3-55 to 3-56

Figure 3-6. Focusing the Scanning Lens

of the scanning beam illumination so as to bring the
variation within the + 1.5 db limit.

3-56., FOCUS AND AZIMUTH ADJUSTMENT
(PRECISION ALINEMENT).
4. Thread projector with a loop of precision type
(7000 cycle) film for scanning beam focusing and
azimuth adjustment. Emulsion side of film should face
the exeiter lamp. Replace loudspeaker with an 8-ohm
non-inductive resistor. Connect oscilloscope across
the output circuit of amplifier. Remove exciter lamp
cover and excifer lamp. Place the sound optical unit
adjustment tool (Tool No. 061000-F1, figure 2-1)
over the sound optical unit as shown in figure 3-6.
Remount the exciter lamp in its socket.
b. Loosen the fillister head screw (4), figure 3-5.
Set tone control in position marked NORMAL, Turn
volume (GAIN) control to an intermediate point,
position marked 4, Turn OFF-MOTOR-LAMP switch
to LAMP position.
c. Using the adjustment tool, adjust the position of
the sound optical unit by moving it closer to, or far-
ther away from the exciter lamp, and then by rotating
the sound optical unit until a reading of maximum
output and minimum distortion is obtained on the meter.
Be sure that the true maximum point of output is
reached. There are several points where the output
will increase and then decrease again, but there is
only one true optimum point of maximum output and
minimum distortion.
d. When the sound optical unit is properly adjusted,
tighten fillister head screw (4, figure 3-6) carefully,
and make sure that the reading on the meter does
not decrease during the process.
e. Repeat operation with shiny side of 7000 cycle film
facing exciter lamp. Reading should be the sameasin
the first test.
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Figure 3-7. Loudspeaker Frequency Response Characteristics

3-57. STEADINESS OF SOUND REPRODUCTION
(FLUTTER).
a. Thread projector with a roll of 3000 cycle flutter
test film. Comnnect flutter indicator to output of amp-
lifier. Set tone control in position marked NORMAL
and volume (GAIN) control inan intermediate position.
b, Turn OFF-MOTOR-LAMP switch to LAMP po-
gition. Calibrate flutter indicator. Needle of flutter
indicator should read at calibrate position on meter.
¢. With OFF-MOTOR-LAMP switch in LAMP po-
sition, read the flutter indicator as soon as 6 feet of
film has passed through the projector. The total
flutter should be less than 0.26 percent.
d. The cause for excessive flutter may be in the
gound mechanism, the picture mechanism, the take-up
mechanism or the motor assembly.

3-58, CHECKING PHOTOCELL OQUTPUT.

a. Operate the projector with 400-cycle signal level
test film, terminating the amplifier with a 16-ohm,
10-watt, non-inductive resistor in place of the loud-

__l 5" ’__mn 0" ICI”—T

5" | |

r——--l- — + +
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]L——--+ + 4+ 4 | a0

ﬂ i

e

40!f

Figure 3-8, Light Measurement Diagram

2

gpeaker. This wire-wound resistor is used for the
sake of convenience. If an B-ohm, 10-watt, wire-
wound resistor were used, it would be necessary to
substitute this resistor for the built-in loudspeaker,
b, When the 16-ohm resistor is connected to recept-
acle J203 (pins 1 and 3), be sure to set the loud-
speaker selector switch to the position marked RE-
MOTE SPEAKER ON.

¢. With TONE control in the normal position (NOR),
turn the VOLUME control fully clockwise. With a
serewdriver, adjust the control shaft of R203 (figure
3-9) so that 8 watts of audio power is being delivered
to the 16-ohm resistive load (11.3 volts rms).

d. Reduce the output power by 20 db (decibels) by
rotating the VOLUME control counterclockwise until
the voltage across the 16-ohm load is 1.13 volts.
e. Return the power output to 8 watis (11.3 volts)
by adjusting the control shaft of R203.

RECEPTACLE (1204} AMPUFER IMPUT LEVEL

FOR ADJUSTMENT (R203)
EXCITER LAMF CABLE

RECEFTACLE (1201}

A.C LEADS FOR
PHOTOCELL CABLE

Figure 3-9. Rear View of Amplifier
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Paragraph 3-58

3-58. TROUBLE SHOOTING CHART
Trouble Probable Cause Remedy

1. Amplifier gperates, but 1. Projector fuse blown, 1. Replace fuse.
projector moter does not
run, projection lamp does 2. Faulty OFF-MCTOR~LAMP 2. Check switches; repair or
not light, awitch or amplifier OFF-ON replace.

switch,

2, Projector motor runs, pro-| 1. Amplifier not turned on. 1. Turn amplifier QFF-ON switch
jection lamp lights, but te ON position.
amplifier does not operate
(no sound from loud- 2. Amplifier fuse blown. 2. Replace with good fuse.
speaker}.

3. Defective tube{s). 3. Check and replace defective
tube(s).

4, Exciter lamp burned out. 4. Replace exciter lamp.

5. Photo-cell cable not connected 5. Connect cable to receptacle

from projector to amplifier, J204,

6. Internal amplifier trouble, 6. Check circuit (para. 3-36); re-
pair or replace defective parts.

3. Projection lamp lights, mo-] 1. Loose connection in motor 1. Check all connections to motor
tor will not run. circuit, or gpen circuit. and repair as necessary,

2. Worn out or sticking motor 2. Remove brushes and clean; re-

brushes. place if necessary.

3. Dirty governor points. 3. Clean governor points with
ignition file,

4. Worn out or sticking governor 4. Remove brushes and clean;

brushes. replace if necessary.

5, Faulty OFF-MOTOR-LAMP 5. Repair or replace with new

switch. switch.

6. Defective governor. 6. Repair or replace.

7. Defective motor wiring, 7. Check continuity of wiring and
replace broken or defective
wires.

8. Defective motor. 8. Remove motor and replace.

9. Dirty commutator. 9. Clean with crocus cloth,

4. Motor operates but pro- 1. Lamp burned out, 1. Replace with new lamp.
jection lamp does not light.

2. Switch not turned to lamp 2, Turn OFF-MOTOR-LAMP

position. switch to LAMP position,

3. OFF-MOTOR-LAMP switch 3. Replace defective switch with

defective. new one,

4. Lamp not seated correctly in 4. Check to see that lamp is in-

socket, contact poor. serted properly.

5. Defective projector wiring. 5. Check projector wiring circuit,

repair defective wires.
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Trouble Probable Cause Remedy
5. Motor runs, mechanism 1. Drive chain not engaged on 1. Engage chain on sprockets.
does nol. motor chain sprocket or main
drive chain sprocket.
2. Drive chain sprocket loose 2. Tighten chain sprocket to
on shaft. shaft.
6. Motor speed varies or pro- 1. Governor not adjusted. 1. Adjust governor to give correct
jector runs too fast. motor speed. (para. 2-167).
2. Governor points pitted or not 2. Clean with ignition file. Replace
making good contact, with new governor if badly worn
or not making good contact.
3. Electrical wiring. 3. Check motor governor circuit;
replace faulty parts,
7. Picture not framed. 1. Framer control not adjusted 1, Turn framer control until
properly. picture is in frame.
2. Film itself out of frame. 2, Check projector with film with
proper frame line.
8. Fuzz projecting in picture 1. Dirt in aperture opening. 1. Clean aperture using brush
area. supplied, CAUTION: Projector
must be stopped.
9. Picture not sharp on 1. Improperly focused. 1. Focus lens.
screen. One side or entire
picture may not be sharp. 2. Projection lens dirty, oily or 2. Clean lens.
finger-spotted,
3. Pressure plate and/or aper- 3. Replace defective plates.
ture plate worn.
4. Pressure plate not seated firmly 4, Push pressure plate closing
against film in aperture channel. handle.
5. Defective projection lens. 5. Replace lens.
6. Film loops too short. 6. Rethread projector with proper
sized loops.
7. Insufficient pressure plate 7. Replace with new pressure plate.
tension.
10. Picture indistinct, illumi- 1. Line voltage lower than lamp 1. Use lamp with voltage equal to
nation low, rating. voltage of line supply.
2, Lamp improperly seated in 2. Reinsert lamp correctly.
socket.
J. Lamp old, black and ready to 3. Replace lamp.
burn out.
4, Dirty reflector, condenser 4. Clean these optical elements,
lenses, projection lens.
5, Lamp position adjustment 5. Adjust lamp socket position for
incorrect. maximum light.
6. Film underdeveloped; opague. 6. Recommend print be withdrawn

from circulation.
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Trouble Probable Cause Remedy
10. Picture indistinct, illumi- 7. Old, dirty, or wrong type of 7. Wash dirty screen. If canvas
nation low. (cont) screen. screen, replace with matte
white screen material.
11, brojector fails to take-up 1. Belt off pulley on take-up arm 1. Loop belt on pulley{s).
film properly. or off take-up ratchet pulley
in projector.
2. Bent or stretched take-up 2. Replace with new belt,
helt.
3. Slippage in take-up ratchet 3. Disassemble and repair take-up
pulley assembly. ratchet pulley agsembly
(para. 2-94).
4. Two lock nuts on take-up arm 4. Adjust accordingly.
too tight or too loose,
5. Film not attached to hub of 5. Attach film securely to hub,
reel.
6. Take-up reel bent and jammed 6. Replace reel,
on arm.
7. Take-up reel slipping on 7. Laich reel securely.
gpindle.
8. Oilite bronze washer in take- 8. Replace washer.
up assembly is worn,
12. Projector fails to rewind 1. Plunger on feed reel arm set 1. Plunger should be IN for
film properly. in improper position. rewinding,
2. Spring belt off pulley. 2. Loop belt aver pulley.
3. Two lock nuts on feed reel 3. Adjust accordingly.
arm too tight or too loose.
4, Slippage in rewind ratchet 4. Disassemble and repair rewind
pulley assembly. ratchet pulley assembly
(para, 2-94).
5. Bent or stretched rewind 5. Replace with new belt.
belt.
6. Qilite bronze washer in feed 6. Replace washer.
reel arm assembly is worn.
7. Defective rewind switch. 7. Repair or replace defective
switch.
13. Picture unsteady; jump or 1. Improper slitting of film; 1, Check with film known to be in
weave. poor filming of picture. good condition.
2. Improper threading. 2. Rethread projector correctly,
3. Pressure plate not seated 3. Push pressure plate closing
firmly against {film in picture handle.
channel.
4. Many consecutive film per- 4. Remove damaged section of

forations damaged excessively.

film and splice.
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Trouble

Probable Cause

Remedy

13. Picture unsteady; jump or
weave. {cont}

10,

11.

12.

Poorly made splices.

. Sprockets not turning prop-

erly.

Sprocket shoes fit too loosely
causing film to jump off.

Worn parts in intermittent
mechanism; broken shuttle
tooth or last tooth slapping
film.

Center shuttle tooth not pro-
truding far enough through
aperture plate.

Insufficient pressure plate
tension.

Worn sprocket teeth.
Caked emulsion excessive on

aperture and/or pressure
plate.

10.

11.

12.

Check film, remake splice(s).

. Check screws holding sprockets.

Tighten if necessary. Check
sprocket gears for defects. Re-
place defective gears,

Adjust clearance between shoe
and sprocket, to tolerance of
two thicknesses of film (para.
2-135, step f).

Replace defective parts.

Adjust mechanism as directed
in paragraph 2-169,

Replace pressure plate,

Replace defective sprocket.

Remove caked emulsion with
aperture brush; piece of wood,
alcohol.

14, Film scratched.

Dirt or emulsion on aperture
and/or pressure plate,

Dirt or emulsion on film shoes,
sprockets, film rollers.

. Worn film handling parts;

pressure plate, aperture
plate, film sprockets, shoes,
rollers.

Sticking or binding film rollers.

Nicks and scratches on contact
surfaces of film path; film rails,
rollers, sound drum, pressure
plate, sprockets, film shoes.

. Clean, using aperture brush

furnished; alcohol, toothpick.

Clean, using aperture brush
furnished; alcohol, toothpick.

. Replace worn parts with new

ones.

Remove rollers and clean
shaft. ¥ worn or if they still
bind, replace with new ones.

Rub part with crocus cloth.
If nick or scratch is deep re-
place parts with new ones.

15. Excessive film wear. Torn
or damaged film splices.
Damaged or torn perfora-
tions.

3.

Film shoes fit too snugly
around sprockets.

Worn or damaged shuttle
teeth.

Sprocket teeth badly worn.

Adjust clearance between inner
shoulder of shoe and inner edge
of sprocket shoulder to , 015
inch; two film thicknesses
(para. 2-135, step f).

Examine shuttle teeth for
undercut surfaces; if badly worn,
replace with new shuttle.

(Rotate 1809)

Examine sprocket teeth {or
undercut surfaces. Replace
spracket if badly worn.
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Trouble Probable Cause Remedy
16. Excessively noisy projector | 1. Film clicking resulting from 1. Examine sprocket for excessive
operation, badly worn sprocket teeth, wear. I wear is noticeable re-
place with new sprocket. (Ro-
tate 1800}

2, Film slap due to improper 2, Replace pressure plate,

pressure plate tension.

3. Inherent mechanical noise. 3. Examine intermittent mechanism

) for defective parts. Check gears
and rotating parts for nicks or
worn surfaces. Replace defec-
tive parts if needed.

1%, Picture travel ghost. Ver- 1. Defective projection lamp. 1. Replace lamp.
tical lines observed on
screen above and/or below 2. Projection lamp out of ad- 2, Adjust lamp to maximum bril-
white objects. justment. liance with lamp adjustment
levers.
3. Shutter out of time with in- 3. Adjust shutter to synchronize
termittent mechanism. with intermittent (para. 2-147,
step h).
18, Picture satisfactory, sound 1. Volume control not tuned 1. Turn up volume; if control is
weak. up or defective. defective, replace.

2. Sound optical system dirty. 2, Clean.

3. Amplifier tubes defective. 3. Check tubes, replace defective
tubes.

4, Photo cell out of adjust- 4. Correct adjustment; tighten.

ment, loose or defective. If still defective replace with
new photo cell. To check photo-
cell output see paragraph 3-58.
5. Exciter lamp defective. 5. Replace exciter lamp.
6. Power transformer defec- 6. Repair or replace.
tive.

7. Loudspeaker cable defective. 7. Check cable, repair or replace.

8. Loudspeaker defective. 8. Check loudspeaker, correct de-
fects or replace loudspeaker
unit.

9. Poor film sound track. 9. Turn up volume, adjust tone
control to compensate as much
as possible for poor film.

19, Picture satisfactory, but no 1 1. Amplifier switch not in ON 1. Turn switch to ON position.
sound. position.

2. Loudspeaker not connected. 2. Connect loudspeaker to amplifier.

3. Loudspeaker selector switch 3. Place switch in correct position.

in wrong position.

4. Photo-cell amplifier cable de- 4. Check cable.

fective or disconnected.
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Trouble Probable Cause Remedy
19, Picture satisfactory, but no | 5. Exciter lamp burned out. 5. Replace exciter lamp.
sound. (cont)

6. Amplifier tubes defective. 6. Check tubes, especially the
6AQ5 exciter lamp oscilla-
tor tube V205. Replace de-
fective tubes.

7. Speaker defective. 7. Check speaker, replace if
needed.

8. Photo-cell defective. 8. Replace photo cell assembly.
Check photo-cell output,
paragraph 3-58,

9. Internal amplifier trouble. 9, Check amplifier circuit.

10. Motor-Lamp switch has 10, Check, repair or replace

loose connections or is defec- switch.
tive.

11. Absence of sound record on 11. Check film to he sure it

film. Silent picture. has sound track.
20. Sound is wavy. (Flutter) 1. Improper threading. 1. Correct threading.

2. Dirt on sound drum, and rol- 2. Clean sound drum, clean all

lers in soundhead assembly. rollers.

3. Film guide rollers sticky or 3. Examine rollers to see that

jammed. they turn freely. If not, re-
move rollers and clean
bearings and shafts. If they
stick after cleaning replace
with new ones,

4, Damaged sound drum, 4, Replace stabilizer housing.

5. Sound drum hinds. 5. Check for defective bear-
ings and replace if neces-
sary.

6. Improper tension of film 6. Adjust tension of impedance

around sound drum. roller in soundhead (para. 2-45,
step h).
7. Flywheel improperly bal- 7. Replace flywheel.
anced. (Damaged)

8. Sound drum shaft bent. B. Replace if defective.

9. Unsteady speed of motor. 9. Check motor and governor.
Repair or replace.

10. Misalinement of film rollers. 10. Check lateral alinement of
film rollers to determine if
they are causing binding or
buckling of the film. Re-
place defective parts.

il. Overwidth film. 11. Check with film known to

be good.
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Section II1

Trouble Probable Cause Remedy
21. Distorted sound reproduc- 1. Bad sound track. 1. Adjust tone control, if
tion, trouble persists, replace
film.

2. Defective tubes. 2, Check, replace bad tubes.

3. Worn film sprockets, 3. Replace defective sprocket.

4, Sound film guide adjustable 4. Check adjustment of roller

roller out of alignment, with buzz-track test film,

5. Defective exciter lamp. 9. Replace exciter lamp.

6. Bad connections in projector 6. Sectionalize and localize

or amplifier wiring. trouble, and repair.

7. Defective amplifier. 7. Localize trouble, repair or
replace defective parts.

8. Defective loudspeaker. 8. Check loudspeaker for
damaged cone. Replace de-
fective parts; replace loud-
speaker if defective.

9. Sound optical system out of 9. Check adjustment of sound

adjustment. optical system. (para. 3-52).
10. Overwidth film 10. Check with good film.
22, Microphonics—Denoted by 1. Defective tube. 1. Check and replace as
continuous bell or string- needed.
like noises.

2. Defective exciter lamp. 2. Replace with new lamp.

3. Defective photo electric cell. 3. Replace with new photo-
conductive cell,

23. Popping noise from speaker | 1. Dirt on back edge of sound 1. Clean thoroughly.
when operating with film. drum.

2. Dirt on sound lens or light 2. Clean thoroughly.

pipe.

3. Poor sound track on film, 3. Check by reproducing film
of known sound gquality.

4, Dirty sound track. 4. Return to film exchange,

24, Crackling or frying noise 1. Governor contact points 1. Burnish governor contact
in loudspeaker. badly pitted. points, with ignition file.

2. Governor brushes arcing, 2. Examine governor brushes
to see that pigtails are not
broken and that brushes
are long enough. Replace
defective brushes.

3. Motor brushes defective. 3., Examine motor brushes as
in 2, above,

4, Defective volume and tone 4. Rotate control, if noise ap-

control.

pears and disappears, re-
place controls,
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Trouble Probable Cause Remedy
25. Excessive hissing and Film badly scratched. 1. Adjust tone controls.
buzzing sounds in loud-
speaker. . Speaker loose. 2. Tighten speaker.
. Bpeaker cone cracked or has 3. Replace speaker.
holes in it.
. Defective photo cell. 4. Replace photo cell assem-
bly.
26. Excessive hum in loud- . Defective tube(s). 1, Check, replace defective
speaker. tubes.
. Defect in amplifier circuit, 2. Check circuit and repair as
bad condenser, etc. needed (para. 3-36).
. Stray light penetrating in- 3. Lock exciter lamp cover
side exciter. securely.
27. Inadequate volume. . Volume control not tuned 1. Turn up volume control.
up sufficiently.
. Poorly recorded sound track. 2. Equipment cannot adjust.
. Dirt ar oil partly cbstructing 3. Clean sound optical ele-
sound optical system. ments.
. Defective amplifier tube(s). 4. Check, replace defective
tube(s).
. Defective photo cell, 5. Replace photo-cell,
. Dirty or defective exciter §. Clean lamp; if trouble per-
lamp. sists replace exciter lamp.
Low line voltage. 7. Check line voltage.
. Photo-cell potentiometer 8. Adjust R203 for correct
R203 out of adjustment. photo-cell output (para. 3-58).
28. Tone unsatisfactory. . Tone control not adjusted 1. Adjust tone control.
properly for film being
shown,
. Film itself may be at fault. 2. Check by reproducing film
of known sound quality.
. Defect in amplifier. 3. Check and replace defec-
tive tubes and other parts.
. Poor acoustic conditions. 4, Attenuate lows to help cut
down reverberation.
29. Sound O.K. from film, si- . Defective microphone. 1. Check microphone connec-
lent from microphone. tor plug and cable,
30. Ringing noises from loud- . Defective tube. 1. Check, replace defective

speaker when amplifier
volume control is at low
volume position.

tube,

31, Ringing noises from loud-
gpeaker when volume con-
trol is at high level position.

. Defective exciter lamp.

. Replace exciter lamp.

62




T.O. 10D1-2-9-3

Section I

Trouble

Probable Cause

Remedy

32. Amplifier fuse blows,

. Shorted tube or tubes.

. Defective amplifier wiring,

or component parts.

Loose fuse terminals.

. Check and replace defec-

tive tubes,

Localize trouble; repair

and replace defective parts,

Secure terminals.

33. Projector fuse blows.

. Defective projector wirirg,

including power cable.

. Short-circuited lamp or lamp

socket. Blows fuse only after
lamp has been turned on,

Check continuity of elec-
trical wiring in projector
for short circuits or
grounds. Repair or replace
defective units.

Check continuity of elec-
trical wiring. Replace de-
fective units. If lamp is de-

fective, replace projection
lamp.

TABLE II, TUBE AND OUTPUT TRANSFORMER MEASUREMENTS

NOTE: All d-c voltages should be measured with a 20,000 chms-per-volt d-c meter with
no signal, All a-c voltages should be measured with a vacuum tube voltmeter, In either
case, the negative probe must be connected to the chassis, which is common ground for
the amplifier. Connect a 16-ohm, 10-waitt resistor across pins 1 and 3 of receptacle J203
to take the place of the remote loudspeaker, and turn the loudspeaker selector switch to
the position marked REMOTE SPEAKER ON. For the a-c measurements, the sensitivity
of the amplifier is checked; therefore, a 400-cps signal ¥oltage of 18 mv is fed to the am-
plifier through the microphone jack J202 with the volume control fully clockwise. Resistance
measurements are made with no power applied to the amplifier. If measurements do not
meet requirements shown, refer to Table INI {Amplifier Trouble Analysis Chart) for the
probable cause of trouble, Whenever a d-c voltage reading is a value lower than that given
in the fable, other d-c¢ voltages should be checked to make sure that the condition is not
general. If a generally low d-c voltage condition exists, refer to Table IV (D-C Supply Voltage
Drop} to localize the d-c power supply default.

Tube Test Point Pin D-C Volts A-C Voits Resistance

V201 (12AXT) 1 1 110 1.3 1.5 Meg,
2 2 0 0. 058 1.0 Meg.
3 3 1.2 0.037 5600
4 4 -—18 3.1* 160
B 5 -—18 3.1 160
6 6 140 0.058 1.5 Meg.
7 7 0 0.018 56K-556KT
8 8 1.5 0.7 10K
] 9 —16 3.1% 160
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TABLE II. TUBE AND OUTPUT TRANSFORMER MEASUREMENTS (cont)

Tube Test Point Pin D-C Volts A-C Volis Resistance

V202 (12AX7) 10 1 210 9.8 1 Meg,

11 2 13 10 670K

12 3 35 10 115K

13 4 —18 3.1* 160

14 5 —16 3.1% 160

15 6 125 9.8 1.5 Meg.

16 7 0 1.1 500K

17 8 1.4 1.1 6200

18 9 —16 3.1% 160
V203 (6AQ5) 19 1 —11 9.8 500K

20 2 0 0 0

21 3 —18 3.1% 160

22 4 —16 3. 1% 160

23 5 260 160 1 Meg,

24 6 250 0 1 Meg.

25 i —11 9.8 500K
V204 (6AQ5) 26 1 —11 9.8 500K

27 2 0 0 0

28 3 —186 3.1% 160

29 4 -—16 3.1* 160

30 5 260 160 1 Meg,

31 6 250 0 1 Meg,

32 ki —11 9.8 500K
V205 (6AQ5) 33 1 —35 150RF 5100

34 2 0.5 110RF 15

35 3 —16 3, 1% 180

36 4 —16 3.1% 160

37 5 250 1,1RF 1 Meg.

38 6 250 1.1RF 1 Meg,

39 7 —35 150RF 5100
V208 (6X4) 40 1 —20 285 260

41 2 0 0 Inf,

42 3 —16 3.1% 180

43 4 —16 3.1% 180

44 5 0 0 Inf,

45 6 —20 285 260

46 7 280 8 1 Meg.
V207 (6X4) 47 1 — 230 265 260

48 2 0 0 Inf,

49 3 —16 3.1* 160

50 4 —16 3.1% 160

51 5 0 0 Inf,

52 6 —20 265 260

53 7 280 8 1 Meg
T201 54 5 0 8 0.60

55 6 0 11.3 1.0

*These voltages must be measured with a high impedance voltmeter (vacuum tube type) with a large capacitor
in series with the meter lead to block the d-c component of the voltage. A reading under any other circum-

stances will be meaningless,

tResistance from this pin to ground will depend upon setting of R203 and therefore the resistance reading may
be anywhere within the limits given,
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Section III

TABLE IO. AMPLIFIER TROUBLE ANALYSIS CHART

NOTE: This chart is coordinated with the tube and output transformer measurements (Table I, and the test
points’ listed below are the same as the test points listed in Table II. For example, if a check of fest point 1 in
accordance with the tube and outpul transformer measurements table should show a d-c measurement of zero
volts instead of 110 volts, an a-c measurement of zerc volts instead of 1.3 volts, and an infinite resistance
measurement instead of 1.5 megohms, a reference to test point 1 in the table below will indicate that resistor
R209 is open, High voltage or resistance is any measurement from above normal to infinity; low voltage or re-
sistance is any measurement from zero to below normal.

Test
Point

Test Condition Capacitors
Indicating Trouble Open Short

Resistors
Open Misc.

D-C voltage high and

Resgistance normal-—-—=——m=——mmmemmmmem e m e ———

D-C voltage low and
A-C voltage low and
Resistance loW----~-—emmeememrmccnaom——- C214b,c
D-C voltage low and
A-C voltage low and

Resistance high =—---=cwmemmmmmee e e e e

R208, R207

R209

A-C voltage low-=====-=e--- C203
D-C voltage high-=c-ceuraccmicanmamaa- C203

Resistance highe=-ecemcmmccmae e mn e cm oo e o

R207

D-C voltage high and

Resistance high=-mermmemcemmemcmmm e r e e mmmcmv e e

R208

D~-C voltage high and
A-C voltage low and

Resistance normal-=-r—mmemrm e m e e

D-C voliage low and
A-C vollage low and
Resistance low-=r=—-—-n-no-——mommmmmmme= - C2l4b,c
D-C voltage low and
A-C voltage low and

Resistance high--~-——=c-sreremmmr e e e e e oo e

R203,R204,
R205

R206,R225,
R226

D-C voliage high-=-m-—--—wcummacmmemm——n Cc202
A~C voltage low====rr--m=ue- C202

Resistance high-=rm-—-—re-mreom e mem e e e e

R203,R204

D-C voltage high---~==re=mmmemem e e e C207-mmmm=
Resistance high--=-=-----—=comcmmmcme e

10

D-C voltage high and

A-C voliage low-r-mesmmemmmm e m e e e

D-C voltage low and
A-C voltage low and
Resistance low--======mmememeoom oo —m—me C214c
D-C voltage low and
A-C voltage low and

Resistance high-=-===-rr o s immccmm e m e e

R216,R217
R218

R219,R226

il

A-C voltage low---==amennan c21l
D-C voltage high-=--=-=c—c-mrecmemmua-- c211

Resistance high---====-cecermmcmmm e oo

R216,R218

12

D-C voltage high and

Resistance high---~=-—-—-me-mcmme e rne e

R217,R218
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TABLE INl. AMPLIFIER TROUBLE ANALYSIS CHART (cont)

Test
Point

Test Condition Capacitors
Indicating Trouble Open Short

Resistors
Open

Misc,

15

D-C voltage high and

A-C voltage low-=——— e e e

D-C voltage low and
A-C voltage low and
Resistance low-==rrmremc o e C2i4c

D-C voltage low and
A-C voltage low and

Resistance high---=escammm e R215,R226

16

A-C  voltage low----=cucean-s €208

D-C voltage high---------no v C208

Resistance high--w=-wwmm e et e R213

17

D-C voltage high and

Resistance highe==recerocmca e e R214

A-C voltage high-----=-~-memac e R222

19,25

A-C voltage low-—-—-~--—--- Cc212
D-C  voltage low-——=-m-———mmocammmemoaee C216¢

Resistance high and

increased D-C voltage-----~——~—~— ] R220

Decreased neg, D-C or
positive D-C  voltage--~r~==r==acromcacan- c212

23

D-C voltage high and

A-C voltage lIoW-=——-—wmmmm et

D-C +voltage low and
A-C voltage low and
Resistance loWemesemcemmcm e mc e e = C216a

D-C voltage low and
A-C voltage low and
Resistance normal--=-=-=secummcooe . C2i6e

D-C voltage low and
A-C voltage low and

T201

Resistance h.igh ------------------------------------------------------- Open

24

D-C voltage low and
Registance loW-~--==--mmmmmes e C214a

D-C voltage high and

Resistance high-w-=r=cccmcvomrccimmc e

D-C voltage low and

Reaistance high-~~==-=ome e e v R227
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TABLE HI. AMPLIFIER TROUBLE ANALYSIS CHART (cont)

Section I

Test
Point

Test Condition Capacitors Resistors
Indicating Trouble Open Short Open

Misc.

26,32

A-C voltage low-—-—a--mw—ux c213
D-C  voltage low--e-m=m=cmcmccmamaarae e C216¢

Resistance high and
incr. D-C  voltage-=—=---m—m-mo—mme e - ‘R221

Decr. neg, D-C or
Pos. D-C voltage---—-—-=weecccocmcaaaen=— C213

30

D-C voltage high and
A-C voltage lowW----==rmemmsm e R221

D-C voltage low and
A~C voltage low and
Resistance low--~——=~=mmmmcm e e e C216a

D-C voltage low and
A-C voltage low and

Resistance high-==-====ccmmmmrm e e et e e e e Qpen

D-C voltage low and
A-C voltage low and
Resistance normal=-~-=--—==-ww—nmmecaea- C216¢ ===mn- R228

31

D-C voltage low and
Resistance low —~==wemmmmmm e e e e C2l4a

D-C voltage high and
Resgistance high--=-c=emccrerammmrmc e e mmm e R226

D-C voltage low and
Resistance high---«-==~=-cemrmmmmcc e m e e = RrR227

33,39

D-C voltage low and
Resistance low and
RF voltage low-===cemememccmcmc e e e er—a e c217

D-C voltage low and
Resistance high and
RF voltage lowW--=cc—e s e e e e oo e R231

D-C voltage low and
Resistance normal and
RF voltage lowW---=-=—ecaaaax c218

34

Resistance high and
RF vOliage 1oWemmm e me et e c e e e e s mE nE e ———————

L201
Open

37,38

D-C voltage low and
Resistance 1oW-m=m=mmmcmmmc e C219,C220

D-C voltage low and
Resistance high-eme--neamm e v cm e s c e m e e e e R230,R228

40,45

A-C voltage low and
Resistance highe-ce-rmremcmcem e e o -— remmmm—sa——————

T202 Open
Secondary
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TABLE III, AMPLIFIER TROUBLE ANALYSIS CHART {cont)

Test Test Condition

Point Indicating Trouble Open

Capacitors
Short Open

Resistors

Misc.

46 D-C voltage low and
A-C voltage low and

Resistance low---==m-mermmmee e mm e C2l6a

D-C voltage low and

A-C volfage low--we—m—mce e e o R229

47,52 A-C voltage low and

Resistance high-==-~-r--— o s e e o e e

T202 Open

Secondary

83 D-C voltage low and
A-C voltage low and

Resistance lowesr-mseem i cemce e m— e = C216a

D-C voltage low and

A-C  VOLt2EE 1oW-==mmmmmmmmm = mmm e e mom m e oo R229

NOTE: The following test points are for checking filament voltages:

4,5, 9,13, 14, 18, 21, 22,

28, 29, 35, 36, 42, 43, 48, 50} A-C voltage low

__________ C221,C222

TABLE IV, D-C SUPPLY VOLTAGE DROP

Normal Voltage

Circuit Element Drop (+ 10%)
ey M 20
R220- < mm oo mmmme 16
YT R —— 10
R226-mmmmmmm e m e e 15
R225 - mmmmmmmmmmmmmm e 5
LY 155
L I — 85

TABLE V, D-C RESISTANCES

NOTE: The following chart Iists the d-c resistances
of the various transformers and inductorsusedinthe
amplifier,

Measure Resis-
Symbol Part Between tance in
Terminals Ohms
T201 Qutput
Transformer 1-2 450
2-3 370
4-5 0.6
5-6 0.4
T202 Power
Transiormer 1-2 4.5
3-4 64
4-5 68
6-17 0.09
-8 0.08
L.201 Oscillator Gr-ye 5
Coil Ye-Blk 0.3
Secondary 0.085
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TABLE VI. A-C VOLTAGES

NOTE: The following chart lists the 60 cycle alter-
nating current voltages as appearing at various
terminals within the amplifier.

Measure  ApPpProx.
Symbol Part Between A-C
Terminals Voltage

vaol 12A X7 tube 4-9 6.3
5-¢ 6.3

vaoz 12AX7 tube 4-9 6.3
5-9 6.3

V203 6AQS tube 3-4 6.3
v204 6AQ5 tube 3-4 6.3
V205 6AQ5 tube 3-4 6.3
V206 6X4 tube 3-4 6.3
V207 6X4 tube 3-4 6.3
RrR201 pilet Lamp Not Marked 6.3
T202 Power Transformer 1-2 115
3-4 265

4-5 265

3-5 530

6-7 3.1

7-8 3.1

6-8 6.3
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TABLE VII. PROJECTCR CHARACTERISTICS TESTS

Section III

NOTE: All tests to be made at 115 volts ac, 60 cycles, with 750-watt, 115-volt projection lamp.

Test

Procedure

Correct Indication

1. Uniformity of
screen illumi-
nation,

1,

With new 750-watt lamp inserted in projector
operate projector on 115 volt, 60 cycle, ac
without film. OFF-MOTOR-LAMP switch in
LAMP position.

Focus aperture on screen so that the projected
image of aperture is 40 inches wide and 30
inches high.

With illumination meter (employing one photo-
electric cell) measure illumination at center of
screen and at four corners (2 inches from edge
of screen).

Compute average illumination of four corners.

Light appears on screen.

Edges of aperture appear
sharp. No patches or bands
showing variation of color or
brightness appear.

. At no corner should illumi-

nation be less than 60 per cent
of illumination at center of
screen.

Average illumination at four
corners should be not less
than 70 per cent of illumi-
nation at center of screen.

2, Light output.

This test should be performed following the test
for uniformity of screen illumination.

Divide illuminated area into 12 equal squares.
Mark centers of these squares.

With illumination meter {(employing one photo-
electric cell) measure illumination at all 12
points. Complete average illumination (sum of
meagurements divided by 12}.

. Multiply above result by area of projected image

of aperture (8. 33 sq. ft.).

Light appears on screen in
sharp focus.

Figure 3-8, Page 54, shows
layout for light measurements.

Average screen itHumination
in foot candles.

Light output should be not
less than 320 lumens.

3. Picture un-
steadiness.

Focus aperture on screen so that projected
image of aperture is 40 inches wide. Be sure
projector is mounted on vibration free base.

Thread projector with reel containing at least
B0 ft, of picture-unsteadiness test film (target
film), Turn OFF-MOTOR-LAMP swiich to
LAMP position,

With a 6-inch scale, measure at the screen the
vertical displacement of the image of the hole
in the picture-unsteadiness film.

Measure the horizontal displacement of the
image of the hole in the unsteadiness test film.

2,

Image of aperture on screen
should be absolutely motion-
less.

Image of picture-unsteadiness
test film should be focused
sharply on screen.

Vertical unsteadiness of a
period shorter than one
second should not exceed 0.2
per cent of the picture width
in a new projector. It should
not exceed 0. 25 per cent of
the picture width on a projec-
tor having been operated for
500 hours.

Horizontal unsteadiness having
any period whatsoever should
not exceed 0. 2 per cent of

the picture width either in

new projectors or projectors
operated for 500 hours.
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TABLE VL. PROJECTOR CHARACTERISTICS TESTS {(cont)
Test Procedure Correct Indication

4. Framing
mechanism.

. With projector running with picture-unsteadiness

film, as above, operate the framing mechanism
so that the picture is framed correctly on the
screen.

Turn the framing kneb as far as it will go clock-
wise. Measure displacement of image on screen.

TFurn framing ¥nob counterclockwise until
image is framed properly.

Turn framing knob as far as it will go counter-
clockwise. Measure displacement of image on
screen.

1.

Framing lines on picture
should be at edge of image.

Image of hole should move up
9-5/8 inches or more, Edge of
projected image, as defined
by aperture, should not move
at all.

Framing lines on picture
should be at edge of image.

Image of hole should move
down 2-5/8 inches or more.
Edge of projected image, as
defined by aperture, should
not move at all.

5. Travel Ghost

Thread and operate projector with travel ghost
test film. Projector should be focused at a dis-
tance to give a picture image 40 inches wide.
Operator should view image on a matte white
screen, at a distance of 6-1/2 feet.

There should be no appearance
of light streaks or vertical
tails added to the projected
images of the transparent
areas on the test film.

6. Film speed

Turn OFF-MOTOR-LAMP switch to MOTOR
position. Check speed of feed sprocket with
tachometer.

. Speed should not be less than

178. 2 and not more than
181, 8 rpom.

7. Film tension

. Be sure OFF-MOTOR-LAMP switch is in the

OFF position. Place empty 2000 ft. reel on
spindle of take-up arm.

Attach strip of film to reel hub. Wind several
turns of film around hub.

Place the hook end of a spring scale through
the film strip. Turn on the motor.
Turn off the motor. Place empty 2000 ft. reel

on feed reel arm.

Attach strip of film and spring scale as in 2
and 3 above.

. Reel should be firmly latched

on spindle.

Film should be wrapped
securely on reel.

Scale sould read not more
than 8 ounces, not less than 6
ounces,

Reel should be firmly latched
on spindle,

Scale should read not more
than B ounces.

8. Film life

. In a room well protected from dust, thread the

projector with a 12 ft. loop of newly processed
and lubricated sound and picture film in good
condition, having a shrinkage not greater than
0.3 per cent, Film should be supported in its re-
turn path, in as near a normal position as pos-
gible, by free running rollers of such construc-
tion as to have a negligible tendency to damage
the film.

With a 750 watt lamp in projector, turn OFF-
MOTOR-LAMP to the LAMP position,

Allow loop of fitm to pass through picture mech-
anism 2000 times. After this, observe the guality
of the projected picture and sound.

Film should be touching all
parts of the projector mech-
anism that it touches in normal
operation.

Projector should run.

Quality of projected image
and the sound should not be
affected.
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TABLE VII. PROJECTOR CHARACTERISTICS TESTS (cont)

Test

Procedure

Correct Indication

8. Film life {cont}

4,

5.

Examine film perforations,

Splices will be replaced as may be necessary
during the test, The life of 10 well made splices
will be noted, and the average number of pas-
sages of the 10 splices will be computed.

4,

Perforations should not show
evidence of excessive wear.

The average life of the splice
should be more than 1000
passages through the projector
mechanism, with light source
energized (750 watt lamp).

8, Tilt mech-
anism.

Turn tilt knob counterclockwise as far as it
will go.

Turn tilt knob clockwise to an intermediate
position.

Turn tilt knob clockwise as far as it will go.

Projector should be tilted 10
degrees from horizontal,

Angle of tilt should decrease
and projector should remain
securely in position,

Projector should return to
horizontal position and remain
there.

10. Noise of pro-
jector mech-
anism.

. Mount projector in a substantially free space

on a small stand. Mount the sound level meter
so that the microphone is 3 feet from the ver-
tical axis, passing through the picture aperiure
and in a horizontal plane with the aperture,

Take readings at 45 degree intervals beginning
with position in front of the projector. QOperate
projector with newly processed sound and pic-
ture film with the meter at curve setting "A .,
Read the sound level. Mzke these measurements
in a very quiet room.

The noise should be less than
60 decibels,

11. Lateral posi-

. tioning of film
scanning light
beam (accuracy
of buzz track
adjustments).

Thread projector with buzz track test film.
With loudspeaker connected to amplifier, turn
GAIN (Volume) control on full. Operate the
equipment.

No sound of a 300 cycle or
1000 cycle note shall be heard
in the loudspeaker, or the 300
and 1000 cycle note shall be
reproduced at an equally faint
intensity.

12, Uniformity of
scanning beam

illumination.

Thread projector with a loop of uniformity of
sound track test film (100 cycle), Measure the
output of projector with an gutput meter.

. If variation in output is not

more than + 1.5 db, projector
has staisfactory scanning beam
illumination.

13. Focus and
azimuth ad-
justment of
scanning light
beam {quick
adjustment).

(precision
adjustment)

Thread projector with sound-focusing test film,
field type (5000 cycles). Operate projector as
for a normal sound film. Adjust sound optical
unit.

Thread projector with sound focusing test film,
precision type (7000 cycles) so that emulsion
side faces exciter lamp. Connect output meter
to output of amplifier. Turn tone controls to
NORMAL, Turn GAIN (Volume) control until

a reading is obtained on output meter. Adjust
sound optical unit,

Loudness of tone in loudspeaker
indicates correct adjustment.

Focus and azimuth adjustment
correct when maximum read-
ing on output meter is obtained.

()
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TABLE VII, PROJECTOR CHARACTERISTICS TESTS (cont)

Test

Procedure

Correct Indication

14, Steadiness of . Thread the projector with a reel of 3000 cycle 1. Needle of flutter indicator
sound repro- flutter test film, Connect flutter indicator to should be read at calibrate
duction {flutter) output of amplifier. Operate equipment, Cali- point on meter,

brate flutter indicator.
. Turn off the motor. Turn flutier indicator . None,
switch to READ,
. Turn on the motor, Read the flutter indicator . Total flutter should be less
as soon as practicable after 6 feet of {ilm has than 0, 25 per cent,
passed through the projector.

15. Projector . With scanning light beam properly focused, set . The responce frequency
electrical fre- treble and bass tone controls at '"Normal." characteristic should be be-
guency re- Terminate the amplifier in an § ochm non- tween the dotted limits shown
sponse char- inductive resistor. Qperate projector with a on Figure 3-3.
acteristic test, multi-frequency test film. Measure the out-

put level at each frequency noted.
. Repeat test with sound track on other side of . Result should be as in 1 above.
film.

16. Line voltage . Turn the OFF-MOTOR-LAMP switch to the . Motor should start each time,
and frequency MOTOR position and to the OFF position 20
variation test. times at a line voltage of 108 volts (55 cycles),

. Repeat operation as in 1 above but at a line . Motor should start each time,
voltage of 122 volts (65 cycles).
. Run projector with sound picture film at line . Light output and sound quality
voltage of both 108 and 122 volts, using a 750 should be satisfactory,
watt lamp.
TABLE VIII. AMPLIFIER CHARACTERISTICS TESTS
NOTE: Refer to figure 3-4 for Amplifier Frequency Response Characteristics
Test Procedure Correct Indication
1, Adequacy of 1. Run projector with a 400 cycle test film, Set 1. Amplifier should deliver 8
Reserve Am- amplifier tone control to NOR (NORMAL) and watts of audic power to load
plification. the VOLUME control af a peint 20 decibels be- registor (11,3 volts rms
low maximum output (Mid-Position). Connect across 16 ohm load),
16 chm, non-inductive resistor to remote loud-
speaker receptacle J203, pins 1 and 3,
2. Electrical . Disconnect the photo cell input plug from J201, . The amplifier should develop
Power Qutput Using the Hewlett-Packard 200B oscillator (or 8 watts of audio power and the

and Distortion,

equivalent) as a source of signal, inject a 180
mv. signal into 7202, With the same volume
control seiting as in teat (1) measure the har-
monic content of the amplifier output with a
Hewleti-Packard 330B Distortion Analyzer at
frequencies of 100, 400, 1000, 2000, 3500,
5000, and 6000 cycles per second, The input
impedance of the Hewlett-Packard 330B Dis-
tortion Analyzer is high enough (600 ohms) so
as not to disturb the 16 ohm load on the ampli-
fier.

total distortion should not
exceed 2, 0% at any of the fre-
quencies tested,
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Section I

TABLE VIII. AMPLIFIER CHARACTERISTICS TESTS (cont)

Test

Procedure

Correct Indication

3. Frequency Re-
sponse Char-
acteristics.

. At rated gain, (volume control setting of tests

(1) and (2)), vary the input frequency from 70
to 8000 cps, keeping the amplitude of the input
signal at 18 mv.

1.

The output of the amplifier
should fall within the limits of
Figure 3-4 for any frequency
tested, providing that the input
signal is held constant with
respect to amplitude and that
the amplifier is terminated in
a 16 ohm non-inductive load.
The measured response should
have a slope approximating the
slope of the desired curve,.

4, Qutput Volt-

age Regulation.

Inject a 1000 cycle sine wave as in test (2), re-
sulting in B watts being delivered to the 16 ohm
resistive load (11.3 volts). Remove the load.

. Removal of the load should not

cause the output voltage to in-
crease in excess of 4 db. (Open
circuit voltage should not ex-
ceed 17. 9 volts at rated gain
with 180 mv. on grid of
V20la.)

5. Noise Test.

. Reconnect the photo cell cable plug P102 to J201.

With the projector running without film, set the
tone control to "NOR" and the volume control to
Maximum (Fully clockwise). Measure the volt-
age appearing across the 16 ohm resistor load at
the output of the amplifier.

The voltage measured is the
total electrical noise generated
by the projector and amplifier
and should be at least 40 db
below the rated output of 8
watts, (40 db below 8 watts
across 16 ochms corresponds

to a voltage of 0.113 volts).

6, Tone Control
Action.

1.

With an input signal of 18 mv into the micro-
phone jack (J202) and the volume control ad-
justed for 2 watts of power output across the 16
ohm load resistor (5.67 volts), determine the
frequency response curve by varying the input
frequency. The curve will be a plot of output

in decibels vs frequency.

. Rotate the tone control fully counterclockwise

and obtain a new response curve as above.

Rotate the tone control in a clockwise direction
and obtain another response curve.

The resulting response curve
must approximate the design
objective, Fig. 3-2 (within
+2 db).

The new response curve should
show attenuation of frequencies
above 700 cycles with an at-
tenuation of 10 db (+2 db) at
5000 cycles at maximum posi-
tion of the control, Fig. 3-2.

Accentuation of frequencies
above T00 cycles should result
in the form of a broadly tuned
peak with a boost of 6 db (+2 db)
at 3500 cycles when the control
is fully clockwise, In addition,
frequencies below 700 cycles
shall be attenuated with an
attentuation of 12 db (:2 db) at
100 cycles. Fig. 3-2.

T. Dielectric
Test.

Disconnect the power leads to the amplifier. Re-
move all tubes. Connect one lead of the 500 volt
dielectric test set to one power lead. Connect
other end of dielectric tester to any metal part
of amplifier. Turn ON set for one minute.

No short circuits or break-
downs should be indicated in
the amplifier.

73




Section IT

T.0. 10D1-2-9-3

TABLE IX. LOUDSPEAKER CHARACTERISTICS TESTS

Test

Procedure

Correct Indication

1. Sound Output

Pressure

. Set up loudspeaker under free field conditions

and impress an 8 watt warble signal across the
input taps. Measure the sound output pressure
on the loudspeaker axis at a distance of 10 feet
employing a signal warbled over band from

800 to 1250 cps. The signal shall be warbled with
a linear change of frequency on a logarithmic
scale with respect to time.

The loudspeaker shall be
capable of producing a mini-
mum output pressure of 88
decibels (Ref. 0,002 dyne
per cm)

Frequency Re-
sponse Char-
acteristics,

. Set up loudspeaker under free field conditions

and impress a constant voltage signal {of such
value as to deliver 2 watts at 800-1250 ¢ps.
warble) across the input terminals at a frequen-
ey varied from 80 to 8000 cps. Measure the
sound output pressure on the loudspeaker axis
at a distance of 10 feet.

The frequency response
characteristics should fall
within the limits of Figure 3-7.
Sharp peaks and dips may ex-
tend beyond thesc limits pro-
viding the width of these peaks
and dips at the limits is less
than 1/10 octave with no more
than one such extension per
octave. The sound output pres-
sure over the 800-1250 cycle
warble band will not neces-
sarily be the zero reference
on Fig. 3-17.

3. Load Charac-

teristic test.

. Set up loudspeaker under free field conditions

and impress an 800-1250 cps warble frequency
across the terminals. Vary the amplitude of this
signal from zero to 8 watts. Measure the sound
output pressure for each value of test voltages
on the speaker axis at a distance of 10 feet and
the power input to the speaker (volts & am-
peres) as the amplitude is varied.

The load characteristics
(sound pressure output versus
volt-ampere input) plotted on
logarithmic scales should be
essentially a straight line. The
maximum deviation from a
straight line should be 1.5 db
at 8 watts,

4




T,0, 10D1-2-9-3

Section IV
Difference Data Sheet

16-MM PROJECTOR

Serial No. P99000 and Higher

Type AQ-2A(1)

THE INSTRUCTIONS CONTAINED IN PRECEDING SECTIONS OF THIS HANDBOOK
APPLY EXCEPT FOR THE DIFFERENCES LISTED IN THIS DATA SHEET.

LEADING PARTICULARS. Same as for basic Type
AQ-2A(1).

SPECIAL TOOLS. Same as for basic Type AQ-2A(1).

DISASSEMBLY. Same as for basic Type AQ-2A(l),
except as noted in the following paragraphs.

a. The sound head assembly for Type AQ-2A(1)
projectors bearing serial numbers P95000 and higher
is equipped with a photocell cable {36, Figure 2-9),
which has an octal plug at one end. This octal plug
connects with a mating receptacle mounted in the
amplifier in place of the jack-type receptacle used
in the basic Type AQ-2A(1) projector.

b. The amplifier assembly for Type AQ-2A(1) pro-
jectors bearing serial numbers P99000 and higher
differs slightly from the amplifier assembly for the
basic Type AQ-2A(1) projector. Resistors have been
added across terminals of the octal sockets (index 37,
Figure 2-50} as shown in Figure 4-1. An octal-type
receptacle replaces the jack-type receptacle (index 8§,
Figure 2-51) used in the basic Type AQ-2A(1) pro-
jector, and an electrolytic capacitor has been added
to the circuitry. Boththe octal receptacle and capacitor
are illustrated in Figure 4-2, Changes in some com-
ponents of the resistor-capacitor strip assembly (see
Figure 4-3) have been made to improve over-all per-
formance of the amplifier,

¢, A new style power cable is supplied with Type

AQ-~2A(1) projectors bearing serial numbers P99000
and higher. This cable is equipped with a 3-bladed
connector plug (Figure 4-4) of the self-grounding
type, with a disconnect pull-chain provided.

15, Contact spring 30, No. 6 screw and wagher
16, Tubular rivet 31. Capacitor, 10 uf electrolytic
20. Octal receptacle 32, No, 6 screw, nut, washer

Figure 4-2, Photocell Input Receptacle
and Capacitor

Rzl TR

37. Octal socket

38, Screw, nut and washer

41, Resistor, 1/2w 10,000 ohm
42, Resistor, 1/2w 2.7 chm

Figure 4-1, Underside View of Amplifier
Chassis Showing Added Resistors

Revised 1 November 1957

12. Resistor, 1/2w 200K ohms
13, Resistor, 1/2w 110K ohms
14, Capacitor, 0.1 uf 400 wvde
15. Resistor, 1/2w 75K chms

16. Resistor, 1/2w 6800 ohms
17. Resistor, 5w 500 ohms

Figure 4-3, Revised Resistor-Capacitor
Strip Assembly
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Difference Data Sheet

CLEANING, Same as for basic Type AQ-2A(1).
INSPECTION. Same as for basic Type AQ-2A(1).

TESTING {during overhaul). Same as for basic Type
AQ-2A(1),

REPAIR OR REPLACEMENT, Same as for basic Type
AQ-2A(1).

LUBRICATION, Same as for basic Type AQ-2A(1).

REASSEMBLY. Same as for basic Type AQ-2A(1),
with changes noted in DISASSEMBLY, preceding,

TEST PROCEDURE (after overhaul). Same as for Figure 4-4. Connector Plug for
basic Type AQ-2A(1). New Power Cable

78 Revised 1 November 1957






