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ORDNANCE MAINTENANCE — DIRECTORS M5, M5A1, AND Mé

This Technical Manual supersedes TM 9-1659, dated 7 November 1942, Changes No. 1, dated
31 March 1943, and Changes No. 2, dated 24 September 1943 ; TB 1659-2, dated 30 June 1943; and
OS 9-58, dated December 1942.

Section |

INTRODUCTION
1. PURPOSE.

a. This Technical Manual is published for the information and
guidance of ordnance maintenance personnel. It contains detailed
instructions for inspection, disassembly, assembly, maintenance, and
repair of the Directors M5, M5A1, and M6, supplementary to those
in the Field Manuals and Technical Manuals prepared for the using
arms. Additional descriptive matter and illustrations are included
to aid in providing a complete working knowledge of the materiel.

b. This manual is supplementary to TM 9-659, which should be
consulted for information on operation, adjustment, and maintenance
normally performed by the using arms.

¢. ‘This manual differs from TM 9-1659, dated 7 November 1942,
chiefly in the addition of the Director M5A1.

2. SCOPE.

a. The operations described in this manual may be performed by
authorized ordnance personnel only, except as authorized in sub-
paragraph b, below.

b. In general, battery operating personnel are limited to adjust-
ments, repairs, and maintenance of directors and similar intricate
materiel which can be performed with facilities available and which
do not require access to the interior of the instrument through re-
moval of cover plates. Adjustments, repairs, and maintenance which
require removal of the cover plates may be performed by local per-
sonnel, either of the using arms or of the Ordnance Department, who
have been qualified for this work either through the successful ac-
complishment of a recognized course of instruction in director mainte-
nance, or through adequate experience in the type of operation to be
undertaken. A recognized course of instruction is defined as one
having the approval of the Chief of Ordnance and The Commanding
General, Army Ground Forces, for qualification in director repair
(subpar. ¢, below). Determination of adequate experience will be
made in each case by the responsible ordnance officer. The respon-
sible ordnance officer will take necessary action for maintenance re-
quiring facilities beyond those available locally.

¢. Personnel possessing certificates of successful accomplishment
of any of the following courses of instruction are authorized to per-
form routine maintenance and servicing of antiaircraft directors:

4
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INTRODUCTION

ply (American standard); while the M6 operates on a 50-volt, 50-
cycle power supply (British standard). This necessitates the use of
different output transmitters, lighting transformers, and fuses (when
fuses are used). Both directors use the same type of dual-voltage
motors, which can be connected for either power supply.

b. Director M5A1 operates on the same principle and the same
power supply as Director M5, but its variable speed mechanism runs
at a higher speed and transmits more torque, which eliminates the
necessity for the torque amplifier unit. Maintenance of this model is
therefore simpler. This model has also an additional elevation trans-
mitter which permits self-synchronization with the gun when used
with Remote Control System M9 or M10.

c. Director M5A1 may be distinguished from the M5 or by look-
ing in the left-hand window of either side cover plate. The M5Al
has an indicator dial bearing the number “M5A1,” while the M5 has
an open worm gear at this point (figs. 3 and 4).

d. Most of the description and instructions in this manual apply
to all three models and may be assumed to apply unless specific ref-
erence is made to particular models.

5. APPLICATION.

a. Director M5 is used with the 37-mm AA Gun Carriage M3A1l
equipped with Remote Control System M]1, or with the 40-mm AA
Gun Carriage M2 equipped with Remote Control System M5. These
systems are not self-synchronous. Power is supplied by Generating
Unit MS adjusted to give 115-volt, 60-cycle supply at the director.

b. Director M5A1 is used with the 37-mm AA Gun Carriage
M3A1 equipped with Remote Control System M9, or with the 40-mm
AA Gun Carriage M2 or M2A1 equipped with Remote Control Sys-
tem M10. Power is supplied by Generating Unit MS adjusted to give
115-volt, 60-cycle supply at the director.

e. Director M5A1 may also be used with Remote Control Sys-
tems M1 and M5, and Director M5 may be used with Remote Con-
trol Systems M9 and M10, but fully self-synchronous operation of
the gun can be obtained only with both Director M5A1 and Remote
Control System M9 or M10.

d. Director M6 is used with the 37-mm AA Gun Carriage M3Al
and Remote Control System M4, or with the 40-mm AA Gun Car-
riage M1 and Remote Control System M3. These systems are not
self-synchronous. Power is supplied by Generating Unit M5 adjusted
for 130-volt, 50-cycle supply, which is reduced in a junction box
transformer to 50 volts, 50 cycles at the director.

7
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ORDNANCE MAINTENANCE — DIRECTORS M5, M5A1, AND Mé
6. DATA.

a. Directors M5, M5A1, and M6, calculate and transmit to the
gun two elements of firing position, namely quadrant elevation and
firing azimuth. The data introduced into the instruments are the
rates of angular travel of the target in elevation and in azimuth (sup-
plied by visual tracking in elevation and azimuth) the present
angular position in elevation and azimuth (supplied by position of
the telescope at any instant) and the slant range or approximate
distance in yards to the target (supplied by estimate or observation
of tracer fire). No fuze data is required because the ammunition is
fuzed with a point-detonating superquick fuze. Any nonstandard
ballistic conditions are corrected in the range setting and by slight
alterations in tracking.

b. The directors (all three models) operate within the following
limits:

Azimuth position ... .. No limits to position or number of turns
Elevation of telescopes: _

Electrical limits ... ... Minus 5 deg to plus 85 deg

Mechanital stops ... ... Minus 10 deg to plus 92 deg
Maximum angular rate of tracking in azimuth or

elevation ... ... 20 deg per sec
Range (effective):

37-mm (muzzle velocity—2,600 ft per sec). .. ... 400 to 2,600 yd

40-mm (muzzle velocity—2,750 ft per sec) .. ...... 400 to 2,800 yd
Electric supply required:

MS and MSAL .. 115 volts, 60 cycles

M6 ... . PRI 50 volts, 50 cycles
Weight, less tripod (approx) ... 480 1b
Weight, in packing chest (approx) ... 690 1b
Dimensions, in packing chest . ... ... ... .. . . 48 x 3612 x 38 in.
Distance between telescope centers ... 2934 in.

Section Il

DESCRIPTION

7. PRINCIPLE OF OPFRATION AND FLOW OF DATA.

a. The purpose of a director is to compute the firing direction of
a gun so that it will hit a rapidly moving target. This firing direction
is divided into its elevation above horizontal and its azimuth angle.
It differs from the observed direction of the target by an amount

10
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DESCRIPTION

known as the lead angle, which depends on how far the target will
travel before the projectile reaches it. The lead angle may in turn
be divided into a vertical deflection angle and a lateral deflection
angle, each of which varies with the speed of the target (in elevation
or azimuth) and the time for the projectile to reach it.! Each angle
is computed by a separate mechanism.

b. In the director, there are two separate mechanisms, one for
azimuth and one for elevation, each of which operates as follows (see
schematic diagram fig. 5):

(1) A variable-speed mechanism drives the telescopes in eleva-
tion or azimuth, controlled by the tracker to follow the target. The
main body of the director moves with the telescopes in azimuth.
Each variable-speed mechanism consists of a constant-speed smooth
disk which faces the side of a cylindrical roller and drives it through
two rotating balls which may be moved outward from the center of
the disk to increase smoothly the speed of the roller (fig. 25). The
angular travel of the telescopes (and the target) at any instant is
indicated by the manually controlled position of these balls. This,
then, is one of the elements of the deflection angle (either azimuth
or elevation, as the case may be).

(2) The element of time may be expressed in a distance of yards
to the target and is estimated by the range setter. The action of the
multiplying mechanisms connected to the range handwheel is shown
in figure 25. The range setting changes the fulcrum of the slotted
link so that any movement of the bar assembly carrying the balls of
the variable-speed mechanism is multiplied in its effect on the crank
at the top. The crank actuates the future azimuth (or quadrant ele-
vation) differential so as to keep the gun-positioning transmitter lead-
ing the director telescopes in azimuth or elevation. The time element
represented by the ratio of the angular travel of the telescopes to the
desired deflection is determined by the fulcrum.

c¢. In addition to the vertical deflection angle, the gun must be
elevated to allow for the effect of gravity on the projectile. This
superelevation angle depends on the target elevation and also on time
or range. Therefore, a cam or eccentric connected to the telescopes
displaces the bar of the elevation variable sped mechanism slightly
from the actual ball position (fig. 40), and this additional factor is
automatically multiplied by the time factor in the elevation multiplier.

d. Besides changing the angular rate at which the telescopes are
driven, the trackers’ handwheels actually move them in the required
direction momentarily. This is known as aided tracking, and helps

!Correction for curving path of the projectile must also be introduced by the
director and constitutes another factor in the deflection and vertical angles (subpar.
¢, below).

~
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ORDNANCE MAINTENANCE — DIRECTORS M5, M5A1, AND Mé

to get on a target quickly without overcontrolling. This manual
movement is added to the mechanical drive through the azimuth and
elevation tracking differentials. Clutches are also provided to dis-
connect and lock the variable-speed mechanism controls so that the
telescopes may be positioned by hand when desired.

8. GENERAL ARRANGEMENT OF DIRECTOR PARTS.

a. To facilitate description, the director may be divided into the
following groups: the case and support assembly, the azimuth mecha-
nism, the elevation mechanism, the range mechanism, the buffers and
carrying brackets, the electrical components, the tripod, the telescopes,
and the accessories.

b. The azimuth, elevation, and range mechanisms constitute the
working components of the director. They are supported by and
housed in the case. The electrical components drive the variable-
speed mechanisms, transmit the firing data to the gun, and provide
illumination. The director is supported by the tripod when in use,
or is carried and supported by the buffers and carrying brackets when
in transportation. Two carrying bars are provided for lifting the
director from its shipping box and for carrying it short distances by
hand.

¢. The azimuth and elevation mechanisms are similar, several of
the units being identical.

9. CASE.

a. The case includes the base casting, frames, tie bars, and the
cover plates which form the sides and top of the case (fig. 8).

10. SUPPORT ASSEMBLY.

a. The support assembly D43680 rests on the tripod and suppor*:
the director (fig. 9). It contains the ball bearings in which the di-
rector rotates, the stationary main azimuth gear, and the contact ring
and brush arrangement which permits rotation of the director with-
out injury to the transmission cable. ‘

b. Support and Body Assembly. This is the inner or rotating
member of the support assembly. The two large ball bearings
which carry the director are pressed onto its outside diameter. It is
bolted to the director base (fig. 9). The support contains the con-
tact body consisting of fifteen electrical contact rings in an insulating
cylinder. Terminals on the outside of this body are numbered and
are accessible through openings in the support.

¢. Housing Assembly C78346. This is the outer or stationary
member of the support assembly (fig. 9). It has sockets for the

16
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ORDNANCE MAINTENANCE — DIRECTORS M5, M5A1, AND Mé

DESCRIPTION

FROM TORQUE AMPLIFIER/
OR GEAR REDUCTION UNITS 7 \

yAZIMUTH
QN |DIFFERENTIAL

MAIN AZIMUTH GEAR

TO RATE
SETTING

AZIMUTH THROWOUT
(SLEWING CLUTCH)

AZIMUTH HANDWHEEL

RA PD 15259

Figure 13 — Azimuth Differential Drive Shaft and Azimuth Tracking
Mechanism — Schematic Gearing Diagram

22
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ORDNANCE MAINTENANCE — DIRECTORS M5, M5A1, AND Mé6

NOTE: BOTH DRUMS ROTATE AT
SAME SPEED IN OPPOSITE

DIRECTIONS. RA PD 15257

Figure 28 — Torque Amplifier — Schematic Diagram

the transmitters. Two of the gears are of antibacklash type consisting of
a pair of gears connected through a spring which exerts a constant
torque between them (fig. 15). Unscrewing orienting nut at the bot-
tom of vertical shaft releases the pressure of a retainer A182414 against
the gears, and allows them to turn on their hub. This permits director
to turn independently of transmitters and gun.

(2) The future azimuth mechanism cover assembly (fig. 31)
attaches to the under side of the base and protects the orienting nut,
but is not a part of the future azimuth mechanism. It includes a
clamp operated by a small thumb nut A182562 which prevents rota-
tion of the shaft when orienting. Turning the director in azimuth
while both orienting and clamping nuts are tightened would cause
damage to the mechanism; therefore, one of them should always be

34
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DESCRIPTION

FROM DEFLECTION
MECHANISM

MAIN AZIMUTH GEAR ORIENTING NUT

RA PD 15375

Figure 33 — Future Azimuth Mechanism and Transmitters —
Schematic Diagram

backed off unless locked for some particular adjustment.

(3) Later models of the Director M5A1 will be fitted with the
type of orienting clutch shown in figure 32, quickly operated by a
forked lever. In normal operation a coil spring holds the gear
against its hub, but, when the lever is moved to a vertical position,
this pressure is released and at the same time a friction shoe is pressed
against a collar pinned to the shaft, locking it in a fixed position.

1. Azimuth Transmitter Assembly (figs. 33 and 34). The trans-
mitter assembly includes two synchronous electrical transmitters
which transmit the firing azimuth to the gun, a gear train, and a dial
for each transmitter. The assembly is bolted to the bracket of the
variable-speed mechanism. The gear train is driven from the future
azimuth mechanism. It is designed to turn the coarse azimuth trans-
mitter and dial once for each revolution of the director, and the fine
transmitter and dial once for each 20 degrees of director rotation
(provided deflection remains constant). The bracket provides a mount-
ing for a third transmitter which could be used for operating a second
gun, but which is not used in present design. Director M6 has 50-volt,
50-cycle transmitters; otherwise assemblies are identical.
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Figure 40 — Superelevation Mechanism — Schematic Diagram

f. The Torque Amplifier (Director M5 or M6) and the Gear
Reduction Unit (Director M5A1). These are the same as the
azimuth units described in paragraphs 11 i and j.

g. Quadrant Elevation Mechanism (fig. 41). The quadrant ele-
vation differential is equipped with suitable bracket and gears. An
adjustable idler on this mechanism transmits target elevation to the
telescope shaft. The differential adds the target elevation (from the
elevation tracking mechanism) and the deflection and superelevation
data received from the multiplying mechanism. Both input gears
have the antibacklash feature described in paragraph 11 k. The out-

>
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AZIMUTH TRACKING TELESCOPE

ELEVATION TRACKING TELESCOPE

TELESCOPE SHAFT SEGMENT

FROM ELEVATION
MULTIPLYING
MECHANISM

"TO ELEVATION

SUPERELEVATION
ECCENTRIC SHAFT

FROM ELEVATION
TRACKING MECHANISM
DacTon W8 RA PD 85827

Figure 42 — Quadrant Elevation Mechanism, Telescope Shaft, and
Superelevation Eccentric Connection — Schematic Diagram

telescopes are mounted, two bearings, the segment gear (which is
driven from the idler on the quadrant elevation mechanism), and a
lever which actuates the superelevation eccentric shaft. The azimuth
telescope flange has an adapter assembly which permits the two
telescopes to be alined in elevation. The open sight, which is located
at the rear corner of the case for rough sighting by the range setter,
is moved in synchronism with the telescopes by a link from the seg-
ment gear. A thumbscrew on the open sight permits its adjustment
in elevation.

13. RANGE MECHANISM.

a. The range mechanism consists of the shafts and gears which
transmit the range data from the handwheel to the azimuth and ele-
vation and multiplying mechanisms, and an index and scale which
show what range in yards is being inserted (figs. 46 and 47).

b. The range setting of the multiplying mechanisms depends on
the time of flight of the projectile to its target, and consequently on
the muzzle velocity. Therefore, separate scales are provided for the
37- and the 40-mm guns, calibrated in yards range to agree with the
different muzzle velocity of each gun. The extra scale is carried in
the accessory chest.
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ORDNANCE MAINTENANCE — DIRECTORS M5, M5A1, AND Mé6

JO AZIMUTH MULTIPLYING MECHANISM

RANGE HANODWHEEL

TO ELEVATION MULTIPLYING
MECHANISM

RA PD 42013

Figure 47 — Range Mechanism — Schematic Diagram

c¢. Older Directors M5 and M6 were furnished with four addi-
tional scales calibrated for lower muzzle velocities of worn 37-mm
guns. The differences between scales, however, were less than the
possible errors in estimating range, and they are no longer furnished.

14. BUFFERS AND CARRYING BRACKETS.

a. Four buffer assemblies, two each C78236 and C78237, are
bolted to the under side of the director base to support the director
when it is not mounted on the tripod (figs. 48 and 49). The assem-
blies are identical except that the body castings of the right- and left-
hand buffers are reversed. Each buffer contains a spring to cushion
and distribute the weight of the director evenly.

b. Carrying Bar Brackets. Two carrying bar bracket assemblies
C78250 (figs. 48 and 50) are fastened to the base casting for con-
venience in lifting the director. They accommodate the same carry-
ing bars which are used to carry the packing chest. Pins, chained to
the arms, may be inserted to prevent slipping on the bars. The arms
swing downward and are held out of the way during operatien of the
director by means of two clips A182587.

15. ELECTRICAL COMPONENTS.

a. The electrical parts of the director are the motors, the trans-
mitters, the lighting transformer and lamps, the switches, and the
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wiring. Earlier Directors M5 and M6 also had a fuse block which
was mounted on the bracket of the elevation variable-speed mecha-
nism. The wiring diagrams in figures 51, 52, and 53 will identify
which type of wiring is used in a particular director.

b. Directors M5 and M5A1 operate on 115-volt, 60-cycle power.
Director M6 operates on 50-volt, 50-cycle power. The same type of
motor is used in each by making adjustments, but the transmitters,
lighting transformer, and fuses (where used) are different in Director
M6 than in other models.

c. Each director receives power from Generating Unit M5. The
generator voltage and frequency adjustment must agree with that of
the director being used, except that the generator may be adjusted
for a slightly higher voltage to compensate for voltage drop in the
cable under load. For Director M6, 130 volts at the generator is
reduced to 50 volts at the director by a transformer in a junction
box. Generating Unit M6 can also be used in place of Unit M5 with
certain modifications to obtain 3-phase, 60-cycle supply.

d. Motors.

(1) The two motors in the constant-speed drive and the two
motors on the torque amplifier (used in Directors M5 and M6 only)
are the same except for minor mechanical details. They are 3-phase
Y-connected, totally enclosed motors rated at 1/40 horsepower in a
temperature range of minus 40° F to plus 125° F. The rated speed
at 115 volts, 60 cycles is 3,450 rpm and at 50 volts, 50 cycles is 2,850
rpm. The motors may be converted from one voltage range to the
other by shiftinig a set of links on the terminal block.

(2) The wiring diagram for Director M5A1 (fig. 53) shows that
the Z-terminals of the constant-speed motors are connected to ter-
minal block No. 15, which supplies the Y-phase to the transmitters.
Terminal block No. 8, the Z-power phase, supplies the Y-motor ter-
minals. This connection permits the same motors to be used in all
directors but reverses their direction of rotation in Director M5A1.

e. Transmitters.

(1) Director M5 has three type VII synchronous transmitters
and Director M6 has three type VIII synchronous transmitters; two
are mounted on the azimuth side, one each for coarse and fine control,
and one for fine control only, on the elevation side.

(2) Director M5A1 has four type VII synchronous transmitters,
for coarse and fine control of both azimuth and elevation, providing
self-synchronous control when used with Remote Control System M9
or M10.

(3) A transmitter is a device which transmits electrically the
angular position of its rotor. The rotor is supplied with single-phase
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alternating current which induces a set of voltages in the stator, and
these are transmitted to a device known as a synchronous differential.
The differential compares the angular position of the transmitter with
the angular position of the gun, and actuates hydraulic controls on
the gun mechanism to bring them into synchronism. The transmitters
are designed to operate through a temperature range of minus 45° F
to plus 125° F,

f. The wiring consists of a 15-conductor cable connecting the
contact rings in the support body with the main terminal block, and
a wiring assembly connecting all electrical units to the terminal
block. A wiring diagram is attached to the inside of the rear cover
plate of later Directors M5A1.

g. Fuses in the earlier directors protect all three phases of both
azimuth and elevation power supply, as shown in wiring diagram fig-
ure 51. The lighting transformer is also supplied through the fuses
for phases X and Y on the azimuth side. Later directors do not have
a fuse block. When no fuses are available for older directors, they
may safely be shorted out in emergency, preferably retaining the
good fuses in phases X and Y on the azimuth side because of the
additional protection to the lighting transformer.

16. TRIPOD.

a. Tripod M7 (fig. 54) is of welded tubular steel construction.
It has three adjustable plunger assemblies, shown in figure 56, which
permit the director to be levelled.

b. Tripod M19 (fig. 55) is of similar construction but is made
with threaded joints so that it can be disassembled and packed in a
smaller space. This tripod has been furnished only with later Di-
rectors M5A1, but is interchangeable with Tripod M7.

17. TELESCOPES.

a. Two elbow telescopes, one mounted for azimuth tracking and
one for elevation tracking, are used on each director. They are fine
optical instruments and should be treated as such.

b. Elbow Telescope M17 is an 8-power erect-image instrument
having a field of view of 6 degrees and a diopter scale graduated
from minus 4 to plus 2 diopters. The reticle pattern consists of a
vertical and a horizontal cross line (fig. 58). Four internal filters,
clear, neutral, amber, and red, may be brought into position as re-
quired for various lighting conditions. A rubber eye shield protects
the observer’s eye and blocks out stray light. The lamp bracket which
illuminates the cross lines may be reversed so that its opening will
be downward for either azimuth or elevation mounting.
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RA PD 70261
Figure 58 — Cross Line Reticle of EIbow Telescope M17
M75C-AZIMUTH M75D-ELEVATION
RA PD 85832

Figure 59 — Reticle Pattern in Elbow Telescopes M75C and D

c. Elbow Telescopes M75C (Azimuth) and M75D (elevation),
to be supplied with later Directors M5A1, have a reticle pattern con-
sisting of one unbroken cross line for tracking, and an interrupted or
broken cross line for reference (fig. 59). The broken line of each
reticle is graduated at 10-mil intervals. This pattern eliminates con-
fusion between elevation and azimuth lines at high elevations. These
telescopes also have improved sealing against internal fogging, and a
special nonreflecting coating on the optics.
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) Section lll
ACCESSORIES

18. ACCESSORIES FOR DIRECTORS M3 AND Mé.

a. The additional equipment supplied with Directors M5 and M6
consists of the packing chest, the canvas cover, the accessory chest,
and the tool chest.

b. The packing chest (fig. 60) is a large wooden box used for
storing and transporting the director. It is constructed in two parts
which are held together by draw bolts or by screws inserted through
metal strips. Matching arrows painted on the lid and body indicate
the proper alinement. Padded blocks in the inside of the chest pre-
vent the director from moving. In later chests these blocks are felt-
cushioned. In earlier chests, two supports on the floor of the body
were provided for mounting the telescopes. Later chests have the
telescope box shown in figure 60. Brackets are provided for the in-
sertion of carrying bars, and a pin chained to each bracket may be
inserted to lock the bar to the bracket.

c. The canvas cover is used to protect the director for short
periods when it is mounted on the tripod.

d. The accessory chest may be of either steel or wood construc-
tion, shown in figure 61 or 62. One chest is issued with each 4 di-
rectors and contains 1 torque amplifier assembly, 1 constant-speed
motor assembly, 1 synchronous transmitter assembly, 10 electric
lamps, 2 sets of auxiliary range scales, and 2 level vial bracket assem-
blies (SNL F-209).

e. The tool chest (fig. 63) carries the tools and instruments
shown in figures 64 and 65, also certain spare screws, pins, and ter-
minals. One chest is issued with each four directors (SNL F-209).

19. ACCESSORIES FOR DIRECTOR M5AL.

a. The additional equipment supplied with Director M5A1 con-
sists of the packing chest, the canvas cover, and the tool and acces-
sory chest (SNL F-209).

b. The packing chest (fig. 60) and the canvas cover are the same
as furnished with later Directors M5 and M6. They are described
in paragraph 18 b and ec.

c¢. The tool and accessory chest, shown in figure 66, is issued with
each four Directors M5A1. It carries both the tools shown in figure
67 and the following spare parts: 1 constant-speed motor assembly
C78432, 1 transmitter assembly B175809, 1 Elbow Telescope M17,
2 cable and plug assemblies, 1 power switch, 1 light switch, 1 level
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Section IV
INSPECTION

20. PURPOSE OF INSPECTION.

a. Inspection is for the purpose of determining by critical exam-
ination the condition of the materiel, whether repairs or adjustments
are required, and to insure serviceability and proper functioning. Its
immediate aim is trouble prevention, which includes the following:

(1) Detecting faulty or careless operation and care.

(2) Determining when replacement of parts is necessary because
of ordinary wear, breakage, or defective parts.

(3) Determining that all modifications authorized by Modifica-
tion Work Orders have been completed.

b. Inspection should always be accompanied by corrective meas-
ures to remedy any deficiencies or defects found. When properly
carried out, inspection and necessary corrective maintenance will in-
sure the maximum rehabilitation and performance of the materiel.

c¢. Suggestions for improvement in design, maintenance, safety,
and efficiency of operation, prompted by chronic failure or malufunc-
tion of the materiel, spare parts, or equipment should be forwarded
to the Office, Chief of Ordnance, Field Service Division, Maintenance
Branch, with all pertinent information necessary to initiate corrective
action. Such suggestions are encouraged in order that other organi-
zations may benefit.

d. Upon receipt of a director, it should be inspected to determine
its over-all condition. A record should be made of missing parts, de-
fects, and malfunctions, and action should be taken to correct these
conditions as soon as possible.

e. Upon reissuance of the director to using troops, it is the respon-
sibility of the officer in charge to determine that the materiel is com-
plete and in sound operating condition.

21. BASIC INSPECTION.

a. Examine the director for completeness (sec. IIl), appearance,
condition of paint, and for broken or damaged parts. Check the
name plate data to identify the model and the correct power input.
See that the correct range scale is installed for the gun to be used.
Check seal of windows and cover plates for signs of entrance of water
or dust. See that locating and mating surfaces of director, tripod,
and telescopes are smooth and clean. Remove switch covers and old
style orienting clutch cap.
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b. Buffer Assemblies. Measure the over-all height of each buffer
assembly when director is on tripod. It should be 8!1/ inches. For
adjustment, see paragraph 46. When director is off the tripod, try
the action of the buffers by placing your weight on each corner of
the director in succession.

c¢. Telescope Light Cables. Examine for signs of breaking at
plugs. Tape securely or replace to prevent short circuits which might
burn out transformer and wiring.

d. Inspection With Power Off. Try orienting clutch action. With
old style orienting clutch, be sure small locking nut is released before
slewing director. Try slewing clutch action, slewing director through
360 degrees to note any roughness or friction. Level director and see
that levels are properly adjusted. Look through telescopes, noting
whether optics are clean, reticles clear, and focusing good. Sight on
a distant object to see whether both telescopes and the open sight
are in line. See that elevation dials agree with telescope scale at
zero deflection.

e. Handwheel Rotation.

(1) Try both handwheels with clutch knob out and with clutch
knob pushed in. The azimuth handwheel should allow unlimited
rotation clockwise or counterclockwise when the rate setting clutch is
disengaged, and approximately 3 turns clockwise or counterclockwise
when the rate setting clutch is engaged. The elevation handwheel
should allow sufficient rotation to elevate or depress the telescopes
from minus 10 to plus 92 degrees when the rate setting clutch is dis-
engaged, and approximately 3 turns clockwise or counterclockwise
when the rate setting clutch is engaged. See that both azimuth and
elevation deflection marks aline when clutch knobs are pulled out.

(2) The range handwheel should allow 10 full turns but no more
unless the stop pins are sheared off.

(3) Do not force any controls which are jammed, but attach a
warning tag or proceed to find the cause.

f. Inspection With Power On. Try range scale and telescope
lights. Turn on motor switches and turn off immediately if motors
do not start. Set in varying deflection rates in both directions and
note whether tracking is smooth or jerky. Note whether telescopes
accelerate and decelerate smoothly when handwheel is turned quickly.
Try action of elevation limit switch by setting zero deflection and
turning in elevation by hand. On Director M5A1, see that solenoid
brake stops telescopes in less than 5 degrees when elevation switch is
turned off at full deflection. Time both motors for 1 minute.

g. Test Problems. If performance has not been satisfactory but
there is not time for a detailed inspection, try running the test prob-
lems in paragraph 35. Then refer to section VI.
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22. DETAILED INSPECTION.

a. The detailed inspection should be performed in a clean, dust-
free room where the cover plates may be removed without danger to
the mechanism. A large room with a fairly high ceiling is preferable
for testing the telescope alinement.

b. In the following tests, certain tolerances are given as an indi-
cation of the accuracy required for proper functioning. Due to wear,
an older instrument may approach or exceed certain limits without
being entirely unusable, depending on the availability of parts or
adequate service. The instrument repair man when making adjust-
ments should not be satisfied merely to keep within the tolerances but
should always attempt to reduce the errors to lowest possible limits
if time and conditions permit.

c. The following tools and equipment are required for detailed
inspection of a director (SNL F-209 and SNL F-272):

(1) Three-phase power source: for Director M5 or M5A1, one
of the devices shown in figure 68, 69, or 70 will permit using genera-
tor without going through gun junction box. Also see subparagraph
d, below.

(2) Ohmmeter or test buzzer set for electrical tests.

(3) A-c voltmeter, 0- to 150-volt and 0- to 15-volt scales prefer-
ably, for checking transmitter setting.

(4) Gunner’s quadrant and special fixture B315845 (fig. 81) for
testing telescopes.

(5) Testing target (fig. 74), for testing telescopes.

(6) Peep sight A400153 (fig. 81), for testing telescopes.

(7) Plumb line, for testing telescopes.

(8) Spring scale (0- to 25-1b for Director M5A1, or 0- to 12-lb
for Directors M5 and M6 only), for checking variable-speed mecha-
nism.

(9) Stop watch, to time constant-speed motors and test prob-
lems.

(10) Two-ounce weight A400158, torque arm B315848, and
spring scale (fig. 81), for testing torque amplifier in Director M5 or
M6. Or use the simpler tools in item (11), below.

(11) One-ounce and 14-ounce weights (fig. 78), and torque arm
B315849 (fig. 80 or 81), for field test of torque amplifier.

d. Testing With Single-phase Current. If 3-phase power is not
available, it is possible to use single-phase power from 115-volt, 60-
cycle lighting circuits, for testing Director M5 or M5A1 (or single-
phase 50-volt, 50-cycle power for Director M6).
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Figure 68 — Dummy Power Plug Which Permits Operating Director
MS or M5A1 Direct From Generator Cable

(1) Connect to terminal blocks Nos. 8 and 15 to run the motors.
If the motors do not start immediately when the switch is turned on,
twist the governor body in the right direction, and as soon as it has
come up to speed, the torque amplifier motor should start (on Di-
rector M5 or M6). When testing the transmitters, connect to ter-
minal blocks Nos. 1 and 15; with these connections, the motors will
not start without aid. Do not leave switches on without starting
motors, and do not run for long periods as the motors may overheat.

(2) The torque amplifier may be tested separately by connect-
ing to any two motor terminals and twisting the input coupling to
start it.

(3) The remote control system will not operate on single-phase
power.

e. Order of Testing. Whenever possible, tests should be made
and errors corrected in the order given. Correction of errors in some
of the earlier tests would affect later tests and adjustments; there-
fore, all subsequent tests should be repeated after an adjustment.

23. RANGE HANDWHEEL SHAFT STOPS.
a. Turn the range handwheel as far as it will go in both direc-
tions, but avoid forcing in case the stop pins have been sheared off.
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Figure 69 — Generator Junction Box for Connecting 15-conductor
Cable to Generator
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/RA PD 70276

Figure 72 — Zero Deflection Lines in Matching Position

c¢. Repeat operations performed in subparagraphs a and b, above,
on the elevation side.

d. Place a narrow ruler or rod 8 inches or more long against the
end of the bar assembly and make a mark opposite the end of the
rail at the zero deflection position and at both ends of its travel (fig.
73). The rate setting clutch stops should allow it to travel between
3 and 3144 inches from zero in either direction, without hitting either
shaft or pinion on the rate setting clutch.

e. Repeat for both azimuth and elevation mechanisms. For cor-
rection, see paragraph 50.

25. ELECTRICAL WIRING TEST.

a. Take off the side cover plates. Examine insulation for cracks
and cuts. Turn telescopes to between 0- and 80-degree elevation.
With an ohmmeter or test buzzer set, make a continuity test from
terminals on contact body (or other end of 15-conductor cable) to
corresponding numbers on terminal block.

b. Director M5 or M6. Remove cable plug from director.
Disconnect all wires from terminal block No. 15, and make the fol-
lowing continuity tests. See wiring diagram (fig. 51 or 52).

(1) Al switches off. Terminal block No. 1 to X-wire on all
motors (disconnect wire from motor when testing).

(2) All switches off. Disconnect Y-wire from azimuth fine
(lower) transmitter. Test terminal block No. 1 to X-terminal on all
transmitters. Reconnect Y-wire to transmitter.

(3) Old type wiring only. Light switch on, power switches off.
Terminal block No. 1 to transformer.
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(9) All switches off. Terminal block No. 4 to No. 1 on elevation
fine transmitter.

(10) All switches off. Terminal block No. 5 to No. 2 on eleva-
tion fine transmitter.

(11) All switches off. Terminal block No. 9 to No. 2 on azimuth
coarse transmitter.

(12) All switches off. Terminal block No. 10 to No. 3 on azi-
muth transmitters.

(13) All switches off. Terminal block No. 11 to No. 1 on azi-
muth fine transmitter.

(14) All switches off. Terminal block No. 12 to No. 2 on azi-
muth fine (lower) transmitter.

d. Reconnect wires to terminal block No. 1. All switches on.
Test all terminal blocks for short circuit to frame (subpar. h, below).

e. Director M5A1l. Remove cable plug from director. Discon-
nect all wires from terminal block No. 15, and make the following
continuity tests. See wiring diagram (fig. 53).

(1) All switches off. Terminal block No. 1 to X on both con-
stant-speed motors.

(2) All switches off. Terminal block No. 1 to X on elevation
transmitters (disconnect Y-wire from coarse (upper) transmitter
while testing).

(3) All switches oft. Terminal block No. 1 to X on azimuth
transmitters (disconnect Y-wire from fine (lower) transmitter while
testing).

f. Reconnect all wires to terminal block No. 15. Disconnect all
wires from terminal block No. 1. All switches off for operations per-
formed in steps (1) and (2), below.

(1) Terminal block No. 15 to Y on elevation transmitters (dis-
connect X-wire from coarse (upper) transmitter while testing).

(2) Terminal block No. 15 to Y on azimuth transmitters (dis-
connect X-wire from fine transmitter while testing).

(3) Azimuth switch on. Other switches off. Terminal block
No. 15 to Z-wire on azimuth constant-speed motor (disconnect wire
from motor while testing).

(4) Elevation switch on. Other switches off. Terminal block
No. 15 to Z on elevation constant-speed motor.

(5) Light switch on. Power switches off. Terminal block No.
15 to transformer.

(6) Light switch on. Power switches off. Terminal block No. 8
to transformer.
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(7) Azimuth switch on. Other switches off. Terminal block No.
8 to Y on azimuth constant-speed motor.

(8) Elevation switch on. Other switches off. Terminal block
No. 8 to Y on elevation constant-speed motor.

(9) All switches off. Terminal block No. 8 to No. 1 on azimuth
coarse (upper) transmitter.

(10) All switches off. Terminal block No. 2 to No. 3 on eleva-
tion coarse (upper) transmitter.

(11) All switches off. Terminal block No. 3 to No. 3 on eleva-
tion fine (lower) transmitter.

(12) All switches off. Terminal block No. 4 to No. 1 on eleva-
tion fine (lower) transmitter.

(13) All switches off. Terminal block No. 5 to No. 2 on eleva-
tion fine (lower) transmitter.

(14) All switches off. Terminal block No. 6 to No. 1 on eleva-
tion coarse (upper) transmitter.

(15) All switches off. Terminal block No. 7 to No. 2 on eleva-
tion coarse (upper) transmitter.

(16) All switches off. Terminal block No. 9 to No. 2 on azimuth
coarse (upper) transmitter.

(17) All switches off. Terminal block No. 10 to No. 3 on azi-
muth transmitters.

(18) All switches off. Terminal block No. 11 to No. 1 on azi-
muth fine (lower) transmitter.

(19) All switches off. Terminal block No. 12 to No. 2 on azi-
muth fine (lower) transmitter.

(20) All switches off. Disconnect one wire from brake solenoid.
Test one solenoid wire to Y on elevation constant-speed motor, other
wire to Z on elevation constant-speed motor. Reconnect wire.

g. Reconnect wires to terminal block No. 1. All switches on.
Test all terminal blocks for short circuit to frame.

h. Any particular unit suspected to be faulty should be tested
individually after referring to the wiring diagram and disconnecting
all wires from the unit.

26. ELECTRICAL ZERO OF TRANSMITTERS, AND DIAL SET-
TING.

a. The transmitters are accurately set at electrical zero at the fac-
tory. The following tests will indicate whether the transmitters have
been disturbed from their original setting.

b. Before testing each transmitter, turn the handwheel until the
dials read “ZERO” and check to see that the lining-up hole (fig. 44)
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is directly opposite the hole in the transmitter housing (usually at a
12-o’clock position). Supply power to the director through usual
connections, or by connecting single-phase power to terminal blocks
Nos. 1 and 15. Leave director switches off. Disconnect the wire from
terminals Nos. 1, 2, and 3 on the transmitter while testing. Place a
jumper between terminals X and No. 2 on the transmitter, and meas-
ure the voltage between terminals Y and No. 1. The voltage should
be between 20 and 30. CAUTION: If the transmitter is 180 degrees
from electrical zero position, the voltage may be about 200; so merely
touch the terminals until certain the needle does not go off scale
(with a 0- to 150-volt meter). Then remove the jumper and meas-
ure voltage between terminals 1 and 3 on the transmitter. It should
be zero (or less than 1 volt) when the holes are alined and should
increase as the handwheel is moved in either direction. Check with
a low-range meter if available. Refer to paragraph 51 for zeroing
method if necessary.

c. When the holes are exactly alined in the coarse azimuth trans-
mitter, the holes in the fine transmitter should also be alined, and
both dials should be at zero.

d. Director M5A1 Only. When the holes are exactly alined in
the coarse elevation transmitter, the holes in the fine transmitter
should also be alined, and both dials should be at zero.

e. Directors M5 and M6. When the holes in the fine elevation
transmitter are alined, the fine dial should be at zero and the coarse
dial at any one of its graduations, corresponding to the elevation scale
near the telescope.

f. If any transmitter appears to zero at any other point than with
the holes alined, it will be necessary to reset it at electrical zero. If
each transmitter zeros properly but dials are not at zero, or coarse
and fine transmitters do not zero at same position, follow the pro-
cedure for adjustment given in paragraph 52 or 53 before proceeding
with inspection.

g. If there are any indications of a burned-out transmitter, see
the test described in paragraph 44 b.

27. TELESCOPE SHAFT SEGMENT ENGAGEMENT AND ELE-
VATION STOPS.

a. Set vertical deflection to zero and pull out clutch knob. Turn
the elevation dials to minus 5 degrees (15 deg on fine dial). At this
position, the fourth or fifth tooth of the segment should be engaged
with the idler gear on the quadrant elevation mechanism. 1f the seg-
ment is more than one tooth away from this position, the limit switch
will probably be found out of adjustment and it will be necessary to
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reengage the gear segment. In any case, the segment should never
come within two teeth of the end at minus 10 or plus 92 degrees on
the dials.

b. Limit Switch. The elevation limit switch should be adjusted
to shut off the power at minus 5 and at plus 85 degrees on the dials.
Set zero deflection, pull out clutch knob, turn on elevation switch,
and turn handwheel until motor stops. With the limit switch off,
slowly back the telescopes off with the handwheel and note whether
there is a space in which the motor hums before picking up. This
space should not exceed one-half degree on the fine dial. For cor-
rection, see paragraph 54.

c. Mechanical Stops. The telescope shaft segment should strike
the mechanical stops at minus 10 and plus 92 degrees to prevent the
segment teeth from being disengaged at either end. The stops may
be bent slightly to the correct position if they have not been badly
bent or fatigued. If the segment has been disengaged, check to see
that the antiblacklash gear is properly wound. For correction, see
TM 9-659.

d. Solenoid Brake, Director MSAl Only. Turn on elevation
power switch. The brake should release immediately. Turn tele-
scopes to about 75-degree elevation; then set in maximum rate down-
ward and shut off the switch. The telescopes should stop within 5
degrees on the elevation scale, so that.if they should open the limit
switch at minus 5 degrees, they would stop before the segment
strikes the mechanical stop. For adjustment of brake, see para-
graph 57.

28. TELESCOPES AND OPEN SIGHT.

a. Look through each end of each telescope and examine the
optical elements for signs of breakage, dirt, grease, moisture, or de-
terioration of adhesive balsam in the compound lenses. Also check
filters and the focus and illumination of the reticles. The move-
ment of the diopter ring should be free from approximately minus 4
diopters to plus 2 diopters. When observing a distant object, there
should be no relative movement (parallax) between the object and
the reticle when the eye is moved slightly from side to side or up
and down. The telescope may be removed from the director for this
test. Repair of faulty telescopes should be handled by an instrument
repair man.

b. Level the director carefully, as described in paragraph 45,
before proceeding with the tests.

c¢. Vertical Plumb Travel. Suspend a thin plumb line from the
highest point available, so that the telescope can follow it up to a
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45-degree elevation. It should not be closer to the director than 15
feet, however. With the director levelled, the vertical reticle line of
the azimuth telescope should follow the plumb line from 0 to 45
degrees within one mil. To avoid parallax at close range, use a peep
sight. For this test only, a crude peep sight could be used in which
the location of the hole is not held to close limits. For alinement
tests, the hole must be accurately located. If the line is still not clear,
place a single lens, such as a jeweler’s magnifying glass, in front of the
peep sight.

d. ‘Turn the telescope shaft to 90 degrees. Remove the elevation
telescope and attach the special fixture B315845 shown in figure 81,
being sure that the straightedge rests against the locating studs in the
telescope flange. Use the regular telescope thumbscrews. Place a
gunner’s quadrant or a good level on the fixture, and turn the hand-
wheel to level it. Move off from level a degree or two and slowly
approach level position from either direction without overrunning, to
take up blacklash. The average reading of the elevation dials should
be 90 degrees within the width of the index line on the fine elevation
dial. For correction, see paragraph 58.

e. If no level or fixture is available, the elevation dials may be
checked at zero elevation on the distant horizon in flat country, or
with a test mark at the exact height of the telescope shaft center. In
any case, approach level position from both directions and average
the dial readings to cancel out the backlash.

f. Parallelism Between Telescopes.

(1) Set up a testing target like that shown in figure 74, at 100
to 200 yards if testing is done outdoors, or at as great a distance as
possible indoors. It should be approximately the same height as the
telescope shaft. Mark the 1-mil tolerance lines on the target after
measuring the distance. Check the distance between vertical lines
carefully when used at close range, remembering the possibility of
shrinkage of paper or wood. With the director levelled, aline the
elevation telescope on the left end of the horizontal target line. Then
slew the director until the same telescope is aimed at the right end of
the line. The horizontal line should still be on the crosshair if the
target is level. If not, adjust the target and recheck. With the direc-
tor and target level, make the following tests. The use of a peep
sight (A400153 in fig. 81) over the telescope is necessary for ac-
curacy at short ranges.

(2) ALINEMENT IN ELEVATION. Aline the horizontal reticle line
in the elevation telescope on the left end of the target line. Block
handwheel lightly. The horizontal reticle line of the azimuth tele-
scope should be parallel within 1 mil, or inside the small tolerance
marks on the target.
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assembly just barely leaves the balls. This may be checked by in-
serting a piece of paper. Be careful not to let the rod slip, and avoid
pushing on the rod, which would affect the reading.

d. If necessary, turn the adjusting nut until the tension is correct.
It may be necessary to loosen the small guide screw in the top of the
rocker,

30. CONSTANT-SPEED MOTOR GOVERNORS.

a. Connect power cable and turn on azimuth and elevation
switches. Set in a small deflection, which should be upward from
0 degree or downward from 90 degrees in elevation. Observe and
time each wormwheel or index as it makes exactly 20 revolutions in
the direction of the arrow. The time should be 60 seconds plus or minus
one-half second.

b. Note any noise or other signs of overspeeding at zero deflec-
tion which would indicate friction in governor ball bearings.

c¢. For adjustment of governors, see paragraph 60.

31. AZIMUTH ZERO CREEP.

a. Make this test only when the zero deflection is set correctly as
indicated in paragraph 24 b.

b. Set azimuth mechanism for zero deflection and pull out rate
setting clutch firmly. Turn handwheel to bring any division of the
fine azimuth dial opposite its index. Turn on azimuth switch and see
that the fine azimuth dial does not creep more than 1 degree in 1
minute.

¢. For adjustment of ball carriage, see paragraph 61.

32. ELEVATION ZERO CREEP AND SUPERELEVATION
CREEP. ’

a. Make this test only when the zero deflection is set correctly as
indicated in paragraph 24 b and c.

b. Set elevation mechanism for zero deflection and pull out rate
setting clutch. Turn telescope to 90 degrees on the elevation dials.
Place jumpers around limit switch so elevation motor will operate,
and turn elevation switch on. The fine elevation dial should not creep
more than 1 degree in 1 minute.

¢. Remove limit switch jumpers.

d. Superelevation Setting. With the deflection still at zero, turn
the telescopes down to about 67 degrees by hand, and time the creep
of the dials from 65 degrees down to 60 degrees. Likewise turn down
to about 10 degrees and time creep from 5 degrees to 0.
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(1) If the superelevation mechanism is correctly adjusted, the
times should be as follows:

65 to 60 5100

Range Scale Value of K (deg) (deg)
E (37-mm) 0.0694 25 *= 2.5 sec 10.8 = 1 sec
F (40-mm) 0.0580 25 = 2.5 sec 129 = Y, sec

e. For adjustment, see paragraph 62.

33. BACKLASH.

a. In both azimuth and tlevation, the backlash of the gear train
should not be more than 6 minutes or twice the width of lines on the
fine dials.

b. Backlash readings should be made at several points, perhaps
30 degrees apart in elevation and 60 degrees apart in azimuth. Select
suitable target points and approach each point slowly from both direc-
tions, being careful not to reverse the tracking direction. Note the dial
reading when the telescope is on the target. The difference in the two
dial readings is total backlash.

34. SMOOTHNESS OF OPERATION.

a. In both azimuth and elevation, the director should track
smoothly at all rates without jerk or chatter of the dials.

b. Aline deflection marks and pull out the rate setting clutch
knob. Check that the torque required to turn the handwheel is not
excessive. The motion should be smooth, without jerk or chatter. If
these conditions are not met, the load imposed by the gearing is too
great and should be corrected. The gear train may be dirty, in which
event it should be properly cleaned and lubricated.

¢. Set range to datum line. Push in rate setting clutch knob. Turn
on power. Set in increasing and decreasing deflection rates from
minimum to maximum rates. This should be done smoothly. The
director should traverse or the telescopes should elevate or depress
in a like manner without hesitation. Dials should register all move-
ments without chatter or jerk. It is advisable to check that the orient-
ing clutch is properly tightened should this condition exist. Smooth-
ness of travel in azimuth may be checked by noting the reaction of
the bubbles on the level vials while the director is traversing. Check
action in both directions. Smoothness of travel in elevation may be
checked by observing an object through the telescope, also by noting
the smoothness of the elevation fine dial. Any tendency to jerk or
chatter will be especially noticeable at very low deflection rates.

d. If these conditions are not satisfactorily met, the torque ampli-
fier (in Director M5 or M6) should be checked as indicated in para-
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graph 36. The gear train of the director, and the worm drive should
also be checked for proper functioning.

35. TEST PROBLEMS.

a. Test problems are a final check upon the operation of the
director. By the accuracy of the results of the time problems, it is
possible to determine the exact condition of the mechanical com-
ponents of the director. The problems determine the given time in
seconds required for a certain predetermined travel of the director
or telescopes under known conditions of range and deflection. The
observed time should agree with the given time within the specified
tolerances. Consult whichever table corresponds to the range scale
in the director.

b. Elevation Problems. See table I or II.

(1) Aline the deflection marks and pull out the elevation rate
setting clutch knob.

(2) Set in the required range on the range dial

(3) Set the elevation dials to 80 degrees for a decreasing de-
flection or to 0 degree for an increasing deflection.

(4) Push in the rate setting clutch knob, and set in the required
deflection. This may be set directly on the dials for increasing ele-
vation, or must be subtracted from 80 degrees to get dial reading
for decreasing elevation.

TABLE | — ELEVATION TEST PROBLEMS

RANGE SCALE FOR 37-MM GUN
M.V. 2600 F/S —Superelevation Setting 0.0694

Degrees RANGE — YARDS
Deflection 500 1,000 1,500 2,000
TIME IN SECONDS
FOR TELESCOPES TO DEPRESS FROM 75 TO 15 DEGREES
-5 96 =08 (174 =12 | 260 =16 | 355 2.1
-10 48 = 0.5 90 07 |13.7 10 (193 =13
-15 3.1 £05 59 += 0.6 92 =08 | 13.0 =09
-20 43 = 05 6.7 = 0.6 9.7 = 0.8
-30 6.0 = 0.6
TIME IN SECONDS
FOR TELESCOPES TO ELEVATE FROM 15 TO 75 DEGREES
+5 106 = 08 | 21.1 =14 | 353 =21 |556 = 3.1
+10 5.1 = 0.6 98 =08 | 160 =11 | 239 * 15
+15 32 04 63 =06 |10.1 =08 |150=*=1.0
+20 4.5 = 0.5 72 = 0.7 | 10.7 = 08
+30 64 = 0.6
94
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(5) Turn on power. Using a stop watch, check the time required
for the telescopes to travel from either 75 to 15 degrees or from 15 to
75 degrees, on the elevation scale near the telescope.

(6) Aline the deflection marks and turn the power off immediate-
ly after the required position has been reached.

TABLE Il — ELEVATION TEST PROBLEMS
RANGE SCALE FOR 40-MM GUN
M.V. 2750 F/S — Superelevation Setting 0.0580

Degrees RANGE — YARDS
Deflection 500 1,000 1,500 2,000

TIME IN SECONDS
FOR TELESCOPES TO DEPRESS FROM 75 TO 15 DEGREES

-5 94 = 08| 169 = 1.1 | 25.1 = 16 | 33.8 =20
-10 4.7 £ 0.5 8707 (13110 180 = 1.2
-15 5.7 = 0.6 8.7 0.7
-20 89 = 0.7
=30 55 *= 0.6

TIME IN SECONDS
FOR TELESCOPES TO ELEVATE FROM 15 TO 75 DEGREES

+5 102 = 0.8 | 199 = 13 | 320 = 19 | 476 = 2.7
+10 49 = 0.5 94 =08 | 147 =10 | 213 = 14
+15 6.0 = 0.6 94 = 0.8
+20 9.7 = 0.8
+30 5.8 * 0.6

c¢. Azimuth Problems. See table III or IV.

(1) With the deflection marks alined and the rate setting clutch
disengaged, set the firing azimuth dials to zero for reference. Dis-
engage and clamp the orienting clutch by loosening the large thumb
nut and tightening the small nut (fig. 31). With new type orienting
clutch, move lever to vertical position. Incorrect settings will be
made if the clutch is not properly clamped.

(2) Provide an index on the base of the director and a mark on
the housing or tripod as a fixed reference for timing one revolution
of the director.

(3) Set in the required range on the range dial.

(4) Turn on power. The power should be turned on before the
deflection is set in to prevent damage to the torque amplifier or the
gear train.
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(5) Turn the azimuth handwheel until the dial indicates the re-
quired deflection in either direction from zero. Time the director for
one complete revolution, and compare with correct time in chart.

(6) Set deflection for opposite direction of rotation and repeat.

TABLE IlIl — AZIMUTH TEST PROBLEMS
RANGE SCALE FOR 37-MM GUN
M.V. 2600 F/S — Superelevation Setting 0.0694

TIME IN SECONDS REQUIRED FOR THE DIRECTOR TO TURN ONE COMPLETE
REVOLUTION IN AZIMUTH — CLOCKWISE OR COUNTERCLOCKWISE

Degrees RANGE — YARDS
Deflection 500 1,000 1,500 2,000
5 50.0 = 1.8 [103.9 = 3.4 |169.0 = 54 | 2483 = 7.7
10 242 =10 | 509 =18 | 832 *28 |1226 = 4.0
15 327 =13 | 540 %= 19 799 = 2.7
20 233 +10 | 38915 | 580 =20
30 348 = 1.3

TABLE IV — AZIMUTH TEST PROBLEMS
RANGE SCALE FOR 40-MM GUN.
M.V. 2750 F/S — Superelevation Setting 0.0580

TIME IN SECONDS REQUIRED FOR THE DIRECTOR TO TURN ONE COMPLETE
REVOLUTION IN AZIMUTH — CLOCKWISE OR COUNTERCLOCKWISE

Degrees RANGE — YARDS
Deflection 500 1,000 1,500 2,000
5 489 + 1.8 | 99.2 =33 |1581 5.0 | 2260 = 7.1
10 236 =10 | 486 =18 | 77.8 =27 | 1115 * 3.6
15 312 12 | 504 =138
20 526 =19
30 315 1.2

36. TORQUE AMPLIFIER (DIRECTORS M5 AND M6).

a. The torque amplifier is a frequent source of trouble, and it is
desirable to test this unit independently after removal from the
director.

b. With motor not running, input and output shafts should rotate
easily when turned in opposite directions.

c¢. When motor is switched on, it should come up to speed quickly
without noticeable noise or vibration. If motor is running backward,
the output and input will be reversed, and the output coupling will
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Section V
GENERAL MAINTENANCE

38. GENERAL CARE.

a. Care in Handling.

(1) The director is built to withstand all normal service condi-
tions, but rough handling should be avoided as it may result in serious
damage to the delicate mechanisms and accurately adjusted parts.
When the director is set up into position, be sure that the tripod will
not shift, allowing the director to fall and be damaged. When placing
the director on the tripod, lower it carefully into position. The bush-
ings on the director housing may be lined up with the plungers by
disengaging the slewing clutch and rotating the director housing until
the bushings are lined up in proper position. Do not drop director
onto the tripod.

(2) Be sure the power is off at the generator when inserting or
removing the D-plug.

(3) Do not slew the director by pushing on the case; use the
azimuth throw-out lever. Grip the lever tightly so as to disengage
the clutch teeth fully.

(4) Whenever using the orienting clutch, do not attempt to turn
the director while both the orienting clutch and lock nut are tightened,
as it will result in serious damage to the clutch.

(5) Whenever replacing cover plates, seal with grease.

b. Care of Cables.

(1) Cables will not withstand repeated kinking or twisting, so
avoid excessive twisting or bending the cables on a short radius. Do
not allow vehicles to run over unprotected cables, especially in very
cold weather, and protect cables from heat or sunlight when not in
use. Do not allow dirt of any kind to accumulate on the cable plugs
as it will impair connections and may lead to short circuits.

(2) Oil and grease are detrimental to rubber; therefore, keep the
cables free from these materials. If oil or grease gets on the rubber,
wipe it off or, better, wash with soapy water.

(3) The reticle light cables are frequently broken at the plugs by
twisting, and cause shorts which may burn out the transformer and
wiring. Broken cables should be replaced or firmly taped to prevent
further damage.

c. Cold Weather Operation. Cold tends to freeze moving parts
by congealing the lubricants. This will be evidenced by stiffness of
operation. To avoid this, lubricate the director very lightly using
oil, only, and do not use grease. .
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d. Desert Operation. To keep sand and dust away from it, keep
the director covered at all times when not in use. Keep the orienting
clutch and switch covers on at all times when the director is not in
use. Never remove cover plates in dusty air if it can be avoided.
The lubrication for the director is the same as for normal conditions
except that it may have to be done more often. Sand wears gears
and bearings rapidly. Disassemble and clean as soon as possible.

39. CLEANING.
a. Cleaning Materials.

BRUSH, artist, camel’s-hair, rd.
PAPER, lens, tissue
SOAP, liquid, lens cleaning

b. Metal Parts. Dust off the metal surfaces with a soft, dry cloth.
Do not use cleaning polishes of any kind. Clean telescope flanges and
seats, and brush out electrical receptacles with a soft, dry cloth.

¢. Cleaning Lenses and Windows.

(1) Never touch the surface of a lens with the fingers. Never
use a cloth of any kind on an optical glass surface.

(2) Remove dust from lenses and windows with a clean camel’s-
hair brush. Tap brush against a hard surface to remove clinging dust
particles, and repeat until lens is clean.

(3) Toremove grease from windows or lenses of M17 Telescopes,
apply liquid lens cleaning soap with a tuft of lens tissue paper, and
wipe off with a clean tuft of lens tissue.

CAUTION: Due to the special coating on the lenses of M75 Tele-
scopes, the use of lens soap is forbidden. Clean only by breathing on
lens and wiping gently with a tuft of clean lens tissue paper. Exces-
sive rubbing must be avoided.

(4) Internal fogging may be cleared up by taking the telescope
to a warm room. Do not apply local heat. Complaints of persistent
internal fogging should be referred to an instrument repair man.

40. LUBRICATION.

a. These instructions apply to all three directors. They are in

addition to lubrication instructions for the using arms, as given in
TM 9-659.

b. The following lubricants and cleaning materials are prescribed
for use in the directors:

GREASE, lubricating, special (for all lubrication where grease is
specified)
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OIL, lubricating, for aircraft instruments and machine guns (for all
lubrication where oil is specified)

SOLVENT, dry-cleaning (for cleaning parts, wherever solvent is
specified)

c. Any time that a director is taken in for maintenance, and it is
necessary to remove the cover plates, the director should be inspected
for necessary lubrication. All bearings and points of sliding friction
that are accessible should be checked. Ball bearings are coated with
grease at the time of assembly, and ordinarily require no attention
until the time of general overhaul. However, if the grease shows
signs of hardening or other deterioration, the bearing should be re-
moved, thoroughly cleaned with solvent, dried, and immediately re-
lubricated.

(1) BALL BEARINGS. After thoroughly cleaning and drying, apply
a light coat of oil and work well into bearings. Then apply a seal of
grease, but do not work the grease down around the balls. The
grease is applied only to keep the oil from running off and also to
keep dirt and foreign material out. -

(2) MACHINED SURFACES. A light coating of grease should be
applied to all steel machined surfaces even though they are not
working surfaces.

(3) DIFFERENTIAL GEARS, GEAR DRIVES, BALL BEARINGS, ETC.
These may be lubricated, if necessary, with a drop or two of oil, but
do not oil excessively. This is to be done only when it is nct possible
to remove, clean, and lubricate these parts properly, due to lack of
time or dusty conditions.

(4) TORQUE AMPLIFIER (DIRECTOR M5 OR M6). Take a half-
turn on each grease cup. Every 6 months, clean and refill as in sub-
paragraph d (8), below.

(5) SpPIRAL DRIVE (DIRECTOR M5A1). Take a half-turn on the
grease cup. .

(6) GEAR REDUCTION UNIT (DIRECTOR M5A1). Remove cover
and coat gears with grease.

d. Whenever the director is given a general overhaul, all bearings
should be removed, cleaned, and properly lubricated as per subpara-
graph ¢ (1), above. All other parts requiring lubrication should be
cleaned and properly lubricated at the same time. Specific points
to be lubricated are as follows:

(1) GOVERNOR BEARINGS. Cover with a light film of oil; do not
apply grease. If these bearings become dirty or gummed up it will
cause the governor shoes to fly out and strike the base of the director.
Any time that gouges are observed in the base immediately under
the governor, the bearings should be removed and thoroughly cleaned
and lubricated.
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(2) VARIABLE-SPEED MECHANISM, Disk, ROLLER AND ECCEN-
TRIC SHAFT. After cleaning, cover with a thin film of oil, then grease,
in order to prevent corrosion.

(3) MULTIPLYING MECHANISM. Oil slider rails and time screw
lightly upon reassembly.

(4) BAR AND RAIL.‘ Put one drop of oil in each of the marked
oilholes when necessary. Clean and oil at each overhaul.

(5) TRACKING MECHANISMS. Clean and oil lightly whenever dif-
ferential becomes dirty or sticky.

(6) GeEARs. Apply a light film of oil throughout the gear train.
(Do not oil excessively.)

(7) LARGE BEARINGS IN HOUSING. These usually require lubri-
cation only at time of overhaul. Pressure gun fitting can be reached
through hole in base near torque amplifier or gear reduction unit.

(8) ToORQUE AMPLIFIER (DIRECTOR M5 OR M6). The gear
train on torque amplifiers of Directors M5 and M6 will be lubricated
every 6 months and at such other times as the director is in a base
shop for maintenance. Lubrication will be performed by authorized
ordnance personnel only, in accordance with the following instruc-
tions: '

(a) Remove cover C78284 from input shaft end of torque ampli-
fier. Remove gear guard A182268. Using a cloth wet with dry-
cleaning solvent, wipe grease from all gears. When the gears are dry,
apply a coating of special lubricating grease.

(b) Fill housing around upper gears until the teeth of gear
A182282 dip into grease.

(c) Clean and refill grease cups.

(d) When the foregoing procedure has been followed, grease cups
can be given a partial turn whenever side covers are removed.

(e) Cold Weather Operation.

1. Maintenance. During cold weather operation, that is for tem-
peratures below plus 32° F, whenever sluggish operation indicates,
the director should be carefully relubricated. Directors which have
been in storage for a considerable length of time must be completely
disassembled and relubricated. The importance of removing all old
lubricant by cleaning with dry-cleaning solvent and relubricating
sparingly cannot be overemphasized. NOTE: All residue left by
the dry-cleaning solvent must be carefully removed before relubrica-
tion.

2. Lubrication. When lubricating those mechanisms for which
special lubricating grease is prescribed apply very sparingly. When
oiling those parts for which lubricating oil for aircraft instruments
and machine guns is prescribed, apply only the lightest possible film.
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(9) SpPIRAL DRIVE (DIRECTOR M5A1). Remove cover and wipe
out old grease; coat gears with grease and refill grease cup.

(10) GEAR RepucTION UNIT (DIRECTOR M5A1). Remove cover
and wipe off old grease; coat gears with new grease. See subpara-
graph ¢ (1), above, for ball bearings.

(11) SEALING. Use grease on the contact surfaces on all cover
plates as a seal.

(12) TripoD. The leveling screws should be oiled occasionally.
Do not pack the ball of the plunger assemblies with grease.

41. SPECIAL TOOLS.

a. There are some special tools, shown in figure 81, that will aid
materially in the maintenance of the directors. Some of these are
tools for the torque amplifier in Directors M5 and M6. See also the
special testing devices shown in figures 68, 69, 70, 74, 78, and 80,
and the emergency tool in figure 278.

Section VI
MALFUNCTIONS AND CORRECTIONS

42. TROUBLE SHOOTING.

a. Trouble shooting on the directors is a process of orderly
analysis of the symptoms indicating faulty operation, when there is
not time for a thorough inspection and overhaul. Troubles can be
quickly located if a regular procedure is followed. If the gun does
not follow the director properly, determine first whether the trouble
lies in the mechanical part of the director or in the electrical signal-
ling system. With the gun and director in operating position perform
the following steps:

(1) Watch the dials on the director; the gun should follow the
dials exactly. If the dials behave in the normal fashion, and the gun
is erratic, the trouble is in either the hydraulic part of the oil gear or
in the electrical signalling system. If the dials are erratic, the trouble
is in the mechanical part of the director.

(2) Operate the oil gear pilot valve manually; if the gun responds
normally, the trouble is in the electrical signalling system. If it does
not, the trouble is in the hydraulic part of the oil gear.

(3) As a rough check, move gun or director manually and watch
the deflections of the electrical differential torque arm. If the torque
arm deflects normally, the trouble is in the hydraulic part of the oil
gear. If it does not, the trouble is in the electrical signalling system.

(4) If the trouble is determined to lie in the mechanical parts
of the director, the following charts will serve as a guide in locating
the trouble (after running test problems in section IV).
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c. Elevation Dials Disagree With Telescopes.

ELEVATION ZERO INCORRECT. IF NOT, GO NO FURTHER IN THIS

GROUP

I

I

ZERO OFF ABOUT ONE DE-
GREE, or more. Limit switch
may be off by same amount.
Mechanical stops bent.

Dials may have shifted. Insert
pin in transmitter and see that
dial reads zero.

[

[

Telescope shaft segment has prob-

Approach zero from each direction
to average backlash.

ably been reengaged incorrectly.

[

[

Reengage segment. Check limit
switch, stops. Check zero eleva-
tion.

Reset zero elevation. Be sure hori-
zon is true or target at right
height. If using level or quad-

Backlash excessive. Antibacklash
gears may be improperly wound.

1

Idler gear which engages segment
may not be properly meshed. If
off, loosen four bearing screws

and shift.
.S

rant, try reversing it.

d. Tracking Errors.

GROUP

TELESCOPES TRACK JERKILY. IF NOT, GO NO FURTHER IN THIS

1

l

AZIMUTH JERKY. If not, go
no further in this group.

| ELEVATION JERKY. |
[

[

See that orienting clutch is tight
and clamping nut loose. Look

Superelevation connecting rod or
open sight link interfering with

for burs on orienting clutch
parts from rotating director with
clamping nut tightened.

I

Check gearing for backlash, tight
mesh, or dirt.

|
Director M5 or M6. With Direc-
tor M5A1 go no further in this

group.
I

Burs or misalinement of torque
amplifier input coupling.

[

other parts.
[

BOTH AZIMUTH AND ELEVA-
TION JERKY.

[

Check power cables for loose con-
nections or shorts.

l
Connect power direct to terminal
blocks 1, 15, 8. If condition is
corrected, check and clean
brushes and contact rings.

amplifier (subpar. e, below).

Tracking irregular, usually more in one direction than other. Check torque

Flutter of worm drive; check for end play, replace cork washer if necessary.
See that worm drive assemblies have not been interchanged.

1

Telescopes jump every 114 seconds on average, particularly at low tracking
rates. Check balance of wormwheel and disk.
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e. Torque Amplifier.

TORQUE AMPLIFIER WILL NOT FUNCTION PROPERLY. IF
SATISFACTORY, GO NO FURTHER IN THIS GROUP

I |

1

[NO OUTPUT | [pIFFICULTY IN
T TURNING BOTH

: COUPLINGS IN
|Check input | OPPOSITE DIREC-

] ‘ TIONS WHEN MO-
TOR IS STOPPED.

[Check motor rotation ]

[JERKY OPERATIO

I

Check alinement off
bands

ridges or scored area:

I

Check carbon rings foj

I
See thathands are Check tightness of
clamped on arms bands
T I
Bands wound im- Igheck gear train ]
properly |
] Check for frozen bear-
IMotor will not run J ings

I
[Check motlr alone J LCheck bands overridingl

I

ICheck gear train I

Check tightness of
bands

I UNSATISFACTORY OUTPUT

Check for oil, grease,
or moisture on bands|
or carbon rings

Check for kinks 1
bands,
I

Check eccentricity of
cdrbon rings

BACKLASH

|

Check for looseness of
bands

LLow amplification —] [ High amplification J

Poor polish on carbon Too high polish on car-
rings bon rings
Worn out carbon rings See that bands are
clean

I

Check for oil, grease, or moisture on bands or carbon
rings

IUnloaded shafts turn when motor is running (bias)

Check backlash be-
tween input coupling
and input torque arm

INOISY OPERATION

‘ I

‘ LCheck gear train I

[

Check for ridges on
carbon rings

I

I

LChange position of torque arms ]

Check for loose carbon

rings
I

Check for carbon de-
posit on bands

lLower amplification on pertinent carbon ring ~I I
I Check alinement of
LCheck alinement of bands T bands
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44. ELECTRICAL TROUBLE SHOOTING.

a. If the primary checks indicate the trouble is in the electrical
signalling system, test director with a second gun if possible. If
the second gun acts in the same erratic manner as the first, the
trouble is probably in the director and can be found by testing the
signal voltages of each transmitter by the following method:

(1) Connect the power from the generator to the director with-
out going through the gun junction box in order to prevent the
feedback from the transmitters in the oil gears giving incorrect data.
(See special connectors in figs. 68, 69, and 70, or connect a single-
phase supply to terminal blocks Nos. 1 and 15. Leave motor switches
off.) Check voltages between terminal blocks Nos. 1 and 15. Con-
nect a voltmeter across each pair of stator terminals (1, 2, and 3)
on each transmitter, and turn the transmitter through one complete
revolution. The voltage between each pair of terminals should build
up smoothly from 0 to approximately 105 volts (with 115-volt sup-
ply) and back to zero, twice in one full turn of the transmitter dial.
In Director M6, the voltage should vary from 0 to about 45 volts.
The easiest way to check the transmitters is to remove the front
cover plate and measure at the terminal block.

(a) Azimuth Coarse Transmitter. Measure between terminal
blocks 8-9, 8-10, 9-10. Slew director 360 degrees each time.

(b) Azimuth Fine Transmitter. Measure between terminal blocks
10-11, 10-12, 11-12. Turn azimuth handwheel. Voltage should build
up every 10 degrees on fine dial.

(c) Elevation Fine Transmitter. Measure between terminal
blocks 3-4, 3-5, 4-5. Turn elevation handwheel. Voltage should
build up every 10 degrees on fine dial.

(d) Elevation Coarse Transmitter (Director M5A1). As the tele-
scopes are turned from 0 to 90 degrees, the voltage should go from
0 to 105 between terminal blocks 2-6, from about 90 through zero,
and up to 50 between blocks 2-7, and from 90 through 105 and
down to 50 between blocks 6-7.

(e) If no voltage is found on any of the above terminals, the
transmitter may be burned out. Give it a continuity test. Also check
the wiring for a short which may be the cause of the failure, before
installing a new transmitter.

(f) Check to see that coarse and fine transmitters zero at the
same time (both pins can be inserted). This is particularly im-
portant with Director MSAL.

(g) Look for signs of arcing between brushes and contact body or
cable plug. Clean off all dust and grease, and lightly stone the con-
tact rings. With an ohmmeter if available, check resistance from
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gun end of 15-conductor cable to terminal blocks in director. Try
slewing the director while testing.

b. Power Supply.

(1) 1If one of the power leads is open, the motors may run,
either forward or backward, and the director may track. The lamps
may light normally (step (2), below). The usual cause is a blown
fuse at the generator. Also, one of the pins in the 3-conductor cable
may not make contact. Check cables and junction box.

(2) If the A- or No. 1 circuit is open, the motors will usually
start up slowly in the right direction, and the director will track
normally. If the B- or No. 8 circuit is open, the motors will not
start. If the C- or No. 15 circuit is open, the motors will usually
start in the wrong direction, and Director M5 or M6 will not track.
Do not operate the director with this condition. If an individual
motor lead is open, the motor will not start alone but will run in
either direction if started.

(3) _If some of the motors run properly and some do not, the
trouble is in the director (look for blown fuse in older directors).

c. Director M5 or M6. If the director or telescopes do not
traverse when a deflection is set in but move easily when touched,
the torque amplifier motor is running the wrong way. Stop the
motors immediately to prevent damage to the variable-speed mecha-
nism. Check rotation of other motors, and connections to torque
amplifier motors (par. 25).

Section VII
ADJUSTMENT AND REPAIR

45. ADJUSTMENT OF LEVEL VIALS.

a. Check. To check the level vials, the director must first be
levelled as follows:

(1) Slew the director until one of the levels is parallel to two
of the levelling screws on the tripod, and adjust the two screws until
the bubble is centered.

(2) Adjust the third tripod screw to center the bubble in the
other level vial.

(3) Slew the director 90 degrees and check levels, readjusting
tripod screws if necessary.

(4) If director cannot be levelled by this method so that bub-
bles do not move more than one division from center in a complete
revolution of the director, adjustment of the levels is necessary.
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b. Adjustment.

(1) Slew the director until one of the levels is parallel to two
of the levelling screws, and center the bubhle as in subparagraph a
(1), above.

(2) Slew director exactly 180 degrees. Note bubble error and
correct one half of this error by adjusting the same levelling screws.

(3) Then loosen the two adjusting nuts at the right end of the
vial (fig. 306) with a pin wrench and bring the bubble to center.
Make sure that the screw and the two nuts are tight. Slew 180
degrees again and recheck. Level bubbles should remain centered.

(4) Slew 90 degrees and center the bubble by adjusting the
third levelling screw on the tripod. The director should now be
level, so that this bubble will be centered at all director positions.

(5) If necessary, the bubble in the other level vial should now
be centered by means of the adjusting nuts.

46. ADJUSTMENT OF BUFFER ASSEMBLIES.

a. The two round nuts in the buffer assemblies (fig. 49) should
compress the buffer spring until the over-all length of the buffer
assembly from bottom of shoe to top of body is 814, inches. This
setting gives more protection to the director than the original set-
ting of 8744 inches.

b. These two nuts may be easily adjusted with spanner wrench
B315851 (G, fig. 81). The top nut is a lock nut which should be
loosened before adjustment and tightened afterward.

47. AZIMUTH THROW-OUT (SLEWING) CLUTCH.

a. If slewing clutch does not disengage fully, see whether the
slewing clutch lever or the gripping handle A182580 is bent (fig.
48). If the handle is bent, loosen and turn it so it is bent away
from the lever rather than toward it. A shim may also be placed
under the block A182555 (fig. 168). See that the fork is properly
alined when replacing.

b. Blow out any chips which may have been formed by the
slewing clutch. Also check for dirt or interference between housing
and base (or covers) which might be noticed when slewing.

48. ORIENTING CLUTCH (FUTURE AZIMUTH MECHANISM).

a. Attempting to turn the director while the clamping nut
A182562 is tightened may cause burs and chips around the clamp
and the retainer (fig. 31). These parts should be cleaned and ex-
amined for looseness. The parts at the lower end of the shaft of
the future azimuth mechanism may be removed after driving out
the taper pin at the end of the shaft (par. 79 b).
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b. Play between the retainer A182414 and the shaft or between
gear hub and shaft, may be caused by enlargement of the keyway.
The simplest way to correct this is to fit an oversize key by filing.
It will be necessary to remove the future azimuth mechanism as
instructed in paragraph 79. Remember that the retainer must.slide
vertically on the shaft for proper operation of the orienting clutch.

¢. New Orienting Clutch (figs. 195 to 200). Note shaft assembly
C78321 and antibacklash gears are same as old design. See para-
graph 79 ¢ for removal. Disassemble only if required. Before pin-
ning retainer A319222, be sure clutch can be entirely released with-
out compressing spring A319223 solid.

49. ADJUSTMENT OF RANGE STOPS AND RANGE DIAL.

a. The range stop should allow 10 full turns of the handwheel.
If the handwheel turns more, one of the stop pins may be sheared
off. The range stop is on the long shaft of the azimuth multiplying
mechanism (fig. 257). The spring pins BFSX1ED found in M5
and M6 Directors and accessory chests may be replaced with the
newer square type solid pins A317358 if available. If one of the
pins is inserted from the wrong side of the shaft, only 9, turns will
be permitted. If both pins are inserted from the wrong side, only
9 turns will be permitted.

b. When the stop is against the pin furthest from the handwheel
{minimum range position), the scribed marks on the strip and slider
of each multiplier should be alined as in figure 71. If the azimuth
slider does not aline, drive out the stop pins and turn the screw on
the shaft until the stop operates correctly; then replace the pins as
in subparagraph a, above. If only the elevation slider does not line
up, remove the bolts which hold the range mechanism and move it
outward until the bevel gears disengage. Turn the coupling at the
left of the range mechanism until both sliders are in time; then re-
engage the gears and fasten the range mechanism.

c. Range Dial. If the dial index is not opposite the datum line
at the top of the range scale when at the minimum position, loosen
the three screws which clamp it and shift it to the proper position.

50. RATE SETTING CLUTCH ADJUSTMENTS.

a. The adjustment of the rate setting clutch is the same for both
azimuth and elevation mechanisms.

b. If the clutch has been disassembled, see that the adjustable
stop A182459 (fig. 17) is set to permit 235,-inch travel of the stop
nut,

c. If the clutch has been removed or if the bar travel is not
correct (par. 24 d), lift the clutch mechanism to disengage the pinion
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from the rack. Move the bar assembly by hand until it is 713 inches
from the end of the rail (measured as in fig. 73). Turn the clutch
shaft until the stop nut is against the fixed stop, nearest the clutch
knob. Drop the pinion into engagement with the nearest tooth of
the rack, and fasten the clutch to the base. Check to see that the
bar assembly does not strike the pinion or the handwheel shaft at
either end of its travel (test for clearance with a piece of paper).
Reengage pinion one tooth one way or the other if necessary.

d. The adjustable stop A182459 should now permit the bar as-
sembly 6 to 613 inches total movement, or between 3 and 314
inches either side of zero deflection position. Shift the adjustable
stop if necessary, after loosening its set screw and cleaning the
threads, damaged by the set screw, with a sharp instrument.

e. Zero Deflection. Push in clutch knob and turn handwheel until
the deflection marks are alined (fig. 72). Pull out clutch knob
firmly. Turn range handwheel throughout its range and note
whether the fine dial moves. If it does, loosen the clamping nut
BBSX2AA to free the stationary collar B173046. Set in maximum
range and tap the arm at the top of the multiplying mechanism with
the hand until it is vertical and the fine dial does not move when
the range wheel is turned. Then tighten the clamping nut but not
tight enough to break the casting. A special washer shown in figure
138 may be inserted in the slit of the casting to prevent overtight-
ening. See that the stationary collar will bring the deflection to
zero from either side of this position, and recheck for dial movement.

f. If the deflection marks (fig. 72) are now out of line, loosen
the screws which hold the index and shift it as required. Also check
bar movement either side of zero, as in subparagraph d, above.

51. ELECTRICAL ZERO OF TRANSMITTERS.

a. New transmitters are accurately set at the factory so they
are at electrical zero when an alining pin (A400156, fig. 81) is in-
serted through the slot in the adapter A182171 (fig. 123). When
installing a new transmitter, skip to subparagraph ¢, below. If an
adapter has been removed or if the voltage tests in paragraph 26 b
indicate that the transmitter has been disturbed, it may be reset as
follows:

b. Transmitters with adapter A182171 may be set before they
are installed in the transmitter assembly. Older transmitters having
adapter A182479 without the slot (see fig. 129) can be set only
after assembly, as described in (1), (2), and (4).

(1) If assembled, see that the X terminal of the transmitter is
at the 12 o'clock position. Loosen the bakelite clamping ring and
rotate the transmitter to this position if it is not. Also loosen the
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three screws which may be seen through the holes in the spindle,
so that the rotor is free to turn.

(2) Connect one side of a 115-volt single-phase source (50 volt
for Director M6) to terminals X and 2 of the transmitter. Connect
the other side to terminals Y, 1, and 3 of the transmitter. NOTE: If
the transmitter assembly is installed in the director, terminals X and
Y are already supplied with single phase current and it will be
necessary only to correct terminals 2 and X on the transmitter, and
terminals Y, 1, and 3.

(3) The rotor will immediately assume an electrical zero posi-
tion with respect to the transmitter body. Try moving the adapter
and note that it returns to a definite position. If the slot in the
adapter is not in line with the hole in the transmitter housing, loosen
the six screws in the ring outside the lining-up hole, and rotate the
lug until the hole is exactly in line with the adapter slot. (If this
position should be near the bottom, it may be that the adapter has
been replaced incorrectly and should be rotated 180° on the shaft.)
Insert an alining pin, tighten the six screws in the ring, and recheck
by the voltmeter method described in paragraph 26 b.

(4) With old style adapters A182479, the lining-up hole in the
transmitter should be at 12 o’clock, and the alining hole in the gear
is lined up directly with it after making the connections indicated in
step (2), above. Insert an alining pin, make sure the rotor has as-
sumed its neutral position, and then tighten the three clamping
screws,

c. With electrical zero established, insert an alining pin in the
transmitters and assemble the gear and spindle assembly so that the
alining hole of the gear is in line with the pin. Then tighten the
three clamping screws through the holes in.the spindle. See para-
graph 52 or 53.

52. SETTING FUTURE AZIMUTH TRANSMITTERS AND
DIALS.

a. After each transmitter is assembled (par. 51 ¢) insert an alin-
ing pin in the coarse (upper) transmitter. If a pin cannot be inserted
in the fine transmitter at the same time, back the fine transmitter
and spindle assembly out by removing the bakelite clamping ring.
Turn the spindle until the pin can be inserted; then reengage the
assembly, with the X-terminal at a 12 o’clock position. Leave both
pins in until the clamping ring is tightened.

b. With pins in both transmitters, set both dials to zero by
loosening the screw at the center of each dial. CAUTION: See that
the small pin in the end of the spindle is through the hole in the
small washer ring before tightening the screw. If the index plate is
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Figure 85 — Lever Assembly B269698 — Exploded View

and bend the contacts slightly until both lines open or close within
one-half degree. This may be checked more accurately with an
ohmmeter or test buzzer, but when using this method be sure to dis-
connect the power to the director.

d. In the same manner, see that the limit switch opens at minus
5 degrees on the dials, within 1 degree. If any adjustment is neces-
sary at the lower limit, the upper limit must be rechecked or vice
versa. If the switch operating points are not 90 degrees apart, the
switch may be tilted slightly.

e. If the maximum adjustment of the limit switch is insufficient
to meet these requirements, it may be necessary to reengage the
segment one or two teeth in either direction. Another method is to
turn the segment until the switch is just opening at minimum eleva-
tion; then elevate exactly 5 degrees and reset the transmitter assem-
bly to zero as described in paragraph 53. In either case, the tele-
scopes must be reset as instructed in paragraph 58 a.

55. REENGAGING TELESCOPE SHAFT SEGMENT.

a. Set vertical deflection to zero. Swing aside or remove the
forward (straight) mechanical stop, and elevate the telescopes until
the segment disengages. CAUTION: Hold the antibacklash gear
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¢. Alinement in Azimuth. If the telescopes are not parallel in
azimuth, make sure the seats of the telescopes and flanges are clean.
See that there is no dirt under the azimuth adapter assembly and
that the four clamping screws are tight. Try using only one tele-
scope and shifting it from azimuth to elevation positions.

(1) If both telescopes give the same variation, the telescope
shaft or flange may be bent. An emergency correction may be made
by placing a shim under one side of the azimuth adapter.

(2) 1If only one telescope shows an error, the reticle may have
been shifted during repair of the telescope. If the error is appre-
ciable and no instrument repair man is available, locate the four
adjusting screws which control the lateral movement of the reticle
cell; loosen those on one side and tighten those on the other side the
same amount,

59. ALINEMENT OF OPEN SIGHT.

a. The open sight may be alined with the elevation telescope by
loosening its thumbscrew and turning it on the shaft.

b. 1If it is not in line laterally with the elevation telescope, the
sight or the shaft may be bent. Remove the shaft before attempting
to straighten it. A small correction may be made by filing off one
side of the tongue of the sight, or filing out the groove so as to move
the “V” sideways.

60. ADJUSTMENT OF CONSTANT-SPEED GOVERNORS.

a. Remove the two holding screws and lift the governor guard
up and out with a slight twisting motion. See that the motor assem-
bly is in line with the worm or spiral drive coupling to eliminate
noise. Also see that each spring is all the way on its studs and
properly centered between the two arms.

b. To change the governed speed, hold each adjusting screw in
turn with needlenose pliers and turn each adjusting nut the same
amount, clockwise for more speed or counterclockwise for less speed.
One flat (one-sixteenth turn) on each nut will change the time for
20 revolutions of the index by about one-half second.

c. If the governor has been overspeeding, especially in cold
weather or at small deflections, or if the base or guard show gouges
where the governor weights have flown out, the governor should be
disassembled as instructed in paragraph 69, and the ball bearing
thoroughly cleaned in solvent and oiled. Keep the carbon ring clean.

d. After replacing and alining the motor, it may be necessary to
file the holes in the guard in order to have it clear the governor

properly.
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explained in paragraph 32 d. If the time is not within tolerance,
adjust the screw in the superelevation mechanism as in subparagraph
f, above, until the time is correct.

h. The creep at 90 degrees will then be affécted, and this should
be corrected by loosening the lever on the telescope shaft and turn-
ing the eccentric shaft until the creep is zero again at 90 degrees.

i. Repeat subparagraphs g and h, above, until both are satis-
factory. Then check the creep from 65 to 60 degrees. In case times
are slow at both 65 to 60 degrees and 5 to O degrees, it may be
necessary to turn the micrometer in one turn or more. If super-
elevation creep is erratic, check tension of flat spring A182345. Look
for looseness of bar assembly on rail or loose or bent connecting rod.

jo Remove jumpers around limit switch.

63. REMOVING BACKLASH.

a. Check for backlash as described in paragraph-33. Backlash
is usually caused by wear, especially under dusty conditions.

b. Excessive backlash must be located by a systematic check of
the entire azimuth or elevation gear train. Examine particularly all
antibacklash gears for broken or improperly wound springs, adjusta-
ble bearings for proper setting, and all differentials for wear. Replace
any units found faulty.

64. TORQUE AMPLIFIERS (DIRECTORS M5 AND Meé).

a. Removal and adjustment of torque amplifiers is described in
section VIII, and is the same for both azimuth and elevation units.

Section VI
DISASSEMBLY AND ASSEMBLY

65. PRECAUTIONS.

a. The Director M5 is an instrument containing many small, close
fitting parts which are expensive and difficult to replace. Supply qf
these parts is critical and this makes it imperative that extreme care
be observed when any disassembly or adjustment is being performed.

b. The exploded views of various subassemblies are inserted to
show the construction details but do not necessarily authorize such
complete disassembly. In many cases, parts must be specially selected
or lapped, fitted, or machined after assembly. Therefore, they should
be replaced by complete assemblies and the old assemblies returned
to base shops.
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67. PREPARATION.

a. Aline the zero deflection marks and pull out the rate setting
clutch knobs. On the elevation side, turn the telescopes to a 90-degree
elevation.

b. Remove all of the handwheels, cover plates, and the two
telescopes.

c¢. Where a complete disassembly is necessary, as for cleaning or
complete overhaul, it is recommended that the units be removed in
the order given. Most units can be removed independently, how-
ever, and where only one or two units are to be removed the appro-
priate paragraphs should be consulted.

d. Assembly procedure is the reverse of disassembly unless specific
instructions are given. Particular attention should be paid to aline-
ment and mesh of gears between units. Gears should have a small
but perceptible backlash. If the same assemblies are replaced, the
dowel pin holes should be used to determine the exact position before
mounting screws are tightened. However, if a different assembly is
installed, the old dowel pin holes should be disregarded. After the
correct position is determined, and the screws tightened, either drill
out the old holes for a larger size pin, or drill entirely new holes.
If new holes are drilled through the director base, be sure to plug the
old ones.

e. Always test shafts for binding as each bracket or assembly is
tightened, because any tightness will be difficult to trace after com-
plete assembly. Be sure base and mounting surfaces are clean, as
any dirt might prevent proper alinement.

68. TO REMOVE TORQUE AMPLIFIERS (DIRECTOR M5
OR M6).

a. Both torque amplifiers are removed in the same manner. It
is frequently necessary to test or replace them and they may be
removed without disturbing other units.

b. Precaution. Do not loosen the set screw on the input coupling
more than one-half turn. More than this will permit the coupling to
slide forward and allow the screw to be tightened down on the splines
of the shaft, thus damaging the spline and preventing proper motion
of the coupling. Elevate telescope to 90 degrees to avoid interference
with superelevation connecting rod when torque amplifier is removed.

¢. Disconnect and tag the motor leads (X, Y, and Z) for identi-
fication. Loosen the screw on the input coupling (nearest center of
director) and slide the coupling back on its splined shaft. Turn the
output shaft of the torque amplifier so that its slot is vertical. Remove
the three screws holding the torque amplifier to the base. Lift the
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KEY - BGAX5B ) S -

T Ty GEAR - A182457 ==Y

I
INCHES
RA PD 85820
Figure 139 — Rate Setting Clutch Shaft Assembly

75. THE RANGE MECHANISM.

a. Remove the range handwheel. Remove the three screws hold-
ing the range mechanism to the base, also the one screw holding the
range handwheel bracket assembly B173075 to the base (fig. 151).
Set the slot on the right-hand coupling A182350 to a horizontal posi-
tion; slide the range mechanism slightly to the right and then to the
rear and out.

b. Assembly. Set both multiplier sliders so the scribed marks are
alined. If the range stop on the azimuth multiplier shaft is not
against the pin furthest from the operator, lift the end of the shaft
until the nut can be turned on the screw. Slide the range mecha-
nism into place with its coupling positioned correctly, pressing
slightly to the right until the coupling will engage. The bracket at
the right should be flush with the base so that the cover plate will
seal against it. See paragraph 49 for setting of dial index.

76. THE ELEVATION TRACKING MECHANISM.

a. Remove the range mechanism (par. 75). If the dowel pin in
the base of the tracking mechanism cannot be driven out, the torque
amplifier or gear reduction unit should also be removed (par. 68

or 81).
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GEAR - B172828
KEY - BGAXSA

i " éSHAFT-BWZBZG’
9 “WSEAL - A18238)
BEARING - 500 X 13125 X 3750

SEAL - A18238]

WASHER BEAXIL

NUT - BBDXIC RA PD 84510

KK

IINCHES

Figure 180 — Vertical Shaft Assembly C78305 — Exploded View

f. Adjustment of Ball Slider (Director M5A1) (fig. 244). Note
that the two upper baill bearings and the two on one side are
mounted on eccentric studs so that they can be brought closer to or
further from the large balls. If these studs are removed or if the
balls should be replaced, adjust each eccentric bearing as follows:

(1) First fasten the bearings which do not have eccentric studs.

(2) ‘Turn each eccentric stud until the ball is just tight between
the two opposite bearings.

(3) Then back off the eccentric stud about one-eighth turn or
until the ball has about 0.0005-inch clearance between the bearings.
Tighten the clamping screw on the eccentric stud.

g. Assembly. Do not interchange azimuth and elevation units.
Carefully clean and oil the rail and bar assembly. See that the bar
assembly slides freely on the rail after attaching to the mechanism.
Leave the two screws at the center of the rail loose until after the
center bracket A182305 has been pinned. Check spring tension on
variable-speed mechanism as instructed in paragraph 29, or turn ten-
sion nut to its original position.

84. THE TELESCOPE SHAFT ASSEMBLY (figs. 45, 87 to 92, and
293).

a. If the quadrant elevation mechanism is not to be removed,
mark one of the teeth of the segment and both mating gears for re-
engagement,

b. Disconnect superelevation connecting rod (fig. 270) and open
sight link. Remove tops of side frames and screws holding the housings
of the azimuth and elevation flange assemblies. Note position of any
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WASHER - BECXI1E
‘@ <+ SCREW - BCGX3FF

{BLOCK, MAIN TERMINAL
|ASSEMBLY - C78329

SCREW -
BCGX3FG

e 7 13

WASHER - BECXI1E

RA PD 85780

Figure 298 — Main Terminal Block Assembly With Mounting Screws

SCREW - BCGX3EG

) 4
’ % ‘ o«
1 o J o +—WASHER - BEAXIE
S o
BRACKET - B173098

B173097 i aat STRIP, TERMINAL BLOCK,

ASSEMBLY - C78330

RA PD 85781

Figure 299 — Exploded View of Terminal Block Assembly
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Section X
REFERENCES

89. PUBLICATIONS INDEXES.

The following publications indexes should be consulted “frequently
for latest changes or revisions of references given in this section and
for new publications relating to materiel covered in this manual:

a. Introduction to Ordnance Catalog (explaining
SNL system) ...

b. Ordnance Publications for Supply Index (in-
dex to SNL’s) ...

c. Index to Ordnance Publications (listing FM’s,
TM’s, TC’s, and TB’s of interest to Ord-
nance personnel, OPSR, MWO’s, BSD, S
of SR’s, OSSC’s, and OFSB’s, and includes
alphabetical listing of Ordnance major items
with publications pertaining thereto)............

d. List of Publications for Training (listing MR’s,
MTP’s, T/BA’s T/A’s, FM’s, TM’s, and
TR’s concerning training)..............................

e. List of Training Films, Film Strips, and Film
Bulletins (listing TF’s, FS’s, and FB’s by
serial number and subject)......................

f. Military Training Aids (listing graphic train-
ing aids, models, devices, and displays)........

90. STANDARD NOMENCLATURE LISTS.

a. Cleaning, preserving and lubricating materials;
recoil fluids, special oils, and miscellaneous
related items ...

b. Fire Control Materiel.

Director A. A, M5 (for 37-mm and 40-mm A. A. gun
carriages) and M6 (British)

Gun, automatic, 37-mm, M1A2; and Carriage, auto-
matic gun, 37-mm, M3, M3A1, M3A2, and M3E1..

Gun, automatic, 40-mm, MI1; and Carriage, gun,
40-mm, M2 and M2A1 (A. A)

290
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ASF Cat.
ORD 1 1I0C

ASF Cat.
ORD 2 OPSI

OFSB 1-1

FM 21-6

FM 21-7

FM 21-8

ORD 5
SNL K-1

SNL F-209

SNL A-29

SNL A-50
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System, remote control, M1 (for 37-mm A. A. gun

carriage M3A1) and M5 (for 40-mm A. A. gun

carriage M2) ... SNL F-208
Telescope, elbow, M17 (for Director M4, M5, M5A1,

M6, M7, M7A1, M9, M9B1, and M10).............. SNL F-231
Tools, maintenance, for repair and overhaul of fire

control and sighting equipment.............................. SNL F-272
Unit, generating, M5 (for Directors M5 and M5A1

and for seacoast uses) and M6 (for Directors M4

and M7 with data transmission system and for sea-

COASE USES) ..ottt SNL F-227
91. EXPLANATORY PUBLICATIONS.

a. Fire Control Materiel.
37-mm A. A. gun materiel ... TM 9-235
40-mm automatic gun M1 and 40-mm antiaircraft

gun carriage M2 ... TM 9-252
Antiaircraft artillery: Gunnery............................. FM 4-110
Antiaircraft artillery: Gunnery, fire control, position

finding, and horizontal fire, antiaircraft automatic

weapons (case I firing). ... FM 4-112
Antiaircraft artillery: Service of the piece, 40-mm

fireunit ... FM 4-160
Directors M5A1, M5, and M6................................... TM 9-659
Generating units M5 and M6.. ... TM 9-616
Instruction guide: The instrument repairman.. .. ... . TM 9-2602
Ordnance maintenance: Generating units M5 and

M6 TM 9-1616
Ordnance maintenance: Remote control systems M1

and M5 and cable system M8 .. ... ... TM 9-1643

b. Maintenance and Inspection.
Cleaning, preserving, lubricating, and welding mater-

ials and similar items issued by the Ordnance De-

partment ... TM 9-850
Decontamination ... TM 3-220
Defense against chemical attack ............................... FM 21-40
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INDEX

A Page
ACCESSOTIeS .......ooeoviiiiiinniiiieeriiei i 66

Adapters (A182171 and A182479).. 119
Alinement

Cleaning
materials used ............ccocvininininniinn 105
metal parts, lenses and windows.. 105

azimuth ... 91 Clutch

elevation ...........coceeeniiiveniineennnneeee 89 azimuth and orienting................... 117
Amplification rate-setting

INCLEASING ....ocovvvviieiiieniiieeiree e 276 ddjustments ...........cccceeeiiiiiiininens 118

reducing ... 275 description of assembly............ 25
Antibacklash gears disassembly and assembly........ 152

description ...........cccoovveriniiiiiinnnenn, 34 removal (director M5A1).......... 289

disassembly and assembly............ 139 Cold weather operation.................... 107
Azimuth Constant-speed motor assemblies

adjusting for zero creep................ 132 description ........cccoocccnieeiiiiinennnnn, 26

description disassembly and assembly............ 143

fine and coarse transmitters.... 115 Cover assembly, future azimuth
throw-out clutch assembly mechanism ......ccccovvviiiiecniicniinnnnnn, 34
clutch ..., 117 Cover plate (torque amplifier), re-
lever ..o, 117, 170 moval
tracking mechanism ................. 21 assembly ... 198
transmitter assembly ................ 39 small plate ...........ocovvvviiiniennnnnnne, 204
disassembly and assembly (track- D
ing mechanism) ................. 173 . )
. . Deflection mechanism
inspection (zero creep).................. 92 )
disassembly and assembly............ 193
B removal ......ccoooiiiiiiieiie e 181
Deflection settings, zero and max-
Backlash IMUIM e eeeeees 82
adjusting ...........cecoviiiiiiiii, 236 (See also Lateral deflection

INSPECLION ...oocoviiiiiiiiiieiie e 93 mechanism)

TEMOVING .., 134 Dial, range, adjustment.................... 118
Ball bearings, lubrication.................. 106 Dial setting (transmitters).............. 86
Ball slider (M5A1), adjustment...... 193 Differences among models
Bands, steel (torque amplifier) directors ........ccoeevierieeeninrene e 6

alining and replacing.................... 233 MAINtENANCE ...coovvrriniieeecereeeneeeeennn. 286

care of ..., 227 Differential
Bearings, lubrication ....................... 106 description (drive shaft group
Brackets, carrying ...l 52 assembly) ... 19
Buffer assemblies disassembly and assembly (drive

adjustment of .........c.cceeevviivnennnnn. 117 shaft group assembly)............ 178

description (buffer) .................... 52 lubrication (gears, drives, and

INSPection ..............ccccccoevveiiecn e, 77 ball bearings) .........cccccceeuee. 106

Directors
C disassembly and assembly............ 134
do not traverse (M5 and M6)...... 116
Cables, telescope light.........coo........ 77 inspection (M5A1) .....ccoeevieiinn. 85
Care, general maintenance differences .............. 286
desert operation .......................... 105 Drum assembly

handling, cables, and cold INPUL e 214, 219

weather operation .................. 104 OULPUL vevcviiictecierercsveeaeeraa 215, 224
292
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INDEX
E Page Page
Electrical components ...................... 52 Governors, constant-speed
Electrical trouble shooting adjustment ..........ccccciiiiiiiiinnieenn, 131
power Supply .......ccccoovvieiiinieennnn. 116 INSPECHION ...c.ooeviivieieiiiceeiiiee e 92
signaling system ...............cccoceeniis 115 Gunner’s quadrant ...l 78
Electrical wiring, test........................ 83 H
Electrical zero (transmitters) Handwheel assembly B173120, de-
INSPECLION ..ovvovvvirvinnirins e 86 SCTIPLION ...ooviviiiiiieieiee e eeeeeees 99
(See also u.nder Transm.ltters, Handwheel rotation, inspection...... 77
Elevation, and Azimuth) Housing assembly, removal.............. 204
Elevation
adjustment |
for zero creep ......cooecevvvrrnennnnn. 132 Input
limit switch ........ccoeienin, 122 disassembly of drum assembly.... 219
description removal
drive shaft group assembly...... 40 drum assembly ...l 214
mechanism ........cccocvevereiennnen. 40 shaft assembly ..., 203
dials disagree with telescopes...... 113 Inspection
disassembly and assembly (track- basic
ing mechanism) .................... 165 power on and off............c.. 77
inspection (StOPS) ........oocooooini.. 87 purpose of ..., 76
maintenance (mechanical stops).. 125 detailed
setting (telescope) .......cccoevvenn. 130 order of tests..........cccoeevvvreeeinnn., 79
Elevation transmitter assembly tests ... 78
checking (coarse and fine trans- L
mitters) .................................. 115 Lateral deflection mechanism.......... 29
description ........cccccoeeeveeieinniieecnnns 47  Level vials, adjusment of.................. 116
maintenance differences (director Limit switch, inspection............... . 88
MSAI) .................................... 288 Lubrication
instructions ................cocciiveeinnnn, 105
F machined surfaces .............c........ 106
materials used ...................ceeees 105
Friction rings (torque amplifier).... 227 with special lubricating grease...... 107
Future azimuth M
mechanism Main gear, removal of group assem-
description ... 33 BLY oo, 219
disassembly and assembly........ 174  Maintenance
transmitters and dials................. 120 allocation of duties.............cccccuevee. 4
differences
G among models ..........ccccoovriiinnnns 287
in director MSAL.................... 288
Gear, intermediate .......................... 215 general ... 104
Gear guard (torque amplifier)........ 203 Malfunctions and corrections.......... 110
Gear reduction unit (director M5A1) Mechanical stops, inspection............ 88
description ........cccceoviieieniinniinnnen, 33 Mechanical trouble shooting chart.. 111
disassembly and assembly............ 181  Motors
lubrication ..o, 106, 110 description ......coccovciiiiiiieeniieen s 56
Gears, anti-backlash (See Anti- removal ... 200
backlash gears) Multiplying mechanism
Gears, differential (See under care in removal.............................. 181
Differential) lubrication .......cccccoevviviiiceeiieecne, 107
~
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N Page Page
Nomenclature (torque amplifier).... 204 Springs, tension (variable-speed
mechanism) .....c...ccociiiiiiiieneieinnnnn, 91
. o Superelevation creep, inspection...... 92
Opef1 sight Superelevation mechanism ...... 93, 132
“:“e;“‘;z‘ of S 1;: Switch, limit elevation..................... 122
chec r parallelism....................
description ............cccccceieeeeeeeeeeninne, 47
Operating personnel .......................... 4 T
Operation, smoothness of.................. 93
Orienting clutch (See under Clutch) Telescope shaft assembly
Output description ........ccoceeiniiiiiniiiniiiininnn 47
disassembly of drum assembly.... 224 disassembly and assembly............ 193
removal of drum assembly.......... 215 Telescopes
alinement of
P azimuth ... 131
elevation .........ccccccviiiiniienninnnnn. 130
Power supply, differences in............ 287 description (directors M17,
Purpose of manual........................... 4 M75C, M75D) ....cooevvvvnnnn. 65
INSPECLION  ....cooveiiiiiiiciiiiiniciniieeeaenns 88
Q parallelism between ...................... 89
Quadrant, gunner’s ............c.coccceiieee 89 shaft segment
Quadrant elevation mechanism engagement ...........ceeeievininennnnnns 87
C . reengagement ...............ccceeeiennnes 124
description .......ccccoceeieiiiiiiiiniiniinn, 46 . . .
disassembly and assembly............ 162 Tension s.pnngs (variable-speed
Quadrant elevation transmitter. ... 120 mechanism) ........ccccceeveeiireinnnnennan, 91
Test and adjustment, check list...... 100
R Test problems
' azimuth ... 95
Range dial, adjustment.................. 118 ele.vatlor.l e 94
Range mechanism Testing thh.smgle-phase current.. 78
description ........c.ccoeeeiiiiiiiiiiiienen, 48 Torq-ue amplifier
disassembly and assembly......... 165 adjustment ...........cceeeeinnnns 134, 224
Range stops, adjustment................. 118 asserx:nbly .......................................... 224
Rate setting clutch (See under dt.zscnptxon ...................................... 31
Clutch) .dlsasse-mbly .......................... 140, 198
INSPECLION ...vuiiiiiiiiniiniiiiriciieeeenas 96
S lubrication .........ccccceevnrennnnnes 106, 107
nomenclature .............cccccviiiieennns 204
Scope of manual...........ccc..ooni 4 removal .
Sight, open (See Open sight) amplifier ..........ccoocviiiiiee, 134
Single-phase current ....................... 78 bands .......ccooei 206
Solenoid brake (director M5A1) sensitivity and amplification........ 97
adjustment ...........cccceiiiiinnnen, 125 tests
INSPECHION ..oovevviiiiiiicceeiiiiee e, 88 amplification ........c.ccoeeccnnnnnnnnne. 252
Special tools ......ccoccoeeeiiiiiiiiii, 110 bias ..o 251
Spiral drive assembly (director will not function properly.............. 114
MSAL) Torque arms, test for balance.......... 230
description .........coociiiiii, 28 Tracking
disassembly and assembly............ 147 (53 8 £o3 - TR 113
lubrication .........ccoceeieeeeennnnn... 106, 110 mechanism .........ccccoevvvniniieiieenenenens 107
Spiral gear, removal.......................... 204 Transmitter assemblies ................... 147
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T — Contd. Page Page
Transmitters lubrication ..........cccceeeiiiiniiiienn 107
description ..........ccccceiiiiiiiieeneeeenns 56 maintenance differences (director
electrical zero of .o....coovvvveiueeean, 119 MSAL) e 288
setting SPring tension .............ccceeevveevnnens 91
future azimuth .......................... 121 Vertical plumb travel........................ 88
quadrant elevation ................... 120
(See also Elevation transmitter w
assembly and under Azimuth) .
Tripod Worm firn're (M5 and M6)
description (M7 and M19)......... 60 description of assembly................ 26
lubrication ...........ccccceviviiiiiiiiiie, 110 removal of assembly.................... 143
Trouble shooting ...........cccccvvernnennne. 110 z
\'/ 7 . .
ero creep (azimuth and elevation)
Variable-speed mechanism adjusting for ...............cccceveiriinnnnnn. 132
description ........cccocceeiiivniiiiieneennn, 28 INSPECLION ..ocvvvviiiiiieiiiiiiieieieereeerieeeens 92
disassembly without removal........ 181 Zero deflection ........ccoccevvirivviinienniiinn 119
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