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and substitute: Commanding General, U.S. Army Electronics
d. The direct reporting of errors, omissions, and Command, ATTN: AMSEL-MR-(NMP)-MA,

recommendations for improving this manual by Fort Monmouth, N.J., 07703.
the individual user, is authorized and encouraged. Page 23. Designate the appendix: I.
DA Form 2028 (Recommended Changes to DA
Publications) will be used for reporting these im-

Add appendix II after appendix I.

APPENDIX II

DS, GS, AND DEPOT REPAIR PARTS LIST

Section I. INTRODUCTION

1. General
a. This appendix lists the quantities of repair

parts for direct and general support and depot (b)

maintenance and is a basis for requisitioning au-
thorized parts. It is also a guide for depot mainte-
nance in establishing initial levels of spare parts.

b. Columns are as follows:
(1) Source, maintenance, and recoverability

code. Source, maintenance, and recover-
ability codes indicate the commodity
command responsible for supply, the
maintenance category at which an item (c)

is stocked, categories at which an item
is installed or repaired, and whether an
item is repairable or salvageable. The
source code column is divided into four
parts.

(a) Column A. This column indicates (d)

the part is Signal materiel responsi-
bility, the column is left blank.
Column B. This column indicates
the point within the maintenance sys-
tem where the part is available. “P1”
indicates that the repair part is a low
mortality part; procured by commodity
command, stocked only in and supplied
from Army depot system, and author-
ized for installation at indicated main-
tenance categories.
Column C. This column indicates
the lowest maintenance category au-
thorized to install the part.
“O’’ - Organizational maintenance (op-

erator and organizational).
“F’’ - Direct support.
“D’’ - Depot maintenance.

Column D. Not used.
the materiel code and designates the (2) Federal stock number. This column
the area of responsibility for supply. lists the 11-digit Federal stock number.
AR 310-1 defines the basic numbers (3) Designation by model. The dagger (†)
used to identify the materiel code. If indicates the model in which the part is
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(4)

(5)

(6)

(7)

(8)

(9)

used and further, by its position, desig-
nates the item number by which the item
is identified and/or the quantity used in
in each model where the quantity varies.
Description. Nomenclature or the stand-
ard item name and brief identifying data
for each item are listed in this column.
When requisitioning, enter the nomencla-
ture and description.
Unit of issue. The unit of issue is each
unless otherwise indicated and is the
supply term by which the individual item
is counted for procurement, storage,
requisitioning, allowances, and issue
purposes.
Expendability. Nonexpendable items
are indicated by NX. Expendable items
are not annotated.
Quantity incorporated in unit. This
column lists the quantity of each part
found in a given assembly, component, or
equipment.
Direct support. This column indicates
quantities of repair parts authorized for
initial stockage for use in direct support
maintenance and in supply support to
organization. The quantities are based
on 100 equipments to be maintained for a
15-day period.
General support. The numbers in this
column indicate quantities of repair parts
authorized for initial stockage for use in
general support maintenance. The quan-
tities are based on 100 equipments to be
maintained for a 15-day period.

(10) Depot. The numbers in this column in-
dicate quantities of repair parts author-
ized for depot maintenance and for initial
stockage for maintenance, and for supply
support to lower categories. The entries
are based on the quantity required for re-
build of 100 equipments.

(11) Illustration. The “Item No.” column
lists the reference designations that ap-
pear on the part in the equipment. These

same designations are also used on any
illustrations of the equipment. The num-
bers in the “Figure No.” column refer to
the illustrations where the part is shown.

2. Parts for Maintenance
When this equipment is used by Signal service

organizations organic to theater headquarters or
communication zones to provide theater communi-
cations, those repair parts authorized up to and
including general support are authorized for stock-
age by the organization operating this equipment.

3. Additional Repair Parts Authorization
An asterisk indicates that an item is not author-

ized for stockage but if required, may be requisi-
tioned for immediate use only. 

4. Requisitioning Information
a. The allowance factors are based on 100 equip-

ments. In order to determine the number of parts
authorized for initial stockage for the specific
number of equipments supported, the following
formula will be used and carried out to two decimal
places.
Specific number of equipments supported

~ allowance factor
100

= number of parts authorized for initial stockage.
b. Fractional values obtained from above

computation will be rounded to whole numbers as
follows:

(1)

(2)

(3)

When the total number of parts author-
ized is less than 0.5, the quantity au-
thorized will be zero.
When the total number of parts author-
ized is between 0.5 and 1.0, the quantity
authorized will be 1.
For all values above one, fractional val-
ues below 0.5 will revert to the next lower
whole number and fractional value 0.5
and above will advance to the next higher
whole number.

c. The quantities determined in accordance with
the above computation represent the initial stock-
age for a 15-day period.
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By Order of the Secretary of the Army:

Official:
J. C. LAMBERT,
Major General, United
The Adjutant General.

Distr ibut ion:

A c t i v e  A r m y :

USASA (2)
CNGB (1)
CC-E (7)
Dir of Trans (1)
CofEngrs (1)
TSG (1)
CofSptS (1)
USACDCEA (1)
USACDCCBRA ((1)
USACDCCEA (1)
USACDCOA (1)
USACDCQMA (1)
USACDCTA (1)
USACDCADA (1)
USACDCARMA (1)
USACDCAVNA (1)

HAROLD K. JOHNSON,
General, United States Army,
Chief of Staff.

States Army,

USASMC (2)
USASCC (4)
MDW (1)
Armies (2)
Corps (2)
USAC (3)
11th Air Aslt Div (3)
Svc Colleges (2)
Br Svc Sch (2) except

USAAMS (30)
USAOMLCS (5)

USASTC (2)
USATC AD (2)
USATC Armor (2)
USATC Engr (2)
USATC Inf (2)

USACDCARTYA (1) WRAMC (1)
USACDCSWA (1) Army Pic Cen (2)
USACDCCEA: Instl (2) except

Ft Huachuca (1) Ft Monmouth (70)
USACDCEC (10) Ft Gordon (10)
USAMC (5) Ft Huachuca (10)
USCONARC (5) Ft Carson (21)
ARADCOM (5) WSMR (5)
ARADCOM Rgn (2) APG (5)
OS Maj Comd (4) DPG (5)
USAREUR (5) YPG (5)
LOGCOMD (2) GENDEP (2)
USAMICOM (4) Sig Sec GENDEP (5)

NG:  N o n e .

U S A R :  N o n e .
For explanation of abbreviations used, see AR 320-50.

Sig Dep (12)
A Dep (2) except

LBAD (14)
SAAD (30)
TOAD (14)
FTWOAD (10)
LEAD (7)
SHAD (3)
NAAD (5)
SVAD (5)
CHAD (3)
ATAD (10)

Sig Fld Maint Shops (2)
AMS (1)
USADRDAA (2)
USAERDAW (13)
USABIOLABS (5)
CRRELL (2)
Units organized under following

TOE’s (2 copies each):
11-57 11-158
11-97 11-500 (AA-
11-98 AC)
11-117 11-587
11-127 11-592
11-155 11-597
11-157
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C H A P T E R  1

I N T R O D U C T I O N

1. Scope
a. This manual covers field and depot mainte-

nance for Theodolite ML-47-(*), ML-247-(*),
and Double Center Theodolite ML-474/GM. It
includes instructions appropriate to third,
fourth, and fifth echelons for troubleshooting,
testing, alining, and repairing specified mainte-
nance parts. It also lists tools, materials, and
test equipment for third, fourth, and fifth eche-
lon maintenance. Detailed functions of the
equipment are covered in the theory section.

b. The maintenance allocation chart for this
equipment is published in TM 11-6675-200-20.
The repair parts and special tools list will be
published separately. For applicable forms and
records, see paragraph 2, TM 11-6675-200-10.

c. The complete technical instructions for
this equipment includes the following manuals:

TM 11-6675-200-10 Theodol i tes ML-47-C
through ML-47-R,
M L - 2 4 7  a n d  M L -
247-A, and Double
Cente r  Theodo l i te
ML-474/GM, Opera-
tor’s Manual.

I

TM 11-6675-200-20 Theodolites ML-47-C
through ML-47-R,
M L - 2 4 7  a n d  M L -
247-A, and Double
Cente r  Theodo l i te
ML-474/GM, Organ-
iza t iona l  Ma in ten-
ance, Second Echelon
Maintenance.

d. Forward comments concerning this man-
ual to the Commanding Officer, United States
Army Signal Publications Agency, Fort
Monmouth, N. J.

2. Differences in Models
Internal differences are listed in the chart

below. For external differences and other in-
ternal differences, refer to TM 11-6675-200-10
and TM 11-6675-200-20.

I I
Item ML47-(*)  and ML-247 ML-247-A ML-474  /GM

———-—... — _—. ——— —.—————.———— ——..  .

Cross  hair brightness control  variable  resistor  ---------- 10 ohms, 4 watts ---- 100 ohms,  3 watts  . . . 20 ohms,  2 watts.

Levehng screw cap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Not used . . . . . . . . . . . Used.  . . . . . . . . . . . . . . Used.
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C H A P T E R  2

T H E O R Y

3. General

The theodolite is an optical instrument for
tracking weather balloons. Cross hairs in the
tracking telescope are used in sighting the in-
strument directly at a balloon. The height and
lateral position of the balloon determine the
angles of azimuth and elevation, which are
shown on the scales of the theodolite. The
information obtained is used to compute the
wind direction and velocity (TM 11-6675-200-
10).

4. Optical Systems
The theodolite has three optical systems; the

tracking telescope (fig. 1) (a below), the finder
telescope (fig. 1) (b below), and the sights (fig.
3) (c below).

a. Tracking Telescope (fig. 1). The tracking
telescope provides a high power, narrow field
of view (approx 2°) for accurate balloon track-
ing.

(1)

(2)

(3)

Tracking telescope object lens. When
the theodolite is used to follow a bal-
loon, light rays from the balloon are
collected by the plano-convex object
lens (MP80). The lens causes the rays
to converge. They then pass along the
telescope tube to the prism (MP42)
which bends the rays 90° into the eye-
piece tube.
Internal focusing lens. In the eye-
piece tube, the rays pass through the
internal plano-concave focusing lens
(MP4). This lens causes the rays to
converge less sharply and because of
the decrease in the angle of the rays a
larger image (approximately 22
power) is produced. The internal
focusing tube containing the internal
focusing lens can be moved back and
forth within the eyepiece tube by a
rack and pinion, controlled by the
focusing knob.

Focusing eyepiece. Adjustment of
the position of the internal focusing
lens (MP4) brings the image formed

(4)

by the light rays passing through the
lens exactly into the plane of the cross
hairs. The focusing eyepiece (MP26)
is a combination of convex lenses (es-
sent ial ly a microscope) that are
focused on the cross hairs so that the
image of the balloon is further magni-
fied for the eye.

Cross hairs. The cross hairs intersect
at a point coincident with the optical
axis to precisely center the telescope
on any visible point.

b. Finder Telescope (fig. 1). The finder
telescope provides a low power, wide field of
view and may be adjusted so that an object
centered in its field of view will be centered in
the field of view of the tracking telescope. The
finder telescope consists of the following parts:

(1)

(2)

(3)

(4)

Finder telescope object lens. T h e
finder telescope object lens (MP25)
accepts light rays and bends and pro-
jects these light rays in accordance
with the curvature of the lens surfaces
to form a slightly enlarged image (ap-
prox four power) with a wide field
of view (approx 10°) at the eyepiece
end of the telescope.
Mirror. The l igh t  rays  f rom the
finder telescope object lens are re-
flected 90° by the mirror, making the
finder telescope function as a right-
angle telescope. The light rays con-
verge to a point of sharp focus at the
plane of the cross hairs.

Focusing eyepiece. The focusing eye-
piece functions as described in a(4)
above, except that when the finder
telescope is used, the focusing eyepiece
controls the light rays that come from
the mirror.
Cross hairs. The cross hairs function
the same as those described in a(4)
above.

c. Sights ( f ig.
means for direct
quickly orienting

3). The sights provide a
viewing and are useful for
the theodolite to a newly re-

3
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leased or to an erratic balloon. The sights may sights) or raised (extension sights) for near
be used in the folded down position (short vertical objects.

Figure 1. Optical systems of theodolite.
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5. Electrical System
( f i g .  2 )

The 3-volt, direct current (dc) power to
operate the scale lamps (DS2 and DS3) and the
cross hairs lamp (DS1) is furnished by two
Batteries BA-30. The scale lamps and the cross
hairs lamp are used during night operation of
the theodolite (TM 11-6675-200-10).

a. ML-474/GM (A, fig. 2).

(1)

(2)

With switch S2 in the ON position, the
circuit that provides the dc power to
the scale lamps (DS2 and DS3) is com-
pleted.

The brightness of the cross hairs lamp
(DS1) is controlled by the rheostat
(R1). In the OFF position, the high
resistance of the rheostat extinguishes
the cross hairs lamp.

b. ML-47-(*) and ML-247-(”) (B, fig. 2).
(1)

(2)

With switch S1 in the ON position, the
circuit that provides dc power to the
cross hairs lamp (DS1) is completed.
The rheostat (R1) controls the bright-
ness of the cross hairs lamp.

With switch S2 in the ON position, the
circuit that provides the dc power to
the scale lamps (DS2 and DS3) is com-
pleted. Figure 2. Theodolite schematic diagram.
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C H A P T E R  3

T R O U B L E S H O O T I N G

6. General Troubleshooting Information Tool set (FSN 6660-353-5236)

Troubleshooting at field and depot mainte-
nance level includes all the techniques outlined
for organizational maintenance and any special
or additional techniques required to isolate a
defective part. The field and depot maintenance
procedures are not complete in themselves but
supplement the procedures described in opera-
tor’s and organizational maintenance. The sys-
tematic troubleshooting procedure, which be-
gins with the operational and sectionalization
checks performed at an organizational level,
must be completed by means of further localiz-
ing and isolating techniques.

7. Troubleshooting Procedures
a. Sectionalization. Sectionalization means

tracing the fault to the major component re-
sponsible for abnormal operation.

b. Localization and Isolation. Localization
means tracing the fault to the defective section
of the equipment. Isolation means tracing the
fault to the defective part by sight, touch, hear-
ing, or detailed equipment checks.

8. Tools and Materials Required
Tools and materials required for field and de-

pot maintenance of the theodolite set are listed
below.

Tool Equipment TK-17/FMQ-1
Tool Equipment TE-113

Symptom
. ——— ——..

Cross  hairs cannot be focused  sharply by
turning the focusing  eyepiece.

Tracking telescope  cannot be focused
sharply by turning the focusing  knob.

Finder-tracking lever binds . ..-. -.-- . . . . . .
Azimuth calibration  adjustment  binds . . . .
Azimuth  calibration  clamp will not operate

properly.
.4zimuth  mounting binds  when telescope  is

rotated  horizontally.

Elevation mounting binds  when telescope
is rotated  vertically.

Cross hairs not centered on same point as
sights when using tracking telescope.

Cross hairs do not remain on identical tar-
get point when finder-tracking lever is
operated.

Magnifying lens (FSN 6760-356-5585)
Wrench strap (SigC SN 6R59349)
Dividers (Oral SN 41-D-1365)
Camel’s-hair Brush TL-72 (½ inch flat)
Cleaning Compound (FSN 7930-395-9542) 
Acetone (FSN 6810-281-1863)
Wiping cloth (FSN 8305-170-5063)
Cement (SigC SN 6G199.1)
Lubricating oil, general purpose, preservative

(PL special) 4 oz can/spout (FSN 9150-
273-2389)

Lubricating oil, watch (OCW), 5cc bottle/
dropper (FSN 9150-252-6382)

9. Localizing Troubles
a. Use of Troubleshooting Chart. Use the

troubleshooting chart (b below) to supplement
the equipment performance checklist in TM
11-6675-200-10 and the troubleshooting chart
in TM 11-6675-200-20. If operational symp-
toms are not known, begin at item 1 of the
equipment performance checklist (TM 11-
6675-200-10) and proceed as directed.

b. Theodolite Set Troubleshooting Chart.
The chart below is supplied as an aid in locating
trouble in the theodolite set. In performing
the checks outlined below, refer to the appro-
priate illustrations in TM 11-6675-200-10 and
TM 11-6675-200-20.

Probable trouble
—
Misalined or damaged focusing eyepiece.
Broken cross  hairs -------------------
Damaged prism assembly  .._ . . . -------
Damaged internal  focusing lens .-_-  . . .
Damaged  focusing  assembly . . . . . . . . . .
Bent shaft or lever ------------------
Bent or damaged parts ..--. . . . . . . . . . .
Bent or damaged parts -.. ---. . . . . . . . .

Dirt or no lubrication on internal
bearing surfaces.

Bent or damaged parts ---------------
Trunnion end thrust screw too tight . . .

Elevation  scale rubbing on guard . . . . . .
Cross  hairs not centered in telescope

tube.
Prism needs adjustment . . . . . . . . . . . . . .
Sights are damaged or need adjustment
Finder  telescope  mirror needs adjust-

ment.
—

Correction
—. .—
Replace focusing  eyepiece  (par. 11).
Replace cross hairs (par. 12).
Replace prism assembly (par. 13).
Replace internal focusing  lens (par. 14).
Repair  focusing  assembly  (par. 14).
Repair  or replace (par. 15).
Repair  or replace (par. 17).
Repair or replace (par. 17).

Clean and lubricated  internal bearing
surfaces  (par. 16).

Repair or replace damaged parts (par. 16).
Repair or adjust trunnion end thrust

screw (par. 18).
Repair  or adjust guard (par. 18).
Adjust cross hairs reticule  (par. 21).

Adjust prism (par. 22).
Repair,  replace, or adjust sights  (par. 24).
Adjust finder telescope  mirror (par. 23).
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C H A P T E R  4

R E P A I R S ,  A D J U S T M E N T S ,  A N D  O P T I C A L  A L I N E M E N T S

Section I. REPAIRS

10. General Parts Replacement Techniques 11. Replacement of Focusing Eyepiece

a. This section describes the preferred (fig. 3)

sequence of disassembly, inspection, and re- The focusing eyepiece and lens is replaced as

assembly of the theodolite set. The order of an assembly.

disassembly may be varied, if necessary. Cer- a. Clean and check the replacement assembly

tain parts may remain in place while other before removing the defective focusing eye-

parts are repaired or replaced. piece (MP26).

b. During disassembly, group the parts of
b. Unscrew the focusing eyepiece cap (MP7)

from the focusing eyepiece (MP26) by turning
each unit to avoid confusion during reassembly.
To facilitate reassembly, loosely replace the

the focusing eyepiece cap counterclockwise.

screws, washers, nuts, knobs, and minor parts
c. Unscrew the focusing eyepiece (MP26) by

turning the knurled flange counterclockwise.
on or in the unit to which they belong. d. Replace the focusing eyepiece by turning

c. Whenever the theodolite set is disas- the knurled flange clockwise until it is hand-
sembled, examine each part to see that it is not tight.
bent, broken, worn, or dirty. Clean and replace e. Screw the focusing eyepiece cap (MP7)
all parts as necessary. Be sure to align and test to the focusing eyepiece until the focusing eye-
the theodolite set after reassembly. piece cap is hand-tight.

Figure 3. Theodolite telescope, top view.
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12. Replacement of Cross Hairs

The cross hairs (fig. 1) of the theodolite are
very fragile and break easily. Broken cross
hairs must be replaced before the theodolite can
be used for accurate observations.

Note. The thread used for cross hairs must be fine,
smooth and opaque. The best cross hair thread is a
‘thread from a spider cocoon. If a spider thread is not
obtainable, a suitable thread can be made by unwinding
a nylon thread and using one of the single strands.

a. Remove the focusing eyepiece cap (MP7)
and the focusing eyepiece (MP26) (par. 11).

b. To remove the cross hairs lampholder
(XDS1) (fig. 3), unscrew the bracket screws
and slide the lampholder out of the cross hairs
lamp hole in the reticule (fig. 1).

c. Remove the cross hairs reticule (MP43)
as follows:

(1)

(2)

(3)

(4)

Use the adjusting pin to remove the
top  and  bo t tom re t i cu le  sc rews
(MP103-MP106) (fig. 3). Be careful
not to lose the rectangular washers
(MP81 through MP 84).
Loosen the remaining two screws and
pivot the reticule 90° to expose its
edge.
Screw one of the removed reticule
screws into the hole in the exposed
edge of the reticule to act as a handle.
Remove the remaining screws and lift
out the reticule.

d. Remove the cross hairs and traces of ce-
ment from the reticule grooves by dipping the
reticule in acetone; wipe clean and dry thor-
oughly.

Warning: Acetone is flammable and its
fumes are toxic. Do not use near a flame and
provide adequate ventilation.

e. Place the reticule, with the cross hair
notches facing up, on a sheet of clean white
paper and install the new cross hairs as follows:

(1)

(2)

(3)

(4)

8

Adjust the dividers to the outside
dimensions of the reticule.
Attach one end of a very fine thread
to one tip of the dividers. Do not use
cement.
Gently pull the thread across the di-
viders and secure it to the other tip.
Dip the tips of the dividers into clear,

(5)

(6)

(7)

(8)

(9)

( l o )

(11)

fresh water. Be sure that the thread
is completely submerged.

Note. The water will cause the thread to
stretch slightly. After the thread is secured
to the reticule ( (9) below) the drying action
will cause it to become taut.
Remove the thread from the water and
shake the thread gently to dislodge
drops of water.
Use the screw adjustment and gradu-
alIy widen the dividers to slightly
stretch the thread.
Place the thread in one of the cross
hair notches in the reticule. Do not
remove the dividers.
Using a toothpick, apply a drop of
cement to each of the ends of the
notch containing the thread.
Hold the divider stil l; allow a few
minutes for the cement to set.
To remove the dividers push them
down and away from the reticule. Do
not pull up on the dividers.
To insert the second cross hair, follow
the procedures in (1) through (10)
above.

f. Replace the cross hair reticule as follows:
(1)

(2)

(3)

(4)

(5)

(6)

(7)

Using the reticule screw (fig. 3) as a
handle (c(3) above), insert the cross
hairs reticule (MP43, fig. 1) into the
eyepiece tube. Aline the holes for the
cross hair lamp tube and the top and
bottom screw holes.
Replace the top and bottom reticule
screws and rectangular washers, but
do not tighten. Remove the screw that
was used as a handle.
Pivot the reticule 90° to aline the side
screw holes and the cross hair lamp
hole. The cross hair side of the reticle
should face the open end of the eye-
piece tube.
Replace, but do not tighten, the side
reticle screws and rectangular wash-
ers.
Adjust and tighten the four reticule
screws so that the reticule is centered
in the eyepiece tube.
Replace the focusing eyepiece and
focusing eyepiece cap (par. 11).
Adjust the reticule and cross hairs
(par. 21).
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TM6675-200-35-4

Replacement of Prism Assembly d. Remove the prism assembly retaining
(fig. 4) screw (fig. 4).

Invert the theodolite telescope so that the e. Loosen the adjustment screws ( MP44  and

sights are on the bottom. MP45) and pass the adjustment stud through
the prism cover to free the prism assembly.

b. Remove the prism cover retaining screws f. ‘Replace the prism assembly (MP42) by
(not shown). reversing the procedures given in a through e

c. Lift the prism cover and the prism assem- above.
bly (MP42) from the telescope tube (fig. 1). g. Adjust the prism (par. 22).

AGO 2989A

Figure 4. Prism assembly MP42 and cover.

9



14. Repair of Tracking Telescope
Focusing Assembly

The tracking telescope focusing assembly
consists of a focusing knob and pinion assembly
(a below) and an internal focusing tube and
lens

a.

b.

—
(b below).

Focusing Knob and Pinion Assembly,

(1) Remove the mounting screws.
(2) Disengage the pionion gear (MP13)

(fig. 5) and draw the assembly from
the eyepiece tube (fig. 3).

(3) Disassemble the focusing knob and
pinion assembly as follows:

(a)

(b)

(c)

(d)
(e)

Remove the machine screw (MP55)
(fig. 5).
Remove the focusing knob. Be care-
ful not to lose the key or the thrust
washer (MP87).
Draw the pinion gear (MP13) and
shaft from the assembly.
Remove the bushing retaining screw
Remove the pinion bushing.

(4) Clean and inspect the parts as follows:
(a)

(b)

(c)

Clean the parts with cleaning com-
pound; dry thoroughly.

Warning: Cleaning Compound
is flammable and its fumes are
toxic. Do not use near a flame and
provide adequate ventilation.
Inspect the parts and replace as
necessary.
Dip the parts to be reassembled in
oil (OCW); remove excess oil.

(5) Reassemble the focusing knob and
pinion assembly by reversing the pro-
cedures in (3) above.

(6) Replace the focusing knob and pinion
assembly by reversing the procedures
in (1) and (2) above.

Internal Focusing Tube and Lens (fig. 1).
(1)

(2)

(3)

(4)
(5)

10

Remove the focusing knob and pinion
assembly (a(1) and (2) above).
Remove the focusing eyepiece cap and
and the focusing eyepiece (par. 11).
Remove the cross hairs lamp holder
(XDS1) and the cross hairs reticule
(par. 12).
Remove the finder telescope
Slide the internal focusing
1) out of the eyepiece tube,

(par. 15).
tube (fig.

(6) Unscrew the internal focusing lens
(MP4) from the internal focusing
tube,

(7) Clean the parts as follows:

(a) Use a camel’s-hair brush and lens
tissue to clean the lens.

(b) Clean the internal focusing tube and
rack gear with cleaning compound.

(8) Inspect the parts and repair or replace
as necessary.

(9) Lubricate the focusing tube and rack
gear as follows:

(a) Dip the internal focusing tube in
oil ( PL special); Remove excess oil
with a clean, dry cloth.

(b) Place a few drops of oil (PL special)

(10)

(11)

(12)

(13)

(14)

(15)

on the rack gear.

Screw the internal  focusing lens
(MP4) into the internal focusing tube.
Slide the internal focusing tube into
the eyepiece tube so that the rack gear
is aligned with the pinion gear hole
(not shown).

Insert the pinion gear through the
pinion gear hole; the pinion gear (fig.
5) must mesh with the rack gear.
Replace the mounting screws.
Check the focusing assembly for satis-
factory operation.
Replace the cross hairs reticule and
cross hairs lampholder (par. 12), and
the focusing eyepiece and focusing
eyepiece cap (par. 11).

15. Repair Finder Telescope
.

a. Remove the focusing eyepiece cap and the
focusing eyepiece (par. 11).

b.  Remove the cross hairs lampholder
(XDS1) and the cross hairs reticule (par. 12).

c. Disassemble the finder telescope as fol-
lows :

(1)

(2)

(3)

Remove the screws (not shown) that
hold the mirror to the finder-tracking
lever shaft (MP6); remove the mirror.
Loosen the setscrew (not shown) and
remove the f inder-tracking lever
(MP6) from its shaft.
Unscrew the collar (not shown) and
remove the finder-tracking lever shaft.

AGO 2989A



Figure 5.

TM6675-200-35-5

(4)

(5)

Loosen the finder telescope clamping
screws (not shown) and slide the
finder telescope housing off the eye-
piece tube.

Unscrew and remove the finder tele-
scope object lens (MP25).

d. Clean the parts as follows:

(1) Use a camel’s-hair brush and lens
tissue to clean the lens and the mirror.

(2) Clean the metal parts in cleaning com-
pound; dry thoroughly.

(3) Dip the metal parts in oil (PL
special); wipe dry with a clean cloth.

e. Inspect the parts and repair or replace as
necessary.

f. Reassemble the finder telescope by re-
versing the procedures in c above.

h. Replace the cross hairs Iampholder and the
cross hairs reticule (par. 12).

AGO 2989A 11



16. Cleaning, Lubrication, and lnspection of
Internal Bearing Surfaces
(fig. 6)

The procedures described below should be
performed only in a clean dust-free area. Be
sure to keep dirt or grit from the internal bear-
ing surfaces.

a. Disassembly.
(1)

(2)

(3)

(4)

(5)
\

(6)

(7)

(8)

Unscrew the theodol i te from the
theodolite mount.
Carefully place the theodolite on its
side and unscrew the center cap. Be
careful not to lose the center spring
(MP72).
Use the spanner wrench to remove the
center nut (MP32).
Hold the upper portion of the theodo-
lite and the leveling head together and
place the instrument right-side-up on
a firm surface.
Release the azimuth calibration assem-
bly by loosening the azimuth calibra-
tion clamp.
Lift the upper portion of the theodo-
lite from the Ieveling head.
Remove the azimuth calibration as-
sembly from the Ieveling head.
Disengage the azimuth tracking con-
trol and separate the intermediate
center from the inner center.

b. Cleaning. Use a clean cloth moistened
with oil (PL special) and carefully remove all
traces of dirt, grit, and old lubrication. Clean
all parts, particularly the bearing surfaces and
the recessed portion that houses the azimuth
scale.

c. Inspection. Inspect all parts for wear or
improper functioning and replace as necessary.

d. Lubrication. Coat all bearing surfaces
with a thin film of oil (OCW). Do not oil
excessively. Lubrication should be performed
immediately before reassembly.

e. Reassembly.
(1) Put the azimuth calibration assembly

in place on the leveling head (MP11)
so that the head of the tension screw
(MP50) (fig. 7) is up and the vertical
lug (fig. 6) of the leveling head is be-
tween the cal ibrat ion adjustment
screw (MP33) (fig. 7) and the piston.

(2)

(3)

(4)

(5)
(6)

(7)

Carefully slide the intermediate center
(fig. 6) onto the inner center spindle.
Engage the azimuth tracking control.
Carefully insert the intermediate cen-
ter into the leveling head (MP11).
Lower the upper portion of the unit
until the shoulder of the intermediate
center is seated in the azimuth calibra-
tion assembly.
Tighten the azimuth calibration clamp.
Place the theodolite on its side and re-
place the center nut (MP32). Use the
spanner wrench to tighten the nut.
Place the center spring (MP72) in the
center cap so that its raised side will
press against the inner center spindle
tip when the cap is in place. Screw the
cap on hand-tight.

17. Repair Azimuth Calibration Assembly

The azimuth calibration assembly includes an
azimuth calibration clamp (MP102) and a cali-
bration adjustment screw (MP33). The azi-
muth calibration clamp (MP102) may be re-
placed by unscrewing the original and inserting
the replacement. If more extensive repairs are
required proceed as follows:

a. Perform the procedures given in para-
graph 16a(1) through (7).

b. Disassemble the azimuth calibration as-
sembly as follows:

(1) Remove the screwcap (MP64).
(2) Remove the piston spring (MP70) and

the piston.
(3) Remove the tension screw (MP50).
(4) Remove the calibration adjustment

screw (MP33).
(5) Remove the wing screw (MP102).

c. Clean and inspect the parts.
(1) Clean the parts with cleaning com-

pound; dry thoroughly.
(2) Inspect the parts and replace as neces-

sary.
(3) Dip the parts in oil (PL special); wipe

with a clean cloth.
d. Reassemble the azimuth calibration assem-

bly by reversing the procedures in b above.
e. Reassemble the theodolite components by

reversing the procedures given in paragraph
16a(1) through (7).
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lows :
(1)

(2)

(3)

Figure 7. Azimuth calibration assembly.

18. Repair of Leveling Assembly
(fig. 8)

The leveling assembly consists of the leveling
head and screws, the leveling plate, the shifting
plate and the half-ball nut.

a. Perform the procedures given in para-
graph 16a(1) through (7).

b. Disassemble the leveling assembly as fol-

Remove the half-ball nut (MP114)
from the underside of the leveling as-
sembly.
Lift the leveling head (MP11) from
the leveling plate and the shifting
plate.

Remove the tension screws (MP51-
MP54).

(4) Remove the leveling screws (MP36-
MP39).

(5) Remove the friction shoes (MP66-
MP69) from the leveling screws by
pressing sideways until the shoe snaps
off.

c. Clean and inspect the parts.
(1)

(2)

(3)

Clean the parts with cleaning com-
pound; dry thoroughly.
Inspect the parts and replace as neces-
sary.
Dip the parts in oil (PL special); wipe

with a clean cloth.

d. Reassemble the leveling assembly by re-
versing the procedures in b above.

e. Reassemble the theodolite components by
following the procedures in paragraph 16e (1)
through (7).

14
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Figure  8. Theodolite leveling assembly.
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Section

19. Preparation for Adjustments
The final adjustments should not be

I l .  ADJUSTMENTS

per-
formed until the theodolite is prepared as fol-
lows: 

a. Mount the theodolite on its tripod (TM11-
6675-200-10).

b. Level the theodolite (TM 11-6675-200-
10). .

c. Adjust the levels (TM 11-6675-200-20).
Note. The theodolite should remain set up and level

for the adjustment and alinement procedures in para-
graphs 20 through 26. Perform the procedures in the
sequence given. Do not begin a new procedure until the
previous procedure has been satisfactorily completed.

20. Adjustments of Elevation Mounting
(fig. 6)

The theodolite elevation mounting is made
up of two standards (fixed and adjustable)
which are supported by the base plate (MP40).
The upper end of the standards are shaped to
form a trunnion support for the telescope as-
sembly. The fixed standard supports the eleva-
tion scale and scale guard. The adjustable
standard is used during alinement of the hori-
zontal axis (par. 25).

a. Elevation Mounting Check.
(1) Disengage the elevation tracking con-

trol.
(2) Rotate the telescope vertically and

note the smoothness of operation. If
b inding occurs,  perform the pro-
cedures in b below.

b. Adjusting.
(1)

(2)

Inspect the elevation scale and guard
(fig. 4, TM 11-6675-200-10). If the
elevation scale is rubbing on the scale
guard, check the mounting of each
and retighten or readjust the one that
is misalined.
Check the trunnion thrust screw
(MP59, fig. 3). If excessive friction
exists between the trunnion thrust
screw and the trunnion, place a thin
paper washer under the screw head
to correct the trouble.

Note. Do not change the position of nuts
MP34 and MP35 (fig. 10). These nuts are
used during optical alinement (par. 25).

21. Adjustment of Cross Hairs Reticule
The cross hairs reticule is correctly adjusted

when the cross hairs are centered in the eye-
piece tube with one cross hair exactly vertical.

a. Centering Reticule.
(1)

(2)

(3)

(4)

(5)

(6)

Remove the focusing eyepiece cap and
the focusing eyepiece (par. 11a-c).
Use the adjusting pin to loosen the
reticule screws (MP103-MP106, fig.
3).
Visually center the cross hairs reticule
horizontally by turning the two side
reticule screws (fig. 3) simultaneously
in the same direction.
Visually center the cross hairs reticule
vertically by turning the top and bot-
tom reticule screws simultaneously in
the same direction.
Tighten the four reticule screws an
equal amount by turning the opposite
screws the same amount at the same
time.
Replace the focusing eyepiece and cap
assembly (par. 11d and e).

(1)

(2)
(3)

(4)

(5)

(6)

(7)

(8)

b. Adjusting ‘Cross Hairs.
Disengage both tracking controls (fig.
6).
Tighten the azimuth calibration clamp.
Sight the vertical cross hair on some
well-defined point.
Engage the azimuth tracking control.

Swing the telescope up and down slow-
ly while sighting on the point.
The point should appear to travel
exactly along the length of the ver-
tical cross hair.
If the point does not travel exactly
along the length of the vertical cross
hair, loosen the four reticule screws
(fig. 3). Lightly tap the top and bot-
tom reticule screws, simultaneously, in
opposite directions to rotate the reti-
cule slightly on its axis.
Repeat (5) through (7) above until
the point travels exactly along the
length of the vertical cross hair when
the telescope is swung up and down.
Tighten the reticule screws.
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22. Adjustment of Prism
(fig. 9)

The line of sight through the telescope will
coincide with the line of collimation of the prism
when the prism is correctly adjusted.

a. Checking Prism Adjustment.
(1)

(2)

(3)

(4)
(5)

(6)

(7)

(8)

(9)

(10)

Disengage both tracking controls (fig.
6). Operate the finder-tracking lever
(MP6, fig. 1) toward the focusing eye-
piece (MP26).
Select a well-defined target point, 200
to 300 feet away, to which the line of
sight is approximately horizontal.
Set the azimuth scale to 0° (1, fig. 9)
and engage the azimuth tracking con-
trol (fig. 6).
Loosen the azimuth calibration clamp.
Turn the focusing eyepiece (fig. 1) to
focus the cross hairs; turn the focus-
ing knob to focus the telescope.
Center the tracking telescope cross
hairs on the target point selected ((21)
above); tighten the azimuth calibra-
tion clamp (fig. 6).
Turn the azimuth calibration adjust-
ment (fig. 4, TM 11-6675-200-10) to
center the cross hairs exactly on the
target point.
Disengage the azimuth tracking con-
trol (fig. 6) and set the azimuth scale
at exactly 180° (2, fig. 9); engage the
azimuth tracking control (fig. 6).
Swing (transit) the telescope verti-
cally until the target point is again
visible in the telescope field (3, fig. 9).
If the target point falls on the vertical
cross hair, the telescope line of sight
is correctly adjusted. If it does not,
adjust the prism as outlined in b
below.

b. Adjusting Prism. With the theodolite
still set

(1)

(2)

(3)

AGO 2989A

as in a(9) above, proceed as follows:
Turn the azimuth tracking control
(fig. 6) to center the cross hairs on
the target point.
Read the azimuth scale (4, fig. 9);
note the number of degrees the read-
ing deviates from 1800.
Turn the azimuth tracking control to
set the azimuth scale halfway between

(4)

(5)

(6)

(7)

(8)

the reading ((2) above) and 180°
(5, fig. 9).
Loosen the prism assembly retaining
screw (fig. 4).
Engage the capstan pins in the prism
holder adjustment screws (MP44 and
MP45).
Look through the telescope. Turn the
screws simultaneously, in the same
direction, to bring the target point
(a(10) above) laterally to the cross
hair intersection (6, fig. 9).
Tighten the prism assembly retaining
screw (fig. 4).
Do not change the setting of the
theodolite controls.

23. Adjustment of Finder Telescope
Mirror
(fig. 1)

The following adjustment should not be per-
formed until the tracking telescope prism is
adjusted (par. 22). The cross hair intersection
should be on the same target point with the
finder telescope as with the tracking telescope.

a.  Check ing  Mi r ro r  Ad jus tment .  L o o k
through the eyepiece and shift the finder-track-
ing lever back and forth. If the cross hairs
are centered on the same point with both tele-
scopes, the mirror is correctly adjusted. If the
cross hairs are not centered on the same point
with both telescopes adjust the mirror (b
below).

b. Adjustment of Mirror.
(1)

(2)

(3)

(4)

(5)

(6)

(7)

Loosen the lock nut on the finder-
tracking lever stop (not shown).
Turn the finder-tracking lever (MP6)
toward the focusing eyepiece (MP26).
Note the point of the tracking tele-
scope image upon which the cross
hairs are centered.
Turn the finder-tracking lever (MP6)
away from the focusing eyepiece
(MP26) .
Turn the capstan screw (not shown)
in or out to shift the finder telescope
image and bring the point described
in (3) above laterally to the cross
hair intersection.
Tighten the locknut (not shown) on
the finder-tracking lever stop.
Do not change the setting of the
theodolite controls.
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24. Adjustment of Sights
(fig. 3)

Figure 9. Adjustment of prism.

The sights should be centered on the same
point as the telescope cross hairs (par. 23b
(5 ) ) .

a. Checking Sight Adjustment.

(1)

(2)

(3)

Look through the telescope and note
the point on which the cross hairs are
centered.

Look down the sights and note the
point on which the sights are centered.

If the points noted in (1) and (2)
above are the same, the sights are
correctly adjusted. If the points are
not the same, perform the procedures
in b below.

b. Adjusting
(1)
(2)

(3)
(4)

TM6675-200-35-9

Sights.
Loosen the mounting screws.
Look down the sights, and shift the
sight assembly (MP2) to center the
sights on the point noted in a(1)
above.
Tighten the mounting screws.
If the procedure in (2) above does
not permit satisfactory adjustment,
the sights may be bent or otherwise
damaged and should be replaced (c
below).

c. Replacing Sights.
(1)

(2)

(3)

Remove the sight assembly (MP2) by
removing the mounting screws.
Subst i tute a new sight assembly
(MP2) and mount it loosely in place
with the mounting screws.
Perform the procedures in b(2) and
(3) above.
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Section Ill. OPTICAL ALINEMENTS

25. Alinement of Horizontal Axis
(fig. 10)

The horizontal axis of the theodolite is cor-
rectly alined when the eyepiece tube is in a
plane parallel to the plane of the levels.

a. Check Horizontal Axis A linement.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Set the azimuth scale at 0°; engage
the azimuth tracking control.
Disengage the elevation tracking con-
trol (fig. 6).

Select a high target point on a wall or
building about 20 feet away.

Loosen the azimuth calibration clamp
and center the cross hairs on high
point P (1, fig. 10). Tighten the azi-
muth calibration clamp.
Use the azimuth calibration adjust-
ment (fig. 4, TM 11-6675-200-10) to
exactly center the vertical cross hair
on point P (1, fig. 10).

Gently press down on the end of the
telescope until the cross hair intersec-
tion falls on point A (2, fig. 10) at the
base of the building.
Disengage the azimuth tracking con-
trol (fig. 6). Set the azimuth scale at
180°. Engage the azimuth tracking
control.

Swing the telescope over vertically
and again sight on point P. Use the
azimuth calibration adjustment (fig. 4,
TM 11-6675-200-10) to center the
vertical cross hair on point P (3, fig.
10).

Lower the telescope to the level of
point A. If the cross hair intersection
falls on point A, no adjustment is
needed. If it does not, mark the point
at which the cross hairs intersect as
point B (4, fig. 10) and proceed with
the steps in b below.

b. Aline Horizontal Axis. If the check in
a(9) above indicates an adjustment is needed,
proceed as follows:

(1) Turn the azimuth
center the vertical
A (5, fig. 10).

ACO 2989A

(2)

(3)

(4)

(5)

Read the azimuth scale; note the num-
ber of degrees the reading deviates
from 180°.
Turn the azimuth tracking control to
set the azimuth scale halfway between
the reading ((2) above) and 180°.

Raise the telescope to the level of
point P (6, fig. 10).
Adjust the nuts (MP34 and MP35)
on the adjustable standard to center
the cross hairs on point P as follows:

(a) Loosen the top nut (MP34).

(b) Turn both nuts (MP34 and MP35)
simultaneously in the same direction
to center the cross hairs on point P
(7, fig. 10).

(c) Tighten the top nut (MP35).

(6) Check the adjustment by repeating
the procedures in a(1) through (9)
above.

26. Alinement of Elevation Scale Fiducial

Marker and Final Test
(fig. 11)

The fiducial marker should indicate 0° or
180° when the telescope line of sight is in a
horizontal plane. The procedures given in this
paragraph are used to aline the elevation scale
fiducial marker and, in addition, will serve as
a final test of over-all theodolite alinement.

a. Checking Fiducial Marker Adjustment.
(1)

(2)

(3)

(4)
tracking control to
cross hair on point

Set the azimuth scale (1, fig. 11) and
the elevation scale at 0O. Engage both
tracking controls (fig. 6).
Loosen the azimuth calibration clamp
and center the cross hairs on a target
point 200 to 300 feet away (1, fig. 11).
Tighten the azimuth calibration as-
sembly.
Disengage the elevation tracking con-
trol and set the elevation scale at 180°
(2, fig. 11). Engage the elevation
tracking control (fig. 6).
Disengage the azimuth tracking con-
trol and set the azimuth scale at 180°
(3, fig. 11). Engage the azimuth track-
ing control (fig. 6).
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(5) Look through the telescope. If the (3)
cross hairs intersection again falls on
the target point, the elevation scale
fiducial marker is correctly adjusted.
If it does not, perform the procedures (4)

in b below.

b. Adjusting Fiducial Marker.

(1)

(2)

20

Turn the elevation tracking control (5)
(fig. 6) to bring the cross hair inter-
section vertically on the target (4, fig.
11).

Note. Vertical motion alone should bring
the cross hairs on the target. If horizontal
motion is needed, repeat the adjustment pro-
cedures in paragraphs 21, 22, and 25. (6)

Read the elevation scale. Note the (7)
number of degrees the reading devi-
ates from 180°.

Turn the elevation tracking control
(fig. 6) to set the elevation scale half-
way between the reading ((2) above)
and 180° (5, fig. 11).
Loosen the adjustment screws (MP96
and MP97) and move the fiducial plate
until the fiducial marker is even with
the 180° line (6, fig. 11).

Check to see that the fiducial plate is
very close to, but not touching, the
elevation scale. If the two are touch-
ing, insert a piece of paper between
the fiducial plate and the elevation
scale and repeat the adjustment ((4)
above).
Tighten’ the adjusting screws (MP96
and MP97).
Realign the elevation tracking con-
trol graduated drum (TM 11-6675-
200-20) .
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TM6675-200-35-10

Figure 10. Adjustment of horizontal axis.
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TM6675-200-35-11

Figure 11. Adjustment of elevation scale fiducial marker.
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A P P E N D I X

REFERENCES

Following is a list of references applicable and available to the field and depot maintenance
personnel of the theodolite set:

TM 11-6675–200-10 Theodolites ML-47-C through ML-47-R, Theodolites ML-247 and
ML-247-A, and Double Center Theodolite ML-474/GM, Opera-
tor’s Manual

TM 11-6675-200-20 Theodolites ML47-C through ML-47-R, Theodolites ML-247 and
ML-247-A, and Double Center Theodolite ML-474/GM, Organi-
zational Maintenance, Second Echelon
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