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Figure 1-1. Handheld Aircratt Sextant, Kollsman Type 1972-02, Air Force Type MA-1
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SECTION !

INTRODUCTION

1-1. INTRODUCTION.

1-2. This publication covers the overhaul and test pro-
cedures of the Handheld Aircraft Sextant, manufactured
by the Kollsman Instrument Corporation, Elmhurst,
New York. (See figure 1-1.)

1-3. The following is che instrument designartion.

Kollsman Air Force Air Force
Type Number Type Number Stock Number
1972-02 MA-1 6225-1972-02

1-4. Sections II and III of this handbook contain over-
haul and test instructions for Kollsman type 1972-02,
Haodheld Aircraft Sextant. Overhaul and test instruc-

tions for additional models are included in Section IV
by use of Difference Data Sheets.

1-5. PURPOSE OF EQUIPMENT. The Handheld Air-

craft Sextant is designed to give indication of the angu-

lar alticude of celestial bodies for navigation of aircraft,
LEADING PARTICULARS

ALTITUDE: —10° to 4-92°

VOLTAGE: 28 volts

CONTROL: One knob, 5° per revolution

WEIGHT: 6 pounds

SEALING: Sealed against moisture and fungus

2-1. OVERHAUL TOOLS.

SECTION Il
OVERHAUL INSTRUCTIONS

Class Tool Figure

Code No. Nomenclature Application No.

8073 TEsi6lL Spanner Wrench Adjusting  the 2-1
mounting plate
eccentric of the
averager.,

7800 TES162A Pressure Fixture  To test index 2-2
housing for feak.

TES163 Altered Sextant Used when ad-  2-3

Body justing and test-
ingtheaverager.
8073 TEs5167A  Adjuswable As- To hold sextant  2-4
sembly Stand duringassembly.
8073 TEs189B Index Prism Toremoveindex 2.5
Mount Wrench prism mount.

TE5194D  Collimator To collimate 2-6
sextant.

TES791 Torque Rod Toadjustspring 2-7
tension of uni-
versal.

TE5950 Eyepiece Wrench To remove and  2-8
to install eye-
piece.

TEsS998 Single Collimator Toadjustoptics. 2-9

TE5952 Tube Wrench Removal of lock  2-10
rings.

TES953 Tube Wrenches Removal of lock  2-11

2) rings.
TES954 Holding Fixtwre Usedwith5194D 2-12

as a mount for
holding sextant.

Changed 15 April 1959

Figure 2-1. Spanner Wrench

Figure 2-2. Pressure Fixture
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Figure 2-6. Collimator

WEIGHT: BRASS
SHAFT: DRILL ROD
REQUIRED TORQUE: 75-80" GRAMS

Figure 2-7. Torque Rod

Figure 2-5. Index Prism Mount Wrench

Figure 2-8. Eyepiece Wrench
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Figure 2-9, Single Collimator

Figure 2-10. Tube Wrench

Figure 2-11. Tube Wrenches

Figure 2-12. Holding Fixture

2-2. DISASSEMBLY.

2-3. GENERAL. Due to the complexity of the equip-
ment involved, the overhaul procedure is separated into
two parts; the averager and the sextant. The final check-
ing of the sextant includes the averager assembly.

2-4. TROUBLESHOOTING. Prior to disassembly an
attempt should be made to isolate the component which
is at faule. The following will aid in determining which
component should be overhauled.

a. If the collimating equipment which is necessary to
check the sextant at 0°, 45° and 90° is not available,
the sextanc may be checked at one or two points by
sighting on a distant target. The angle of elevation of
the target must first be established by using a surveyor’s
transit or suitable sighting device.

b. Set the transit up in the normal manner so as to
have an unobstructed view for at least 800 feet.

c. Select an object which for all practical purposes
may be considered immovable aand permanently secure
a target on this object at zero altitude when sighting
through the transit.

d. The sextant should be securely mounted adjacent
to the transit so that its objective window is at the
same level as the transit telescope.

e. Rotate the adjustment knob and position the sex-
tant uatil the artificial horizon, field lens reticle and the
target are coincident. The alticude counter on the sex-
tant should indicate the value shown on the correction
card for zero altitude. As a further check, a second tar-
get may be mounted some discance above the first. A
comparison of reading between the transit and the
sextant should not differ by more than two minuces of
arc. If the errors exceed the tolerance cither the sextant
is out of collimation or the coupling has shifted on the
counter shaft. Before accepting the former, the latter
should be tnvestigated and, if necessary, corrected.

t. Remove the counter from the right cover by remov-
ing the two screws. .
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1. Averager

2. Screw

A, Lockwasher

4. Scaling Ring

S. Sciling Ring

6. Strap

7. 5¢rew

8. Lochwasher

9. Plug and Cuable

10, Sextant (less averager)

Figure 2-13. Handheld Aircraft Sextant
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¢ CAUTION }
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A floating disk which is used between the
counter and the pinion shaft assemblies may
or may not fall out of the sextant body when
the counter is removed. In any event, the disk
must not be lost.

'

g- Adjust the position of the sextant so that the arti-
ficial horizon, the reticle of the field lens and the zero
target are coincident. Loosen the two set screws which
hold the cqupling on the counter shaft and position the

wupling so that when it is meshed with the floating disk
+f the pinion shaft, it will indicate the reading of the
correction card. Secure the coupling on the couater shaft
and replace the counter on the right cover. Repeat the
test uncil cthe readings satisfy the tolerances. If the read-

4

ings cannot be brought within the specified tolerances,
it may be assumed that the instrument is out of colli-
mation.

h. To determine which component is at fault, re-
move the averager assembly from the sextant and check
its operation as described in paragraphs 3-11 through
3-22. Place the sextant in a collimating stand and check
the calibration as described in paragraphs 3-5 through
3.8, If the sextant calibration is unsatisfactory, proceed
to overhaul the equipment.

2-5. REMOVING THE AVERAGER FROM THE
SEXTANT. (See figure 2-13.)

a. Place the sextant on an assembly stand with che
averager in a horizontdl position.

b. Remove four screws (7), lockwashers (8) and lift
off strap (6). )
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¢. Remove four screws (2), lockwashers (3) aad lift
off the averager (1).

d. Remove the two scaling rings (4 and 5).
2-6. DISASSEMBLY OF THE AVERAGER. (Sce fig-
ure 2-14.) Except for attaching pares the disassembly
procedure will follow the order of the index numbers
assigned to the exploded view.

If more than one mechanism is being over-
hauled, keep the pares separated or identify
the major components as belonging to a par-
ticular mechanism. There are many assemblies
which are fitted or aligned to its particular
mechanism frame and are not readily inter-
changeable.

2-7. CLEANING.

2-8. GENERAL. Clean all metal parts in Xylene (Fed-
eral Specification TT-X-916).

a. Polish pivots and jewels.

b. Gear teeth may be cleaned by brushing lightly with
cleaning solution,

Section H
Parugraphs 2-5to 2-13
c. Clean ball bearings in Xylene (Specification TT-X-
916). Remove bearing from solution and hold with
tissuc while drying with clean air.
2-9. INSPECTION.

2-10. GENERAL. Inspect all metal pares for wear or
corrosion and gaskets for deterioraton.
2-11. REPAIR OR REPLACEMENT.
2-12. YOKE AND INDEX ASSEMBLY. (Sce fig-
ure 2-15.) Malfunctoning of the yoke and index as-

sembly can usually be traced to one of the following
1ens,

a. Sticky or rough ball bearings.

b. Improper fic of the ball bearing on the drum or in
the yoke casting.

¢. Improper mesh of the gear train.

d. Improper sctting of the gear retaining clips.

¢. Faulty index assembly.
2-13. DISASSEMBLY OF THE YOKE AND INDEX
ASSEMBLY. (Sce figure 2-15.) Excepr for attaching
parts and, as noted below, disassembly will follow the
order of the index numbers assigned to the exploded
VICW,

1. Cover 26. Wausher
2. Screw 27. Lever
3. Lockwasher 28. Retsining Ring
4. Plate 29, Spacer
S. Screw 30. Yoke and Index
6. Spring 31, Pin
7. Spring 32 Fork Assembly
8. Pressure Concact 33, Spring Assembly
9. Mounting Plate 34, Screw
10. Screw 35. Plunger Spring
11. Lockwasher 36. Screw
12. Scaling Ring 37. Stop Plate
13. Ball 38. Screw
14. Push Rod 39, Guide
15. Screw 40. Bail Cacriage
16. Dial 41. Spring
17. Screw 42. Conrtrol Unit
18. Plate and Gear 43. Anchor Screw
18 19. Plunger 44. .S:crcw
17 20. Spring 45. Shaft and Clutch
21. Clock Mcchanism 46, Rcotaining Ring
54 22. Screw 47, Washer
4 / ,.16 23. Lockwasher 48. Gear Assembly
FARSE 24, Spring 49. Washer
. Retaining Ring 50. Screw
%, 51. Shaft

. Reraining Ring

. Washer

. Idler Gear and Shafr
. Spring Hook

. Frame Assembly

. Locating Pin

Figure 2-14. Averager Assembly
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{
~. Screw

Clip
. Clip
Retaining Ring
Washer
. Reduction Gear
Index Assembly
. Retasner

Yoke Pin

—
X maon.

21, Follower

22. Cam and Shaft Assembly
23. Snap Ring

24. Pin

25. Drum Gear

26. Index Bracket Assembly

15. Friction Disc

16. Gear Assembly

17. Hub and Gear Asscmbly
18, Friction Lisc

19. Retaining Ring

20. Index Assembly

27. Screw
28, Screw
29. Shalr
30. Bracket
11. Cam Shaft 31. Screw
12, Spring 32. Shaft
13. Disc Assembly 33, Yoke and Drum Assembly
t4. Gear and Disc Assembly 34, Screw

35. Retamer

. Shim
. Yoke and Pin Asscmbly

38. Adapter

. Bail Beuring
. Drum and Shaft Assembly

Figure 2-15. Yoke and Index Assembly

a. Disassemble parts two through seven.
b. Remove index assembly (8).

¢c. Rotate the index disks on the shaft and then re-
lease. The spring pressure of the roller and arm assembly
should be sufficient to return each disk to the zero po-
sition (low position on the cam) with a sharp, clean
movement. The disk should not “hang” on the high
position of the cam. Check each disk individually since
there can be no failures on this test.

d. Hold the cam and shaft assembly (22) and push
the yoke pin (10) to the end of the slot toward the
index disks. There should be approximatety 0.010 inch
clearance between the index disk and the cork of the
gear assembly (16).

‘e. While holding the index assembly (8), unscrew
the retainer (9).

+ f. With a suitable punch, drive the yoke pin (10) out
of the cam shaft (11).

g- Remove the cam shaft (11), spring (12), disk as-
sembly (13), and the gear assembly (16).

h. Further disassembly follows the order of the in-

x numbers assigned to the exploded view.

2-14, REPLACEMENT OF CORK RINGS. (Sce fig-
ure 2-15.) If new friction disks (15 and 18) are to be
used on the friction gear and disk assembly (14) and

6

the hub and gear assembly (17), they must be reduced
to a thickness which will permit satisfactory operation
of the index assecmbly (8). The following steps describe
the necessary procedure.

a. Remove the old cork friction disks with a razor
blade. Clean the surface of the gear and disk assembly
(14) or the hub and gear assembly (17) thoroughly to
remove all traces of cork or cement.

b. Coat the mating surfaces of each part with a thin

film of Armstrong’s J1101 Cement or the equivalent
(AF Specification 26544-B}.

c. Allow cement to air dry (20 to 30 minutes}).

d. Assemble parts and clamp.

e. Bake in oven at 120°C (250°F) for 45 minutes, or
150°C (200°F) for 20 minutes or 175°C (350°F) for
10 minutes.

f. The excess cork should be removed in the follow-
ing munner. lInsert a shaft, the diameter of which is
slightly less than the diamcter of the hole, in the fric-
tion gear. Place a piece of very fine sandpaper over a
suitable hole in a bench block. Insert the shaft through
a hole in the paper and into the bench block. The shaft
must be perpendicular to the bench block at all umes.
Rotate the friction gear on the shaft and remove the
excess cork from the friction gear assembly (16) to
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£.003
1637 —=

L 004
067 —I l—~

52. Screw .
$3, Eccentric Mouncing Plate
54. Mountiag Plate

42. Window
43. Screw
44. Window Retainer
45. Screw

46. Retainer

47. Plate

48. Retainer

49. Balt

50. Ring

5>1. Clamp

Figure 2-16. Friction Gear Assemblies

satisfy an overall dimension of the assembly of 0.163
-+0.003 of an inch. (See figure 2-16.)

g- Remove sufficient cork in the manner explained

above from the disk assembly (13) to satisfy a dimen-
sion of 0.067 =+ 0.004 of an inch as measured from the
surface of the cork to the back surface of the friction
disk. (See figure 2-16.)

h. Check the index disks for operation. Move the
yoke pin (10) away from the index assembly and hold
it with moderate pressure and, at the same time, rotate
the disks. Then release the index disks by moviag the
pin in the opposite direction. The friction gears shouid
release and permit the index disks to return to the zero
position with a clean, sharp action.

PP PP P N
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¢ CAUTION ¢
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Do not use oil on any part of the index
assembly.

2-15. ASSEMBLY OF THE YOKE AND INDEX AS-
SEMBLY. (See figure 2-15.)

a. Except for attaching parts and as noted below, the
assembly procedures follow the reverse order of the
index numbers assigned to the exploded view.

b. Replace the clips (4 and 3) and secure them with
two screws (2). The shafe clip (4) must be an almost
line to line fic with the flat of the shafc of the cam and
shafct assembly (22). It may be necessary to adjust the
clips (4 and 3) and the position of the shaft (32) o
prevent disengagement of the gears. The clip must be
adjusted to allow a maximum of 0.5° rotation of the
shaft and, at the same time, permit the shaft to slide
under it with a minimum of friction.

2-16. MOUNTING PLATE ASSEMBLY. (See figure
2-17.)

2-17. DISASSEMBLY. Except for attaching parts and,
as noted below, disassembly will follow the order of
the index numbers assigned to the exploded view.

Figure 2-17. Mounting Plaie Assembly

a. Before disassembly, scratcch a reference mark on
the mounting plate (54) in line with the scribed mark
on the eccentric mounting plate (53). This mark will
be used as an aid in reassembly.

b. When lifting the plate (47) out of the mounting
plate (54), make provisions for catching the ball bear-
ings located berween the plates.

2-18. ASSEMBLY. (See figure 2-17.)

a. Place the eccentric mounting plate (53) in the re-
cess of the mounting plate with the two spanner
wrench holes down, and with the reference marks in
alignment. Secure the eccentric in this posidon with,
four flat head screws (52) and clamp (51).

b. Turn the plate over and place 27 balls (49) into
the recess of the cccentric mounting plate (53). To hold
the balls in place apply a few drops of a suitable oil
(MIL-L-6085A) to the bearing race.

c. Place the retainer (48) over the large bearing ring
(50). Place a ball (49) in each of the holes provided.
A few drops of oil (MIL-L-6085A) on the bearing ring
is sufhicient lubrication.

d. Replace plate (47). It should revolve freely and

the balls on the larger circumference should contact
both the outer race and the bearing surface of the disk.

e. Secure the bearing plate to the mounting plate
with retainers (46) and two screws (45).

Note

The guides are not to hold the bearing plate
tight but rather to prevent its falling out of
the mounting plate.

f. If the window (42) is loose or a leak is suspected
at that point, remove it and spread a moderate amount
of cement EC1093 activated with EC1063, on the con-
tacting surfaces. The cement is manufactured by Mic
nesota Mining Co.
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2. Pin 3. Hairspring 9. Washer
3. Hairspring and Balance 6. Screw 10. Adjuster
4. Balance 7. Nut 11, Screw
8. Jewel 12, Washer
7 13, Adjustment Plate
7 il 14. Top Place
7 12 13. Verge and Fork
: /3 16. Escape Wheel
@ /- 17. Gear
(:”ﬁ'“ o 7 Y- 18. Nut
.- 'g -1 17 19. Jewel Assembly
IR e - 20. Bottom Plate
9 - I - 16
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Figure 2-18. Clock Mechanism Assembly

2-19. CLOCK MECHANISM ASSEMBLY. (Secc figure
2-18.)

2-20. DISASSEMBLY. Except for atraching parts, the
disassembly procedures will follow the order of the
index numbers assigned to the exploded view.

2-21. REPAIR.
a. When replacing the hairspring, refer to figure 2-19,

b. When replacing verge and fork (15) refer to fig-
» 2-20.

«-22. ASSEMBLY OF CLOCK MECHANISM. (See
figure 2-18.)

a. Shape and position the hairspring so that the im-
p- Ise pin of the balance wheel assembly will hold the
verge and fork assembly in line with che pivot poincs
of the two assemblies. Wich the balance wheel assembly
at rest, the verge and fork assembly should be cquidis-
tant between the fork stop pins of the bottom plate
assembly. (See figure 2-21.)

DIRECTION OF WINDING
8 34 CONVOLUTIONS

Figure 2-20. Dimension of Verge and Fork

POSITION OF THE VERGE AND FORK
ASSEMBLY RELATIVE TO THE STOP PINS
WHEN THE HAIRSPRING IS IN THE AT
REST POSITION

Figure 2-19. Position of Hairspring

Figure 2-21. Position of Verge and Foark

b. Apply moderate pressure to the gear (17). The
clock mechanism should stace immediately and have a
lively, even beat.

c. It 'may be necessary to adjust the mesh between
the verge and fork (15) and the escapement wheel (16)
by moving the adjustable plate (13) on the top place
assembly. If any mesh adjustment is made, be sure the
end of the fork does not bottom in the groove of the
roller on the hairspring and balunce (3). If the beac
is uneven, ic can be adjusted by reposidoning the hair-
spring.

Note
The pivots of the clock mechanism are lubri-
cated wich a very lighe surface film of - oil. ‘
(MIL-L-6085A). '

2-23. PINION SHAFT AND CLUTCH ASSEMBLY.
(See figure 2-22.)

2-24. DISASSEMBLY.
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57. Clutch Gear
$8. Clutch
59. Ball Bearing
60. Spacer

52 61. Shafc

’ — (6. .
56 P ( &

32. gin )
53. ate

54, Spring 6[
5s. Ball

$6. Pressure Place

Figure 2-22. Pinion Shaft and Clutch Assembly

‘a. At the manufacturer’s discretion, depending upon
the fic of the component parts, a pin (52) may or may
not be used on this assembly, Holding the pin end of
the assembly on a V-block or across the open jaws of
a vise, drive the pin through the shaft.

b. Sclect a hole in an arbor press having a slightly
larger diamcter than the ball bearing. Place the assembly
in the hole wich the plate (53) resting on the table of
the arbor press.

c. Apply pressure to the end of the shaft, pushing it
out of the clutch assembly.

d. Without disturbing the position of the parts care-
fully invert the clutch assembly on the arbor press.

Do not handle the assembly by the large clutch
gear (57). If this assembly is not disassembled
in the proper rotation, loss of the springs (54)
or balls (55) may result.

e. Remove the plate (53) and lift the three springs
(54), three balls (55) and threc pressure plates (56)
out of the recesses.,

f. Lifc che clucch gear (57) off the clutch (58).

g. Sclect a hole in the arbor press having 2 slightly
larger diameter than the gear on the shaft (61).

h. Place the assembly, with the gear down, into the
hole with the ball bearing resting on the table of the
arbor press.

i. Apply pressure to the shaft (61) pushing it through
the ball bearings (59) and spacer (60).

2-25. ASSEMBLY OF PINION SHAFT AND CLUTCH
ASSEMBLY. (Sce figure 2-22.)

a. Place one ball bearing (59) over a suitable hole on
the table of .an arbor press. Inserc the shaft (61) into
the bearing. Apply pressure to the geared end of the
shaft pushing it into the bearing.

Section I}
Paragraphs 2-24 to 2-25

b. Place the other ball bearing (59) over the holc
in the table and place the spacer (60) on top of the
bearing.

¢. Place the above shaft and bearing into the holc
of the sccond bearing. Place 0.003 inch shim stock be-
tween the spacer and che first ball bearing. Apply pres-
sure to the shaft pushing it into the sccond bearing.
Push the bearings home but, as yer, do not remove the
shim stock. ’

" d. Place the clutch (58) in a suitable hole in the
arbor press with the gear of the assembly resting oo
the table.

¢. Place the clutch gear (57) on the clutch.

f. Into the recesses thus formed, place three pressure
plutes (56), three balls (55) and three springs (54) in
the proper position. (Sce figure 2-23.)

g. Place one drop of oil (MIL-L-G085A) on cach
ball.

RELLATIVE POSITIONS OF THE SPRINGS
BALLS AND PRESSURE PLATES OF THE
PINION SHAFT AND CLUTCH ASSEMBLY

Figure 2-23. Detail of Clutch

h. Place the plate (53) flat side down, on the above
assembly. ‘

i. Position the previously assembly shaft and bear-
ings into the hole of the clutch-retaining plate.

j- Carefully apply pressure, pushing the shaft through
the retaining plate and che clutch assembly, until the
raised portion of the rewaining plate is tight against the
inner race of the ball bearing.

k. Remove the shim stock. The spacer (60) between
the ball bearings should fall free and the shaft should
rotate without binding or roughness. Holding the as-
sembly vertical, with the geared end of the shaft down,
rotation of the clutch gear (57) in a counterclockwise
directon should cause the clutch o slip ullowing the
shaft to remain stationary.

. The force required to push the shaft through the
clutch determines the necessity for the pin (52).

m. If a pin is necessary, drill a hole with a No. 65

9
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(0.055) drill through the shaft and clutch. Taper the
hole with a reamer. Insert the taper pin and file the
ads flush.

<-26. AVERAGER CONTROL UNIT. (Sce figure
2-24.)

2-27. DISASSEMBLY. Except for attaching parts the
disassembly procedures will follow the order of the
index numbers assigned to the exploded view.

2-28. ASSEMBLY OF AVERAGER CONTROL UNIT.
The replacement of any of several parts may affect the
opetation of the remaining parts and, therefore, they
must be fitted and adjusted as they are being assembled.
The parts are not interchangeable without alterations.

a. Place the stop post mount (36) on the control
mount (37) and secure it with two fillister head screws
(35). '

b. Turd in one screw (34) uantil it touches the stop

. Pawl Centering Lever
Tew

. Bearing

. Rocking Shaft

ew

. Stop Post Mount
trol Mount

22. Spring
23. Reraining Ring
24. Lever and Hub 2

25. Laich and Hub 25 '
26. Latch Assembly 23

27. Pawl

28. Pawl Lever 22

Figure 2-24. Averager Control Unit

mount assembly. Insert another screw (33) through
the clearance hole in the control assembly and turn it
into the stop post mount assembly.

¢. Allow approximately 0.005 inch end play for the
rocking shaft (32).

d. Place the above assembly ia position on the mech-
anism frame assembly (56, figure 2-14) and secure it
with two anchor screws (43, figure 2-14).

Note

The holes in the mechanism frame assembly
are large clearance holes for the screws (35).

+ The screws should be positioned approximately
in the center of these holes to allow for ad-
justments. The reassembly of the averager con-
trol unit must be performed while it is mounted
on the mechanism frame.

- Place the pawl (27), milled surface down, on the
#ud of the pawl lever (28) and secure the parts with
retaining ring (23).

0
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Note

The pawl must rotate freely on the stud with
a minimum of clearance.

£ Insert che pawl lever (28), with the attached pawl
(27) into the hole of the pawl centering lever (29) so
that the hooked end of the pawl centering lever will
mate with the pawl (27).
Note

The pawl lever (28) and the pawl centering

lever (29) must move freely with a minimum

of clearance.

g Place the above asscmbly on the post which is
located just above the rocking shaft (32). Figure 2-25
shows the relationship of the actuating parts of the
control unit,

h. Lubricate the shaft of the spring assembly (33, fig-

Figure 2-25. Detail—Control Unit

ure 2-14) with a suitable oil (MIL-L-G085A) and in-
sert it into the casting.

i. Place the fork assembly (32, figure 2-14) on the
other end of the spring assembly and secure it with a
taper pin.

j- (Figure 2-24) Place the latch assembly (26) on the
shaft of the stop post mount (36) with the filed pin
down and, with the stud positioned in the slot of the
sweep fork assembly. Secure with a retaining ring (23).

k. Connect the spring (41, figure 2-14) berween the
sweep fork assembly and the pawl centering lever (29,
figure 2-24),

L. Place the latch and hub (25) on the shaft which is
located above (he rocking shaft (32) with the tab be-
tween the spring and the pawl lever (28). Secure the
parts on the shaft with a recaining ring.

m. Place the lever and hub (24), with the tab down,
on the stud adjzcent to the pivot point of the rocking
shaft. Secure the part on the shaft with a retaining ring.
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n. Connect the spring (22) between the lever and
hub (24) and the latch and hub (25). This spring ac-
tion should cause the shutter actuating lever and hub
assembly to press against the short lever of the rocking
shaft assembly. See paragraph 2-38 for the adjustment
of the control unit.

2-29. BALL CARRIAGE ASSEMBLY. Disassembly of
this unit is not recommended as the rollers used on
this assembly are of different tolerances and are not
interchangeable. However, the assembly may be cleaned
in Xylene (Specification TT-X-91G6) upon overhaul, but
if any parts appear to be damaged or worn the entire
assembly must be replaced. The surface of each roller
should be smooth and it should rotate on its shaft freely
without sticking. The shafts should be tight in the
casing and they should not be bent in any manner. The
large bearing hole should be cleaned with a wooden
dowel immersed in Xylene and then rotated in the
bearing. The gear rack should be well secured to the
frame and tight against the casting boss.

Do not use an abrasive to clean the bearing
as the tolerances are held close and the us of
an abrasive may enlarge the hole.

2-30. AVERAGER COVER ASSEMBLY. (See figure
2-26.)

2-31. DISASSEMBLY. Disassembly will follow the
order of the index numbers assigned to the exploded
view,

Section Il
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2-32, ASSEMBLY OF THE AVERAGER COVER AS-
SEMBLY. Except as noted below, assembly will follow
the reverse order of the index numbers assigned to the
exploded view.

a. When replacing the averager actuating lever (9),
allow for 5/16 inch travel of the operating lever (12).

b. Position the rewind lever (2) on the shaft of the
rewind shaft (7) so that the lug on the disk will en-
gage the cutout in the disk of the coupling plate (47,
figure 2-27) on the plate assembly.

2-33. LUBRICATION.

2-34, GENERAL. Oil must be applied sparingly. Only
those parts listed below should be lubricated. (Specifi-
cation MIL-L-G085A.)

a. Ball bearings of yoke and index assembly.

b. Ball bearings of clutch assembly.

¢. Shaft of spring assembly (33, figure 2-14).

d. Balls of mounting plate assembly (49, figure 2-17).
e. Pivots of clock mechanism.

Note

Do not lubricate any part of the index assembly
(8, figure 2-15),

2-35. REASSEMBLY,

2-36. ASSEMBLY OF THE AVERAGE'R. (See figure
2-14.)

a. Insert the idler gear and shaft (54) in the bush-
ings of the mechanism frame and secure it with a thrust
washer (53) and retaining ring (52). The gear and
shaft should revolve freely in the bushings.

. Screw

. Rewind Lever
Recaining Riog
. Spacer

Spacer

. Sealing Ring

. Rewind Shafc
Screw

. Actuating Lever
10. Spacer

11. Leaf Spn'n{

12. Operating Lever
13. Scaling Ring
14, Spacer

15. Cover

\CF\IO\}‘AE&NM

Figure 2-26. Averager Cover Assembly
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45. Spring Mount

46. Sector
47 47. Coupling Plate
41 48. Set Screw
/ 49. Pressure Screw
Py /) 49 50. Plate
& /)1 e
T /45
AV~ . 39
U AN
e ) y

/'/ ™ Iy . ,.
PN
v - Ve
a4” T
35 g Serew 43"~/
41 Shatt 42/
43. 'r:;'):r Pin 40

44. Spring Mount

Figure 2-27. Plate Assembly

63. Recaining Ring
. Wash

6%, Gear
66. Dial Gear
67, Mount

Figure 2-28. Dial Plate and Gear Assembly

b. Insert the shaft (51) into the casting and secure
it with set screw (50). Place a washer (49) and the
gear assembly (48) on the shaft and secure them with
a thrust washer (47) and a retaining ring (46). Insert
the shaft and clutch (45) into the casting. Temporarily
attach the place (4) to the casting with three screws (5).
Position the height of the pinion shaft and clutch as-
sembly relative to the meshing gear on the triangular
plate assembly. Secure the clutch in this position with
the set screw (44). Then remove the triangular plate
assembly.

r¢. Place the control unit (42) over its pivot pin in
the mechanism frame and secure it with two anchor
screws (43).

Note

If a lever of the control unit (42) has been
repluaced or a new control unit installed, it can-
not be installed as a unit. It must be buile up
piece by piece and adjusted accordingly. For
the adjustment procedures, see paragraph 2-38.

1.0. 5N10-4-2-3

d. If the original frame assembly (56) and the ball
carriage (40) are used, place one guide (39) (located
near center of casting) on its locating pins and secure
with four screws (38). Place rhe ball carriage (40) on
this guide and install the other guide (39) over its
locating pin and secure with four screws (38). Mount
the stop plate (37) on the bull carriage assembly with
three fillister head screws (36).

e. However, if cither the frame assembly (56), or
the ball carriuge ussemblies (40) have been replaced,
the following procedure must be followed.

f. Assemble the guides (39) and the ball carriage
(40) to the mechanism frame as explained above. Po-
sition the one guide (39) (located near center of cast-
ing) so when the ball carriage is held tightly against it
and moved the length of the guide the mesh berween
the idler gear and shaft (54) and the gear rack on the
ball carrtage will be close and even. A rough mesh or
a sloppy mesh should not be tolerated.

g- After the mesh has been properly adjusted, move
the other guide (39) into position allowing the ball
carriage (40) 0.002 inch side play at any point. Tighten
the guide mounting screws (38). With the casting face
up on the bench alternately lift each end of the casting.
The wecight of the ball carriage assembly should be
sufficient to overcome inertia when the end is tilted
approximately 15 degrees. The carriage should travel
back and forth without binding or hesitation at any
point. When the above conditions have been sadisfied
drill and ream a hole 0.0620 in. _'tg:g‘o’g;’ X 0.218 in.
deep through the carriage guide and into the mecha-
nism frame in four places. Blow out the metal chips
and press a locating pin in cach of the holes. The end

. of the pin should be flush with the surface of the car-

riage guides.
h. Remove and clean the upper and lower carriage

guides and the ball carriage assémbly. After cleaning,
reassemble the parts to the casting.

L. Secure the plunger spring (35) to the mechanism
frame with two screws (34). If necessary, bend the
spring slightly to increase the tension against the casting
boss.

j. Insert the shaft of the spring assembly (33)
through the hole in the mechanism frame. Place the
fork assembly (32) over the end of the shaft and insert
the taper pin (31).

Note

The procedure to adjust the position of the
sweep wire spring assembly which starts and
stops the action of the clock mechanism will
be found in paragraph 2-38.

k. Insert the mounting pins of the yoke and index
(30) into the hole in the mechanism frame and secure
the parts with a retaining ring (28) and spacer (29).

I. Place the lever (27) on the pivot pin of the yoke
and index assembly and secure it with a thrust washer
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(26) and a retaining ring (25). Attach the spring (24)
fromi the end of this lever o the spring hook (55).

m. Install the plunger (19) into the mechanism
frame. As the plunger is inserted move the pawl out of
its path, otherwise it or other parts may be damaged.

Note

At this stage of the assembly, the control unit
muost be adjusted. See paragraph 2-38 for the
adjustment procedure.

n. Attach the clock mechanism (21) o the mecha-
nism frame with three screws (22) and lockwashers
(23).

o. Attuch the two power springs (20) to the ball
carriage (40) and the anchor screws (43).

p- Attach the plate and gear (18) to the mechanism
frume with two shoulder screws (17). Position the
holes in the dial gear assembly so that when the ball
carriage asscmbly is at either end of its travel, the holes
of the dial gear will be parallel to the carriage guide.
Attach the averager diul (16) to the dial gear with two
screws (15) so that the zero graduation is nexe to the
index murkers.

q. Drop two clean balls (13) into the bushing of the
ball carriuge assembly. Drop a small drop of oil (MIL-
L-6085A) on cach ball.

r. Inserc the push rod (14) into the hole of the
mounting plate (9).

s. Place the completed mounting plate assembly on
the mechanism frame with the locating pins of the
mouating plate inscried into their respective holes in
the casting,.

t. Sccure the parts with four screws (10) and three
lockwashers (11).

u. Attach the spring (6) to the spring hoak (55) and
the hole in the spring mounting piece assembly of
the plate assembly. Place the compression spring (7)
and the pressure contact (8) into the pressure screw of
the plate assembly,

v. With the ball carriage assembly at the unwound
position, mount the plate (4) to the mechanism frame
with three screws (5).

Note

The sector gear of the plate assembly should
be engaged in such a position so as to fully
wind the mechanism when the sector shafr is
rotated, and also relcase the index disks to
permic their return to the zero position. See
paragraph 2-39 for the adjustment procedure.

w, Turn down the pressure contact screw located in
the plate (4) sufhciently to assure contact of the ball
(13) in che ball carriuge (40) with the bearing plate
of the mounting plate (9). See paragraph 2-40 for the
adjustment procedure.
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Note

At this stage, the averager must be adjusted to
operate within specified tolerances. (See para-
graphs 2-38 through 2-44 for the various ad-
justment procedures.)

2-37. AVERAGER ADJUSTMENTS.
2-38. (.ONTROL UNIT (Sce figure 2-29). Before this

unit can be successfully adjusted, the averager must be
assembled up o and including paragraph 2-36m of
the reassembly procedure.

a. Move the ball carriage (1) to the wound position,
the pall carriage stop latch assembly (2) will position
itself behind the stop of the plate assembly (3). Hold
the ball carriage at the extent of its travel and observe
the clearance between the end of the ball carriage stop
lacch assmbly and the edge of the stop. As a preliminary
seeting this distance should be approximutely 0.015 inch.
If such is not the case remove the plunger and loosen
the two holding screws (4) which are located on the
underside of the casting and reposition the adjustment
screws (5) and (6) undl che coadidon is sausfied.
Tighten the holding screws (4).

N 4 ~f-ooisapPROX. N
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t. Ball Carciage 7. Shutter Accuator Latch and
2. Ball Carriage Stop Latch Hub Asscmbly
Assembly 8. Shutter Actuator Lever and
3. Plate Assembly Hub Assembly
4. Holding Screws 9. Rocking Shaft
5. Adjustment Screw 10. Shutter Actuating Spring
6. Adjustment Screw 1. Plunger

Figure 2-29. Operation of Control Unit

b. Depress the plunger (11) to the extent of its
travel. With the averager in the wound position, the
shoulder vn the plunger should clear the pawl on the
control unit and should contact the pawl only after the
narrow end of the ball carriuge stop lacch assembly (2)
has cleared the raised portion of the ball carriage seop
plate. This condition is artained by adjustment of the
adjustment screws (5 and 6). When muking chis adjust-
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ment, be careful to maintain the sctting described in

‘ragraph 2-38a. :

. Depress the plunger (11) to the extent of its travel
and move the ball carriage along the rails until the pin
of the plate assembly (3) strikes the shutter actuator
latch and hub assembly (7) causing it to trip from its
position on the shutter actuator lever and hub assembly
(8). This movement will actuate the rocking shaft (9)
which in turn will operate the shutter mechnism in the
sextant. In the event that the latch and hub assembly
(7) does noc trip, remove the assembly and carefully file
the edge in the area as shown in figure 2-30, view A.

d. Unhook the shutter actuating spring (10) and con-
nect the two power springs between the ball carriage
and the anchor posts. Then replace the shutter acruat-
lﬂg Spfl"g.

¢. Mouat the clock mechanism assembly to the cast-
ing and secure it with three screws. Check the end play
of the balance wheel; if insufhicient, reposition the jewel
assemblics. Check the mesh of the gears betwceen the
clock mechanism and the clutch assembly. If necessary,
shift the clock mechanism slightly until there is no bind-
ing of gears. Continue assembly described in para-
graph 2-36.

f. Fully wind the mechanism by rocating the sector
shafc on the plate (4, figure 2-14) to the extent of its
travel and releasing it. Observe the position of the

BEMOVE MATERIAL AT THCSE FOINTS -

R

ViEWw A YiEw B

YIEW C

Figure 2-30. Latch and Hub Assembly

sweep wires which start and stop the action of the
clock mechanism. The sweep wires must clear the bal-
ance wheel as shown in figure 2-31, view A.

g- Start the mechanism in operation by depressing
the plunger and releasing it. This action will cause the
spring assembly to change position and, in doing so,
the looped sweep wire will contact the balance wheel
as it passes and gives it a starting impulse as shown in
figure 2-31, view B,

h. When the mechanism is stopped either manually

* depressing the plunger) or automatically (by the
action of the control unir), the spring assembly will
sssume’ & positdon to contact the balance wheel and
strest its action as shown in figure 2-31, view C. The

14
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sweep wires of the spring assembly must be adjusted to
satisfy the three positions.

i. (Sce figure 2-29.) Move the ball carriage assembly
to the unwound position. Revolve the rocking shaft (9)

A L c
. PN ;\\
@ @ i
% ©
ZLRO _ POSITION OPERATING POSITION STOPPED POSITION

Figure 2-31. Position of Sweep Wires

until the long lever touches the casting. The short lever
of the rocking shaft should move the lever and hub as-
sembly (8) permitting the latch and hub assembly (7)
to assume its starting position. If such is not the case
the position of the short arm of the rocking shaft (9)
must be changed to increase the wravel of the lever and
hub assembly (8).

j- Move the ball carriage assembly to the wound po-
sition and then release it. The power springs will move
the ball carriage along the rails until it is restrained by
the end of the ball carriage stop latch assembly (2). At
this point the clock mechanism will cease to function.
This is the tentative zero position of the mechanism;
the actual zero position will be determined by the ad-
justments in paragraph 2-44.

2-39. INDEX RELEASE. (Sce figure 2-32.) When the
sector shaft (1) is rotated counterclockwise, the collar
(2) must contact the index release lever (3) which will
release the index disks permitting them to return to the
zero position. Excessive linear movement of the index
shaft will cause the index disks to strike the window
or the reduction gear assembly which could damage the

1. Scctor Shafe 3. Index Release Lever
2. Coliar 4. Plate Asscmbliy

3. Set Screw

Figure 2-32. Index Release Adjustment
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index asscmbly. It may be necessary to remove the plate
assembly (4) several times to place the collar in the
proper position so as to contact the index release lever
almost at the end of its travel. This is done by loosen-
ing the set screw (5) and rotating the collar to uts cor-
rect position. However, if the plate assembly is removed,
it will be necessary to run the clock mechanism for its
full onc-minute period so that it is unwound before
replacing the plate assembly.

2-40. PRESSURE CONTACT SCREW. (See fgure
2-14.) The pressure contact may be adjusted in the fol-
lowing maancer. Place the averager oo the bench with
the triangular plate assembly (4) facing up. Turn the
pressure screw in a counterclockwise direction and, at
the same time, alternately lift up and release the yoke
and index (20) until it has free movement. Then turn
the pressure screw clockwise and, at the same time,
alternacely lift up and release the yoke and index as-
sembly until the free movement has been taken up by
the position of the screw. Permit the mechanism to op-
erate until the time dial indicates 15. Rotate the bear-
ing plate located in the mounting plate (9) with a
suitable tool and observe the movement of the friction
disk gear assemblies. If che assemblies show any indica-
tion of slipping, increase the tension on the pressure
contact screw until there is no apparent slippage while
rotating the bearing plate. At this point, further in-
crease the tension by one full turn. Excessive pressures
will not permit the knob on the sextant to operate freely
" and smoothly. It is, therefore, important, that the ten-
sion is correctly adjusted. After adjustment cover the
head of the screw with Minnesota Mining and Manu-
facturing Co.’s E.C. 801 Cement.

2-41. SPRING TENSIONS. (See figure 2-14.)

a. Tension of the spring (6) must be sufficient to re-
turn the parts attached to the shaft of the plate assem-
bly, to its starting position after the mechanism has been
wound.

b. Tension of the spring (24) must be sufficient to
prevent slippage of the index disks. If a new spring
is being instalicd, apply tension by changing the posi-
tion of the spring hook (55) in the frame assembly (56)
to its maximum position so that the spring is fully
Ioaded.

2-42. TIMING THE AVERAGER. (See figure 2-33.)
The averager must be operated for a maximum time in-
terval of 60 seconds and must be timed against a mas-
ter stop watch, electric timer or equivalent. Conduct the
test as follows:

a. Rotate the sector shafc (1) to wind the averager
and then release it to be assured of maximum operation.
The mechanism should operate for approximately 3 sec-
onds before it is automartically stopped. At this point
the time dial (2) should indicate zero.

b. Simultaneously depress and release the averager
operating shaft (3) and the master stop wartch.

¢. Stop the master watch when the shutter actuating

Paragraphs 2-3v .

push rod (4) “pops” out. The time dial should indicate
20 seconds. The difference between the master watch
and twice the averager time dial reading must not ex-
ceed 1 second.

' Note

The averager time dial indicates half the time
of observation in scconds.

2-43. ADJUSTMENT OF CLOCK MECHANISM. The
clock is so adjusted to allow the ball carriage assembly
to travel between the stops in 60 seconds +2 seconds.
Lengthen or shorten the effective length of the hair-
spring to accomplish this adjustment.

2-44.- FINDING THE CENTER OF ROTATION OF
THE BEARING PLATE AS INDICATED ON
THE INDEX DISKS. (Sce figure 2-33.)

a. Each averager has certain inherent errors which

1. Sector Shaft 6. Stop Screw

2. Time Dial 7. Eccentric Bearing Plate
3. Averager Operating Plunger 8. Index Discs

4. Push Rod 9. Lock Screws

5. Stop Screw 10. Screw

Figure 2-33. Averager Adjustments

must be adjusted to within its operating tolerances. The
ball carriage of the averager operates berween two rails,
allowing the carriage very litdle side play. The carriage
travel is governed by two adjustable stop screws (5 and
6) which are mounted on the control unit. The stops at
so adjusted that when the averager is fully wound it
will be stopped by the control unit. At this position the
point of contact of the ball in the carriage will be on
the vertical centerline of the bearing plate of the
mouanting plate assembly. Due to the allowable side play
of the ball carriage and the play in the radial bearing
of the bearing plate, an eccentric adjustment (7) lo-
cated in the mounting plate assembly is used to position
the ball on the horizontal center line. By adjusting the
carriage stops and the position of the eccentric, the
crrocs of the averager may be controlled.

b. Using a suitable tool rotate the bearing plate and
observe the movement of the index disks (8). The ref-
crence line on the index assembly should not move more
than 0.010 inch in either dircction from the zero ref-
crence line on the window when the plate is rotated
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5 revolutions. If the reference line moves down when
the plate is rotated clockwise, loosen the two lock screws

*) located on the underside which secure the plate and
«wo adjustable screws (5 and 6). Turn out screw (5)
the required amount and turn in screw (6). This ad-
justment will permit the ball carriage further travel to
position the ball over the vertical centerline of the
bearing plate.

c. If the reference line on the index assembiy moves
up when the place is rotated clockwise, loosen the lock
screws (9), turn out screw (6) the required amount,
then turn in screw (5). This adjustment will shorten the
travel of the ball carriage to positiun the ball over the
vertical centerline of the bearing plate.

d. If when the plate is rotated in one direction the
reference line of the index assembly should move up
or down, and when the plate is rotated in the opposice
direction, the reference line of the assembly remains
statiopary, it is an indication that an eccentric adjust-
ment must be made. By repositioning the eccentric (7)
the point of contact of the ball in the carriage is broughe
closer to the horizontal centerline of the disk. The ec-
centric may be adjusted by lousening the four screws
(10) that secure it, placing a spanner wrench (TE5161)
in the two holes provided, and turning ic. Trial and
error is the only recommended method for the eccen-
tric adjustment,

e. Alternate between the two adjustments until the

aximum movement of the reference line on the index
_.sembly is not more than 0.010 inch ia either direction
from the zero reference line on the window when the
plate is rotated 5 revolutions. A perfectly adjusted in-
strument will show no movement since the ball in the
carriage will be at the center of rotation of the disk.

Note

Before each ,adjustment to either the adjust-
ing screw or to the eccentric, depress the av-
erager operating plunger (3) and allow the in-
strument to operate for a few seconds. Then,
after an adjustment has been made, rewind the
mechanism and continue the test.

f. If, when the above conditions are satisfied, the zero
indication of the time dial is not coincident with the
reference line in the window, reposition the dial by
looscning the dial screws. If there is insufficient adjust-
ment in the dial holes, remove the dial plate and ad-
vance the dial gear one tooth as conditions demand.

g- Replace the disassemblied parts and fully wind the
mechanism by depressing the rewind lever and then
releasing it. The mechanism should run until the zero
on the ume dial is coincident with the reference line in
the window and at which time the mechanism will Stop.
To start the mechanism in motion again, depress and
~elease the averager operating plunger. Allow the ball

mage (o operate to the extent of its travel (one
minutc). As the tme dial approaches the 30 graduation
ehserve at what poing, as indicated on the dial, the
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shutcer actuating push rod (4) is extended through the
mounting plate. This action should occur approximately
1 graduation from the 30 graduation. If the action oc-
curs too soon, too late, or not at all, disassemble the
averager to the point where the control unic is ac-
cessible.

h. If the action occurs too socon remove sullicient
material from the area as shown in figure 2-30, view B.

i. If the acticn occurs too late, or aot atr all, remove
sullicicnt material from the area as showa in figure 2-30,
view C.

j. Trial and error is the only recommended procedure
when removing material from the various levers.

k. After the control unit has been adjusted and per-
forms sacisfactorily, retest the averager.

2-45. FINAL CALIBRATION OF AVERAGER.

a. To complete the final calibradion of the averager,
the fixture (TE5163) must be attached to the averager.

b. Clamp the averager to the fixture. Rotate the knob
until it hits the stop pin, and again note the indication
on the counter.

¢. Rotate the knob in the opposice direction until it
hits the stop pin, and again note the indication on the
counter.

d. The two indications ure the extremes, and by di-
viding the difference and adding it to the smaller angle,
the mean is obtained.

e. Rotate the knob until the counter indicates the
mean. This is the starting position.

f. Starc the averager operating by depressing and
releasing the averager operating lever. While ic is run-
ning, rotate the knob back and forth between the stops
in a regular chythm at a frequency of abour 10 to 12
cycles per 30 seconds time interval (15 seconds time in-
terval indicated oo the half time dial). After a 30-second
interval (15 scconds indicated), stop the averager mech-
anism by depressing and releasing the averager operat-
ing lever and return the reference line of the index
assembly to the zero reference line located on the win-
dow by rotating the altitude knob. Record the indica-
tion on the counter. The difference between this read-
ing and the mean reading observed at the start of the
test is the error ar this point. The error should not ex-
cced +5 munutes of arc.

Note

Do not rewind the averager after the 15-second
and 30-second indicated readings are recorded.
The initial winding of the mecharism should
be used during this check.

g. Contnue the test in the above manner and re-
cord the errors at the 30-second (indicated) time inter-
val. Errors should not exceed =3 minutes of arc at
the 30-second time (indicated) test point.

h. Rewind the averager and repeat the test with the
initial motion in the opposite direction to that of the
initial motion of the previous test.



