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A 

PUSH IN TO B R EA K  

DEFECTIVE PART AWAY 

FROM B O N D I N G  COMPOUND 

PUSH I N  AND TWIST 

TO BREAK DEFECTIVE 

PART AWAY FROM 

BONDING COMPOUND 

c 

Figure 5 -20. Removing a Defective Part 
from Bonding Compound 

ORIGINAL 5 -2 1  

Test the transistor in a transistor tester (TS-
1 100/U or similar equipment) before installing. This 
precaution will assure that the transistor is good be ­
fore it is installed. 

Pre -shape and cut the new transistor leads to 
the shape and length required for easy replacement. 
Use sharp cutters and do not place undue stress on 
any lead entering the transistor. The leads are frag­
ile and are therefore susceptible to excessive bending 
or too sharp a bend. Shape and bend as required in a 
gradual curve, and at least 1/4-inch to 3/8-inch from 
the base of the transistor. A safety measure which 
can be taken to ensure that the lead does not break off 
at the base is to use two pairs of needle-nose pliers. 
Grasp the lead close to the transistor base with one 
pair of pliers, while shaping the rest of the lead with 
the other pair. 

The above procedure and precaution is applica­
ble to any and all semiconductors, tantalum capaci­
tors, and other miniaturized parts in equipment of 
modular or unitized construction. 

Where the defective transistor was removed 
from a through-board mounting and bonded, care 
must be taken that the new transistor clears the hole 
before it is connected to its terminals. If the hole is 
too large, shim with a thin plastic sleeve (fabricated). 
If the hole is too small, ream it to accept the new 
transistor. Rebond the fitted transistor after testing 
the repaired c ircuit and it is proven to be operative. 
DO NOT use heat to rebond semiconductors. 

To remove and replace a multi-lug part, such 
as a transformer, choke, filter, or other similar 
potted, canned or molded part, release the part from 
its mounting before disconnecting or cutting its con­
ductors. Before applying pressure to remove such a 
part, carefully inspect it to be sure that the part is 
completely free of all its connections to the printed 
circuit board, and that all bent or twisted mounting 
lugs have been straightened; otherwise, you may 
break the board by applying undue pressure to it. 
Never wrench or twist a multi-lug part to free it, be­
cause this will cause the conducting strip to become 
unbonded from the board. Work this type of part in 
and out in line with its lugs as shown in Figure 5 -22A, 
while applying a hot-pencil soldering iron (using a 
bar -type tiplet adapter or desoldering tool).  

Whenever possible, cut the conducting of mount­
ing leads and lugs of the defective multi-lug part on 
the mounting side of the board, as shown in "B" of 
Figure 5 -22. Heat and straighten the clipped leads 
with a hot-pencil soldering iron and a slotted 
soldering-aid tool (or slotted soldering iron tiplet 
adapter or similar desoldering tool) applied to the 
circuit side of the board; pull the leads or tabs 
through with pliers as shown in "C" of Figure 5 -22. 

When installing a new multi-lug part, be sure 
that all of the lead holes or slots are free and clean, 
allowing easy insertion of the part. If the part does 
not position easily, check and rework the terminals 
and holes (or slots) until it does seat freely. DO NOT 
force any part into position on a printed circuit 
board. You may break the board or lift the printed 
circuit strip and eyelet terminal. 

Considerable care must be taken when replac ­
ing a defective part that terminates on miniaturized 
standoffs, feedthrough terminals, and such. These 
small terminals break easily from applied pressure 
(too heavy an application when applying a tool or sol­
dering iron), or thay may melt loose from excessive 
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BEFORE APPLYING 

PRESSURE 

Figure 5 -21 .  Removing a Transistor that has been Through-Board Mounted 

heat produced by prolonged application of the hot sol ­
dering iron. 

e. SPECIAL SOLDERING TECHNIQUES 

Replacement of miniature and subminiature 
parts found in modular assemblies requires more 
consideration than is normally given to parts in the 
servic ing of other electronic equipment. Before at­
tempting repair, maintenance personnel should be­
come thoroughly familiar with the correct repair and 
soldering techniques, since servic ing procedures 
used differ in a number of ways. 

The compactness of modular assemblies makes 
it imperative that a small, low-wattage pencil iron be 
used. The soldering iron should have a small tip so 
that heat can be applied directly to the terminal of the 
part to be removed or replaced, without overheating 
the printed circuit board or adjacent parts. 

Practical soldering irons, with tips spec ially 
designed for soldering and unsoldering parts from 

5 -22 

printed circuit boards, have been developed by a 
number of companies. 

The off -set or straight -slotted tiplets will si­
multaneously melt the solder and straighten the 
leads, tabs, and small wires bent against the board 
or terminal. 

The bar tiplet will remove straight-line multi ­
terminal parts quickly and efficiently. 

The cup-shaped tiplets, the triangle tiplet, and 
the hollow-cube tiplet are specially designed to with­
draw solder from circular or triangular mounted 
parts in one operation. 

The most important requirement for repairing 
modular assemblies and printed circuit boards is 
skill in the soldering and unsoldering of parts. Care­
less work creates unnecessary damage. Take time 
and be precise. When applying solder, remember 
that the iron must heat the metal to solder -melting 
temperature before actual soldering can take place. 
The solder -melting temperature is reached in a mat­
ter of seconds (5 to 10 seconds) ;  therefore, the 

ORIGINAL 



GENERAL MAINTENANCE NAVSHIPS 0967 -000-0160 EQUIPMENT MAINTENANCE 

PULL STRAIGHT 
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B 

c 

BAR TYPE 
T I P  LET 

CUT WITH 
D I A GO NAL 
CUTTERS 

N EEDLE NOSE 
PLI ERS 

Figure 5 -22. Removing a Defective 
Multi -lug Part 
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soldering iron and the solder strand must be applied 
simultaneously. Make certain to apply the solder to 
the joint, wire, or contact to be soldered, not to the 
soldering iron. 

Before applying any solder to a part be sure 
that the terminal, or any portion of the part to be 
soldered, is properly cleaned and tinned before posi­
tioning it for soldering. Do Not tin printed circuit 
terminals; just clean any moisture, grease, or wax 
from the printed ribbon with a stiff-bristle brush and 
methyl chloroform or alcohol. Be sure the cleaning 
solvent is dry before applying the hot soldering iron. 

CAUTION: Alcohol is flammable. 
Methyl chloroform is not flam­
mable, but heating it increases 
its toxic hazard. 

Use methyl chloroform only with adequate ven­
tilation and avoid prolonged or repeating breathing of 
vapor or contact with the skin. 

f. PRINTED CIRCUIT AND 
MICROELECTRONICS TECHNIQUES 

Printed circuits are small and compact and it 
is therefore essential that maintenance personnel be­
come familiar with the special servicing techniques 
required for this type of repair. 

In all instances, it is advisable to first check 
the defective printed circuit before beginning work on 
it to determine whether any prior servicing has been 
performed. Not all personnel having access to this 
type of equipment have the skill and dexterity re ­
quired; hence, some preliminary service may be 
necessary. By observing this precaution, you may 
save a great deal of time and labor. 

The defective part should be pin-pointed by a 
study of the symptoms and by careful and patient 
analysis of the circuit before attempting to trace 
trouble on a printed circuit board. 

It must be ascertained whether the lands (con­
ducting strips) are coated with a protective lacquer, 
epoxy resin, or similar substance. If any of these 
protective coatings have been applied, they must be 
removed and the surface must be properly cleaned 
before corrective maintenance can be performed on 
the equipment. 

(1 )  Removal and Replacement of 
Protective Coatings 

Many manufacturers of equipments used by 
the Navy apply protective coatings, also called con­
formal coatings, to their equipments. These protec ­
tive coatings include epoxies, silicones, polyurethanes, 
varnishes and lacquers. Most of the coatings consist 
of a synthetic resin dissolved in a volatile solvent. 
When properly applied to a clean surface, the solvent 
evaporates, leaving a continuous layer of solid resins. 
After curing, this coating protects against environ­
mental stress, corrosion, moisture, and fungus. 

These protective coatings may be removed by 
chemical or mechanical means. The application of 
chemical solvents is not recommended as they may 
eause damage to the printed circuit boards by dis­
solving the adhesive materials that bond the circuits 
to the boards. These solvents may also dissolve the 
potting compounds used on other parts or assemblies. 
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Most polyurethane protective coatings can be 
removed by applying heat to the area to be cleaned 
and gently scraping the coating with an X-acto knife. 
Detailed procedures for the removal and replacement 
of conformal coatings by this method and the tools 
and materials required are given in the following 
subsections. 

(a) Tools and Materials - The tools 
and materials in the following list are required to 
remove and replace protective coatings. The FSN or 
manufacturer's part number are given in Table 5 -l .  

Printed circuit card holder 
Teflon tape 
Soldering iron 
Brush, Nylon 
x�acto knife 

Cotton swabs 
Alcohol, Isopropyl 
3X, 4X, and 12X viewers 
Polyurethane coating or 

epoxy -resin compound 

(b) Removal of Protective Coating -
To remove the protective coating from the printed 
circuit board the following procedure is recom­
mended: 

1. Place the printed circuit board in the card 
holder as shown in Figure 5 -23. 

2 .  Mask the area that is not to be stripped of 
the protective coating with Teflon tape as shown in 
the figure. 

CAUTION: Excessive heat may 
damage the printed circuit board 
or surrounding parts. 

3 .  Heat a small area of the coating to be re­
moved by holding a soldering iron close to the sur­
face, but do not touch the board with the iron. 

Table 5 - l .  Recommended Tools and Equipment 

-

Item Quantity FSN or Manufactured by 
Mfg. Part No. or Equivalent 

Part !-Required Tools 

Ungar Universal Handle 1 777 Ungar 
Thread-in Element, 23 -1/2 Watts 1 535 Ungar 
Thread-in Element, 3 7 -1/2 Watts 1 1235 Ungar 
Thread-in Element, 47-1/2 Watts 1 4045 Ungar 
Pencil Tip 1 PL331  Ungar 
Pencil Offset Tip 1 PL332 Ungar 
Chisel Tip Long Taper 1 PL333 Ungar 
Tapered Needle Tip 1 PL338 Ungar 
Stepped Pencil Tip 1 7154 Ungar 
Ungar Hot Knife Tip 1 4025 Ungar 
Offset Slotted Tip 1 862 Ungar 
Straight Slotted Tip 1 857 Ungar 
Hollow Cube Tip 1 863 Ungar 
Cup Tip, 5/8" Dia. 1 856 Ungar 
Cup Tip. 3/4" Dia. 1 855 Ungar 
Cup Tip, 1" Dia. 1 854 Ungar 
Desoldering Tip (DIP) 1 859 Ungar 
Desoldering and Cleaning Tool 1 7 800 Ungar 
Soldering Iron Holder 1 8000 Ungar 
Kleen-Tip Sponge and Tray 1 400 Ungar 
Low Voltage Soldering Iron 1 6970 Ungar 
Printed Circuit Card Holder 1 371 Henry Mann Co. 
Steel Bench Clamp 1 356 Henry Mann Co. 
Miniature Vise 1 353 Henry Mann Co. 
Illuminated Magnifier, 3 Power 1 LFM-1 Henry Mann Co. 
Clip-on Lens, 4 Power 1 No. 1 Henry MannCo. 
Desoldering and Cleaning Tip, 0.33" 1 7812 Ungar 
Hemostat 1 8-907 Fisher Scientific Co. 
Hand tool - lead trimmer 

(TO type package) 1 Henry Mann Co. 
Desoldering and Cleaning 

Tip, 0.057" 1 7806 Ungar 
Desoldering and Cleaning 

Tip, 0.069" 1 7813 Ungar 
High Intensity Lamp 1 5975 Tensor 
Lead Forming Tool 1 ATH-3260 Astro Tool Co. 
DIP Package Puller 1 6982 Ungar 
45 ° Chain-Nose-Tip Cutter 1 All9 Henry Mann Co. 
Tooth Picks, Round 1 Box 
Wooden Dowels, 1/4" x 6" 10 
Triceps Tweezer, 8" 1 T8 Henry Mann Co. 

5 -24 ORIGINAL 
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Table 5 - l. Recommended Tools and Equipment-Continued 

Item Quantity FSN or 
Mfg. Part No. 

Part II-Required Chemicals and Materials 

Insulating Varnish 
Epoxy-Resin Compound 
Potting Syringes 
Epibond 
Acid Brushes 
Solvent Dispensers 
Polyurethane Coating 
Isopropyl Alcohol 
Methyl-Ethyl Ketone 
Acetone 
Copper Shim Stock 
Aluminum Oxide Abra,.ivP "D<>na� 
Cotton Swabs 
Teflon Tape - 1" 

Soldering Aid Tool 
End Nippers, 4-1/2" 
Diagonal Pliers, 4" 
Long-Nose Pliers, 4-1/2" 
Round-Nose Pliers, 4 -1/2" 
Phillips Screwdriver, 3" 
Phillips Screwdriver, 4" 
Phillips Screwdriver, 6" 
Phillips Screwdriver, 10" 
Flat Tip Screwdriver, 2" 
Flat Tip Screwdriver, 4" 
Flat Tip Screwdriver, 5" 
Flat Tip Screwdriver, 10" 
Jeweler's Screwdrivers 
Swiss File Set 
Allen Wrenches 
Allen Wrenches 
Spin Tite, 1/4" 
Spin Tite, 5/16" 
Spin Tite, 3/8" 
Spin Tite, 7 /16" 
Tweezers, Curved 
Tweezers, Straight 
Tweezers, Lock 
Drill Bit Set #33 to #80 
Hand Drill 
Brass Wire Brush 
Heat Sinks, Medium 
Nylon Brush 
X-acto Knife (with Blades) 
Material Loot 
Solder Eutectic, 63/37 Rosin Core 
Tool Box 
P rimary Page 
Teflon Tape, 1" 
Forceps, Straight, 5" 
Forceps, Curved, 5" 
Forceps, Straight, 9" 
Forceps, Curved, 8" 
"C" Clamp - 3 inch 
Wire Stripper 

* Trade Mark 

ORIGINAL 

1 pt 5970-280-4920 
1 Kit 8040-777-0631 
12 E -602 
1 Kit H-1331 
12 
4 613 

1 Kit CE-1155 
1 pt TT-1 -735 
1 pt TT-M-261 
1 qt 6810-281-1864 
.003" 

10 Shts/Box 5350-967 -508n 

1 Roll 

Part III-Standard Tools 

1 G5120-629 -2697 
1 G5 110-221-1503 
1 G5 110-541-4079 
1 G5120-541 -4078 
1 G5 120-239-8252 
1 G5 120-240-8716 
1 G5 120-234-89 13 
1 G5120-234-8912 
1 Xl010 
1 G5 120-227 -7377 
1 G5120-278-1383 
1 G5120-278-1271 
1 R3 1610 

1 Set G5 120-288-8739 
1 Set G51 10-288-7685 
1 Set G5120-288-8732 
1 Set G5 120 -315-3358 

1 5 1 20-770-0016 
1 5 1 20-770-0017 
1 5 120-770-0025 
1 5120 -770-0030 
1 G5120-288-9685 
1 G5120-247-0867 
1 G5 120-293 -0149 
1 20-087 
1 F-223 
1 
6 51F  

1 5 1 10-595 -8400 
1 Box 
l ib 

1 7817 

1 Roll 
1 G6515 -334-5600 
1 G6515-334-4900 
1 L6515-334-9900 
1 L6515 -334-4100 
1 5 -810 
1 101 -S 

5 -25 

Manufactured by 
or Equivalent 

Fishman 
Furane Plastics 

Henry Mann Co. 
Conap, Inc. 

Johnson & Johnson 

XCelite/Henry Mann Co. 

XCelite/Henry Mann Co. 

Hunter Tools 
Hunter Tools 

Hunter Tools 

Johnson & Johnson 

Union Steel Chest Corp. 

Fisher Scientific Co. 
Henry Mann Co. 
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Figure 5 -23. Printed Circuit Card Holder 

CAUTION: Do not apply exces­
sive pressure during scraping as 
this may cause nicks on the lands 
of the board or damage to the 
leads of other parts. 

4. When the protective coating softens, gently 
scrape it away from the surface with an X-acto knife. 

5 .  Remove loosened particles of protective 
coating by gently brushing. Assure that loose parti­
cles of coating do not contaminate any moving parts. 

6. Repeat steps 3 through 5 until all coating 
has been removed from the area exposed by the 
mask. 

7. Cleanse the area with a cotton swab that 
has been dipped in alcohol to remove all loose parti­
cles of protective coating that remain after brushing. 

8. Remove the mask and clean the area with a 
cotton swab and alcohol to ensure, that no loose par­
ticles of coating remain on the perimeter of the 
stripped area. 

9. Using a 12X viewer, visually examine the 
cleansed area to assure that the area is clean and that 
no damage was done during the cleaning operation. 

(c) Replacement of Protective Coat­
ing - To replace the protective conformal coating on 
the printed circuit board the following procedure is 
recommended: 

CAUTION: Protective coatings 
may affect the capacitance (air 
dielectric capacitors, distributed 
capacitance between leads) and the 
Q of inductors in RF assemblies. 
Refer to the appropriate mainte­
nance procedures in the equipment 

5 -26 

technical manual concerning align­
ment procedures and the proper 
use of protective coatings for RF 
assemblies. 

1 .  Using a 12X viewer, visually inspect the 
repaired board for foreign particles. 

2. Clean are to be coated with a cotton swab 
that has been dipped in alcohol. 

3. Allow the printed circuit board to dry 
thoroughly. Drying time will depend on the cleansing 
agent used (alcohol is recommended). 

4. Mask the area that is not to be coated as 
shown in Figure 5 -23. The unmasked area should be 
large enough to allow some overlapping with the old 
coating to assure adequate protection. 

5. Spray the exposed area with three layers 
of protective coating material, allowing suffic ient 
time for curing between successive coats. Several 
thin coats are more effective than one heavy coat. If 
the coating material has a tendency to porosity, it is 
unlikely that the pinholes will occur in exactly the 
same positions on successive coats. 

6. Remove the mask and inspect the reworked 
area, using a 12X viewer,  for any voids or pinholes. 
If any voids or pinholes are observed, add another 
coat of protective coating. 

(2) Repair of Printed Circuit Boards 

Printed circuit assembly wiring patterns 
are formed in three basic ways, by painting, chemical 
deposit, and stamped or etched metal foil. 

Shipboard repair of painted and chemically de­
posited printed wiring patterns is not recommended 
because specialized equipment is not always available. 

The metal foil printed wiring patterns consists 
of a thin metal foil bonded to a nonconductive base. 
The wiring pattern is produced by stamping the foil 
before bonding it to the base, or by chemically etch­
ing away unwanted portions of the metal foil after 
bonding to the base. 

Because metal foil is the most readily repair­
able and most commonly used type of printed wiring 
board, the repair techniques described in this sub ­
section apply to metal foil printed circuits only. 

The major cause of printed circuit board fail­
ures attributable to maintenance actions is mishan­
dling during the fault isolation and replacement of 
parts. It is important, therefore, that care be exer­
cised in performing maintenance. 

After isolation of a fault to a printed circuit 
board, the board should be visually examined to de­
termine the possible cause of the fault. If the cause 
is not readily apparent, the lands on the boards 
should be checked for continuity with an ohmmeter 
and needle probes. Place the probes at each end of 
the land. If the land is open, remove one probe along 
the board until continuity is observed on the meter. 
Then locate the break in the land with a 12X viewer. 

The three major types of circuit failures are 
caused by cracks, voids, or peeling of the lands. 
During the visual examination, it may be observed 
that the copper laminate used for the contact fingers 
has separated or peeled away from the board. This 
type of damage can be repaired by following the pro­
cedures described in the following subsections. 

ORIGINAL 
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(3) Void Repairs 

To repair a void in a land, the following 
procedure may be used: 

1. If the land has been covered with a con­
formal coating, remove it in accordance with the 
procedure outlined in 5 -6f of this handbook. 

2. Using an X-acto knife, trim each end of the 
broken land at a 45 -degree angle (see Figure 5 -24). 
Ensure that the remaining end of each land is firmly 
attached to the board. 

3. Strip the insulation from a small piece of 
AWG 22 hook-up wire. Lay the stripped wire on the 
board and solder as shown in Figure 5 -24(b). 

CAUTION: Excessive heat may 
cause the ends of the conductor to 
lift from the board. 

4 .  Clean the soldered areas with cotton swabs 
that have been dipped in alcohol. 

5. Using a 3X viewer, visually inspect the 
area for solder flux and solder splashes and remove 
any residue. 

6.  Check repaired area for continuity. 
7. Replace the conformal coating as described 

in 5 -6f of this handbook. 

( 4) Lands Repairs 

To repair cracked lands, the following pro­
cedure may be used: 

1 .  If the land has been covered with a con­
formal coating, remove it in accordance with the 
procedure outlined in 5 -6f of this handbook. 

2. Flow solder the cracked sections together 
as shown in Figure 5 -25. 

CAUTION: Ensure that solder 
does not flow over the edges of 
the land as this will reduce the 
spacing between lands and affect 
the electrical performance char­
acteristics of the board. 

3 .  Clean all residue from the board with a 
cotton swab that has been dipped in alcohol. 

4. Using a 3X viewer, visually inspect the 
area for solder flux and solder splashes and remove 
any residue. 

5. Replace the conformal coating as described 
in 5 -6f of this handbook. 

(5) Peeled Conductors 

To repair peeled conductors, the following 
procedure may be used. 

1. If the land has been covered with a con­
formal coating, remove it in accordance with the 
procedure outlined in 5 -6f of this handbook. 

2. Using an X-acto knife, trim each end of the 
land at a 45 -degree angle. Ensure that the remaining 
end of each land is firmly attached to the board. 

3. Use a length of AWG 22 hook-up wire with 
teflon insulation that will span the void in the conduc ­
tor. Strip both ends and tin. 

4. Position the wire as shown in Figure 5 -26 
and solder ends to terminals. 

5. Pot the wire to the board with general­
purpose adhesive to prevent breakage during handling 
of the board. 

ORIGINAL 5 -27 

6.  Using a 3X viewer, visually inspect the 
area for solder flux and solder splashes and remove 
any residue. 

7 .  Check for continuity. 
8. Replace the conformal coating as described 

in 5 -6f of this handbook. 

(6) Loose Connector Tabs 

The repair of loose connector tabs may be 
done in the following manner: 

1 .  Place the edge of an X-acto knife between 
the board and the loose tab; lifting tab as shown in 
Figure 5 -27. 

CAUTION: Do not allow the tab 
to curl or form right-angle bends 
as this will damage the tab. 

2.  Place a piece of teflon on the top part of 
the tab and clean the underside of the tab with alumi­
num oxide sandpaper until it is a bright copper color. 

3. Remove all old adhesive from the board by 
gently scraping with an X-acto knife. 

4. Gently wipe the underside of the tab and 
board with cotton swabs that have been dipped in ace­
tone. 

CAUTION: Acetone is flammable. 

5 .  Using potting syringe, apply adhesive to the 
tab and board surfaces. 

6. Place teflon on top of the tab and clamp 
both to the board with a "C" clamp as shown in Fig­
ure 5 -27a. 

CAUTION: Do not move teflon 
or rotate clamp while tightening 
clamp. Such movement may re­
sult in improper orientation of 
the tab. 

7. Allow adhesive to cure in accordance with 
the manufacturer's specifications. 

8 .  Remove clamp and teflon. 
9. Gently scrape the board with an X-acto 

knife to remove excess adhesive. 
10. Clean tab by wiping with a cotton swab that 

has been dipped in acetone. 
11 .  Assure that the repaired contact fits into 

the connector. 
12. Check continuity. 

(7) Broken Connector Tabs 

The repair or broken connector tabs may 
be done in the following manner: 

1 .  Using an X-acto knife, cut off the rough 
edge of the broken tab by making a 45 -degree-angle 
cut as shown in Figure 5 -27 . 

2. Ensure that the undamaged section of the 
tab is still bonded to the board. 

3. Clean the board by scraping off any residue 
and wipe with a cotton swab that has been dipped in 
acetone. 

4. Cut a replacement contact from a piece of 
copper foil stock 0.002 inch thick of the same dimen­
sions as the tab to be replaced, allowing .1/4-inch for 
a lap-joint at the point of contact with the existing 
copper land. 

5 .  Clean the replacement contact by holding it 
with tweezers and dipping in acetone. Place the 
cleaned contact on a clean piece of paper. 
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Figure 5 -24. Repair of Land With Void 
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S o lde ring 
Iron 

be 

Figure 5 -25 .  Repair of Cracked Lands 

6. Using the potting syringe, prepare adhesive 
in accordance with manufacturer's directions and ap­
ply to the board. 

7. Using tweezers, align the replacement con­
tact and press flat. 

8. Using an X-acto knife, scrape off excess 
adhesive, leaving a thin film on the board. 

9, Place a piece of teflon over the replaced 
tab and clamp with a "C" clamp as shown in Figure 
5 -27a. 

CAUTION: Do not move teflon 
or rotate clamp while tighten­
ing. Such movement may re­
sult in improper orientation of 
the tab. 

10. Allow adhesive to cure in accordance with 
the manufacturer's specification. To decrease curing 
time, place a lamp (60 to 100 watts) approximately 5 
inches from the board. 

11 .  Remove clamp and teflon. 
12. Solder at the point of overlap between the 

new and original circuitry, using a miniature low 
voltage soldering iron. 

13 . Using a small, flat file, bevel the edge of 
the tab at a 45 -degree angle to conform to the bevel 
of the board as shown in Figure 5 -27b. 

ORIGINAL 5 -29 

14. Gently scrape the board with an X-acto 
knife to remove excess adhesive. 

15 .  Clean contact and solder joint by wiping 
with cotton swabs that have been dipped in alcohol. 

16. Assure that the repaired contact mates 
evenly with the proper connector. 

17. Check continuity. 

(8) Removal and Replacement of 
Flat Packs 

Because of their small size, extreme care 
must be exercised in soldering and unsoldering flat­
pack leads. Careless work may cause damage to the 
mounting surfaces and/or the circuits. 

Orientation of the flat pack with respect to the 
mounting surface is also of major importance. All 
flat packs have index points, usually located in one 
corner or on the package centerline. Before remov­
ing any flat pack, the board to which it is attached 
should be marked or a sketch made of the location of 
the index point so that the replacement device may be 
properly oriented as shown in Figure 5 -28. 

(a) Tools and Materials - The tools 
and materials in the following list are required to 
remove and replace flat packs. The FSN or manu­
facturer's part numbers are given in Table 5-l .  
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Figure 5 -26. Repair of Peeled Conductors 

45 -degree chain noise tip cutter 
Desoldering and cleaning tool (solder 

sucker) 
Low voltage soldering iron 
Solder sucker 
X-acto knife 
Printed c ircuit card holder 
Teflon tape 
Epoxy resin compound 
3X, 4X, and 12X viewers 
Alcohol, Isopropyl 
Cotton swabs 
Tricep tweezers 
Lead cutting and forming tool (or wooden 

form) 
Potting syringe 

(b) Removal and Replacement of 
Soldered-In Flat Packs - Upon completion of subsys ­
tem checkout and the localization of the defective 
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flat pack, the following removal and replacement pro­
cedure is recommended: 

1 .  Insert the printed circuit board in the card 
holder with the flat pack face up as shown in Figure 
5 -23 . 

CAUTION: Solvents and abrasives 
may damage the board or surround­
ing parts and are not recommended 
for shipment maintenance. They 
should be used only under controlled 
conditions. 

2.  If the flat pack has been covered with a 
conformal coating, remove the coating in accordance 
with detailed procedures given in 5 -6f of this hand­
book. 

3. Mark board to show the location of the in­
dex mark on the flat pack as shown in Figure 5 -28. 

4. Using a pair of sharp chain-nose-tip cut­
ters, cut the flat pack leads halfway between the sol­
dered joints and the body of the flat pack as shown in 
Figure 5 -28. 

5. If thermally conductive adhesive has been 
used between the flat pack and the board, hold the de­
vice with tricep tweezers and place the heated blade 
of an X-acto knife between the flat pack and the 
printed circuit board on one side of the flat pack and 
gently move the knife back and forth in a cutting mo­
tion. Repeat this process on all four sides until the 
flat pack has been loosened. 

CAUTION: Do not tap board to 
remove excessive solder as this 
may cause bridging of lands on 
other parts of the board. 

6. Unsolder the remaining leads, one at a 
time, using a desoldering iron and solder sucker at­
tachment to remove excess solder. 

7. After removing the flat pack, remove mask 
and visually examine the printed circuit board with a 
12X viewer. Remove all residue (conformal coating. 
solder flux, and solder splashes) and clean the board 
with a cotton swab that has been dipped in alcohol. 

CAUTION: Assure that cleaning 
solvent is dry before applying a 
hot soldering iron-alcohol is 
flammable. 

8. Examine the replacement device for dam­
age. Review applicable circuit specifications and test 
circuit in accordance with the applicable technical 
manual. 

9. Remove the flat pack from the handling con­
tainer. If a suitable lead cutting and forming tool is 
not available, place the flat pack on a wooden form 
and cut the leads to the proper length, one at a time, 
with a sharp X-acto knife as shown in Figure 5 -29. 

CAUTION: Make certain that the 
replacement flat pack circuit is 
properly oriented with respect to 
t,he index mark previously scribed 
on the printed circuit board. In­
correct positioning of the package 
will result in destruction of the 
circuit and have a deleterious ef­
fect on system performance. 

ORIGINAL 
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Figure 5 -27. Repair of Loose Connector and Broken Connector Tabs 
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Figure 5 -28. Location of Device Index Mark 

10. Using the potting syringe, apply epoxy 
resin compound to the underside of the flat pack and 
place the package in position, using tricep tweezers. 

1 1 .  Allow the adhesive to cure in accordance 
with the manufacturer's requirements. 
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CAUTION: Use a miniature low 
voltage soldering iron. Exces­
sive heat will damage the flat 
pack and/or the printed circuit 
board. 

12.  Flow solder the flat pack leads to the 
board, one at a time, using a miniature low voltage 
soldering iron as shown in Figure 5 -30. 

13 . Using a 12X viewer, visually examine the 
area surrounding the replaced device for bad solder 
joints, bridging of solder between the leads , flux res­
idue, or excessive adhesive. 

14. Clean all residue from the leads and 
printed circuit board with a cotton swab that has been 
dipped in alcohol. 

15 .  Place the printed circuit board in the sys­
tem, if the system is available, for final test and 
checkout. If the system is not available, the proper 
inputs should be duplicated in accordance with speci­
fied test procedures and the output monitored using 
bench test equipment and procedures in the appropri­
ate equipment test and checkout manual. 

16.  Replace conformal coating as described in 
5 -6f of this handbook. 

(c) Removal and Replacement of 
Welded-In Flat Packs - Welded-In flat packs are re­
moved and replaced by following the procedure given 
for Soldered-In flat packs except that the portions of 
the leads remaining on the printed circuit board, 
after removal of the package, are clipped as closely 
as possible to the welded joint to facilitate the sol­
dering of the lapped joint of the replacement leads. 

(9) Removal and Replacement of DIPs 

Because of their smallness, extreme care 
must be exercised in soldering and unso1dering DIP 
leads. Careless work may damage the mounting sur­
face and/or circuits. 

Orientation of the DIP with respect to the 
mounting surface is also of major importance. All 
DIPs have index points, usually located in one corner 
or on the package centerline. Before moving any DIP, 
the board to which it is attached should be marked or 
a sketch made of the location of the index point so 
that the replacement device may be properly oriented 
as shown in Figure 5-3 1 .  

(a) Tools and Materials - The tools 
and materials in the following list are required to re­
move and replace DIPs. The FSN or manufacturer's 
part numbers are given in Table 5 -1.  

45 -degree chain-nose-tip cutter 
Desoldering and cleaning tool (solder 

sucker) 
Low voltage soldering iron 
Solder sucker attachment 
X-acto knife 
Printed circuit card holder 
Teflon tape 
Epoxy resin compound 
3X, 4X, and 12X viewers 
Alcohol, Isopropyl 
Cotton swabs 
Tweezers, straight 
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Cutt ing Line 

Figure 5 -29. Flat Pack Lead Trimming 

Insulating varnish 
DIP package puller 
Toothpicks 

(b) Removal and Replacement of DIPs 
on Boards With Conformal Coating - Upon comple­
tion of subsystem checkout and localization of the de­
fective DIP, the following removal and replacement 
procedure is recommended: 

1. Insert the printed circuit board in the card 
holder as shown in Figure 5 -23. 

2. Construct a teflon tape mask over the cir­
cuit board, exposing the DIP to be removed as shown 
in Figure 5 -23 and remove conformal coating in ac ­
cordance with procedure given in 5 -6f of this hand­
book. 

3. Mark board or make a sketch indicating 
location of the index mark on the DIP. 

4.  Using a pair of 45 -degree chain-nose-tip 
cutters, cut the package leads, one at a time as shown 
in Figure 5 -32 (step (1).  

5 .  Lift the portion of the leads attached to the 
package, one at a time, with tweezers, bending the 
leads upward as shown in Figure 5 -3 2  step (2). 
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CAUTION: Do not apply a prying 
or lifting motion with the X-acto 
knife as this may damage the 
printed circuit board. 

6 .  Using a heated X-acto knife blade, loosen 
the conformal coating beneath the package and gently 
lift the package. 

7. Remove conformal coating remaining on 
the board in accordance with the procedure given in 
5 -6f of this handbook. 

8. Remove solder from each lead remaining 
in the board, using a soldering iron and solder sucker 
and heater.  Simultaneously remove leads with 
tweezers. 

9. Clean holes in the printed circuit board 
with a toothpick. 

10. Remove all residue (conformal coating, 
solder flux, and solder splashes) and clean board with 
a cotton swab that has been dipped in alcohol. 

11 .  Examine the replacement device for dam­
age. Review the applicable circuit specification and 
test circuit in accordance with applicable technical 
manual. 
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Figure 5 -30. Lap Soldering of Flat-Pack Leads 

12.  Upon completion of the visual and electri-
cal tests, align the circuit pins. 

CAUTION: Assure that the cir­
cuit is properly oriented. Im­
proper positioning of the package 
may result in destruction of the 
circuit and have a deleterious 
effect on system performance. 

13.  Insert DIP in the board and solder leads 
individually, using low-voltage soldering iron. 

14. Using a 1 2X viewer, visually inspect the 
area surrounding the replaced device for bad solder 
joints, bridging of solder between leads, and flux 
residue. 

15 .  Clean all leads and surrounding areas with 
a cotton swab that has been dipped in alcohol. 

16. Place the printed circuit board in the sys­
tem, if the system is available, for final test and 
checkout. If the system is not available, the proper 
inputs should be duplicated and the outputs monitored 
using bench test equipment and procedures in the ap­
propriate equipment test and checkout manual. 

(c) Removal and Replacement of DIPs 
on Boards Without Conformal Coating - Upon com­
pletion of subsystem checkout and localization of the 
defective DIP , the following removal and replacement 
procedure is recommended: 

1 .  Mark the printed circuit board or sketch 
the location of the index mark on the DIP. 

2. Heat the solder at each lead, individually, 
and remove the molten solder' from top of board with 
a solder sucker or wicking tool. 
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CAUTION: Do not apply twisting 
or prying forces as this may 
damage the printed circuit board 
or break DIP pins within the 
board. 

3. Using a DIP package puller, illustrated in 
Figure 5-33, grasp the DIP as shown. Heat all leads 
simultaneously, using the solder sucker attachment. 
Gently pull the DIP away from and perpendicular to 
the board. The DIP should be easily freed from the 
printed circuit board. 

4. Clean holes in the printed circuit board 
with a toothpick. 

5 .  Remove all residue (solder flux and solder 
splashes) and clean board with a cotton swab that has 
been dipped in alcohol. 

6, Examine the replacement device for dam­
age. Review the applicable circuit specification and 
test circuit in accordance with, the applicable techni­
cal manual. 

7. Upon completion of the visual and electrical 
tests, align the circuit pins. 

CAUTION: Assure that the cir­
cuit is properly oriented. Im­
proper positioning of the package 
may result in destruction of the 
circuit and have a deleterious 
effect on system performance. 

8.  Insert DIP in the board and solder leads 
individually, using low-voltage soldering iron. 
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Figure 5 -31 .  DIP Masking and Alignment 

9. Using a 12X viewer, visually inspect the 
area surrounding the replaced device for bad solder 
joints, bridging of solder between leads, and flux 
residue. 

10. Clean all leads and surrounding areas with 
a cotton swab that has been dipped in alcohol. 

11 .  Place the printed circuit board in the sys ­
tem, if the system is available, for final test and 
checkout. If the system is not available, the proper 
inputs should be duplicated and outputs monitored us ­
ing bench test equipment and procedures in the ap­
propriate equipment test and checkout manual. 

(10) Removal and Replacement of 
TO-Type Packages 

TO packages containing integrated circuits 
are available with 8 to 12 leads. The leads are usu­
ally arranged in a symmetrical pattern and mounted 
directly to lands on the printed circuit board. Two of 
the most common mounting techniques are the em­
bedded and the plug-in. 

The procedures currently used to remove and 
replace transistor TO packages are also applicable 
to modified TO packages containing integrated cir­
cuits. The major difference between the two pack­
ages is that the number of leads on modified TOs is 
greater and the space between leads is less than on 
standard TOs thus limiting the space available for 
lead clipping, desoldering, and soldering. The · 
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Figure 5 -32.  DIP Lead Cutting 
and Package Removal 

smaller packages also require greater manual dex­
terity on the part of repair personnel. Other con­
straints such as spacing of lands on the printed cir ­
cuit board, removal of conformal coatings and such, 
present additional problems to the maintenance tech­
nician. 

Protective conformal coatings contribute to the 
difficulty in unsoldering leads, removing devices 
from the mounting surface, and preparing the mount­
ing surface for device replacement. Subsection 5 -6f 
of this handbook contains procedures on removal and 
replacement of conformal coatings. After the protec­
tive coating has been removed, device leads must be 
disconnected and the device removed, but the proce­
dure to be followed in removing the TO will depend on 
the mounting configuration. If the package to be re­
moved is embedded or plugged in without a spacer, 
the leads should be clipped and the package removed 
before those segments of the leads remaining in the 
board are unsoldered, If this is not possible-as 
would be the case with packages that are flush 
mounted or plugged-in with a spacer-all leads should 
be heated s imultaneously to allow package removal. 

Procedures for removing embedded, plug-in, 
and flush-mounted packages are given in the follow­
ing subsections. 

Replacement TO circuits should be electrically 
tested in accordance with the applicable detailed 
specifications and subsystem operating requirements. 

(a) Tools and Materials - The tools 
and materials in the following list are required to 
remove and replace TOs. The FSN or manufacturer's 
part numbers are given in Table 5 -1. 
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Figure 5 -33. DIP Package Puller 

Teflon Tape 
Desoldering and cleaning tool (solder 

sucker) 
Low voltage soldering iron 
45 -degree chain-nose-tip cutter 
Long-nose pliers 
Printed circuit card holder 
Toothpick 
Hemostat 
Alcohol, Isopropyl 
Cut tip 
Cotton swabs 
3X, 4X, and 12X viewers 

(b) Removal and Replacement of Em­
bedded TOs and TOs Without Spacers - Upon com­
pletion of subsystem checkout and localization of the 
defective TO, the following removal and replacement 
procedure is recommended: 
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1 .  Place the printed circuit board in the card 
holder as shown in Figure 5 -23 of this handbook. If 
the board has been covered with a conformal coating, 
mask all portions of the board except for the TO that 
is to be removed. 

CAUTION: Excessive heat may 
damage the TO package and/or 
printed circuit board. 

2. Remove coating from the terminal areas 
and area where the package is inserted into the 
board. This can best be accomplished by holding a 
soldering iron close to the board and gently scraping 
the conformal coating with an X-acto knife. 

3 .  Using a 45 -degree chain-nose -tip cutter, 
clip the leads near the TO package. 

4. Apply pressure to top of TO package with a 
wooden dowel to remove TO from the board as shown 
in Figure 5 -34. 

5. Heat terminals with a soldering iron and 
remove molten solder with a solder sucker attach­
ment. 

CAUTION: Do not forcibly pull or 
apply twisting motion to leads. 
This may damage terminals. 

6 .  Remove those segments of leads remaining 
in the board by applying the desoldering iron to the 
land on the board and gently pull downward on the 
lead using long-nose pliers. 

CAUTION: Wait until alcohol is 
dry before using soldering iron­
alcohol is flammable. 

7.  Clean all terminal areas with a cotton swab 
that has been dipped in alcohol. 

8. Using a 12X viewer, inspect terminals for 
loose solder, solder flux residue, and damage to ter­
minals. 

9. Visually examine replacement device for 
damage, review applicable circuit specification, and 
test replacement circuit in accordance with require­
ments of the appropriate operational specification and 
MIL-STD-883. 

10. Align leads and insert new TO package into 
the printed circuit board. 

11 .  Solder leads individually with a miniature 
low-voltage soldering iron, using long-nose pliers as 
a heat sink. 

12. Inspect repaired area with a 12X viewer 
and remove any solder splashes or foreign materials 
with a cotton swab that has been dipped in alcohol. 

13 . If required by the equipment maintenance 
manual, apply conformal coating in accordance with 
subsection 5 -6f of this handbook. 

14. Place the repaired printed circuit board in 
the system, if the system is available ,  for final test 
and checkout. If the system is not available, the 
proper inputs should be duplicated and the outputs 
monitored using bench test equipment and following 
procedures in the appropriate equipment test and 
checkout manual. 

(c) Removal and Replacement of 
Flush-Mounted TO's and Plugged-In TO's With Spac ­
ers - Upon completion of subsystem checkout and 
localization of the defective TO, the following re­
moval and replacement procedure is recommended: 

1. Place the printed circuit board in the card 
holder as shown in Figure 5 -23. If the board is 
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Figure 5 -34. TO Package Removal (Embedded) 

covered with a conformal coating, mask all portions 
of the board except for the TO that is to be removed. 

2. Heat each lead individually and remove 
molten solder from the board with the solder sucker 
attachment. 

CAUTION: Do not apply twisting 
motion to TO package. This may 
damage the printed circuit board 
or terminals. 

3 .  Heat all leads simultaneously with the cup­
type tiplet adapter to the desoldering iron as shown 
in Figure 5 -35 .  Using hemostats, gently grasp the 
package and remove from the printed circuit board. 

CAUTION: Wait until alcohol 
is dry before using soldering 
iron-alcohol is flammable. 

4.  Clean all terminal areas with a cotton swab 
that has been dipped in alcohol. 

5. Using a 12X viewe�, inspect terminals for 
loose solder, solder flux residue, and damage to ter­
minals. 
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6.  Visually examine replacement device for 
damage. Review applicable circuit specifications and 
test circuit in accordance with requirements of the 
appropriate operational specification and MIL-STD-
883. 

7.  Align leads and insert new TO package in 
printed circuit board. 

CAUTION: Excessive heat may 
destroy the terminal or the re­
placement circuit. 

8.  Solder leads, one at a time, with a minia­
ture low-voltage soldering iron. 

9. Using a 12X viewer, inspect the repaired 
area and remove any solder splashes or foreign ma­
terials with a cotton swab that has been dipped in 
alcohol. 

10. If required by the applicable equipment 
maintenance manual, apply conformal coating in ac ­
cordance with subsection 5 -6f of this handbook. 

11 .  Place the printed circuit board in the sys­
tem, if the system is available, for final test and 
checkout. If the system is not available, the proper 
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Figure 5 -35 .  TO Package Removal (Flush-Mounted) 
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inputs should b e  duplicated and the outputs monitored 
using bench test equipment and following procedures 
in the appropriate equipment test and checkout manual. 

g. HANDLING AND PACKAGING 

Care in handling and proper packaging to pro­
vide protection against damage in transit between the 
using activity and repair facilities is a must for mod­
ular assemblies. 

A new assembly is received packaged in ac ­
cordance with the applicable packaging specification 
(MIL-P-1755D (SHIP) (Series)). When the outer bulky 
casing (crate or outer carton with its shredded paper 
dunnage or similar material) is removed, the unit or 
units remain packed in a watertight package. This 
package should be stored by the issuing activity until 
drawn by the using activity. In this manner, the 
packaging material that the using activity saves from 
new assemblies can be used for the packaging of de­
fective assemblies. 

For the correct method and the proper material 
to use for protective packaging of defective assem­
blies, see Figures 5 -36,  5 -37, and 5 -38. 

The material shown is available to all activi­
ties, and should be used in the manner prescribed for 
storing or transferring defective assemblies until 
they are received by a shipping facility, which will 
properly package them for shipment to the restora­
tion facility. 

In order to maintain electronic equipment at as 
high a level of operating performance as possible, it 
is necessary that new, repaired, or repairable modu­
lar assemblies transported from one activity to an­
other reach their destination safely and without dam­
age while in transit. 

However, some of these items have been damaged 
in transit, and are unsuitable for use as replacement 
or repairable repair parts. In many cases, such 
damage is the direct result of careless handling and 
packaging methods employed in the preparation for 
transport of the equipment to or from the restoration 
facility, Fleet, or manufacturer. 

An example of improper packaging, and the re­
sulting damage to repair or repairable parts and as ­
semblies, is shown in Figures 5 -3 9  and 5 -40. 

To avoid such damage to equipment in transit, 
the Naval Ship Systems Command has initiated a pro­
gram to procure re-usable shipping containers 
molded or formed from a polystyrene material. This 
packaging method provides maximum protection to 
the modular assembly contained therein during trans­
port or stowage. See Figure 5 -41.  

Upon receipt of new or repaired modular as­
sembly packaged by this method, the receiving activ­
ity should first visually inspect the outer carton, 
wrapper, or box for signs of visible transport dam­
age. If no visible damage is evident, the compact re­
usable polystyrene shipping container should be re­
moved from its outer protective covering and 
inspected for signs of transport damage. If no visible 
signs of transport damage are evident, remove the 
new or repaired modular assembly from its re-usable 
shipping container and then perform the test proce­
dures required to further ensure that the assembly is 
serviceable. Upon completion of the test procedures, 
and if the assembly tested satisfactorily, restore the 
assembly into its re-usable shipping container for 
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Figure 5 -36. Protective Packaging of a Bolt-Down, Chassis -Type Modular Assembly 

storage in its assigned bin, box, or shelf until issued 
to the using activity. 

In this manner, when a defective modular as­
sembly requires replacement (and it is beyond the 
capabilities of the ship's force to repair), the ship­
ping container of the replacement assembly can be 
re-used by the ship 's  force to ship the defective as ­
sembly to the repair facility and/or the manufac ­
turer. 

Regardless of the modular assembly design, if 
its pins, shaft, dials, protruding parts, etc . ,  are ade­
quately fitted with packing spacers, and if the assem­
bly is properly packaged in re-usable shipping con­
tainers or is wrapped with a resilient cushioning 
material (Kimpak, Resilo-Pak, or similar material), 
the using activity will have done its part in prevent­
ing transport damage to the modular assembly. 

New modular assemblies crated for shipment 
are normally packaged with desicant crystals. These 
crystals are retained in a bag and placed within the 
crated or packaged equipment in such a manner that 
they will not come loose. 

DO NOT USE THESE DESICCANT CRYSTALS 
WHEN PACKAGING DEFECTIVE MODULAR AS­
SEMBLillS. 

If a modular assembly becomes exposed to 
loose desiccant crystals, clean the assembly imme­
diately. DO NOT TURN ITS MOVING PARTS ANY 
MORE THAN ABSOLUTELY NECESSARY until all 
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of the crystal particles have been removed from 
the assembly. In testing the moving parts for 
cleanliness, turn them very slowly and gently-DO 
NOT FORCE IF GRITTY. Work out the crystal par­
ticles with a brush or dry-filtered compressed air. 
Wash the modular assembly in accordance with the 
general cleaning particles described in "Handbook of 
Cleaning Practices," NAVSHIPS 250-342-1.  

A semiconductor unit may also be damaged by 
r-f fields. It is therefore essential that the unit be 
protected by a metal container until ready for use, at 
which time the equipment should be de-energized be ­
fore the semiconductor is inserted. 

Much unnecessary damage has occurred to mod­
ular assemblies because of improper packaging and 
rough handling. Particular care must be given to the 
method employed in packaging of a modular assembly, 
and also to the method employed during removal or 
insertion of an assembly into the equipment. U it is a 
plug-in, board-type assembly, be sure that the guide 
pins are adequately fitted with packing spacers before 
shipment. Properly align the guide pins or dowels 
before pressing the assembly into place. U the board 
should tilt while being inserted, do not continue to 
press into position; straighten it, and then apply even 
pressure to avoid tilting. Forcing any tilted or cocked 
modular into position may result in bent or broken pins. 

REMEMBER-ASSEMBLY PARTS ARE FRAG­
ILE. CARELESS HANDLING OR PACKAGING WILL 
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Figure 5 -37. Protective Packaging of a .Plug-In Board-Type Modular Assembly 

DESTROY A GoOD ASSEMBLY. USE GREAT 
CARE WITH A MODULAR ASSEMBLY. 

5 -7 CLEANING PRACTICES FOR 
FLOODED EQUIPMENT 

Shipboard equipment may become flooded with 
water or fuel-oil-contaminated water during a fire or 
other casualty. Procedures for cleaning this equip­
ment to remove contaminants and to prevent further 
corrosion have been developed and were promulgated 
by Bureau of Ships Instruction 4740.3, serial 643A-23, 
dated 19 January 1961. 

The · following procedure is suggested for the 
treatment of electronic equipment after saltwater im­
mersion: 

1. Dismount transmitters, receivers, fre­
quency indicators, direction finders, and such, and 
remove all covers, access and mounting plates, vac­
uum tubes, fuse covers and fuses, and armatures 
from dynamotors or motor-generator sets. Discon­
nect and remove all meters from equipment and 
cases. Break the dial glass, if required, to drain off 
water. 

2. Flush all parts of the equipment thoroughly, 
using warm fresh-water under slight pressure. To 
not subject the internal parts of pressure-sealed 
units to the water treatment without first ascertain­
ing that salt water is present inside the pressure­
sealed portion; then remove the salt water from the 
exposed parts only. Place the equipment in a tank 

5 -40 

and soak it not less than four hours in circulating 
warm water. If non-circulating, change the water at 
intervals of one hour. As an added precaution against 
corrosion, if the material is available, it may be de­
sirable to add a minute quantity of potassium dichro­
mate to the fresh water solution in the strength of 
1/2 oz. to every 10 gallons of water. 

3 .  Remove the equipment from the water and 
drain it. Blow out all moisture with low-pressure air 
and place the equipment in any available oven. Dry it 
thoroughly for 24 hours at a temperature of approxi­
mately 150°F .  

4 .  If storage is required prior to overhaul, 
spray all exposed metal parts slightly, using light 
clear oil. 

Experienee indicates that if equipment is 
treated as outlined immediately after immersion, a 
minimum of replacement parts and overhaul work is 
required. It has not been found practical, however, 
to attempt to salvage vacuum tubes, meters or exter­
nally shielded cables (except plugs, which are re­
moved and included with the equipment being pre­
served). Power transformers in transmitters, 
likewise, must practically always be replaced, even 
though megger tests after baking may show normally 
high insulation resistance to ground. It has likewise 
been found that replacement of sockets, relay con­
tacts and such, may be required, particularly if im­
mersion took place before power voltages were re­
moved from the equipment. Glass tubes having their 
leads coming directly out of the glass envelope without 
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CELLU LOSE PADDING COMPLETELY 
AR O N O  Efi! O S  O F  ASS E M BLY 

Figure 5 -3 8. Protective Packaging of a Plug-In Modular Assembly 

Figure 5-39. Improper Packaging 
of Repair Parts 
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N O  PACKING OR 
CUSHIONING MATERIAL 

Figure 5 -40. Improper Packaging 
of a Module 
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Figure 5 -41 .  Modular Assembly Packaged 
in Polystyrene Material 

a tube socket will not need to be replaced unless 
proven defective. On tubes of this type, it is neces­
sary to remove all corrosion from the tube leads. It 
is possible to salvage cathode-ray tubes by removing 
the plastic base from the tube, remove all corrosion 
and salt water and replace the plastic base. 

If the immersion was for a prolonged period or 
if the equipment has not been properly washed and 
preserved, it is usually found that so much corrosion 
of the cases and mechanical parts has taken place 
that it cannot be economically overhauled. 

a. SALVAGE TREATMENT 

Before equipment to be salvaged is removed 
from fresh or sea water,  arrangements should be 
complete to proceed immediately with salvage opera­
tions, since ferrous surfaces rust rapidly after the 
equipment is :removed from water and exposed to air. 
The equipment required for the salvage of flooded 
equipment is as follows: 

1. Oil or paint spray guns operating 75 lbf/in2 
air. 

2. Portable hot and cold blowers. 
3. Drying ovens with temperature control. 
4. Ultrasonic cleaning tank with associated 

oscillators and amplifiers. 
5. Steel tanks. 
The following precautions should be observed 

in all salvage operations: 
1 .  Journal Bearings-Remove waste packing 

in bearing chambers, clean as directed herein for 
other equipment, add new packing, and saturate with 
a suitable lubricant. 

2. Ball and Roller Bearings-Remove grease 
either by disassembly and cleaning or by forcing new 
grease through bearings until a.ll old grease has been 
displaced. 

3. Carbon Brushes -Replace all carbon 
brushes and carbon contacts. 

4. Contact Points in Switches and Relays­
Remove rust inhibitor film left from water-displacing 
fluid on contact points. For this purpose, use lintless 
cloth soaked in naptha solvent or ethyl alcohol. 

The following steps should be taken after re­
moving submerged equipment from the liquid: 
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1. Determine whether there has been any oil 
or other hydrocarbon contamination. If the equipment 
is contaminated, steps 2 and 3 should be performed 
before following subsequent steps. If there is no con­
tamination, steps 2 and 3 may be omitted. 

2. Mix the hydrocarbon cleaning concentrate 
with an equal volume of water as directed in Table 
5 -2. 

Table 5 -2. Hydrocarbon Cleaning Emulsion 

Chemicals Percent By 
Volume 

Dry Cleaning Solvent 
(l40 ° F  solvent, type II) 
Fed P-D-680 44.5 

Diesel fuel oil (type 1) 
MIL-F -16884c (Ships) 5.0 

Surfactant* 0.5 

Water 50.0 
--

100.0 

*Any of the following three sulfactants may be used: 
"Polyethyleneglycol 400, Monooleate S1006," a 

product of Glyco Products Company, Inc . ,  Empire 
State Building, New York, N.Y. 

"Pluronic L-63," supplied by Wyandotte Chem­
icals Corporation, Wyandotte, Michigan. 

"Nonisol 100," supplied by Geigy Industrial 
Chemicals Company, Ardsley, New York. 

3. Spray the exterior of the equipment thor­
oughly with the cleaning emulsion to remove as much 
contaminant as possible. Flush the equipment with 
fresh water. Repeat the cycle, if necessary, until all 
contaminant is removed. If access can be gained to 
the interior of the equipment, spray the interior thor­
oughly, then flush with fresh water. If the construc ­
tion of the equipment prevents access to the interior, 
partial disassembly for inspection and service may 
be required. 

4. When the equipment is free of contami­
nants, flush it thoroughly with fresh water to remove 
all traces of sea water and cleaning formulation. If 
possible, several cycles of alternate immersion in 
fresh water and draining should be employed to re­
move sea water not reached by the flushing process. 

5. The last traces of sea water and contami­
nant can be removed from complicated equipment by 
ultrasonic treatment. Complicated electronic assem­
blies and small electric motors are examples of 
equipment requiring ultrasonic treatment. 

6. Blow as much water as possible from the 
equipment with clean compressed air. Do not exceed 
a pressure of 50 lbf/in2. 

7. Spray all parts of the equipment with water­
displacing formulation. See Table 5 -3 .  This fluid 
must penetrate to all parts of the equipment that have 
been wet with water. After spraying, allow 20 min­
utes for the water-displacing formulation to penetrate 
and displace the water remaining in the equipment. 

8. The residual mixture of water and water­
displacing fluid should next be evaporated from the 
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Table 5 -3.  Water-Displacing Formulation 

Chemicals Percent By 
Volume 

Butyl alcohol (1-butanol) 93.75 

2, 6 ditertiary butyl, 4 methyphenol * 0 .25 

Basic barium napthalene sulfonate**  6.00 
---

100.00 

*An oxidation inhibitor supplied under the trade 
name "Paranox 441," available from Paraflor Sales, 
Stanco Distributors, Inc . ,  26 Broadway, New York, 
N.Y. 

**A rust inhibitor concentrate (50 percent inhibitor 
in naptha solution) supplied under the trade name 
"Nasul,"  available from T. T. Vanderbilt Company, 
Inc. ,  930 Park Avenue, New York, N.Y. 

equipment by blowing with clean, heated compressed 
air, or with heated air from an electric blower, or by 
placing the equipment in an electric oven (160 ° F) with 
good air exchange, or by simply allowing enough time 
for the equipment to air dry. (No further corrosion 
will take place on the equipment after it has been 
sprayed with the water-displacing fluid. ) 

b. ULTRASONIC TREATMENT 

Ultrasonic cleaning and cleaning procedures 
are discussed in detail in Section 3 of this handbook. 

ORIGINAL 5 -43 

The following procedure is given as a follow-up to 
the salvage treatment discussed in subparagraph "a" 
above. 

1. Disassemble the equipment as far as nee­
essary to let liquid emulsion reach all remote loca­
tions. 

2. Immerse parts in tank containing hydro­
carbon cleaning emulsion as given in Table 5 -2 and 
an ultrasonic generator. Operate according to the 
instructions supplied by the manufacturer of the ultra­
sonic apparatus. A minimum ultrasonic power level 
of 300 watts per cubic foot of solution is recom­
mended. 

3 .  After ultrasonic treatment in the presence 
of the cleaning formulation, process the equipment in 
an ultrasonic bath, in another tank that contains fresh 
water, to remove the excess cleaning formulation. If 
a second equipment tank with an ultrasonic generator 
is not available, flush the equipment thoroughly with 
fresh water. 

c. INSULATION CHECKS 

Rewiring of equipment is not normally required, 
the criterion used being a check of circuit resistance 
to ground from various terminals, using a megger, 
after removing normal c ircuit grounds or resistor 
shunts. 

An insulation resistance in excess of 50 meg­
ohms is taken as satisfactory evidence that rewiring 
is not required. 

Rewiring, replacement of parts, and final test­
ing of equipment is accomplished as with other types 
of overhaul procedure. 
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SECTION 6 

PARTS MAINTENANCE 

6-1 APPLICATION OF PARTS 
MAINTENANCE 

Parts maintenance is the maintenance action 
that may be performed on individual components used 
in electronic equipments. All components require 
being kept, clean, securely mounted, and cool. The 
parts that are repairable or where maintenance ac­
tions can be performed are discussed in the following 
subparagraphs in this section. All other parts, after 
having been determined to be faulty by appropriate 
tests and troubleshooting procedures, require re­
placement. 

6-2 BATTERIES 

Batteries are grouped into two broad categories; 
dry cell and wet cell (storage). The maintenance re­
quirements pertaining to each category is discussed in 
the following subparagraphs. 

a. MAINTENANCE OF DRY CELLS 

Dry cells require very little or no maintenance 
during their service life. To determine the true con­
dition of a dry cell, it must be. tested under load as a 
simple voltmeter test will not give a true reading. 
When batteries, tested under load, are found to be 
below 60 percent of the rated value they should be re­
placed. 

Any dry cell left standing for a prolonged period 
of time will become chemically unstable and therefore 
useless. For this reason, the shell life of a dry cell 
should be known and stowage should not be in excess 
of the time allowed. 

Any dry cell in use that shows signs of corro­
sion should be replaced. Never, if at all possible, 
replace a new dry cell in series with an old cell as 
the old cell will restrict the current drain of the new 
cell. 

b .  MAINTENANCE OF WET CELLS 

Wet cells (storage batteries) have the advantage 
of high current and long life and therefore require 
more constant attention than the short lived dry cell. 
A wet cell will deteriorate rapidly if not kept charged. 
The condition of a wet cell can be determined by the 
use of a hydrometer. This instrument determines the 
specific gravity of the electrolyte and a reading of 
1 . 240 or less indicates that the battery requires re­
charging. The electrolyte, usually a solution of dis­
tilled water and sulluric acid, must be replenished at 
frequent intervals by the addition of distilled water. 
This liquid should be kept at a level of about 1/2-inch 
or more above the plates. 

Remove all corrosion from the terminals with a 
stiff non-metallic brush and then wash the terminals 
with a solution of bicarbonate of soda and water. This 
solution will neutralize any electrolyte that may col­
lect on the terminals. After washing, dry the ter­
minals thoroughly and apply a thin coating of terminal 
grease or vaseline to the metal terminals. 

ORIGINAL 6-1 

The vent caps should always be kept in place 
during cleaning of the top of the battery and terminals. 
After cleaning, inspect the vent caps carefully to en­
sure that the gas escape holes are clear. 

c. NICKEL-CADMIUM CELL 

The nickel-cadmium cell in use today is a sealed 
wet cell battery that is rechargeable and free of the 
usual routine maintenance required for other types of 
wet cells, such as the addition of water. This battery 
can be recharged many times to give a long useful life 
and is not adversely affected by long standing, either 
charged or discharged. It is difficult to accurately 
determine the condition of this battery. The only way 
to be certain, is to put it through several discharge 
and charge cycles. If the voltage of a cell is low, less 
than 1 .0  volt, it may merely mean that the cell needs 
to be charged. If the open circuit voltage reads 1.40 
volts, it can be assumed that it is fully charged. 

The storage life or shelf life of a nickel­
cadmium cells far exceeds that of other types of 
batteries. During storage, the sealed cell will lose 
some of its charge. A storage temperature of 100 to 
120°F will increase the sell discharge considerably 
as compared to a cell stored at a temperature of 70°F.  
Cold storage of these cells offers a definite advantage. 

If the cell has been stored for a long period of 
time, regardless of the temperature of storage, it 
should not be charged immediately for use. It should 
be first fully discharged and then charged. Discharg­
ing the cell first breaks down any oxide that forms on 
the cadmium electrode. 

d. WET CELL CHARGING TECHNIQUES 

Before charging a battery for immediate use or 
for storage, certain precautions should be observed 
and preparations made as follows: 

1. Clean the top and the case of the battery 
with water. 

2. Apply a mild solution of bicarbonate of soda 
and water (1-pound of bicarbonate of soda per gallon 
of water) to the terminals after the corrosion has been 
removed by brushing with a stiff non-metallic brush. 

3. Inspect the general condition of the case 
after cleaning. 

4. Remove filter caps and add distilled water 
if required. 

5. Batteries are to be charged with DC only 
and may be done in groups in series or in parallel. 

WARNING: Exercise extreme 
care when attaching or detaching 
the charging leads in order to 
prevent arcing which could ignite 
the hydrogen gas which is liber­
ated during charging. Power to 
the charger should be secured be­
fore attaching or detaching the 
leads. 

6. While the battery is being charged, unscrew 
the vent caps but leave resting over the cell openings 
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to prevent electrolyte from spraying out of the cells 
and keep foreign matter out of the battery. 

CAUTION: When handling elec­
trolyte, wear goggles, rubber 
gloves, apron and protective 
overshoes to avoid acid burns. 

WARNING: When preparing 
electrolyte solution, always 
POUR THE ACID INTO THE 

. WATER: NEVER POUR WA­
TER INTO ACID. Water is 
lighter than sulfuric acid and 
will spatter both acid and water 
upon the operator. The electro­
lyte container should be glass to 
avoid a reaction with the sulfuric 
acid. 

New batteries are received from the manufac­
turer without electrolyte. These batteries should be 

· ·· - ·  _ _ _ _ _ __ :o;tQ_red)!l_ !I, !:QOl, dry compartment and .s.hould . . be . .  re, ... .. 
moved for use in the order received. Any battery 
stored longer than 1 5  months should be tested for its 
capacity before being placed in service. Stored bat­
teries containing electrolyte should be recharged each 
month if the temperature is 8 9 ° F  or less, and biweekly 
if the temperature exceeds 89 ° F, 

e .  SAFETY PRECAUTIONS FOR CHARGING 
AND HANDLING NICKEL-CADMIUM 
BATTERIES 

Recently, a nickel-cadmium battery exploded 
while being charged, resulting in minor injury to 
three personnel . This was probably due to not using 
the proper precautions when charging the battery, 
rather than a defective battery. 

WARNING: Nickel-cadmium 
batteries or cells must be 
charged only in series, never 
in parallel. Cell imbalances 
cause different resistances 
which vary the charging rates 
of the cells when charged in 
parallel. This may cause a 
"thermal runaway. " 

The manual charging rate for a nickel-cadmium 
battery is io, where "c" is the ampere-hour capacity 
of the battery. This is the recommended constant 
current charging rate at the ten-hour rate. For 
example: the charging rate for a 4. 0-ampere-hour 
nickel-cadmium battery or cell would be 0 .  4 amperes 
at a maximum voltage of l .  5 volts per cell . A completely 
discharged battery requires 14 to 16 hours of charging. 
With properly design batteries, gassing due to over­
charging is practically nil under these conditions . 
Constant voltage charging is not recommended. 

All nickel-cadmium sealed cells can be "floated" 
or "trickle-charged" to maintain a fully charged con­
dition in standby for emergency power applications . 
The usual trickle-charge rate is too unless the manu­
facturer recommends otherwise. To obtain optimum 
life and performance, care should be taken to maintain 
a nickel-cadmium battery as near room temperature as 
practical . The nickel-cadmium battery may be used 
over a wide temperature range . It may be discharged 
at about 0°F to ll0°F, stored at approximately -40°F, 
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and even discharged at a maximum temperature of 
160°F or a minimum of -60°F for a short time, if nec­
essary. However, at temperatures over ll0°F, degra­
dation of the battery increases rapidly. 

WARNING: Higher than 
recommended charging rates 
or voltages may result in gas 
evolution of hydrogen and 
oxygen, an explosive mixture 
which is easily ignited . 

A nickel-cadmium battery should not be installed 
near other heat producing components . In high-rate 
discharge applications the battery should be ventilated 
if possible. Care should be taken to insure proper 
handling to prevent short-circuiting. High current 
discharges result in high temperatures which may 
cause ceil damage.  

Battery shops for nickel-cadmium batteries 
should have their own tools and service area, separate 
from those used for lead-acid oatferfes ;-- Tfifs· reduces _ _ _ 

the possibility of contamination problems . 
In summary, the following precautions are 

recommended: 
l. Only charge nickel-cadmium batteries or 

cells in series, never charge them in parallel . 
2. Use the proper constant current charging 

rate of ro or too for trickle or float charge at l. 5 volts 
per cell . 

3. Maintain the battery temperature below ll3°F, 
if possible.  

4 .  Avoid possible short circuits. 
5. Have separate tools and service area for 

nickel-cadmium batteries . (EIB 760) 

6-3 CABLES, CONNECTORS, AND 
TRANSMISSION LINES 

Cables, connectors, and transmission lines 
used in connecting component parts of electronic 
equipment are often the cause of many maintenance 
problems encountered in the Navy today. The follow­
ing subparagraphs give some of the most common 
faults along with the preventive and corrective main­
tenance procedures to correct these faults. 

a. POWER CABLES 

Many cable failures are caused by normal wear 
received during the rought usage to which all military 
equipment is inevitably exposed. Cable failures may 
occur at a time when dependable communications or 
equipment operation is vitally necessary for the suc­
cess of a tactical operation. It is of the utmost im­
portance to insure against such failure by frequent 
periodic inspections. Operators and technicians 
should be continuously on watch for defects in cables 
that may develop into equipment failures unless cor­
rected at the earliest opportunity. Some of these de­
fects and the trouble that may result are given in the 
following paragraphs. 

(1) Frayed Conductors 

Frayed conductors may c ause intermitten or 
unreliable operation. 

(2) Broken Conductors 
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GENERAL MAINTENANCE NAVSHIPS 0967-000-0160 PARTS MAINTENANCE 

Broken conductors may cause shutdown of 
the equipment. 

(3 )  Chafed Insulation 

Chafed insulation may cause shorts between 
conductors or shorts between conductors and ground. 

(4) Insulation Damage 

Insulation damage may be caused by coming 
in contact with oil gasoline, acid, and other harmful 
materials. 

When any of the above conditions are discovered, 
the cable should be replaced immediately or temporary 
repair made until replacement can be made at the ear­
liest opportunity. Always replace the damaged cable 
with the same type or equivalent cable to avoid possi­
ble injury to personnel or damage to the equipment. 

4. Rinse connectors in fresh water, dry, and 
then apply a thin coat of oil. 

d. WAVEGUIDES 

The most common trouble encountered with 
waveguides is the presence of dirt and moisture. Any 
foreign matter inside a waveguide will upset the line 
constants, resulting in a mismatch. Hot splat along a 
run are often a definite indication that foreign material 
in the waveguide is causing an excessive dissipation of 
power in the form of heat. Scale deposits may form 
inside a waveguide if it is not properly weather sealed. 

It is not possible to determine the condition of 
a waveguide ·with a megger. An excellent means of 
determining waveguide condition is . to measure the 
sta11ding-wave ratio (SWR) of the line. To obtain par­
ticulars on SWR testing, check either the EIMB Radar 

b. RF CABLE Handbook, NAVSHIPS 0967 -000-0020; the equipment 
technical manual; or the EIMB Test Methods and 

RF cables (coaxial cable) are divided into three Practices Handbook, NAVSHIPS 0967-000-0130. 
types; the solid dielectric, the foam dielectric , and To determine if arcing is being caused by for-
the gas-filled. The solid and foam dielectric cable is eign matter in a waveguide, simply listen along the 
in prominent use today aboard ships whereas the gas- waveguide run while its associated equipment is ra-
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d;ia=ting. If arcing is noted, the appropriate section(s) Solid coaxial cables I equii e little maintenance of waveguide should be dismantled and cleaned in ac-
outside of regular cleaning and inspection. Cables cordance with the cleaning procedures outlined in the 
containing polyethylene dielectric are not designed to EIMB Installation Standards Handbook, NAVSHIPS 
withstand heat. Even heat resistant cables will dete- 0967-000-0110 or MIL HDBK 2Hi. 
riorate when subjected to high temperatures over an When reassembling waveguide, exercise care to 
extended period of time and therefore should never be insure that all flanges are clean, properly mated, and 
routed through high temperature spaces (galleys, that all gaskets are in place. All bolts should be 
laundry spaces, fire rooms, and the like). If the cable drawn up tightly and evenly. waveguide hangers 
must go through these spaces, it should be mounted should exert a firm pressure on the waveguide with-
as far away as possible from heat sources such as out distorting it. The waveguide should always be in-
steam lines, dryers, and ovens. stalled with a lining of insulation material such as 

c. CONNECTORS 

Most plug connections on Navy equipment fit 
tightly and caution must be exercised when uncoupling 
such connections. Such tight-fitting plugs must be 
disconnected by working them back and forth while 
applying a steady pull. A quick hard j erk may break 
the cable. After removal of a plug from its socket, it 
should be inspected for bent or loose contact prongs , 
burned spots on the contacts which are evidence of 
short circuits or poor connections, stripped threads 
on screw-type connectors, and worn gaskets or wash­
ers in sockets of power cables which might permit the 
entrance of water. 

Many plugs or connectors are equipped with 
rubber washers through which the cable must be 
threaded before attachment to the plug insert. Check 
to insure that these washers have not been reamed out 
or that the cable insulation has been whittled down to 
insure a good fit. When replacing this type of plug, 
lubricate the cable with soap, do not use a petroleum 
product as a lubricant as it will cause the rubber to 
deteriorate. 

Wire connectors used on antennas and transmis­
sion lines can be cleaned for re-use by dipping them 
in a bath of chrome plating solution using the following 
procedure: 

1 .  String connectors on a wire. 
2. Prepare a chrome plating solution consist­

ing of 20 to 24 ounces of concentrated chromic acid 
per gallon of water. 

3. Dip connectors into chrome plating bath for 
5 to 10 minutes. 
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sheet rubber or other non-absorbent insulating mate­
rial between the waveguide and hanger or use 
Plastisol-dipped (or equivalent) hangers to prevent 
galvanic or electrolytic action. 

When a waveguide is continually collecting 
moisture inside, it is permissible to drill a small 
hole at the lowest point of the waveguide on the LONG 
dimension. Make certain that all drilling chips and 
burrs are removed from the waveguide interior. 

Some waveguides have dehydrator plugs installed 
at various points. These dehydrator plugs contain a 
moisture absoring material, called a desiccator, along 
with an indicator. These plug indicators must be 
checked periodically. The indicator is blue when dry; 
when it becomes moist, it turns pink and means the 
dehydrator plug should be replaced. 

6-4 FUSES AND CIRCUIT BREAKERS 

Fuses and circuit breakers are protective de­
vices whose primary purpose is to disconnect indi­
vidual circuits, components, or equipments from a 
power source when a potentially damaging fault oc­
curs in the unit. This fault may be either a moderate 
overload or a short circuit which, because of the heat­
ing effect of electric current, can create a fire hazard 
in the wiring system or otherwise damage the equip­
ment. 

a. FUSES 

Fuses are made in two major styles; the plug 
. type which is rated from 0- to 30 amps in circuits 
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where the voltage does not exceed 125 volts to ground; 
and the cartridge type, which is rated up to 600 amps 
in circuits up to 600 volts. 

The fuses commonly used in electronic equip­
ment are known as normal lag, quick acting, and time 
delay. These names indicate the speed at which the 
fuses interrupt the current in a circuit. 

To prevent equipment failures caused by faulty 
fuses, the following precautions should be observed: 

·1. Fuses should be kept tight to prevent oxida-
tion. 

2. Proper contact must be made between fuse 
and clip. 

3. If oxidation is noted, it should be removed 
by light filing, and the clips should be readjusted to fit 
tightly against the fuse. 

When a fuse or fuse element does blow, care 
must be taken to replace it with a properly rated fuse 
or element. An improper replacement will either 
damage the equipment or curtail its operation. 

b. CIRCUIT BREAKERS 

4. Prevent oil, solvent, and any other types of 
organic substance from coming in contact with, or 
wetting, the rubber material. 

5. Do not make changes in or alterations to 
spring type shock mounts if such changes or altera­
tions will decrease the original clearances provided. 

6. In some cases, adjusting screws or shims 
are provided to restor the original clearances. In 
such cases, refer to applicable technical manuals or 
manufacturer 's  data sheets before making any adjust­
ments. 

7. Inspect shock mounts for visible signs of 
deterioration. Shock mounts should be inspected at 
least once every six months, and those showing signs 
of deterioration should be replaced. If deterioration 
occurs too soon, refer to steps 3 and 4. 

8.  Do not mount or stack additional compo­
nents on shock-mounted equipment. The added weight 
may make the whole unit incapable of withstanding 
shock. 

9. Inspect the mounting clips, heat dissipating 
and retention devices, and such for signs of deterio­
ration and loose associated hardware. 

Circuit breakers, like fuses, are used to protect 10. Use flexible braided ground straps on 
either circuits or equipments. In addition, circuit equipment mounted on sound isolation mounts. Make 
breakers can also be used as sw1·tches. As a protec- certain that no ground strap installed impairs maxi-
tive device, a circuit breaker should be able to carry mum excursion of any installed mounts. 
rated current indefinitely and to trip with a definite 1 1 .  Install ground straps so that they can be 
time delay characteristic when an overload occurs. readily inspected or replaced. In attaching the straps, 
As a switching device, it should be able to make and make certain that the equipment is not damaged and break rated current without excessive axcin.ll;g�. ---------.t"'h"'a•t'l .. ts:c-;watertight integrity is not impaired. Circuit breakers should be inspected regularly 1 2. Remove all paint and dirt from surfaces at 
for pitting and corrosion. The contacts should be dry the points of ground strap contact before installation. 
cleaned periodically with an approved dry cleaning Failure to do so could result in an improper or in-
solvent such as P-D-680 or inhibited methyl chloro- complete electrical connection between the equipment 
form and dried immediately. A small piece of cham- and the ship structure. 
ois on a strip of bakelite makes a convenient cleaning Since most component parts and equipment are 
and drying tool. Never use paper, cloth, or any other tested and subj ected to vibration and mechanical shock 
shredding material. by the manufacturer or by Naval development labora-

To clean flat surfaces, a burnishing tool or tories, in accordance with Military Specilications, 
crocus cloth is the only suitable tool. All pits and maintenance of anti-vibration and shock-mount de-
corrosion should be removed from the contact sur-
faces. 

vices by electronics technicians consists primarily of 
corrective and preventive maintenance. All personnel Extreme Care must be exercl·sed when making concerned must be aware that improperly applied 

Cl·rcul· t  breaker adJ·ustments and double check all ad- maintenance techniques often result in needless equip-
justments that are made to ensure proper operation. ment failure. Take time, be precise, and always 

6-5 SHOCK-MOUNTS 

Anti-vibration and shock-mount devices are 
relatively simple in their design and construction and 
required little maintenance. Conditions of service 
and age and the condition of the equipment differ from 
ship to ship. Consequently, it is impracticable to pro­
vide a rigid schedule of tests and inspections. How­
ever, certain general precautions must be taken and 
observed by those who use and service the equipment. 
These general precautions and a list of do's and don'ts 
are as follows: 

1. Do keep all fastening devices, such as 
threaded bolts, nuts, screws, studs, thread-locking 
devices and such, secure and in place. 

2. Do not install a rigid connection between 
the foundation and the framework of equipment which 
is supported by resilient members of a shock mount. 
Such a connection destroys the effectiveness of the 
mount and may result in serious damage to the equip­
ment mounted on it. 

3 .  Do not paint the surface areas of the resil­
iency, deterioration, and premature failure of the re­
silient member of the shock mount. 
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maintain a scheduled inspection period to ensure that 
all anti-vibration and shock-mount devices and their 
associated mounting hardware are secure and in 
place. 

6-6 SCREW AND THREAD FASTENERS 

When engaged in the servicing and repair of 
electronic equipment, maintenance personnel often 
encounter broken or stripped stud bolts, machine 
screws, and other thread�>d fastener devices. In such 
cases, a screw extractor tool especially designed for 
this purpose should be used to prevent damage to the 
internal threaded surface from which the broken item 
is removed. 

To remove a broken stud, first drill the stud as 
in Figure 6-1.  The drill should be about 3/4 the size 
of the stud diameter. After drilling, insert the extrac­
tor and tap it lightly into position, being careful not 
to strike it too hard; a heavy blow would probably 
cause the extractor to break. 

After setting the extractor, place a wrench on 
the square shank of the extractor. Then, holding the 
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wrench so as to maintain a downward pressure, com­
mence to gently turn the wrench in a counter­
clockwise direction. The stud should start turning 
with the extractor. Continue turning until the broken 
part is extracted from the tapped hole. If the stud 
refuses to turn with the extractor, stop, apply 

METAL BLOCK 
Figure 6-1.  Using the Screw Extractor 

penetrating oil to the threads, wait a few minutes, and 
try again, being careful not to exert excessive pres­
sure on the extractor as this may cause the extractor 
to break. 

There are cases when a screw extractor is not 
always available. In such a case, a broken stud often 
can be removed by sawing a screwdriver slot in the 
broken end of stud shank with a hacksaw and then re­
move the broken stud with a screwdriver. In other 
cases, if the broken stud protrudes sufficiently above 
the surface, it can be removed by using a small still­
san wrench. If difficulty is encountered in this re­
moval procedure, and the stud does not respond to a 
resonable pull on the wrench, apply penetrating oil to 
the threads and strike the broken stud shank lightly 
with a hammer. The broken stud should now turn 
freely from the tapped hole. 

When replacing a broken or stripped fastener 
device, employ a screw pitch gage designed to deter­
mine the thread pitch, and a screw gage designed to 
determine the diameter of machine screws smaller 
than 1/4-inch. These tools will assist in the proper 
selection of replacement items. They will thus pre­
vent inadvertent replacement of a broken or stripped 
fastening device with a replacement device having the 
improper screw pitch or diameter. 

6-7 RELAYS AND SWITCHES 

Inspect relays to ensure that they are securely 
mounted, contacts are free of pits, springs have suf­
ficient tension, the armature does not stick, and that 
there are no signs of overheating or corrosion. Arma­
ture action of relays may be checked by operating the 
relay manually. Contact surfaces can be examined 
with the aid of a flashlight and mirror. Avoid bending 
relay springs and do not open sealed relays. 

Inspect switches for loose mountings and con­
nections. Examine switch contacts for dirt, pitting, 
and corrosion. Switch action should be tested to see 
that it operates without binding. In gang and wafer 
switches, ensure that the movable blade makes good 
contact with the stationary member and that the sta­
tionary contact leaves spread as the movable blade 
slides into them. Some switches have contacts that 
are impossible to reach without damaging the switch 
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assembly, therefore these switches should be checked 
for defective mechanical action and looseness of 
mountings and connections. 

Clean the exteriors of relays and switches care­
fully by blowing away the dust with approximately 
5 lbf/in2 of air pressure. If the connections are 
dirty, clean them with trichlorethylene. If it is 
necessary to remove covers from relays or switches, 
make certain that no dirt, lint, or other undesirable 
material is present that might get into the contacts. 
Dust and lint may also be removed from a relay or 
switch with a soft-bristled brush. 

Contacts of relays used in computers are divided 
into groups for cleaning purposes. They are the hard­
surfaced contacts, made of palladium or platinum, and 
the soft-surfaced contacts made of either silver or 
silver plated. Cleaning of hard-surfaced contacts 
may be done, when necessary, by using a flat-bladed 
burnishing tool as follows: 

1. Clean the burnishing blade by wiping it with 
a lint-free cloth moistened with trichlorethylene. 

2. Insert blade between contacts and then move 
blade two or three times between the contacts to 
brighten them. Open contacts can be pressed gently 
together with the finger or an orange stick to apply 
pressure against the blade of the burnisher. Closed 
contacts will usually apply enough pressure against 
the blade, therefore, open the relay manually and in­
sert the blade between the contacts to be cleaned, re­
lease the relay armature and burnish. 

CAUTION: Avoid excessive bur­
nishing. When too much of the 
contact metal is removed, the 
contact movement is altered and 
readjustment is necessary. Sep­
arate contacts carefully, when 
necessary, and use care never to 
bend the springs. 

3. If burnishing in step 2 does not correct the 
contact trouble, deposit a few drops of trichlorethyl­
ene, with a toothpick, on the contacts. Before the 
solvent has a chance to dry, add a few more drops to 
flush away dirt loosened by the first application. 

4. Allow the sol vent to dry on the contacts. 
5. Burnish contacts as in step 2 to remove any 

remaining residue. Always burnish the contacts after 
cleaning with trichlorethylene. 

Solid-silver contacts may be cleaned by insert­
ing a strip of hard surfaced bond paper between the 
contacts and then withdrawing the paper While press­
ing the contacts lightly together. Repeat with fresh 
strips of paper until the contact surfaces are clean. 
If this does not adequately clean the contacts, apply 
trichlorethylene as described in step 3 above, and 
again polish them with a paper strip. 

Silver-plated relay contacts are ordinarily not 
cleaned. If such maintenance is necessary, they are 
cleaned in the same manner as for solid-silver con­
tacts. Extreme care must be taken not to wear away 
the thin silver plate. 

CAUTION: Never use newspaper 
or any soft paper, emery cloth, 
or highly abrasive material such 
as coarse sandpaper to clean re­
lay or switch contacts. 
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