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FIGURE 38. REPAIRING GOUGES IN HOMOGENEOUS
ARMOR PLATE.

provided in TM 9-237, if desired. The butt strap is tack welded
to the soft side of the armor through elongated slots cut into
the strap. The slots are then completely filled by plug welding
them. Do not use excessive weld reinforcement or undercutting at
the surface of the plug.
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FIGURE 39. BUTT STRAP WELDS FOR FACE
HARDENED ARMOR PLATE.
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(3) To seal a crack in face hardened armor, as shown in figure
40, view A, on the following page, against spatter and to make it
watertight, weld a seal bead on the soft side and grind it flush
before applying the butt strap. All welding should be performed
on clean, scale free surfaces. Previously deposited weld metal
should be thoroughly cleaned by chipping and wire brushing to
remove slag and oxides to ensure sound welds.
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FIGURE 40. SEALING CRACK IN FACE
HARDENED ARMOR.
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(4) Crater cracks can be eliminated by the Dbackstep and overlap
procedures or by using the electrode hesitation and drawback technique.
Crater cracks formed in the initial weld passes should be chipped out
before additional weld metal is applied. Then they can be welded out

successfully by the subsequent passes. As a precaution, string beads
should be used on the initial passes. On subsequent passes, do not
weave the electrode more than 2 1/2 electrode core wire diameters. The

efficiency of the joint welded by this method depends upon good fusion
to the base metal and side walls of the slots in the butt strap.

(5) If straightening is necessary, use a hammer only on the soft side
of face hardened armor, on the butt strap, or on the plug welds. Do
not hammer on the face hardened side. As a rule, force should not be
applied to straighten face hardened armor if the applied force will
produce tension on the face hardened side.

(6) When two or more butt straps are used to repair irregular cracks
or to make patch welds, the Dbutt straps are welded together for
additional strength as shown in figure 41.

FIGURE 41. BUTT STRAP.
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b. Armor Plate Repair Methods.

(1) Corner joints can be repaired by using angle iron for butt
straps as shown in figure 42. The procedures used to effect this
type of repair are the same as those used in making plug welds
for repairing cracks 1in face hardened armor and described in
paragraph 6a(2) beginning on page 83.

FIGURE 42. CORNER JOINT IN
ARMOR PLATE.
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(2) Generally, the Dbutt strap method is satisfactory for
repairing up to one inch or thicker of face hardened armor.
However, 1t is wusually only used on thicknesses up to and

including 1/2 inch plate.

(3) Another accepted procedure for welding face hardened armor
above 1/2 inch in thickness is the double V joint method, as

shown in figure 43. This method requires that the soft side of

the plate be

FIGURE 43. V JOINT WELDING FACE
HARDENED ARMOR PLATE.
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trodes. Use string bead technique throughout.
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completely welded before welding on the face side. Using string
bead welds, and the backstep and overlap procedures for the root
passes, reduces the danger of cracks developing in the weld. To

keep the structure free of warpage, no weaving motion of the
welding rod should be used on this type joint.

(4) A modified procedure, known as the depressed joint method,
shown in figure 44, view A, 1is wused for welding up to and
including 1/2 inch thick face hardened armor plate. This method
uses a 1/8 inch

FIGURE 44. DEPRESSED JOINT ON FACE HARDENED
ARMOR PLATE AND SEAL BEAD WELD.
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by 1/4 inch stainless steel bar which is placed in the damaged

portion of the armor plate. It is then bead welded in place.
The principal advantages of this joint are its simplicity, and
good structural and ballistic properties. Care should be taken

that no welding is done on the hard face side of the armor plate.
c. Armor Plate Welding Electrodes.

(1) The most satisfactory method for the repair of homogeneous
and face hardened armor plate 1is the arc welding process with
stainless steel electrodes.

(2) In the oxyacetylene welding process, a large section of
base metal must be heated to maintain a welding puddle to weld
satisfactorily. This heating destroys the heat treatment of the
base metal, causing large areas to Dbecome structurally and
ballistically weak. In addition, this process 1is slow and
produces considerable warpage of the base metal.

(3) Initially, developments in armor plate welding required the
use of stainless steel electrodes containing 25 percent chromium
and 20 percent nickel. Further developments served to produce
electrodes with a core of 18 percent chromium and 8 percent
nickel, and a coating of manganese or molybdenum, or both, which

produce excellent results. These electrodes are known as
manganese modified 18-8, and molybdenum modified 18-8 stainless
steel electrodes. They can be used for welding all types of

armor plate by the electric arc process without preheating or
postheating the base metal structure.

(4) Current and Polarity. The exact current required for arc
welding with the electrodes previously discussed depend to some
extent on the Jjoint type, electrode design, and position of
welding. Listed Dbelow are the recommended welding current
settings listed for direct current reverse polarity, all
position, heavy coated, modified 18-8 stainless steel electrodes.

Electrode Diameter Current Range
(inch) ( ampere)
1/8 90 to 100
5/32 110 to 130
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7. Strengthening Riveted Joints in Armor Plate

a. Buttonhead Riveted Joints. To strengthen buttonhead riveted
joints in armor plate, a seal bead weld is recommended as shown
in figure 44, view B, on page 90. To apply the bead, the arc is
struck at the top of the rivet using a stainless steel electrode.
The electrode is held above the top of the rivet long enough to
melt approximately 1/2 inch of the electrode. The electrode 1is
then moved along the curved surface of the rivet down to the
armor plate and around the edge of the rivet until the rivet is
completely welded to the armor ©plate. Rivet joints in
homogeneous armor plate can be seal welded on both sides. Rivet
joints in face hardened armor, however, should be seal welded
only on the soft side of the plate.

b. Countersunk Rivet Joints. Countersunk rivet Jjoints are
sealed in the same manner as buttonhead rivet joints.

C. Advantage of Welding Rivet Joints. Seal bead welding rivet
joints prevents the rivet head from shearing off, and the rivet
shank from punching through the plate upon a projectile impacting
on the armor plate.

8. Testing of Welds

a. General. To ensure the satisfactory performance of a welded
structure, the quality of the welds must be determined by
adequate testing procedures. The welded structure, therefore,
must be proof tested under conditions that are the same or more
severe than those found in the field. Tests also serve to
determine the ©proper welding design; and forestall injury,
inconvenience, and untimely failure of materiel. Generally,
there are two types of tests that can be performed to ensure the
satisfactory performance of the welded structure. They are, the
performance and the physical types of tests.

b. Performance Tests.

Materiel repaired by standard welding procedures may be tested by
operating it to perform the functions for which it was designed.
For example, a weapon can be tested by firing an extra heavy
charge to determine the safety of the weld; a wheel vehicle can
be tested at high speeds over rough
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terrain; and welded armor plate and other heavy structural
members can be tested by gunfire. But, test firing of weapons
and testing of armor plate by gunfire is not feasible for
maintenance units in the field. The succeeding paragraphs,

therefore, describe only those physical type tests that can be
conducted in intermediate direct and general support maintenance
units, in field depot maintenance operations, and 1in CONUS
(continental United States) depot maintenance operations.

c. Physical Tests.
(1) General. These types of tests are designed to check the

skill of the welder, the quality of the weld metal, and the
strength of the welded joint. Some of these tests, such as the

free bend and nick break tests, are destructive. In these tests,
the specimen is tested until it fails in order that the desired
information can be gained. Other physical tests, such as the

hydrostatic and magnetic particle tests, are not destructive.
Then there are simple physical tests, such as the appearance,
fracture, and grinding tests, that can be performed with tools
found in a field maintenance company shop. These simple physical
tests are described in the following subparagraph. The
destructive and nondestructive type tests are described in the
succeeding subparagraphs.

(2) Simple Physical Tests.

(a) Appearance Test. This 1is a nondestructive test. In this
type test, a visual examination is made of the weld to check for
such defects as brittleness, cracks, craters, undercut, overlap
and slag inclusions. All these defects are unacceptable and the
joint must be reconstructed and rewelded.

(b) Fracture Test. This is a destructive test. To perform
this test, a cross section specimen must be cut off from the
welded metal. The specimen is then fractured to expose the weld.
The welded zone is then visually examined to check for unevenness
of the weld metal grain, cracks, craters, and inadequate
penetration of the weld into the base metal.

(c) Grinding Test. This 1s a nondestructive test. It is

particularly applicable to seal bead welds made for waterproofing
and sealing cracks in
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face hardened metal. This type weld must be ground down flush
with the base metal before welding of the strap to reinforce the
damaged area. After grinding, the weld is then visually examined

to check for proper penetration, craters, cracks, and evenness in
the weld metal grain.

(3) Destructive and Nondestructive Tests. In the following
subparagraphs, we will describe a total of six tests, three
destructive and three nondestructive. These six test are the
ones most likely to be performed in maintenance units in the
field and depot maintenance operations. If more information on
other tests is desired, it is provided in TM 9-237.

(a) Destructive Tests.
1 Guided Bend Test.

a This type test serves to determine the quality of the
weld metal at the face, the root of the welded Jjoint, and the

degree of penetration and fusion to the base metal. These tests
are made on a jig as shown in figure 45, view A, on the following
page. This jig can be fabricated to any size desired in a field

maintenance company machine shop.

b To perform this test, the test specimens must be
machined from welded plates to a thickness within the capacity of
the Dbending Jjig. The specimen 1is then placed across die
supports. The weld on the specimen must be centered on the U
portion of the die. The plunger 1is then lowered onto the
specimen from above by a hydraulic jack or other device to force
the specimen into the U portion of the die. To fulfill the

requirements of this test, the specimen must bend 180 degrees and
have no cracks greater than 1/8 inch on its surface.

c Both a face bend and a root bend test of weld, as shown

in figﬁfe 45, view B, can be performed on this Jjig. To perform
the face bend test, place the face of the weld facing down on the
Jjig. The root bend test is performed by placing the specimen on

the die with the face of the weld facing up.
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FIGURE 45. GUIDED BEND TEST JIG.
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2 Free Bend Test.

a The free bend test has been devised to measure the
ductility of the weld metal deposited in a weld Jjoint. A test
specimen is machined from the welded plate with the weld located
in the center as shown in figure 46, view A, on the following
page. Each lengthwise edge of the specimen should be rounded off
to a radius not to exceed one-tenth of the thickness of the
specimen. Any tool marks should Dbe made lengthwise of the
specimen. And two lines, opposite each other, are scribed on the
face of the weld at a distance of 1/16 inch inward from the edges
of the weld as shown in figure 46, view B. The distance between
these two lines is measured in inches and recorded as the initial
distance X. The ends of the specimen are then bent to form two
30 degree angles at approximately one-third of the length inward
from the ends. The weld is thus centrally located to ensure that
all bending occurs in the weld.

b The bent specimen is then placed in a hydraulic or
mechanical machine as shown in figure 46, view C, and bent until
a crack greater than 1/16 inch appears on the face of the weld.
If no cracks appear on thin armor plate, continue bending until
the specimen can be bent in a vise. Heavier plate specimens are
usually tested in a hydraulic press or bending Jjig. To prevent
slipping of the specimen, a groove should be machined in the
upper and lower contact plates of the bending equipment, as shown
in figure 46, view E.

c After being bent to the specifications prescribed in the
preceding subparagraph, the distance between the scribed lines 1is
again measured and recorded as the distance Y. Find the
percentage of elongation by using the formula shown in figure 46.
The tested specimen must have a minimum elongation of 15 percent
with no cracks greater than 1/16 inch at the weld to pass this
test.

3 Nick Break Test.

a The nick break test has been devised to determine if the
weld metal of a welded butt joint has any internal defects, such
as slag inclusions, gas pockets, poor fusion, and/or oxidized or
burnt metal. The specimen is obtained from a welded butt Jjoint
either by machining or by cutting with an
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FIGURE 46. FREE BEND TEST.
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oxyacetylene torch. Each end of the weld at the joint is slotted
with a hacksaw or band saw as shown in figure 47. The specimen
is then bridged across two steel blocks, and struck with a heavy
hammer until the section of the weld between the slots fractures.
The metal thus exposed should be completely fused and free from
slag inclusions. The size of any gas pocket must not be greater
than 1/16 inch at its widest point. The number of gas pockets or
pores should not exceed six per square inch.

b Another break test method 1is wused to determine the
soundness of fillet welds. This is known as the fillet weld
break test. This test is performed by applying force on the apex
of the V shaped specimen with a hydraulic press or by striking it
with a hammer until the fillet weld ruptures. The surfaces of
the fracture are then examined for the same defects mentioned in
the preceding paragraph.

FIGURE 47. NICK BREAK TEST.
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(b) Nondestructive Tests.
1 Hydrostatic Test.

a This nondestructive test is used to check the quality of
welds on closed containers such as pressure vessels and liquid
tanks.

b One method of performing this test is to fill the vessel
with water and apply a pressure greater than the working pressure
of the wvessel. The outside surface of the vessel 1is then
observed for 1leaks through the welds. To check welds in
nonpressurized tanks, they may be filled with water and observed
for seepage or leaks through the welds.

2 Magnetic Particle Test. This method of testing is used on
welds and parts made of magnetic alloy steels. It is applicable
only to ferromagnetic materials in which the deposited weld is
also ferromagnetic. A strong magnetic field is set up in the
ferromagnetic specimen by an electric current. Any discontinuity
in the metal will set up a leakage field with local magnetic
poles of its own. These ©poles then attract the magnetic

particles sprinkled on the surface of the specimen indicating a
discontinuity in the overall pattern of the magnetized specimen.
This discontinuity indicates that a defect, such as a crack,
exists on or close to the surface of the specimen.

3 Fluorescent Penetrant Test. Fluorescent penetrant
inspection is a nondestructive test whereby cracks, pores, leaks,
and other discontinuities can be located in solid materials. It
is particularly useful for locating surface defects in
nonmagnetic materials such as aluminum, magnesium and austenitic
steel welds and for locating leaks in all types of welds. This
test makes wuse of a water-washable and highly fluorescent
material. This material is applied to the clean, dry surface of
the specimen Dby brushing, spraying, or dipping. The excess
material is removed by rinsing, wiping with clean water-soaked
cloths, or by sandblasting. A wet or dry type developer is then
applied. Afterwards, a Dblack 1light is used to reveal
discontinuities in the weld specimen. The discontinuities will
show up as brilliant fluorescent spots on the surface of the
specimen.
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9. Troubleshooting Welds.

a. Thus far, this lesson has described the processes for
identifying electrodes, the automotive welding processes, the
types and techniques of Jjoint design, the procedures for welding
armor plate, and the methods of destructive and nondestructive
testing of welds. This material provided the Dbasis for the
troubleshooting of welds to be discussed in the succeeding
paragraphs. Each of the troubleshooting procedures discussed are
based on specific malfunctions detected as a result of visually
examining welds. The troubleshooting procedures discussed below,
therefore, are based on a total of five specific malfunctions
most likely to be encountered in a maintenance unit in the field.
For further information on other troubleshooting procedures refer
to TM 9-237.

b. Procedure. Listed below are the procedures that the welder
would follow in troubleshooting a weld wupon detecting the
malfunction indicated.

(1) Poor Fusion.

Step 1. Check the diameter and the length of the electrode. The
electrode selected should be of a size that will permit its
reaching the bottom of the joint to obtain adequate penetration
and good fusion.

Step 2. Check the welding current setting. Use sufficient
welding current to permit adequate deposit and penetration of the
weld. Heavier plates require higher current for a given

electrode than light plates.

Step 3. Check the welding technique wused. Be sure that the
weave 1s wide enough to thoroughly melt the sidewalls of the
joint.

Step 4. Check the preparation of the joint. The deposited metal
should fuse with the base metal and not curl away from it or
merely stick to it.

(2) Poor Penetration.

Step 1. Check to see 1if the -electrode 1is designed for the

welding position being used. Electrodes should be wused for
welding in the position for which they were designed. Be sure to
allow the proper root openings at the bottom of a weld. Use
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a backup bar if possible. Chip or cut out the back of the joint
and deposit a bead of weld metal at this point.

Step 2. Check the size of the electrode being used. Do not
expect excessive penetration from an electrode. Use small
diameter electrodes in a narrow welding groove to permit reaching
the bottom of the groove.

Step 3. Check the welding current setting. Use sufficient
welding current to obtain proper penetration.

Step 4. Check the welding speed. Do not weld too rapidly.
Control the welding speed to permit penetration to the bottom of
the welded joint.

(3) Undercut.

Step 1. Check the welding current setting. Use moderate welding
current and do not try to weld at too high a speed.

Step 2. Check for proper manipulation of the electrode. Do not
use too large an electrode. If the puddle of molten metal
becomes too large, undercut may result. Excessive width of weave
will cause undercut and should not be used. A uniform weave, not
over three times the electrode diameter, will aid greatly in
preventing undercut in butt welds. If an electrode is held too
near the wvertical plate in making a horizontal fillet weld,
undercut on the vertical plate will result.

(4) Poor Weld Appearance.

Step 1. Check welding technique for proper current and electrode
manipulation technique. Ensure the use of the proper welding
technique for the electrode used. Do not use excessive welding
current. Use a uniform weave or rate of travel at all times.

Step 2. Check the characteristics of type electrode used. Use
an electrode designed for the type of weld, base metal, and the
position in which the weld is to be made.

Step 3. Check the welding position for which the electrode is
designed. Do not make fillet welds
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with downhand (flat position) electrodes unless the parts are
positioned properly.

Step 4. Check for the proper Jjoint preparation. Make sure all
joints are properly prepared.

(5) Warping of Thin Plates.

Step 1. Check for shrinkage of the deposited weld metal. Select
an electrode with high welding speed and moderate penetrating
properties.

Step 2. Check for excessive local heating at the Jjoint. Weld
rapidly to prevent excessive local heating of the plates adjacent
to the weld.

Step 3. Check for proper preparation of the weld joint. Avoid
an excessive root opening in the joint between the parts to be
welded. Hammer the Jjoint edges thinner than the rest of the
plates before welding. Hammering elongates the edges and the

weld shrinkage causes them to pull back to the original shape.

Step 4. Check the welding procedure. Use either the special
intermittent or alternating welding sequence, or backstep or skip
welding procedure.

Step 5. Check the clamping of parts. Properly clamp parts
adjacent to the Jjoint. Use backup fixtures to cool parts
rapidly.

10. Conclusion

This task served to describe the theory, principles, and
procedures of welding armor plate; the methods of destructive and
nondestructive testing of welds, and the troubleshooting of welds
pertaining to electric arc welding. This task completes the text
material of this lesson. The next task consists of a practical
exercise which you are required to complete by providing the
answers to the questions.
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PRACTICAL EXERCISE

Instructions

This exercise 1is provided to test your progress in learning the
materials in the subcourse. Please answer the questions that
follow. You may check your answers from the page that follows
the questions.

1. List two of the seven factors that must be considered in
selecting electrodes.

2. What are the three groups into which metal-arc electrodes may
be grouped and classified?

3. The American Welding Society has formulated a number series
for the identification of electrodes.

a. What does the letter E at the beginning of this number
signify?

b. What two digits of this number series indicate the position
of the weld and the type of electrical current required?

4. What 1is one of the functions performed by the coating on
thinly-coated electrodes?

5. What two types of electric current are used for electric arc
welding?
6. What two methods of welding may be used to repair cracks in

cast iron engine blocks?

7. By what commonly used method are broken or weakened vehicle
frames crossmembers repaired or strengthened?

8. Name two of the five type welding Jjoints used in metal-arc
welding.

9. What 1s the preferred arc lengths for obtaining better
control of the filler metal deposited during welding?

10. Of the four general positions used for welding, which is most
difficult to weld in?
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11. What are the two types of armor plate used on Army combat
vehicles?

12. What type of armor plate may be repaired from both sides?

13. What is one of the three simple tests that can be performed
in a maintenance company shop for testing welds?

14. What is one of the three nondestructive tests that is used
for testing welds?

15. What is the first step in troubleshooting a weld with poor
fusion?
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LESSON 1. PRACTICAL EXERCISE - ANSWERS

Specific properties

Type of base metal

Position of the weld

Type of current available

Current polarity available

Dimensions of the section to be welded
The type of fit permitted by the work

Bare
Thinly coated
Shielded-arc or heavy coated

The letter 1in the number series indicates that the
welding rod is intended for use in metal-arc welding
The third and fourth numbers respectively

It dissolves or reduces impurities on the weld metal
deposited

It reduces the adhesive force between the molten metal
and the end of the electrode

It increases the stability of the arc

Alternating and direct current.

Metal-arc welding and brazing with oxyacetylene.

By the use of reinforcing plates.

O Q0 0w

Butt joint
Corner joint
Edge joint
Lap joint
Tee joint

Short arc length.

The overhead position.

Homogeneous and face hardened armor plate.

Homogeneous plate.

a.
b.
c.

Appearance test
Fracture test
Grinding test
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14. a. Guided bend test
b. Free bend test
C. Nick break test

15. Check the diameter of the electrode.
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