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ABSTRACT

.' The nature qf damage likely to occur to an add-on arm our module Ijue to the impact of incoming
projectile is described Observations are based on a series of ballistic trials at zero and oblique striking
angles. Simple repair techniques have ~n suggested for restoring ballistic worth of the daniaged
composite arm our on the battle tank.

I. rNTRODUCTI°;N

Reliability, maintainability and availability of
components are major constituents of an effective
engineering design. These are particularly of vitalI
importance in case; of battle tanks, wherein speed
of action deman~s that the tank be always avaIlable
to the troops. Th~ concepts of meantime-to-failure
and down-time-tQ repair are incorporated in the
initial design stage. Accordingly, add-on armour
modules while enhan9in~ protection levels of
vintage tanks should also conform to reliability,
maintainability and availabillity standards. Since a
battle tank is designed to I protect its c]jew against

antitank ammunitions, it is expect~d that add-on
armour will get damaged ~y a variety of incoming
projectiles. The type of damage caused to an
add-on armour module will largely depend on the
mass, velocity and oblIquity of the projectile,
Quick. repair of a damaged tank is a. mor,ale-
boosting factor for any commander in planning and
executing the next coyrse of action. Therefore, the
issue here is related to the feasibility and the
quickness with which arm()ur modules (additional

I
armour plates mounted on the tank surface at
selected location~ to provide immunity against
antitank amtpunition having higher penetrating
capability) can be repaired so'that maximum
number of tahks are available on thd battlefield.

Repairing of damaged armour of a tank and
making it battle worthy had been attempted during

various conflicts by I the armies worldover. How-
ever, in all these situations, either cast or rolled
homogeneous armour plates we.re used. Appre-
hensiol)s with regard to feasibility of repairing
armour, consisting of a variety of composite
materials are being raised. Experience and infor-
mation available in open literature suggest that the
feasibility of repairing composite arm our plate is a

technological reality.

This paper is aimed to describe the nature of

damage to the add-on module due to the impact of

penetrating projecti~e. Further, the repair technique

is suggested in detail along with essential pre-

cauti9ns to be followed during defect rectification

process.

2. REPAIRABILiTY OF COMPOSITE
STRUCTURES

Pioneered in the laboratories during the sixties
and seventies, the advanced composite materials
have now found application in the battle tanks for
enhancing the pro.tection .levels. Therefore, it is
important to address the basic question of
'repairability' of composite structures. Doubts
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arise in the mind of end user due to the following
facts:

(m) Crack folInation near the edge of top plate in
be .Itween two gussets. , I

All the.se defects will not appear in a single
plate, and only few will appear in an individual or
combined fo~. A summ,ary of the important types
o~ damages to the add-on armour and the suggested
repair techniques is provided in Table 1. However,
the list is by no way exhauStive, since the nature of
damage depends' on the lo'cation of impact,
mounting mode of the / add-on armour and the

I
projectile-plate, related parameters, like strength,
velocity and obliquity. A~ the ballistic performance
of composite arm our ~ affected by the presence of

these defects4: defect re9tification thus assumes
high importance in the IJ:ase of battle tanks.

(a) Simplified field repairs "not adequately

documented 1,

(b) Poor accessibility to a damaged part from both
sides, I

(c) Inadequate repair research and experience2,

(d) Feasibility demonstrations for repair-solution not

readily available3, an.d

(e) Available non-destructive methods to check and
assess effectiveness of Tepair-solution are

inadequate.

3. DAMAGE PATTERN

Before describing actual repair techniques of a

damaged add-on armour modQle, it would be

pertinent to know the details regarding the type and

extent of the damage due to the impact of a

projectile. Experience based Ion a large number of

ballistic trials shows that. the following types of

add-on module failures are expected, dependi~g on

.the speed and obliquity of th,e projectile:

4. REPAIR OPERATIONS

Some of the following simp~e operations may
have to be resorted to repair a~d-on armour panel
for making it ballistically sOyund to protect the

,
crew:

(a) De-welding

(b) Flame cu~ing

(cj Grinding
I

(d) Cutting of non-metallic materials in the affected
roDe I I

(a) Excessive bulging on backface of the tank
surface, I

(b) Multi-hit on small portion, rendering plate to be
ineffective to aboorb subsequent hits,, (e) Edge preparation

(t) Siring and shapin~ ofnon-metalli1materials

(g) Preparation of suitable sized plug, comprising

affected' materials and/or monolithic plug
(Figs 1 & 2) I.

,
(ill) Positio~ng of the prepared plug in the cavity, andI

I I

(c) Single, isolated crater formation on a large plate,
,

( d) Tearing/buckling of side plate of add-on module,
t

(i) Welding. I ,

Table 1 provides likely damage pattern to the
,

add-on armour module and also the steps to be

taken in repairing such damages. It is clear that no

sophisticated equipment or skill ~s needed in
undertaking these repairs; however, th!tre is a need

to provide expert guidande to the repair team in the

initial stages. For this ~pur~ose, a research and

development agency has to conduct training! .

(e) Fracwred gusset,

(0 Scab fonnation at the backface,

(g) Partial penetration ofmodule,

(h) Projected lip on front surface,

(i) Delamination of composite material,, .
G) Buckling and partial tearing of front plate,

t
(k) Single craqk in front plate while all other inside

materials re~ain intact,

(I) De-welding of front plate without any damage to
subsequent layers of the stack, and
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Table I. Likely damage pattern and s~ggested repair techniques

DEFECTS I REPAIRS

I
I

A
(a) DEWELD FRONT PLATE

(b) REPLACE IT WITH NEW PLATEFRONT

(c) WELD

(a) GAP TO BE FILLED WITH FILLER

MATERIAL AND REWELD IT FOR

PROVIDING STRUCTURAL STA~ILITY

-
c

(11;)

(b)

DEWELD FRONT & SIDE PLATES

R~PLACE IT WITH NEW PLATE

WELD

FRONT

(c)

(a) SURFACE PREPARATION BY WAY OF

GRINDING

D

IREAR

PREPARE SUITABLE ~IZE & SHAPED

PLUG OF ARMOUR GRADE MATERIAL

WELD THE PLUG SO PREPARED

(b)

(c)

E (a) DEWELD FRONT PLATE

PR~PARE NEW PLATES OF(b)

(c)

(a) S.URFACE PREPARATION OF CRATER

HOLE BY GRINDING

(b) PREPARE PLUG OF ARMOUR MATERIAL

(c) INSERT THE PLUG & WELD

F

(d) NO REPAIRS REQUIRED ON REAR PLATE

G

FRONT
NO REPAIRS REQUIRED(a)

(a) SURFACE PREPARATION BY GAS

CUTTING & GA,INDING

PREPARE A SUITABLE PLUG OF

ARMOUR MATERIAL & INSERT IN THE

CAVITY & WELD
I

H

(b)

01

APPROPRIATE SIZES

WELD
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ADD-ON ARMOUR
MODULE BEFORE
IMPACT P a PROJECTILE OF

DIAMETER 'd'

(a)

c = CRATER
Zl

"x c = LIP FORMATioN

z~
ZI = PLASTIC ZONE

l2 CRACKED ZONEZ:l

Z3 = DELAMINATION ZONE

CRATER FORMATION
,

(b) ;AFTER IMPACT
~Z2 .> Z3 > ZI)

,3d

.
CYliNDRICAL

IX + d)

I COMPOSITE PLUG

I

~/

f

'] ,

~ ..
I tJIONOLITHIC

/~ s:rEEL ARMOUR

j/ / PLUG ,

/, I
/ ! .

I'
I I

I
L ,

MATERIAL REMOVAL

PLUG PREPARATION &

(c) PLUG POSITIONING

,"~ ""y

~
/:
/

1

(NOT TO THE SCALE)

Figure I. Crater formation at zero obliquity and its repair

I
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t x

AFTER IMPA~T

(b)

I -I (D + 2d)

~

I

I
I
I

-J-

I
I .
~--

MATERIAL REMOVAL,
PLUG PREPARATION &

PLUG POSITIONING

programmes for the concerned user representatives
.on the precautions and detailed repair techniques.

I I
Table 1 also shows that some of the defects

noticed on the .surface of the add-on module, such

as a minor crac1k near thje edge. of the plate

(Table l-G) do not really req~ire any repair, as the

presence of such a defect does, not degrade ballistic

worth of these panels. In fa?t, repairing .of such

superficial defect may introduce some kind of

technical complexity. In some cases, .the repair

effort may only be of minor nature, use of filler

material for structural stability (Table I-B). One

major task of this repair technique involves

preparation of a suitable plug similar to the one

shown in Fig. 1. Figure 1 shows crater formation at

zero obliquity. Details of alild-on armour module

just before and after the impact of the projectile areI I
shown in Figs l(a) and l(b), respectively. Repair

steps are shown in Figs l(c) and l(d). Figure l(c)

provides details with regard to removal of theI. .
damaged material, plug preparation and its

positioning in the Icavity prepared in the base plate.

Magnified view of cylindrical plug (composite and

monolithic) is also presented. Figure l(d) shows the

final step of welding the top portion of the plug
I

with that of the module. Such a plug is generally

formed when a projectile hits the arinour at zero

obliquity. The add-on armour module before and

after the impact of a projectile at higher obliquity

is shown in Figs 2(a) and 2(b), respectively. Here,

the path .of the incoming projectile does not

coincide with the normal to the plate, and it i~ for

this reason that the, shape and size of the crater

(Fig. 2(b», is quite different from that observed in

Fig. l(b). The repair steps are shown in Figs 2(c)

and 2(d). What is important in both these cases is

to ascertain the extent of partially damaged area

(1Jl, Z2 and Z3) around the crater formed on the

armour plate (Fig.. l(b». This information will be

useful id deciding the area up to which the material

is to be removed all around the crater and in the

(c)

:%
:;/

:;1(/ , "
"/

rL

(NOT TO THE SCALE)

Figure 2. Crater ror.natlou at high obIlquJty audits repair
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5. PRECAUTIONS

Important prec~utions to l,>e taken in cutting,

d~-welding.. grinding andrwelding operations are:

(a) Use diamonp-coated abraSive cutters for cutting

and shaping of non-m~tallic materials,
1

(b ) Avoid und1sired lamination and cracking while

cutting non-metallic ma~erlal,

(c) Use proper cqolants :during water jet cutting at

high speed.
I

(d) Employ specified grade of electrodes in

welding/de-welding operatioq,
,

(e) Maintain preheating at specified temperature and

duration,
,

(f) Before welding, prepark good surface by reducing
f ..I. th al . fsur ace contammatlon to ,!ffiprove e qu lty o

.,
,weld,

<8) f Give root passes with 2-3 mm diameter electrodes

depending on thetyw of joint, I.
I

(h) Remove damaged material about dIree times the
diameter of dIe cratet, \

(i) Remove cracked tiles, if any, widtouf fail,
!

0) Prepare goOd joint preparation while dealing with
, different thicknesses for better 'YIeld property, and

re,duced distortion, \

(k)' A~oid eicessive heat input during flame
cut.ting/welding to I IPinimise mIcrostructural

vari,tions in, heat-affeCted rones,

(1) Avoid weld contmninatioh to minirnise cracking
in weld metal," I

(m) Preheat the electrodes to avoid moisiure pickup
causing hydrogen cracki~g, ,

(n) Adopt back stepping and: skiPI welding techniques
to minirnise distortions, I

;
(0) Use proper heat illpUt for concct pcllelration to

minimise dteral constraint on weld joInt,

(P) Cany out welding from fiJ:ed end to free end,

(q) A vpid incon~istent arc lengtl) as it leads to arc
voltage variations5, I

, ! I ,

direction of motion of the projectile. The method

of removing damaged material is a very vital issue

confronting the repair team. For. this, a portion of

the top plate is to be removed by way of drilling,

and subsequent layers of the composite materials

are to be removed with the help of a portable,

diamond-coated abrasive cutter. However, for the

removal of layered materials the use of trepanning

tool is observed to be more effective and less

time-consuming. ID' case such equipment are not

presently authorised in field and advance base

repair workshops, these can be procured from the

market.

The question whether this kind of repair and

maintenance work is to be carried out by Armoured

Workshop Coy (A WC), Armoured static workshop

or advance base repair workshop will be dictated

by the damage level and the location of the damage.

If the repair equipment is available in AWC and

there being a single hit damage, such repairs can be

undertaken by AWC. In the event of large number

of hits, the repair~ have. to be undertaken by(the

advance base repair workshop, as it may need more

time. However , if the battle tank needs other mech-
I

anical deject rectifications in the advance base

repair workshop, armour-related repairs should

obviously be carried out in the advance base repair

workshop even if the nature of damage is not of

serious type.

The repair technique suggested in this

investigation is applicable to battle tanks under any

classification, w?erein composite materials haye

been used by the frmour designers in the hull glacis

and also in the turret.

Equipment and technicians already available

in a ficld rcpair worksho and advancc basc rcpair

workshops can thus complete the repairjob with
\

prior training on these repair techniques.
Technicians, however, will have to adhere to some

simple precautions during the conduct of these

repair operations.
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(r) Plan caref~lly to deal w~th in situ repair

demanding deviation from standard procedures,
and ,

I

7. CONCLUSION

Add-on armour modules on a battle tank are

expected to get damaged in a variety of ways by a, \
striking projectile; and it is vef"/ much feasible to

quickly restore the ballistic worth of this add-on

armour module by adopting simple repair

techniques even in the field copditions.
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