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Abstract
MK I Avon Engine part viz. Combustion Chamber Outer Casing (CCOC) is experiencing Galvanic corrosion during service around forward
welded flange and rear sealing ring. The depth of corrosion attack if exceeds 33% of the base material it will lead to failure of part. Hence
after certain hours of service, CCOC has to be checked for depth of corrosion attack. A radiographic method is developed for Non destructing
method of measuring the depth of attack and ensure the serviceability of the part. This paper explains the details of Engine, service conditions
of the part, material and functions. The radiographic exposure techniques and evaluation of corrosion depth measure of CCOC around forward
welded flange and sealing ring is also discussed. This paper also explains the development of density calibration standard for radiographic
evaluation and interpretation.

1. Introduction

1.1 Galvanic Corrosion

When two or more different sorts of metal come into
contact in the presence of an electrolyte a galvanic couple
is set up as different metals have different electrode
potentials. The electrolyte provides a means for ion migration
whereby metallic ions can move from the anode to the
cathode. This leads to the anodic metal corroding more
quickly. common example of galvanic corrosion is the rusting
of corrugated iron sheet, which becomes widespread when
the protective zinc coating is broken and the underlying steel
is attacked. The zinc is attacked preferentially because it is
less noble, but when consumed, rusting will occur in earnest.
An expample of Galvanic Corrosion is shown in Fig. 1.

1.2 About Avon Engine

Avon Engine is a Turbojet Engine designed and
developed By M/s. Rolls Royce England and is being

Fig 1 : Photograph of Galvanic corrsion notice in corrugated
steel roof

overhauled /and repaired under license at HAL, Engine
Division, Bangalore. Avon MK-1 is used to power Canberra
Trainer aircraft. Avon Mk109 is used to power Canberra
bomber aircraft and Avon Mk 203/207 is used to power the
Canberra Hunter fighter aircraft. A photograph of the Avon
MK 109 engine is given in Fig. 2.

1.3 Combustion Chamber outer Casing (CCOC)

The one of the major component of the Avon engine is
CCOC, which is made by welding two different materials.
Flange is made of Nickel base alloy. The casing is made of
Mild Steel (MS) – S514. A schematic diagram and photograph
of the CCOC is given in Fig 3.

1.3.2 Corrosion of CCOC

During the service CCOC is experiencing galvanic
corrosion. Particularly, area around forward welded
(Resistance – Seam weld) flange and rear sealing ring (where
two different metals are joined together) corrosion is
observed. Due to corrosion, wall thickness of CCOC is
reducing. Loss of more than 33% of the original wall thickness

Fig. 2 : Photograph of Avon Mk 109 Engine
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will lead to failure of the component (CCOC) during service.
Hence corrosion monitor by wall thickness measurement is
very important for safe running of the engine. A schematic
diagram and the photograph of the corroded CCOC are given
in Fig 4. An x-ray examination technique is developed at
Engine Division, HAL, and Bangalore to evaluate the depth
of corrosion attack and material loss after certain hours of
engine run and during overhaul. Acceptance criteria of the
component are developed based on service bulletin
requirements.

2. X-ray Examination Procedure

2.1 Calibration Block (Comparator)

A Calibration block (Comparator) made of Mild steel
(S514) is used to compare the radiographic density of different
areas of CCOC and to measure the loss of base material due
to corrosion. It is a step wedge having 4 steps of different
thickness as shown in the Fig. 5. The different thicknesses
will correspond to different amount of loss of material. The
details of the calibration block are given in the Fig 5. As
shown in the figure, a thickness of 0.72mm corresponds to
the 33% loss of original thickness which is the threshold
value.

Fig. 3 : Schematic Diagram and Photograph of CCOC

Fig. 4 : Schematic Diagram and Photograph of Corroded CCOC

Fig. 5 : Schematic Diagram of Calibration block

Table 1: X-ray exposure Parameters

Shot No. kV mA Time PFD Film / Beam
(Seconds) (mm) Size Angle

Remarks

1 to 6 110 15 60 914 Agfa D4 10"X 12" 90º 6 shots, each offset by 60º is used to
cover entire circumference of the
CCOC
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Fig. 6 : Schematic Diagram of X-ray exposure setup

2.2 X-ray Exposure Technique

For the X-ray exposure 320 KV, Philips, Directional X-ray
Machine is used. A schematic diagram of the X-ray exposure
setup is given in Fig. 6. The x-ray exposure parameters are
given in Table 1.

2.2.1 X-ray Exposure and film Processing Details

The whole circumference of the forwarded welded flange
was divided into 6 equal segments. Six exposures were taken
using 103 X 123 x-ray film (Agfa Structurix D4). The
comparator (Step wedge ) is also exposed along with the part
as shown schematically in fig 6. The Exposed films are
processed in Automatic Film Processor, NDT M echo.

2.2.2 Evaluation of Radiographs

The Radiographs are checked for the density. The density
was maintained between 1.5 and 3.5.The radiographic density
measured at all segments of CCOC is compared with the
radiographic densities obtained for comparator (Calibration
block) at that exposure. Any area of CCOC where radiographic
density obtained is equal or greater than the equivalent
radiographic density obtained for 0.73mm step in the
comparator, then that area of CCOC has lost more than 33%
of the wall thickness and marked on the radiographic film.
Radiographic Density measurements were done for whole
area of the CCOC exposed as per the technique and
compared with that of the comparator. The radiographic

density values obtained are recorded. After comparing the
densities obtained the CCOC and comparator, the material
loss was evaluated. The CCOC‘s show more than 33% loss
of wall thickness due to corrosion are rejected.

3. Inference

Radiographic density measurements help in measurement
of thickness loss due to corrosion. Results of the radiographic
examination were used for deciding the serviceability of the
components after certain hours of flying.

4. Conclusions

Wall thickness measurements were carried out by
radiographic examination to understand depth of galvanic
corrosion in CCOC. A comparator is used for comparison of
radiographic densities and to arrive at actual wall thickness
of the component. Non destructive testing method like
radiography testing is successfully used to measure wall
thickness and corrosion monitoring in CCOC of Avon Engine.
Serviceability of a component is decided based of NDT
method during overhaul.
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