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high density imaging plate (HDIP) also known as blue plate
was used for exposure in the CR system. The HDIPs were
scanned in the CR laser scanner with laser spot size of 25 μm
with an rpm of 3000. A high resolution monitor (3 mega pixels)
was used to display the radiographic images captured through
the CR system.

For comparisons of CR images with that of industrial
radiographic films, KODAK MX-125 film was used for
necessary radiographic exposure. An automatic film processor
was used for processing of the exposed films.

In both cases i.e., for exposure on film and HDIP front lead
screen of 0.1 mm thick and 0.25 mm thick lead back screen
were used during the radiographic exposures. The radiation
dose received at the detector plane for each exposure has been
measured by a calibrated Farmer type ionisation chamber.

2.2 Procedure

For both film and HDIP, a range of radiation dose was given
to the detector plane which was measured by the dosimeter at
four different x-ray energies of 100 kV, 200 kV, 300 kV and
400 kV. The time of exposure along with the tube current was
adjusted to deliver the required dose to the detector plane.
The focus to detector distance was kept at about 1 meter for
all exposures. The optical film density measured for films were
plotted against the delivered dose to generate the characteristics
curve for film whereas mean pixel intensity within an area of
400x100 pixels was plotted for CR system for generation of
characteristics curve. The noise in the corresponding image
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ABSTRACT

A propellant grain of 225 mm diameter has been radiographed using industrial film and computer radiography (CR)
system with Imaging Plates of same class. The image quality obtained by the computer radiography system is found to
be very much comparable to the image quality obtained by industrial radiographic films. The exposure required for
High Density Imaging Plate is nearly same with the exposure required for radiographic film of same class. The
dynamic range found to be more to cover large thickness variation in the propellant grains. CR is a good alternative
digital radiographic method for radiography of propellant grains for routine quality assurance with 450 kV x-ray
source.
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1. INTRODUCTION

X-ray radiography [1] is the widely used non-destructive
evaluation method for quality assurance of propellant grain.
Industrial radiographic films are conventionally used for
capturing the radiographic images of the propellant grains. In
the recent past, digital radiography [2-5] are being used for
capturing the radiograph of steel components in industry in
place of radiographic film because of the advantages like
capability of digital image processing, better dynamic range,
better contrast sensitivity, ease of storage and retrieval. Out
of various available digital radiography technologies [6-10],
computer radiography is capable of giving comparable image
quality with that of radiographic films. However no
information is available in the literature for use of the computer
radiography for radiography of propellant grain. In view of
that radiographic image quality has been evaluated for a
propellant grain with the help of a 450 kV x-ray machine.

The radiographic image quality obtained from the CR system
has been compared with the image obtained through industrial
radiographic film.

2. EXPERIMENTS

2.1 Equipments

M/s Seifert make 450 kV x-ray machine was used for the
radiographic exposures. The HD-CR 35 NDT model of CR
laser scanner of make M/s Durr, Germany was used for
scanning of imaging plates (IP) after required exposures. The
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was evaluated for different doses for the four x-ray energies
by taking the pixel area of 400x100. The signal to noise ratio
(SNR) was calculated for each exposure and classified in terms
of x-ray energies. The criteria of minimum film density of 2.0
and minimum SNR of IP3 class of IP has been used to evaluate
the minimum required dose to obtain the minimum acceptable
image quality. The maximum dose than can be captured is
evaluated for maximum film density of 4.0 in case of film
whereas for CR system the dose required for saturation of
pixel (pixel level of 65536) was taken as the maximum dose.
The latitude of the technique for the radiography of solid
propellant system with four different x-ray energies was
evaluated by taking the HVL values evaluated in earlier case.

Duplex IQI (EN 462-5) was used for evaluation of total
unsharpness present both in the film and digital CR image.
The duplex IQI was placed directly on the cassette and
exposure was taken for measurement of total unsharpness
without any object.

A 225 mm diameter rocket motor filled with composite solid
propellant has been radiographed both in the MX-125 film
and HDIP. During radiographic exposures of the motor with
both film and HDIP, a Duplex IQI was placed on the source
side of the motor for measurement of total unsharpness in the
image along with the object. Similarly for observing the
radiographic contrast, a wire IQI (DIN 62 FE) and a Perspex
step hole type penetrameter was placed on the source side of
the object and exposures were taken in both detectors.

3. RESULTS AND DISCUSSION

3.1 Response Curve of HDIP

The characteristics curve shown in figure 1 indicates that the
response of imaging plate is usually linear for all four energies
with slight variation in the gradient. Above response has been
fitted linearly and the corresponding co-efficient of regression
is mentioned in Table-1. The regression value close to 1 is
obtained for all energies. This indicates that the imaging plate
gives a linear response to the absorbed dose. The contrast
sensitivity will also be linear for the entire range of the grey
value obtained by the system.

As seen in the plot, the slope of the H-D curve is least for 100
kV. However the slope should have been higher as the
interaction of low energy x-ray is more for lower energy which

in turn results in higher pixel value. In this study the H-D
curve of 100 kV is present at extreme right because of the
higher front screen thickness. The higher lead screen thickness
(0.1 mm) present as the front screen in case of 100 kV x-ray
leads to more attenuation of radiation than the intensification
of the radiographic image. This indicates clearly that the used
lead screen thickness should be less in case of exposure with
100 kV x-ray.

Table 1 : Function which fits with the response curve of HDIP
at different energies

X-Ray Energy Equation R2 Value
(kV) (Linear Fitting)

100 y = 1484.9x - 213.69 0.9998

200 y = 2097.3x + 502.27 0.9999

300 y = 1898.5x + 78.336 0.9985

400 y = 1781.7x - 418.28 0.9986

3.2 Characteristic curve of MX-125 Film

Figure 2 shows the response curve or characteristics curve of
MX125 Kodak Film. As known well from literature, the
response of the industrial radiographic film is usually
logarithmic rather than linear. The logarithmic fitting of the
curve has been carried out and the corresponding equation
and the co-efficient of regression have been tabulated in table
2. The co-efficient of regression close to 1 indicates the
logarithmic response of the radiographic film to the received
exposure.

Table 2 : Function which fits with the response curve of MX125
Film at different energies

X-Ray Energy Equation R2 Value
(kV) (Logarithmic Fitting) R2 Value

100 y = 1.868Ln(x) - 1.9236 0.9926

200 y = 2.0122Ln(x) - 1.7606 0.9915

300 y = 2.0993Ln(x) - 1.9959 0.9961

400 y = 1.7111Ln(x) - 1.2099 0.9938

Fig. 1 : Response curve of HDIP for different x-ray energies
Fig. 2 : Response or H-D Curve of MX125 Kodak Industrex

film
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Similar to the case of HDIP, the H-D curve for 100 kV is
present in the extreme right in case of radiographic film also.
The reason for the low optical density with same dose for
100kV is the use of higher thickness front lead screen.

3.3 The Signal to Noise Ratio (SNR)

The Signal to noise ratio for the images captured by HDIP has
been plotted in figure 3. The plot of SNR with dose indicates
that as the dose given to the detector increases the SNR of the
image improves. There is slow increase in the SNR value or
nearly attains saturation beyond certain accumulated dose. This
indicates that it is always beneficial to obtain the radiographic
image at a higher pixel value that corresponds to higher
accumulated dose which in turn will result in more sharpness
in the image.

Figure 4 shows the normalised SNR [10] plotted with respect
to the dose in mGy. The limiting acceptable normalised SNR
is also plotted. This gives the minimum dose required to
achieve the required minimum acceptable SNR that indicates
the minimum dose received for image formation.

3.4 Range of dose and thickness for acceptable
radiographic image quality

The range of dose that can be received by MX-125 film with
respect to the acceptable film density limit of 2.0 to 4.0 is

mentioned in the table 3. Similarly for the CR HDIP the range
of dose that can be captured by the detector for generation of
acceptable image quality is mentioned in table 3.

Table 3 : Table indicates the amount of range of dose that can
be captured to create a accepetable image quality

(Dose, mGy) MX-125 Film (Dose, mGy) HDIP
kV

Maximum Minimum Maximum Minimum

100 23 10 44 9

200 17 7 31 2

300 17 7 34 3

400 20 7 37 3

As per the range of dose that can be received by MX-125 and
HDIP, the range of thickness (latitude) of propellant that can
be radiographed with MX-125 film and HDIP for four different
x-ray energies is tabulated in table 4. The evaluation uses the
HVL data of composite solid propellant for the four energies
as reported [11].

Table 4 : Range of thickness of propellant that can be
radiographed in a single exposure

Thickness range (mm) of propellant that
can be radiographed in single exposure

kV MX-125 HDIP

100 21.08 40.07

200 35.14 108.33

300 44.68 121.99

400 60.12 143.56

The increase in the latitude of the computer radiography
technique helps in capturing the propellant grain information
as well as information regarding the propellant-insulator
interface in a single exposure.

3.5 Evaluation of total unsharpness of detector

The total unsharpness has been measured by placing a duplex
IQI (EN 462-5) for both film as well as HDIP. For all the four
energies, the 13D is also discernable in MX-125. In case of
HDIP the 8D pair is not discernable without any zoom.
However if the CR image is zoomed to a comfortable level,
then the 11D is resolved i.e., first unresolved pair is 12D. The
reason behind the visibility of higher pair after required zoom
is attributed to the limitation of the viewing screen to display
a very high resolution image. Hence the unsharpness in case
of MX-125 film is less than 0.1 mm whereas for HDIP the
unsharpness is 0.1 mm. The unsharpness indicates the Basic
Spatial Resolution of the CR system is about 0.05 mm (50
μm) which is evident from the high density IP and 25 μm of
laser spot size.

Fig. 3 : Plot of SNR with dose received for different x-ray
energies

Fig. 4 : Plot of normalized SNR with Dose received for
different x-ray energies. Also indicates the minimum
acceptable SNR
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3.6 Reduction of exposure

The reduction of dose has been calculated by considering the
minimum dose required (approx) to obtain the acceptable
image quality in case of film and HDIP. The reduction in dose
reduces with increase in x-ray energy. This happens basically
because of decrease in SNR value with increase in energy for
the same delivered dose at the detector.

Table 5 : Reduction in received dose to obtain minimum
acceptable image quality in film and CR system

Minimum Dose required Reduction in
dose for

kV MX-125 HDIP CR wrt Film

200 7 2 3.5

300 7 3 2.33

400 7 3 2.33

3.7 Performance of CR for Propellant Radiography

Figure 5 shows the film radiograph of a propellant grain of
diameter 225 mm on MX-125 film and figure 6 shows the
radiograph taken on HDIP with Durr CR scanner of the same
propellant grain

3.7.1  Evaluation of total unsharpness.

The Duplex IQI has been fixed on the source side of the
specimen and radiographed both on HDIP and MX-125 with
same parameters. In case of film the 9D is unresolved whereas
without zoom of the CR image 7D is unresolved. However
after necessary zoom of the CR image 9D is unresolved. Hence

Fig. 5 : Film radiograph of 225 mm diameter rocket motor

Fig. 6 :  Contrast adjusted radiographic image of propellant
grain captured in HDIP

Fig. 7 : Radiograph showing the information of propellant
grain and interface in single exposure

the radiographs reveal that the same kind of unsharpness (0.26
mm) exists in the both radiographs that indicate that the spatial
resolution of CR setup is sufficient to capture the required
information for generating the radiographic image in
comparison to film.

3.7.2  Radiographic Contrast

 The step-hole penetrameter as well as wire type penetrameter
has been put on the source side of the specimen and
radiographed the 225 mm diameter both in MX-125 and HDIP
with same exposure setup and parameters. In both radiographs
10th wire of DIN 62 FE and 2 mm thick step of a step-hole
penetrameter can be seen clearly. It shows that contrasts
obtained in both images are same.

3.7.3  Dynamic range

With the same kind of exposure the dynamic range of MX-
125 is less than that of HDIP. However to analyze the image
information in case of HDIP, contrast adjustment and zooming
is necessary. The information at the ends i.e., bonding between
insulator and propellant grain is also clearly seen in case of
radiograph obtained by HDIP whereas the film is unable to
reveal the information as there is substantial saturation in the
regions. Figure 7 shows the CR image which also reveals the
information regarding the bonding of propellant and insulator.

4. CONCLUSION

The digital image obtained through IP3 class computer
radiography system with 450 kV x-ray source is capable to
give same image quality in terms of sharpness with respect to
a class 3 industrial radiography film. The radiographic contrast
and sharpness achieved through CR system with 450 kV x-
ray source for rocket motor is at par that of the industrial
radiographic film. The Computer Radiography system is
appropriate digital radiography system for obtaining same
radiographic image quality of rocket motor with composite
propellant which is obtained by a same class of radiographic
film. However zooming of the digital image up to the necessary
level is necessary to realise the sharpness of the radiographic
image because of the inherent limitation offered by the viewing
screen to visualise the finer details. CR is very much useful
for radiography of rocket motor in view of large dynamic range
which facilitates to capture the radiographic information of
propellant grain as well as interfaces in a single exposure.
Moreover CR offers a cost effective solution for digital
radiography of solid propellant grain without compromising
the required image quality.
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