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ABSTRACT 
Radiography exposure devices are being used worldwide for non-destructive testing. Radiation sources used for 

the radiography are Ir
192

, Co
60

, Cs
137

, Se
75

 etc. Board of Radiation and Isotope Technology (BRIT), India, has 

developed COCAM-120 industrial radiography device using Co
60

 as radiation source. The device is designed as 

a mobile type, cat. II exposure device and can carry 4.44 TBq (120 Ci) of Co
60

 radioisotope. The device has 

been designed using multiple shielding such as Depleted Uranium (DU), Tungsten & Lead encased in AISI SS 

304L shell to make it compact and light. It is transported in an outer enclosure made of AISI SS 304L shell 

filled with Poly-Urethane Foam (PUF). COCAM-120 meets the normal and accidental conditions of transport 

requirements as per IAEA SSR-6 and AERB NFR-TS/SC-1 to qualify as a Type B (U) transportation package. 

The device also meets all the design and functional requirements as per ISO-3999-1 and AERB RF-IR/SS-1 to 

make it suitable as an industrial radiography exposure device. 

The paper brings out the design parameters, test conducted to qualify COCAM-120 as a Type B (U) package 

and an industrial radiography device. 

Keywords: type B(U), radiography, non-destructive testing (NDT), international atomic energy association 

(IAEA) 

 

1. Introduction 

Industrial radiography is a method of non-destructive testing that utilizes electromagnetic 

energy (radiation) from X-rays or gamma rays to detect both surface and internal 

discontinuities to ensure safety /durability in the products in a non-destructive manner. 

Industrial radiography devices uses radioactive sealed source to emit gamma rays for 

radiography test while having in-built shielding to protect environment from the inadvertent 

radiation exposure. Over recent years, industrial radiography has been extensively used in 

non-destructing testing of various engineering components. Currently, only a few cobalt 

based imported exposure devices such as Spec 300, Sentinel 680-OP & 741-OP are available 

in India.  

Board of Radiation and Isotope Technology (BRIT) has designed & developed a cobalt based 

Industrial Gamma Radiography Exposure Device (IGRED) - COCAM-120 for a source 

strength of 4.44 TBq (120 Ci) of Co-60 radio-isotope. COCAM-120 comes under mobile 

type, category II exposure device as per the AERB Standard SS-1 [1]. The exposure device 

can be used to find defects in weld in the thickness range from 40 mm to 200 mm in steel. A 

sectional view of COCAM-120 exposure device is given in figure 1. The COCAM-120 is 

designed, tested, and manufactured to meet the requirements of IAEA SSR-6 [2] and AERB 

NFR-TS/SC-1 [3], ISO-3999-1 [4] and AERB RF-IR/SS-1 [1] to qualify as a Type B (U) 

package as well as industrial radiography exposure device. The aim this paper is to bring out 

the design aspects & testing’s of COCAM-120 radiography device.  
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2. Design Description  

The exposure device consists of source housing, interlock mechanism, structure and outer 

enclosure etc. The major dimensions of the device is 650mm(l) x 370mm (w) x 475mm (h) 

and it weighs 316 kg. The main design features are its safe shielded character, use of 

combination of different shielding materials, curved shape of the source travel path, safe 

interlock mechanism, outer enclosure etc. The COCAM-120 uses multiple shielding materials 

such as Lead, Tungsten and Depleted Uranium to make the device compact and light in 

weight. A zircoloy tube in the shape of S bend is provided to facilitate smooth movement of 

source pigtail carrying the Co-60 radioactive isotope and to avoid radiation streaming. The 

pig-tail is a flexible source holder assembly responsible for safe positioning of the source, 

consists of source capsule & ball and socket coupling crimped over a flexible teleflex cable. 

The zircoloy tube passes through the DU is encased in a Type 304 (L) stainless steel shell 

along with tungsten and lead is casted around within its containment boundary. The outer 

shell is supported by stiffeners frame which are firmly attached to the 10mm thick side 

supporting plates. The supporting  structure consists of two side plates of 10mm thickness, 

six numbers of 6mm thick stiffener plates and covered in 1.5mm thin SS 304L sheet. A safety 

interlock fitted with the IGRED ensures safe positioning of the pig-tail and safeguards from 

any un-authorized or unintended operations. The interlock mechanism provides the desired 

safety and security to the exposure device during its transit, storage and operation. The device 

can be transported in an outer enclosure filled with Poly-Urethane Foam (PUF) which weighs 

around 168 Kg. The indigenously developed PUF in the outer enclosure acts as a fire 

retardant under 800
0
C fire test as well as an impact limiter under 9m drop test. 

A manually operated drive system is provided with the exposure device which enables the 

user to remotely operate the device from a safe distance of 14m. A mechanical counter at the 

cranking side indicates the source movement during operations. It is ensured by interlocking 

mechanism that the source can only be projected out when the remote driving unit is coupled 

with the source holder assembly to prevent accidental exposure. 

 

Figure 1: General assembly of COCAM-120 



3. Experimental tests 

A prototype of COCAM-120 exposure device has been subjected to different tests as per the 

standards. [1], [2], [3], [4] to qualify it as a Type B(U) package and as an industrial 

radiography exposure device. 

3.1 Tests to qualify as Type B(U) package 

The exposure device has been designed as a Type B (U) transportation package and has the 

ability to withstand normal condition as well as hypothetical accident conditions of transport 

such as 9m drop test, 1m punch test, 800°C fire test and 15m water immersion test. Tests for 

normal condition of transport & water immersion test are not in scope of this paper. The tests 

were conducted at Automotive Research Association of India (ARAI), Pune.  

In 9m drop test, the package (device with its outer enclosure) was dropped from a height of 

9m to an un-yielding target so as to suffer maximum damage. The drop orientation under 9m 

drop test is shown in figure 2. The device was hung in the edge drop orientation. The required 

height of the drop was measured from the lowest point of the package to the surface.  

In 1m punch test, the deformed package was dropped onto a bar rigidly mounted 

perpendicularly on an un-yielding surface so as to suffer maximum damage. The bar was 

made of solid mild steel of circular cross-section, 15.0 ± 0.5cm in diameter and 20cm long. 

The height of the drop i.e. 1m measured from the intended point of the package (i.e. corner 

edge) to the upper surface of the bar as shown in figure 5.  

 

Figure 2: Orientation at 9m drop test 

 
Figure 3: Device after drop test 

 

Figure 4: Deformation observed 

at the edge after the drop test 

 

In fire test, the deformed package was exposed for period of 33 min to a thermal environment 

that provides a heat flux at least equivalent to that of a hydrocarbon fuel–air fire in 

sufficiently quiescent ambient conditions to give an average temperature of at least 800°C 

with average flame emissivity of 0.9 and surface absorptivity of 0.8. The test was carried out 

in a furnace. The test setup is shown in figure 6. 



3.2 Results 

The deformed package after 9m drop test is shown in figure 3. In 9m drop test, edge of the 

outer enclosure got flattens, shell got little bulged and PUF is exposed at the edge corner. The 

deformation at the edge corner is shown in figure 4. In 1m punch test, the outer enclosure at 

the edge got deformed. There is no evidence of excessive or large deformation of the outer 

shell of the device. Numerical analysis of COCAM-120 under 9m drop test using finite 

element method was carried out by D.K. Sahoo et al. [5] and the presented analysis results 

were found in good matching with the experiment results. Figure 7 shows the device after the 

800
0
C fire test. Traces of burnt PUF were observed inside the enclosure after test. The 

structural as well as shielding integrity of the package was intact after all the tests.  

 

Figure 5: Device under 1m punch test 

Figure 6: Test setup before 800
0
C 

fire test 

Figure 7: Device after fire test 

 

3.3 Tests to qualify as an Industrial Radiography Exposure Device 

The exposure device was subjected to different qualifying tests to meet the requirements of 

the standards [1], [4] to qualify it as an IGRED. These tests are carried out to check the 

smooth and continued operation of the apparatus under normal condition of use as well as to 

safeguard the operating persons when the apparatus is used in conformity with the regulations 

in force regarding radiation protection. The qualifying tests includes test for entire apparatus, 

exposure device, remote control driving unit, projection sheaths and source assembly. The 

test for remote control driving unit, projection sheaths & source assembly are not in the scope 

of this paper. The qualifying tests performed on the COCAM-120 device for entire apparatus 

and exposure device are as follows, 

 

1m 



3.3.1 Endurance test 

The test was carried out to check the resistance to fatigue and wear of the different 

components utilized during the movement of source. The overall set up of the experiment is 

shown in Figure 8. The exposure device functioned smoothly & satisfactorily without any 

considerable sign of fatigue or wear after undergoing the required 50,000 complete exposure 

cycles in the endurance test. Figure 9 & 10 shows the device during endurance test and digital 

counter setup for counting the number of exposure cycles completed respectively.  

 

 

Figure 8: Overview of experiment setup 

for endurance test 

 

Figure 9: Device during endurance 

test 

 

Figure 10: Device with exposure 

cycle digital counter 

 

3.3.2 Projection resistance test 

The test was carried out before and after endurance test, vibration test, shock test etc. to 

demonstrate that the force required to move the source assembly from its secured position to 

the exposure position and back is not more than 125% of the force had been required 

previously to do the same before starting any tests. It was observed that device was operable 

& functioning smoothly without offering any increase in resistance 

3.3.3 Shielding efficiency test 

This test was performed to demonstrate that the radiation levels outside the exposure device 

are within permissible limit while containing a source with activity equal to the maximum 

design capacity of the device. 



3.3.4 Lock breaking test 

The test was performed to check that the exposure-container lock can withstands a breaking 

force of 400N when it is in the locked position with the key removed. The lock remained 

operational and functioned well after the test. 

3.3.5 Handle, attachment part or lifting-mount test 

The test was carried out to show that each load carrying lifting arrangement of the device is 

able to withstand a static force equal to 25 times the weight of the exposure container i.e. 8 

Tones. The lifting arrangement on subjecting a load of 25 times the weight of the exposure 

device remains functional and attached with exposure device. 
 

3.3.6 Vibration resistance test 

The device was subjected to the vibration test to determine the natural frequencies which are 

characteristic of the exposure container and study the impact of vibration at these natural 

frequencies at 1g acceleration to determine if the exposure device is able to withstand 

vibrations experienced during transportation. The exposure device remains functional and 

operational after having undergone the above test. 

3.3.7 Shock-resistance test 

Shock-resistance test was carried out to simulate the different shocks which the exposure 

device may undergo when carried on a trolley (vertical shock when passing over an obstacle). 

Figure 11 shows the overall setup of the experiment. The device was moved with a speed of 

1m/s and dropped freely down from a step of height of 150mm for 100 times repetitively. It 

was observed that exposure device was able to withstand/resist the shock loads and remains 

functional and operable. 

  
Figure 11: COCAM-120 during shock resistance test 

4. Conclusion 

COCAM-120 radiography device is a simple, light & compact in design. It is easy to operate, 

reliable and involves less moving components hence less maintenance. During transportation 

it can be transported in a PUF filled outer enclosure. COCAM-120 successfully meets all the 

acceptance criterion under 9m drop test, 1m punch test, fire test etc. and demonstrated its 



ability to withstand normal as well as accident condition of transport which are required to 

qualify it as a Type B(U) package. The device was also subjected to different experiments 

such as endurance test, lock-breaking test, vibration test, shock test etc. and shown its 

compliance to all the design, functional & operational test requirements to qualify it as an 

industrial gamma radiography exposure device as per the national and international standard. 
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