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1.
SCOPE:



1.1  This method shall be used when a uniform procedure for radiographic examination of metallic castings is needed and an image of the casting on radiographic film is necessary to evaluate its acceptance to industry and customer standards.


1.2  Radiography of castings or areas of castings where geometry or part configuration does not allow achievement of complete coverage with practical radiographic techniques shall be subject to agreement between purchaser and buyer.  The use of alternate non-destructive methods for areas that are not conducive to practical radiography shall be agreed upon between purchaser and manufacturer.     


1.3  Discontinuities that do not displace an appreciable volume of material (e.g. cracks) may go undetected, therefore it may be necessary to use an additional method of non-destructive examination for these types of discontinuities.  The used of additional methods shall be as agreed upon between purchaser and manufacturer.


1.4  Persons using this method shall be qualified according to the guidelines in SNT-TC-1A or MIL-STD-401.  It is the responsibility of the manufacturer to establish appropriate safety and health practices that are acceptable to the appropriate regulatory agency.  Once images are captured on film, they must be judged as meeting or not meeting the industry or customer standard agreed upon between the purchaser and manufacturer.

2.  APPARATUS



 2.1  Radiation sources are Cobalt 60 and Iridium 192.


2.2  Film holders and cassettes shall be made of vinyl, plastic or any other suitable material that prevents exposure of film from light leaks.  In the event that a light leak occurs and the image produced extends into the area of interest, the film holder shall be repaired or discarded and the radiograph shall be rejected and retaken.


2.3  Intensifying screen made of lead-foil and of varying thicknesses are used in most production radiography in both the front and rear of the film to improve radiographic quality.  The screens should be inspected routinely for any condition that could render undesirable images on the film and re-worked or discarded.


2.4  Fluorescent or flourometallic screens if used must be shown capable of demonstrating the required penetrameter sensitivity.  Screens should be handled carefully to avoid false indications on the radiographs.  Any screens producing film artifacts shall be re-worked or discarded.


2.5  Filters may be used to meet quality level or radiographic coverage requirements by a purchase order or specification when scatter, burn-off or undercut occurs.


2.6  Masking may be used to help reduce image degradation due to undercutting.


2.7  Penetrameters that comply with the design and identification requirements in Practice SE 747 and Practice SE 1025 shall be used unless specified otherwise by the purchase order or referencing code.
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2.8  Shims or blocks made of the same or similar material may be used to facilitate penetrameter positioning and to show that area of interest density and penetrameter requirements are met.


2.9  A transmission densitometer or a step-wedge comparison film shall be used for judging film density.  Calibration shall be verified by comparison with a calibrated step-wedge film.

3.
FILM


3.1  Radiographs shall be made by using industrial radiographic film.  Films selected must be capable of showing the required penetrameter sensitivity and density.

4.
EXTENT OF RADIOGRAPHIC COVERAGE


4.1  Radiographic coverage shall be as agreed upon between the purchaser and buyer.  Certain casting geometric configurations are inaccessible for conventional source and film arrangements to provide meaningful interpretable film.  These areas usually involve the intersection of two or more casting sections.  When the shape of the casting is such that the entire casting or a section of the casting is impractical to radiograph, these areas shall be so designated and if required marked on an engineering drawing.



If only specified areas of the casting require radiographic inspection, the exposures will be made in the plane of the drawing unless additional coverage is stipulated in the purchase order, specification or shooting sketch.



Unless by agreement between the purchaser and the manufacturer, radiographic examination shall be performed in accordance with a radiographic standard shooting sketch (RRS).  The RSS is designed to standardize radiographic methodologies associated with casting inspection.  The RSS consists of an instruction sheet and sketches of the casting.  The instruction sheet specifies the radiographic equipment, material and acceptance parameters for each location, the sketches illustrate the location, orientation, source and film arrangement, location marker and penetrameter placement.



As a minimum the RRS should provide:




1)  Casting identification number

2)  Material grade and thickness




3)  Source size, type and strength

4)  Traceability number




5)  Number of exposures


6)  Penetrameters




7)  Film type and size



8)  IQI quality level




9)  Acceptance standard


           10)  Severity level

11)  Impractical coverage areas 

           12)  Source, film and location marker 

         (if necessary)



      arrangement
 

13)  Single or double-wall exposure
           14)  Single or double-wall viewing

5.
RADIOGRAPHIC FILM QUALITY


All radiographs shall be free of mechanical, chemical, handling-related blemishes or other blemishes which could mask or be confused with the image of any discontinuity in the area of interest on the radiograph.  If any doubt exists about the true nature of an indication on the film, the radiograph shall be re-taken.  
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6.
IDENTIFICATION OF AND LOCATION MARKERS ON RADIOGRAPHS


6.1  Each radiograph must be uniquely identified so a correlation is established between the radiograph and the part examined.  The minimum identification should include:  1) date, 2) part number, 3) “serial” or “RT” number, 4) view, 5) “Traceability” or control number.  In addition, radiographs of repair areas must have an “R” followed by A-1, -2 or Etc., for the number of the repair.  It is not necessary that all of the identification be radiographic images, however, care must be taken that the identification system does not obscure the area of interest. 


6.2  Location markers (lead letters or symbols) should be placed on the part being examined.  Their exact placement, size, and location should be marked on the part being radiographed by felt tip marker or steel stamping.  Sufficient markers must be used to provide evidence on the radiograph that the required coverage of the part being examined has been obtained.  Markers are also used to assist in identification of areas requiring upgrade, sorting good and rejected parts when more than one item is examined on the same film and showing evidence of overlap.  When distortion, accessibility or other limitations prevent markers from being placed on the source side during radiography this shall be noted on the radiographic standard shooting sketch and a map with their actual locations shall accompany the RSS. 

7.
BACK-SCATTERED RADIATION


7.1  Back-scattered radiation serves to reduce radiographic contrast and may produce undesirable effects on film quality.  To detect back-scattered radiation, attach a 1/16” or 1/8” thick by ½” high lead letter “B” on the rear side of the cassette.  If a light image of the “B” appears on the radiograph, additional shielding in the form of 1/8” or ¼” lead sheets should be added.

8.
RADIOGRAPHIC TECHNIQUES, PROCEDURES AND REQUIREMENTS


8.1  A single-wall exposure technique shall be used for radiography whenever practical.  When it is not practical to use a single-wall technique a double-wall technique shall be used.  An adequate number of exposures shall be made to demonstrate that the required coverage has been obtained.

 8.1.1  In the singe-wall technique, the radiation passes through only one wall of the casting, which is viewed for acceptance on the radiograph.

 8.1.2  When it is not practical to use a single-wall technique a double-wall technique as described below shall be used.


  
Double-wall exposed for single-wall viewing.  In this technique, the radiation passes thru two walls of the casting and only the film-side wall is viewed for acceptance on the radiograph.



Double-wall exposed for double-wall viewing.  For cylindrical castings 3 ½” or less in O.D. or when the shape of a casting precludes single-wall viewing, a technique may be used in which the radiation passes thru two walls and the material in both walls is viewed for acceptance on the same radiograph.



Multiple film techniques (e.g.  two or more films of equal or different speeds in the same cassette) are allowed, provided prescribed quality level and density requirements are met.
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9.
IQI SELECTION


9.1  IQI’s shall be selected from either the same alloy material group or from an alloy group with less radiation absorption than the material being radiographed.  The designated hole penetrameter with essential hole or designated wire for wire type penetrameters shall be as specified in Table 1.

TABLE I 

IQI SELECTION (PENETRAMETER)






SOURCE SIDE




FILM SIDE

Single-wall

               
Material Thickness     Hole Type    Essential
Wire

Hole Type
Essential
Wire

Range, IN. 
         Designation      Hole       Diameter, IN.
Designation
   Hole        Diameter, In.

Up to 0.25, Incl.
 12
       2T

0.008

   10

   2T
        
0.006

Over 0.25 thru 0.375
 15
       2T               0.010

   12

   2T

0.008

Over 0.375 thru 0.50
 17
       2T
             0.013

   15

   2T
             0.010

Over 0.50 thru 0.75
 20
       2T
             0.016

   17

   2T

0.013

Over 0.75 thru 1.00
 25
       2T 
             0.020

   20

   2T                   0.016

Over 1.00 thru 1.50
 30
       2T
             0.025

   25

   2T

 0.020

Over 1.50 thru 2.00
 35
       2T
             0.032

   30

   2T

 0.025

Over 2.00 thru 2.50
 40
       2T 
             0.040

   35

   2T

 0.032

Over 2.50 thru 4.00
 50
       2T
             0.050

   40

   2T

 0.040

Over 4.0 thru 6.00
 60
       2T
             0.063

   50

   2T

 0.050

Over 6.00 thru 8.00
 80
       2T
             0.100

   60

   2T
 
 0.063

Over 8.00 thru 10.00     100
       2T
             0.126

   80

   2T

 0.100

Over 10.00 thru 12.00   120
       2T
             0.160

 100

   2T

 0.126

Over 12.00 thru 16.00   160
       2T
             0.250

 120

   2T

 0.160

Over 16.00 thru 20.00   200
       2T
             0.320

 160

   2T

 0.250

9.2
In most cases, the penetrameter will be based on wall thicknesses as they
 appear on the casting drawings.  If required by specification or referencing code the penetrameter shall be based on finished machined dimensions plus 20% of the finished thickness or ¼”, whichever is greater.

9.3
Some engineering drawings, specifications, purchase orders or contracts may specify a different image quality level.  In those cases, the proper two-part expression must be clearly indicated or the IQI number and minimum discernible hole size shall be specified.  Typical image quality designations are shown in Table I of SE-1025.

9.4
In specifying radiographic quality levels, the contract, purchase order, specification or drawing should   clearly indicate the thickness of metal to which the quality level refers.  When performing double-wall exposures for double-wall viewing techniques, the penetrameter selected shall be based on the nominal double-wall thickness of the casting walls.  For double-wall exposures for single-wall film-side viewing the penetrameter shall be based on the nominal singe-wall thickness of the cast wall.  For weldments, the penetrameter shall be based on the nominal single or double-wall thickness as referenced above including the thickness of the weld reinforcement. 
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9.5
IQI DESIGNATIONS

TABLE 2

HOLE TYPE IQI DESIGNATION, THICKNESS, 

AND HOLE DIAMETERS, IN.

	IQI

DESIGNATION
	IQI DESIGNATION
	1T HOLE DIAMETER
	2T DIAMETER
	4T DIAMETTER

	5
	0.005
	0.010
	0.020
	0.040

	7
	          0.0075
	0.010
	0.020
	0.040

	10
	0.010
	0.010
	0.020
	0.040

	12
	          0.0125
	         0.0125
	0.025
	0.050

	15
	0.015
	0.015
	0.030
	0.060

	17
	          0.0175
	         0.0175
	0.035
	0.070

	20
	0.020
	0.020
	0.040
	0.080

	25
	0.025
	0.025
	0.050
	0.100

	30
	0.030
	0.030
	0.060
	0.120

	35
	0.035
	0.035
	0.070
	0.140

	40
	0.040
	0.040
	0.080
	0.160

	45
	0.045
	0.045
	0.090
	0.180

	50
	0.050
	0.050
	0.100
	0.200

	60
	0.060
	0.060
	0.120
	0.240

	80
	0.080
	0.080
	0.160
	0.320

	100
	0.100
	0.100
	0.200
	0.400

	120
	0.120
	0.120
	0.240
	0.480

	160
	0.160
	0.160
	0.320
	0.640

	200
	0.200
	0.200
	0.400
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TABLE 3

DIAMETER OF WIRE PENETRAMETER

CORESPONDING TO HOLE TYPE (1T, 2T, 4T)

	HOLE

IQI NO.
	DIAMETER OF WIRE WITH EPS OF HOLE, IN

   1T                       2T                            4T

	5
	
	
	0.006

	6
	
	0.004
	

	8
	0.0032
	0.005
	0.008

	      10
	0.004
	0.006
	0.010

	      12
	0.005
	0.008
	0.013

	      15
	0.006
	0.010
	0.016

	      17
	0.008
	0.013
	0.020

	      20
	0.010
	0.016
	0.025

	      25
	0.013
	0.020
	0.032

	      30
	0.016
	0.025
	0.040

	      35
	0.020
	0.032
	0.050

	      40
	0.025
	0.040
	0.063

	      50
	0.032
	0.050
	0.080

	      60
	0.040
	0.063
	0.100

	      70
	0.050
	0.080
	0.126

	      80
	0.063
	0.100
	0.160

	    100
	0.080
	0.126
	0.200

	    120
	0.100
	0.160
	0.250

	    140
	0.126
	0.200
	0.320

	    160
	0.160
	0.250
	

	    200
	0.200
	0.320
	

	    240
	0.250
	
	

	    280
	0.320
	
	


TABLE 4

WIRE PENETRAMETER SIZES

	WIRE DIAMETERS, IN (MM)

    SET A                 SET B                 SET C                SET D

	0.0032 (0.08)
	0.010 (.25)
	0.032 (0.81)
	0.10 (2.5)

	0.004 (0.1)
	0.013 (0.33)
	0.040 (1.02)
	0.126 (3.2)

	0.005 (0.13)
	0.016 (0.4)
	0.050 (1.27)
	0.160 (4.06)

	0.0063 (0.16)
	0.020 (0.51)
	0.063 (1.6)
	0.20 (5.1)

	0.008 (0.2)
	0.025 (0.64)
	0.080 (2.03)
	0.25 (6.4)

	0.010 (0.25)
	0.032 (0.81)
	0.100 (2.5)
	0.32 (8)
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10.
PLACEMENT OF PENETRAMETERS



10.1
Penetrameters shall be hand placed on the source side of the casting being radiographed, on a separate block as close as practical to the part being radiographed or on the film side in contact with the casting.  When lacing the penetrameter on a block:




1.
The material of the block must be radiographically similar to the part being examined (E.G. from the same material group, wrought materials are acceptable because they limit diffraction),



2.
The film density thru the block image adjacent to the penetrameter is not greater than 15% more than the lightest film density of the area of interest,




3.
It must be on the source side of the block,




4.
It must be placed as close as possible to the part being examined and




5.
It must be no closer to the film than the source side of the part being examined,



6.
The block size must be large enough such that three sides of the penetrameter are visible on the film.



10.2
When placing the penetrameter on the film side a lead letter “F” shall be placed adjacent to or on the penetrameter , but not so as to mask the essential hole or interfere with interpretation of the film. 

11.
NUMBER OF PENETRAMETERS



11.1.
When one or more cassettes are used for an exposure, at least one penetrameter shall appear on each film except as noted:



1.
If the density of the radiograph in the area of interest varies by more than –15% or +30%  from the density through the body of the penetrameter, even if the density is in the allowable minimum/maximum range specified, then an additional penetrameter shall be used for each exceptional area and the radiograph retaken.



2.
For cylindrical or spherical castings, where the source is located at the center axis for cylindrical castings or at the center of spherical castings and the entire circumference of the casting is being radiographed (panoramic) using one or more film holders for a single exposure, three penetrameters are required spaced equally apart.



3.
For cylindrical or spherical castings, where the source is located at the center axis for cylindrical castings or at the center of spherical castings and the length between outermost sections span 240 deg. or more using one or more film holders for a single exposure (panoramic), three penetrameters are required.  One penetramete shall be placed at each end of the span and one in the approximate center of the span.



4.
For cylindrical or spherical castings, where the source is located at the center axis for cylindrical castings or at the center of spherical castings and the length between outermost sections span between 240 deg and 120 deg. using one or more film holders for a single exposure (panoramic), three penetrameters are required.  One penetrameter shall be place at the end of  each span and one in the approximate center of the span.
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5.
For cylindrical, spherical or any casting that approximates this geometry, where the source is located on the center or is not located on the center for a single exposure, and the span is continuous for 120 deg., the number of penetrameters required shall be as follows:




1)
One if one film holder is used,



2.)
Two if two film holders are used, one penetrameter shall appear on each film,



3)
For cylindrical or spherical castings, where the source is located at the center axis for cylindrical castings or at the center of spherical castings and the length between outermost sections span 240 deg. or more using one or more film holders for a single exposure (Panaramic), three penetrameters are required.  One penetrameter shall be place at each end of the span and one in the approximate center of the span.



4)
For cylindrical or spherical castings, where the source is located at the center axis for cylindrical castings or at the center of spherical castings and the length between outermost sections span between 240 deg and 120 deg. using one or more film holders for a single exposure (Panaramic), three penetrameters are required.  One penetrameter shall be placed at the end of  each span and one in the approximate center of the span.



5)
For cylindrical, spherical or any casting that approximates this geometry, where the source is located on the center or is not located on the center for a single exposure, and the span is continuous for 120 deg., the number of penetrameters required shall be as follows:




a.  One if one film holder is used,



b.  Two if two film holders are used, one penetramter shall appear on each       film,



c.
Two if three film holders are used, one penetrameter shall appear on each film,



d.   Two if four film holders are used, one penetrametter at each end of the span,



e.    Three if five or more film holders are used, a penetrameter at each end and one in the center of the span.


12.
DENSITY LIMITATIONS


12.1
The transmitted film density through the radiographic image of the body of the appropriate penetrameter and the area of interest shall be 1.8 minimum for single film viewing.  For composite viewing of multiple film exposures, each film of the composite set shall have a minimum density of 1.3.  The maximum density shall be 4.0 for either single or composite viewing 
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13.
SENSITIVITY


13.1
Radiography shall be performed with a technique of sufficient sensitivity to display the hole penetrameter image and the specified hole, or the designated wire of a wire penetrameter.  If the required hole penetrameter image and specified hole, or designated wire do not show on any film in a multiple film technique, but do show in composite film viewing, interpretation shall be permitted only by composite film viewing.
 
    

14.
GEOMETRIC UNSHARPNESS


  14.1
When required by referencing code or specification, geometric unsharpness of the radiograph shall not exceed the following:




MATERIAL


UG



IN ACCORDANCE WITH:




THICKNESS, IN.

MAXIMUM, IN.






Under 2


0.020



Ug = Fd/D




2 through 3


0.030




Over 3 through 4

0.040




Greater than 4


0.070




Where,





Ug = Geometric unsharpness



F  =  Source size:  The maximum projected dimension of the radiation source (or effective focal spot) in the plane perpendicular to the distance D from the casting being radiographed, in inches
 



d  =
Distance from source side of casting being radiographed to the film, in inches



D =
Distance from the source of radiation to casting being radiographed, in inches.


 14.2 
Final acceptance of radiographs should be based on the ability to see the prescribed penetrameter image and the specified hole.  The unsharpness formula is included for information and guidance, and will operate within practical limits, but is of less significance as D/d ratios increase.

15.  INTERPRETATION

      15.1
Prior to presentation to the purchaser or his representative, the radiographs shall be examined and interpreted according to the appropriate codes and acceptance standards.  The manufacturer shall record the interpretations of each film and disposition of each part on an interpretation form which shall accompany the radiographs. 

