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Procedure: # 41 

Date: 9/10/08 
Revision:  0 

Purpose: To ensure proper application of metalizing  
 

Responsible for Implementation: Q.C. Manager 

Review By: President 

Records Generated:  None 

Process: Application of metalizing on properly prepared substrate 

 
Surface Prep: The steel substrate shall be prepared to: 

(1) White metal finish, SSPC-SP5/NACE No.2,  for marine or immersion service 

(2) The minimum of near-white metal finish, SSPC-SP10/NACE No. 2, for other 

service applications. 

(3) The level of soluble- salt contamination shall conform to the contract specs. 

(4) The steel substrate shall have a minimum angular profile of 2.5 mils. 

  

Steel Temp:  (1) The steel temperature shall be at least 5 degrees above the dew point. 

 

Bend Test:   (1) The bend test (180 degrees on a mandrel) is used as a qualitative test for  

                          proper surface preparation, equipment setup, and spray parameters. 

                     (2) This test should be performed at the start of each shift or as  

                         specified by contract specs. 

Equipment Setup: Equipment shall be set up per manufacturer’s specs. 

 

Adjusting Parameters: Set the wire feed volt dial on 80% & amp dial on 40%, start spraying 

at this setting and while machine is running, adjust amperage to desired setting, then lower 

voltage to minimum given in spray tables or until erratic arc is noticed. Then, raise voltage 

until arc smoothes out. 

Bridge Master Parameters 

 

Material              Size                     Volts                 Amps           Air Pressure 

Aluminum   (1/8”-3/16”)                28-32               350-500          90-110 PSI 

Zinc                            (1/8”-3/16”)                24-28               325-500          90-110 PSI 

Zinc-Aluminum         (1/8”-3/16”)                26-32             300-500          90-110 PSI 

Steels                         (1/16”-3/32”)               28-35               200-250          90-110 PSI 

Bronzes                      (1/16”-3/32”)              28-35                200-250          90-110 PSI 

400 Stainless              (1/16”-3/32”)              28-35                200-250          90-110 PSI 

300 Stainless              (1/16”-3/32”)              28-35                200-250          90-110 PSI 
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Spray Technique: (1) The specified coating thickness shall be applied in several passes with 

each pass approximately 2-3 mils thick. The thickness is kept thin to maintain good coating 

tensile-bond strength. Laying down an excessively thick spray pass increases the internal 

stresses in the thermal spray coating and decreases the ultimate tensile-bond strength of the 

coating. 

                                (2) The spray gun stand off distance is 6-10 inches from the substrate. When 

the spray head is moved farther away from the substrate more of the metalizing material will not 

be applied and instead will drop off in the form  of dust. An excessive spray distance will also 

decrease the bond strength of the coating. 

 

                                (3) The spray gun should be perpendicular to the substrate to maintain the 

highest bond strengths. 

 

                               (4) Coating should be applied in a block pattern, typically 3 feet by 3 feet. 

each spray pass should be applied parallel to and over lapping the previous pass by about 40%. 

Successive spray coats should be applied at right angles to the previous coat until the specified 

coating thickness is attained. This method is preferred to achieve the most uniform coating 

thickness and the best possible coating quality.              
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1. Scope 
 
This procedure describes the ultrasonic inspection methods and equipment to be used for angle 
beam inspection of welds with and without backing bars using the Olympus Epoch 600 or 
Sonatest Master scan 330 ultrasonic flaw detector or an instrument with similar capabilities.   
 
Because ultrasonic reflections from the backing bars may interfere with the identification of 
defects near the ID weld edge, this test is done on a "best effort basis". If critical ultrasonic 
inspection is to be performed, backing bars should be removed. 
 
 
2. References 
 

a. ASNT Recommended Practice SNT-TC-1A 
b. NIF Written Practice  
c. Olympus Epoch 600 Operating Manual or Sonatest Master scan 330 Operating Manual  
d. ANSI/AWS D1.1 Structural Welding Code, 1996 or later 

 
 
3. Personnel 
 

a. Level I and II ultrasonic inspectors shall be trained, qualified, and certified in accordance 
with NIF's Written Practice.  A limited certification: Level I or Level II (carbon steel 
weld inspection) is acceptable for this procedure. 
  

b. Level I ultrasonic inspectors shall be capable of calibrating the ultrasonic flaw detector 
using specific standards, measuring and recording readings and, if applicable, making 
acceptance or rejection determinations based on written instructions. 
 

c. Level II ultrasonic inspectors shall be capable of setting up and calibrating the ultrasonic 
flaw detector and interpreting and evaluating results with respect to applicable codes, 
standards, and specifications.  The Level II ultrasonic inspector shall be thoroughly 
familiar with the scope and limitations of ultrasonic inspection, and is responsible for on-
the-job training and guidance of Level I ultrasonic inspectors and trainees.  The Level II 
ultrasonic inspector shall be responsible for organizing data and reporting results of the 
inspections. 

 
 
4. Equipment 
 

a. Sonatest Master scan 330, Olympus Epoch 600, or similar instrument shall be used for 
this procedure. 

 
b. For angle beam inspection, transducers shall be AWS approved angle beam transducers 

and wedges with a frequency between 2 and 2.5 MHz.  Angles shall be 45o, 60o or 70o. 
 



c. For straight beam transducers, the diameter shall be between 1/2" and 1", and frequency 
shall be between 2 MHz and 6 MHz. 

 
c. Couplants shall be cellulose gum-based, or any other suitable couplant with adequate 

wetting properties.   
 

d. Reference block: The International Institute of Welding (IIW) Type 1 or Type 2 
ultrasonic reference block shall be used for both distance and sensitivity calibration, in 
addition to checking the beam index point (BIP) and actual refracted angle. 

 
 
5.  Calibration Procedure: Straight Beam  
 

a. The range shall be set to at least twice the thickness, and velocity shall be set to the 
longitudinal velocity of steel (approximately .2330 in/sec). 

 
b. Set the 1” back wall amplitude from 50% to 75% full screen height. Using the side of the 

IIw calibration Block which is 1” in thickness. 
  

  
a. Calibration Procedure: Angle Beam  

 
a. On the Sonascan unit, set the Range to 10" and Material Velocity to .1300 in/sec. 
  
b. Verify that the transducer is properly coupled to the Plexiglas wedge.  If there is any 

evidence of air bubbles between the transducer face and the wedge, reapply the couplant.  
Approved couplants are petroleum jelly, silicon grease, or other suitable couplant. 
  

c. Position the transducer on the IIW block as shown in Figure 1 of Appendix A.  
 Mark the beam index point by maximizing the signal from the 4" radius, and 
marking the wedge at the "0" mark on the IIW block.   

 Set the distance calibration (IIW, Type 1 block: 4" and 9" signals, IIW Type 2 block: 2" 
and 4" signals).  Set up the gate to "positive" logic, then use the "zero" control to position 
the first signal to 4.000" (Type 1) or 2.000" (Type 2) then use the "Material Velocity" 
control to position the second signal to 9.000" (Type 1) or 4.000" (Type 2). 

 
d. Position the transducer on the IIW block as shown in Figure 2 of Appendix A. 

Measure the actual refracted angle (use Figure 2A for 70O and 2B for 45O or 60O) 
 

e. Position the transducer on the IIW block as shown in Figure 3 of Appendix A. 
Use the gain control to set the amplitude of the signal from the .060" SDH to 50% FSH.  
Record the reference level. 

  
 

 
 



a. Inspection Procedure 
 

a. The inspection surface should be free of weld spatter, excessive dirt and scale.   
 

 
 

b. For straight beam testing for laminations, set the range to at least twice the wall 
thickness. Scan the entire skip distance area (see 5.f.). 

  
c. The entire base metal through which the ultrasound must travel to test the weld shall be 

tested for laminar reflectors.  If any area of the base metal exhibits total loss of back 
reflection or any indication equal to or greater than the original back reflection height is 
located in a position that will interfere with the normal weld scanning procedure, its size, 
location, and depth shall be reported on the ultrasonic test report, and an alternate weld 
scanning procedure shall be used.  This shall include at least one of the following: testing 
from the opposite surface of the weld if accessible, scanning from the opposite side of the 
weld using other search unit angles. 
 

d. For angle beam inspection, the range on the instrument shall be at 5" or 10" based on the 
V-path (range must be greater than the V-path; V-path = 2T / cos ) 
 

e. Calculate the skip distance (skip distance = 2T x tan Scanning distance to and from 
the weld shall be at least equal to the skip distance. Scanning shall be such that the beam 
overlap is at least 25%.  Inspection shall be from both top sides of the weld. 

  
f. Scanning levels shall be according Table 6.2 or 6.3 as applicable.  If a high scanning gain 

prohibits proper evaluation of discontinuities, scanning levels may be reduced to a 
reasonable level. 

 
 

8.  Acceptance  
  
a. AWS dB Rating system shall be used for angle beam weld acceptance criteria.  The 

indication rating shall be based on the following calculation:  A - B - C = D 
 Where:  A = Indication Level 
  B = Reference Level 
  C = Attenuation Factor: C = 2(SP - 1) 
 

b. Ultrasonic Acceptance-Rejection Criteria is shown in Appendix B, Table 6.2 or 6.3 as 
applicable. 

 

c. Ultrasonic indications that result from weld geometry or echoes from the backer bar shall 
not be valid cause for rejection. 

 

d. All rejected welds shall be reported on the applicable inspection form.   
 



Appendix A 
 

        
 
Figure 1: Position of transducer to mark the beam index point (BIP) and calibrate for 
distance 

          

        
 

     Figure 2A: Position to measure wedge angle for 70 transducers 
   

      
 

Figure 2B: Position to measure wedge angle for 45 and 60 transducers 
 

                            

        Figure 3: Position to calibrate for sensitivity using the .060" SDH 
 



Appendix B 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

Class A ( Large discontinuities) 
Any indication in this category shall be rejected ( regardless if length). 

 
Class B (Medium discontinuities) 

Any indication in this category having a length greater than ¾ in.  
[ 20 mm ] shall be rejected. 

 
Class C  ( Small discontinuities ) 

Any indication in this category having a length greater than 2 in. 
[ 50 mm ] shall be rejected. 

 
Class D ( Minor discontinuities ) 

Any indication in this category shall be accepted reguardless of length or location in the weld. 
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1.0 Scope	

 

1.1 This procedure contains the specified minimum requirements to be used in performing 

Magnetic Particle testing of weldments, materials, and components when Magnetic 

Particle examination is required by contract requirements or materials specifications. 

 

1.2 The magnetic particle examination  (MT) method is applied to detect cracks and other 

discontinuities on or very near the surfaces of ferromagnetic materials. 

 

1.3 This procedure is limited to the “yoke technique” with dry magnetic particles. 

 

2.0 References		(latest	acceptable	edition	of	the	following):	

 

2.1 NIF Quality Control Manual 

 

2.2 AWS D1.5 Bridge Welding Code 

 
2.3 AWS D1.1 Structural Welding Code 

 
2.4 ASTM E‐709 Standard Guide for Magnetic Particle Testing 

 

2.5 ASME Code Section V, Article 7 

 
2.6 SNT‐TC‐1A 
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3.0 Personnel	Qualifications	

 

3.1 Personnel performing magnetic particle examination (MT) in accordance with the 

requirements of AWS and ASME Codes shall be qualified and certified as a Level I Special 

or Level II Limited as a minimum by the Q.C. Manager in accordance with the 

recommendations described in SNT‐TC‐1A.   Performance demonstration, when required 

by the referencing Code Section, shall be documented. 

 

4.0 Materials	and	Equipment	

 

4.1 Power Source:  AC electromagnetic yoke.  ( A source of 110V, 60HZ AC is required.)  Note:  

Equivalent items may be used without further notice. 

 

4.1.1 The magnetic equipment shall be capable of inducing into the examined material 

or weld a magnetic field of sufficient intensity to reveal surface discontinuities.  A 

lifting power of at least 10 lbs at the maximum pole spacing that will be used is 

required. 

 

4.1.2 Prior to use, the magnetizing power of electromagnetic yokes shall have been 

checked within the past year. 

 

4.1.3 The magnetic equipment shall be maintained and operated in accordance with 

the applicable equipment manufacturer’s requirements, and shall be in good 

working order such that an optimum examination is possible and personnel safety 

requirements are met. 

 

4.2 Dry Magnetic Powder: 

 

4.2.1 Finely divided dry particles by Magnaflux Corporation or equivalent shall be used.   

 

4.2.2 This material shall be in accordance with SE‐709 and shall be of a color that will 

provide adequate contrast background of the inspection surfaces. (#1 grey, #3A 

black, or #8A red particles).   
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4.2.3 This material shall be of high permeability and low retentivity. 

 

 

4.3 Calibration:   

 

4.3.1 Each alternating current electromagnetic yoke shall have a lifting power of at least 

10 lb. at the maximum pole spacing that will be used.  Calibration is required prior 

to each use. 

4.3.2 Each direct current magnetic yoke shall have a lifting power of at least 40 lbs. at a 

maximum pole spacing that will be used.  Calibration is required prior to each use. 

4.3.3 Each weight shall be weighed with a scale from a reputable manufacturer and 

stenciled with the applicable nominal weight prior to first use.  A weight need only 

be verified again if damaged in a manner that could have caused potential loss of 

material. 

4.3.4 Light meters shall be calibrated at least once a year or whenever the maters have 

been repaired. 

 

 

5.0 Sequence	of	Operation	

 

5.1 Temperature – The temperature of components to be examined shall not be greater than 

600 F when using type 3A (black) and 8A (red) magnetic particles and not greater than 750 

F for type 1 (grey). 

 

5.2 Time of Inspection – Acceptance examination shall be performed after final post weld heat 

treatment, if performed, or as otherwise specified by code, contract, or customer 

requirements. 

 

5.3 Components for Inspection ‐ Operators shall ensure that the area(s) of interest is (are) 
located between the two poles of the yoke when magnetizing the component.  When the 

area to be inspected exceeds the range of the poles operators are to ensure that 

proceeding inspections overlap the preceding inspections to ensure 100% inspection of 

the area(s) of interest.  When these requirements can be met, all shapes and sizes of 

ferromagnetic materials may be inspected by Magnetic Particle Inspection. 
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5.4 Preparation of surface –  

 

5.4.1 Welds:  For welds and at least 1” of the base metal on either side, surfaces shall 

be smooth to the extent that proper interpretation can be accomplished.  The 

surface shall be dry and free of dirt, grease, lint, etc. That could interfere with the 

examination.  Satisfactory results can usually be obtained when the surfaces are in 

the “as welded” condition.  However, surface preparation my grinding or 

machining may be necessary where surface irregularities could mask indications 

caused by discontinuities.  Holes or other openings shall be plugged as required to 

prevent entrance of magnetic particles.   

 
5.4.2 Components:  The surface to be examined shall be free of loose scale, spatter, oil, 

grease, or other extraneous materials.  Solvents such as trichloroethylene, oakite, 

etc. approved by the customer shall be used to remove grease and oil. 

 

5.4.3 Prior to MT examination, any coating applied over the area to be inspected shall 

be removed to clean, shiny metal. 

 

5.5 Applying Magnetic Field – Initiate magnetic current.  The magnetic field shall be induced 

with the prods parallel to the longitudinal axis of the weld for the detection of transverse 

discontinuities.  When possible, the yoke shall be rotated 90 degrees with respect to the 

original location for the detection of longitudinal discontinuities.  When inspecting for 

transverse discontinuities, the yoke prod locations shall overlap by approximately 1 inch. 

 

5.6 Dry Powder Application – While yoke is energized, the magnetic particles shall be applied 

using a hand squeeze powder blower in such a manner that a light, uniform dust‐like 

coating that settles on the surface of the part.  Dry Particles must not be applied to a wet 

surface or in an area where there is excessive wind. 

 

5.7 Excess Powder Removal – Excess particles shall be removed by means of dry air of 

sufficient force to remove the excess without disturbing those that are indicative to  

discontinuities.   Excess particles may be removed by using an appropriate air stream 

generated by a hand‐actuated rubber bulb. 
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5.8 Inspection and Interpretation  ‐  

 
5.8.1 Inspection shall be carried out by the continuous method;  that is, the magnetizing 

current shall remain on during the period while the Magnetic Particles are being 

applied and removed.  It is essential to carefully observe the formation of 

indications throughout the process.  Sufficient time for indication formation and 

examination should be allowed before switching the current off. 

 
5.8.2 A minimum light intensity of 100 fc is required on the surface to be examined to 

ensure adequate sensitivity during the examination and evaluation of indications. 

 
5.8.3 All indications revealed by MT are not necessarily discontinuities since irrelevant 

indications are sometimes encountered.  Irrelevant or “false” indications are quite 

common, but may be easily identified.  All indications believed to be non‐relevant 

shall be evaluated by removing the surface roughness, or shall be re‐inspected by 

other nondestructive test methods.  If subsequent re‐inspection reveals any 

indications, they shall be considered as  

relevant and shall be evaluated as discontinuities.  Examples of such indications 

are as follows: 

 
5.8.3.1 Magnetic Writing:  The indication is fuzzy and will be destroyed by 

demagnetization.  These indications are caused by contact with other 

steel or magnets while magnetized. 

 
5.8.3.2 Change in Section:  The distribution of the magnetic field in an area of 

change in section of the piece being tested is such that the test 

pattern is broad and fuzzy. 

 
5.8.3.3 Flow Lines:  These are large groups of parallel indications that occur in 

some forgings when magnetized with high currents. 

 
5.8.4 Linear discontinuities are indications in which the length is greater than 3 times 

the width. 

 
5.8.5 Rounded discontinuities are indications which are circular or elliptical with the 

length less than 3 times the width. 

 

 
5.8.6 When indications are detected, the yoke shall be orientated in the best possible 

position to obtain the maximum sensitivity. 
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5.8.7 All indications shall be evaluated and compared to the acceptance criteria as 

specified in the applicable Code of Construction. 

 
5.9 Post Examination Cleaning – Where residual magnetic particles interfere with subsequent 

processes or usage, remove all particulate material from component using brush, rags, or 

air blower after completion of examination. 

 

5.10 Demagnetization – Demagnetizing shall be accomplished when required by applicable 

work instructions / customer requirements, or when residual magnetism in the part could 

interfere with subsequent processing or usage. 

 
5.10.1 Local demagnetization shall be accomplished with alternating current yokes only. 

5.10.2 The poles are to be placed in contact with the item / area which requires 

demagnetization.  The poles are then to be moved around the area and slowly 

withdrawn while the yoke is energized. 

5.10.3 Following demagnetization, the removal of the magnetic field shall be verified by 

a field indicating device to ensure that any remaining flux does not exceed 3 

gauss. 

 

 
5.11 Record of Examination – 

  

5.11.1 A report of Magnetic Particle examination shall be completed for each 

examination.  At a minimum, the report shall contain the following: 

 
5.11.1.1 Work Order Number 

5.11.1.2 Procedure identification and revision 

5.11.1.3 Magnetic particle equipment and type of current 

5.11.1.4 Magnetic particles (visible or fluorescent, wet or dry) 

5.11.1.5 Examination personnel identity and, if required by referencing Code 

Section, qualification level. 

5.11.1.6 Map or record of indications per T‐792 

5.11.1.7 Material and thickness 

5.11.1.8 Lighting equipment  

5.11.1.9 Date of examination 

 
 
 

5.11.2 Nonrejectable indications shall be recorded as specified by the referencing Code 

Section. 
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5.11.3 Rejectable indications shall be recorded.  As a minimum, the type of indications 

(linear or rounded), location and extent (length or diameter or aligned) shall be 

recorded. 

 
5.11.4 Records shall be maintained in accordance with applicable Code section and 

Company Policy. 
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