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Introduction LINDT

Level 3 NDT

 The use of Reflectivity Curves and the Distance Gain Size (DGS) method are useful
techniques for the detection and sizing of discontinuities using Ultrasonics.

« The principal works on the theoretical relationship between the signal of a reflector at a
specific distance and amplitude when compared to a known reflector.

These assessments are typically carried out in two ways:

» Reflectivity Curves
= DGS Software or Calculations




Level 3 NDT

History LNDT

« Initially developed for Flat Bottom Holes (FBH) by the Krautkramer brothers in 1958.

* Ermolov (1972) proposed a variety of formulas for different reflector types including point reflectors
(smaller than the beam spread), elongated targets (one axis greater than the beam spread) and
infinite targets (larger than the beam spread e.g. Back Wall Echo).

 Formulas were defined for both the Near Zone and the Far Zone.

« These generated curves are often normalised, so that a variety of probe, frequency, material
combinations can be employed by the same curve.

« The normalisation is typically done though using the Near Zone Length and Amplitude in Decibels
as the common axis.
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Ermolov Equations LNDT

Level 3 NDT

Far Zone
. . Vw S
* Infinite Plane (BWE) o — e—2T6
V, 2AT
|74 Sd
» Sphere with diameter d, A S p—2T§
v, 4AT2
 Cylinder with diameter d. and length I, E — S_lc dc p—2TS
v, T2 N 23

= maximum amplitude of the echo from the target

= maximum possible signal amplitude if all energy is returned to the receiver
= distance along the beam axis to the target

area of the probe

A = wavelength

O = attenuation coefficient
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Level 3 NDT

LINDT
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Normalised Reflectivity Curves

In the right normalised curve, the following relationships are
evident.

Back Wall Echo (BWE)

The BWE is larger than the beam spread, therefore the
relationship between distance and amplitude is theoretically
inversely proportional. Double the distance, receive half the
reflected amplitude (-6dB).

Flat Bottom Hole Reflector (FBH)

The if FBH is smaller than the beam spread, the relationship
between distance and amplitude is theoretically inversely
squared.

Double the distance, receive one quarter of the reflected
amplitude (-12dB).

Double the diameter, receive four times the reflected
amplitude (+12dB).

AMPLIFICATION (G), dB
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DISTANCE (D), (near zones)
LEGEND:
D = Distance, in near zones
G = Amplification, in decibels
S = Relative equivalent reflector diameter
di = FBH diameter, in millimetres
d, = Probe crystal diameter, in millimetres
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Normalised Reflectivity Curves IgNDT

Level 3 NDT

e Side Drilled Hole Reflector (Finite Length)
= Double the distance, -12 dB
= Double the diameter, +3 dB

e Side Drilled Hole Reflector (Infinite Length)
= Double the distance, -9 dB
= Double the diameter, +3 dB

Diameter can be simplified to

d,
dB = 10 log(=
dy
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Normalised Reflectivity Curves (FBH)

It can also be seen that stabilisation of the curve gradients does
not occur until approximately three (3) Near Zone lengths.

For this reason, wherever practicable to minimise significant
possible amplitude variations (predicted to be up to 12 dB), the
curves should be utilised beyond a minimum of three (3) Near
Zones.

Different codes have varying requirements for minimum sound
path to use.

« 1SO 16811-2012 > 0.7 NZ_+ FBH

« [SO 16811-2021 > 1.5 NZ_« SDH

Note: The effect of the Near Zone amplitude variations is directly
proportional to the bandwidth / pulse length, the shorter the pulse
length, the less significant the effect of the Near Zone.
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Example: Normalised Reflectivity Curve (FBH) Worked Example IgNDT

Level 3 NDT
Scenario 1:
Probe: 24mm Diameter, 2MHz normal probe, compression in steel.

Using the Back Wall Echo (BWE) at 500mm beam path as a reference, an indication at 300mm beam path is
detected with an amplitude -18dB of the BWE reference. What is the approximate equivalent Flat Bottom
Hole (FBH) size of the indication?

Probe Diameter (mm) d. 24 Calculations:

Probe Frequency (MHz) f 2 Wavelength (mm) 1= ; 206
Materials Velocity (m/s) v 5920 Near Zone (mm) N, = ‘jr_c; 49
Reference Echo Type BWE / Known Reflector (FBH) BWE Reference Position Near Zones Dyey = dN—f 10.3
Reference Reflector Diameter (mm)* Sref N/A Indication Position Near Zones Dina = % 6.2
Reference Reflector Beam Path (mm) drey 500 Reference Reflector Relative Size* Sina = Z—if N/A
Indication Beam Path (mm) dina 300

Indication dB difference to reference G -18




Example: Normalised Reflectivity Curve IgNDT

(FBH) Level 3 NDT
Scenario 1:
Probe: 24mm Diameter, 2MHz normal probe,
. S Yave s ~ 0
compression in steel. e T Sl
_ XK K —— NN
Using the Back Wall Echo (BWE) at 500mm beam path 10 eSS SSaS 2 SSNA. \*Q Referanc 10
as a reference, an indication at 300mm beam path is ATAYAVA YA AV \:\t:\:\\ N -
- - ™ A
detected with an amplitude -18dB of the BWE L 20-KIANA TN \\\\\\ \\ il = 20 _
reference. What is the approximate equivalent Flat I S s e 8 R e e N IO TR RN °
. N g [IRXRXXFERKIXK : N AN AN 9P <
Bottom Hole (FBH) size of the indication? 2 30 PR R T ORI [ 30 -
®) A g ~N Rxﬁ\\ ANIERANAYE YA VAR, VA o
+  BWE 10.3 NZ = . > 3 NN NERRY =
' S ] et SINDNC et NN %0 R S
* Indication 6.2 NZ, - 18 dB T 0% IR NI KA N NEE NRNANAS - K140 T
i R A NIA N0 2o NS =
a KKK ¢ A WA N0 %o NN KK &
. o o _ = XK XIX K NN PP VI W N Va2 =
After Plotting: Indication position located at approximately 50 PSPPI PP NN o ISONORNCKERS 50
RRRS RIS : N RN R
RIS LIRS N, 0 NORNOROR RS
S=0.275 60 AT A A A 0 N kSN SN 60
%SE—‘ VAVAYVA Y AV Ve oSN NN N
c CORAK PN ANEIA WANA @ N
de = Sioox d VaWA AV KX ! NEAVAN ANIEANERNAVA N
f ind ¢ e o M < 0 ONONO NOM T 0 O~OMO o © O O coooo
o o O O O coocor — o~ M T W oO~N0DO
df = 0.275 x 24mm DISTANCE (D), (near zones)

df = 6.6mm approximatly
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Example: Normalised Reflectivity Curve (FBH) Worked Example IgNDT

Level 3 NDT

Scenario 2:
Probe: 10mm Diameter, 4MHz normal probe, compression in steel.

Using a 4mm diameter Flat Bottom Hole (FBH) at 125mm beam path as a reference, an indication at 75mm
beam path is detected with an amplitude +14dB of the reference. What is the approximate equivalent Flat
Bottom Hole (FBH) size of the indication?

Probe Diameter (mm) d, 10 Calculations:
14

Probe Frequency (MHz) f 4 Wavelength (mm) A= 7 1.48
Materials Velocity (m/s) v 5920 Near Zone N, = ‘i_i 16.9

BWE / Known Reflector . dye
Reference Echo Type (FBH) Known Reflector Reference Position Near Zones Dyoy = - f 7.4
Reference Reflector Diameter s 4 dind
(mm)* ref Indication Position Near Zones Ding = ;\’f 4.4
Reference Reflector Beam Path d 125 Sref
(mm) e Reference Reflector Relative Size* Sina = 0.4
Indication Beam Path (mm) dina 75
Indication dB difference to G +14
reference
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Example: Normalised Reflectivity Curve IgNDT

(FBH) Level 3 NDT
Scenario 2:
0
. Y
Probe: 10mm Diameter, 4MHz normal probe, e —x_
compression in steel. VLD N RN
_ _ Ll ATET ATATAY AT AT A Y, SSRGS
Using a 4mm diameter Flat Bottom Hole (FBH) at o S N
125mm beam path as a reference, an indication at 2 S T o NN N IR Ao
75mm beam path i i i ® D KK N NN NIRCX £
path is detected with an amplitude +14dB 3 XA TR AR ] T NS N O 45
. : : i VAR AT AN A N RN NEAANG <
of the reference. What is the approximate equivalent S XX RRIREISKIKEKIIIX, N BYEA W 9P %
Flat Bottom Hole (FBH) size of the indication? z 30 X AX KX KI K FLA . SO \‘Y<><\/\§j\*9 q’/\,v
Ref Amm FBH (S = 0.4), 7.4 NZ R o oo 4 / O\ AR I e
| 3'ere'n Ce4 Zn |r\T|12 1(4 dB h 2 10 KRR RRIICRKE RS SO NN 22Ny
hdication 4.  F - LR KRR ALK N NOITSON 0 %o NSRS
S XK XA K WA NN N o o NN
. . . " < 4 AN NN o v, \ N\
After Plotting: Indication position located at 50 PSPPRASIIRISIARR NONORK 0. NN YRS
: VAV, AV VeV ¥, NN SR N ANA O N AV Y5,
approximately Reecexrece IR o X NN NKE
N
80 PSS SIS Y, b-od',’%\ S AN
_ o KK KX KX XX 20, Oy AN N
S=0.55 S=7; RO 2NN N NSO
c N
PR KX FNONONY A NIBANER AV N
df = Sina X dc S 5 & o g acaas ¢0 ¥ wereeg S ©® S borR2»o

DISTANCE (D), (near zones)
df = 0.55x10mm

df = 5.5mm approximatly
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DGS — Distance Gain Size

 When variables (velocity, diameter, frequency) are known, the normalised
curve can be converted to a probe specific curve.

* These are now commonly bulilt into flaw detectors to allow for rapid gain
setting and sizing.

« Commonly referenced in standards for use.




Level 3 NDT

LINDT
DGS — Distance Gain Size
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DGS — Distance Gain Size

Probe
Diameter (mm) 10 2 =0 20 -10 10 20 30 20
Frequency (MHz) 4
Velocity (m/s) 5920 0 BWE
Wavelength (mm) 1.48
Area (mm?) 79
Near Zone (mm) 17 ¥
—6mm
BWE
Beam Path (mm) 500 60
Diameter @ Beam Path (mm) 65
Area (mm?) 3360.9 —>5mm
# of Near Zones 29.6 &
Reference dB -25.5
o
T
—10Pm— = —3mm
)
Beam Path (mm) 100 5
FBH Diameter (mm) 3 E
o
Diameter Ratio (S) 0.3 20 £
< —2.25mm
Area (mm?) 7.1
# of Near Zones 5.9
dB Calculated -31.9 -
dB diff to BWE 6.4 —15mm
Reference Known Reflector
Position (mm) 100 075
fomm
# of Nearzones 5.9 180
dB diff to Reference 12.0
Total dB -19.9
Estimated Diameter (mm) 6.0 200

LINDT

Level 3 NDT
FBH Reflectivity Curve I N DT
0.0
Level 3 NDT
R Vo _ Sds _yps
-10.0 2 B
V,  4AT
-20.0 _/—\ 7
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-60.0
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( ) Created by P.Grosser. For Training Use Only

DGS Simulation Software Showing Relationship Between 3mm and 6mm FBH (12 dB)




DGS — Distance Gain Size

Probe
Diameter (mm) 24
Frequency (MHz) 2
Velocity (m/s) 5920
Wavelength (mm) 2.96
Area (mm’) 452
Near Zone (mm) 49
BWE

Beam Path (mm) 500
Diameter @ Beam Path (mm) 55
Area (mm?) 2334.0
# of Near Zones 10.3
Reference dB -16.3
Beam Path (mm) 1000
FBH Diameter (mm) 4
Diameter Ratio (S) 0.2
Area (mm?) 12.6
# of Near Zones 20.6
dB Calculated -63.8
dB diff to BWE -47.4

Reference BWE
Position (mm) 300
# of Nearzones 6.2
dB diff to Reference -18.0
Total dB -34.3
Estimated Diameter (mm) 6.5
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Level 3 NDT

LINDT
FBH Reflectivity Curve I.g N DT

Level 3 NDT
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( ) Created by P.Grosser. For Training Use Only

DGS Simulation Software Showing Scenario 1 : 6.5mm vs 6.6mm




Level 3 NDT

DGS - Distance Gain Size LNDT

Probe | . . . ; ; ; , -
Diameter (mm) 10 -40 -30 20 -10 10 20 30 40 FBH REflect|V|ty Curve N DT
0.0 I
Frequency (MHz) 4
Level 3 NDT
Velocity (m/s) 5920 20 BWE
Wavelength (mm) 1.48 V Sd
Area (mm’) 79 —— S = T8 p2Ts
-10.0 4
Near Zone (mm) 17 I/O 4AT2‘
—6mm
BWE
Beam Path (mm) 500 60 _/_\
Diameter @ Beam Path (mm) 65 200
Area (mm’) 3360.9 — —5mm
# of Near Zones 29.6 80
Reference dB -25.5
g
[ KnownReflector | g Tdmm e
Beam Path (mm) 125 "§
FBH Diameter (mm) 4 E
o
Diameter Ratio (S) 0.4 120 E
2 — < —3mm
Area (mm°) 126 400
# of Near Zones 74 \
dB Calculated -30.8 e
dB diff to BWE 5.3 —2mm
Reference Known Reflector
Position (mm) 75 1
mm
# of Nearzones 4.4 180
dB diff to Reference 14.0 500
Total dB 16.8 0.0 200 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0
Estimated Diameter (mm) 5.4 200 Sound Path (mm) Created by P.Grosser. For Training Use Only

DGS Simulation Software Showing Scenario 2: 5.4mm vs 5.5mm




Probe
Diameter (mm) 10
Frequency (MHz) 2
Velocity (m/s) 3220
Wavelength (mm) 1.61
Area (mm’) 79
Near Zone (mm) 16

BWE
Beam Path (mm) N/A
Diameter @ Beam Path (mm) N/A
Area (mm?) N/A
# of Near Zones N/A
Reference dB N/A
| xnownSizeReflector |
Beam Path (mm) 100
Diameter @ Beam Path (mm) 1.5
Length (mm) 22.0
# of Near Zones 6.4
dB Calculated -19.7
[ UnknownReflectorsize |
Reference Known Reflector
Position (mm) 100
# of Nearzones 6.4
dB diff to Reference 3.0
Total dB -16.7
Estimated Diameter (mm) 3.0

DGS — Distance Gain Size

LINDT

Level 3 NDT
SDH DGS
L<NDT
Level 3 NDT
—3mm
50 DN —
\ —— e
N 2 3 _
-10.0
v, T2 A
—1.5mm g
o
o
E’ -15.0
£
£
—1.25mm <
-20.0
—1mm
-25.0 -
0.75mm
-30.0
50.0 60.0 70.0 80.0 90.0 100.0 120.0 130.0 140.0 150.0

Sound Path (mm)

Created by P.Grosser. For Training Use Only

DGS Simulation Software Showing Relationship Between 1.5mm & 3mm SDH




Usage — Disadvantages LINDT

o Theoretical — but can be validated.

o Zero degree and FBH'’s, tends to undersize real flaws, whilst in linear sensitivity range.
o Angle probes typically oversize due to lack of rotational symmetry.

o Assumes amplitude is based on maximising on beam axis.

o Attenuation needs to be considered in attenuative materials.

o Not code compliant to all standards. EG ASME




Usage — Disadvantages

o Limitations adjacent to near zone (dependant on bandwidth / pulse length).

o Reflectivity curves typically based on circular transducers.

° Not suitable for notches. Does not account for corner reflector losses.




Usage - Advantages LINDT

o In most cases a single known reflector is used as reference.
o Code compliant in many cases: ASTM /ISO /AS
o For FBH inspections with a back wall available, nearly eliminates the need for Area

Amplitude and Distance Amplitude Blocks.

o Saves money and weight.




Usage - Advantages LINDT

o Applies to a variety of reflector types.

o Less affected by transfer losses as sensitivity is set on part under test (BWE).

o Attenuation can be accounted for.

o May eliminate need for complex Time Corrected Gain (TCG) calibrations.

o Advanced software such as trueDGS, UltraVision and many others can account for

variables such as bandwidth and rotational symmetry.




LINDT

Level 3 NDT

Summary:

The use of reflectivity curves and DGS should be a
technique and skillset that all advanced UT operators utilize
where appropriate.

e T - s & o 5 o o & B FBH Reflectivity Curve LB N DT
Frequency (MHz) a
Velocity (m/s) 5920 0 BWE Hevsl S B,
Wavelength (mm) 148
Area (mm?) 79
Near Zone (mm) 17 - e
—~6mm
BWE
Beam Path (mm) 500 o
Diameter @ Beam Path (mm) 65 00
Area (mm’) 3360.9 —— —>5mm
# of Near Zones 29.6
Reference dB -25.5 _
g
100 2 —4mm 00
Beam Path (mm) 125 2
FBH Diameter (mm) 2 %
Diameter Ratio (S) 0.4 T § T
Area (mm’) 12.6 00
# of Near Zones 74
dB Calculated 308
dB diff to BWE 5.3 —omm
o 500
Reference Known Reflector
Position (mm) 75
# of Nearzones 4.4 -180 mm
dB diff to Reference 14.0 w0
Total dB 68 o0 200 wo a0 w00 1000 1200 1400 1600 1800 2000
Estimated Diameter (mm) 54 o Sound Path (mm) Created by P.Grosser. For Training Use Only




QUESTIONS?
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