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What is FPI ?

- Fluorescent penetrant inspection (FPI) is a
type of Non-Destructive Testing
(NDT)method used to detect linear
indications, surface cracks, or other
defects in parts.

- A fluorescent dye is applied to the surface
of a non-porous material in order to detect
those defects

» The FPI dye becomes stuck in an indication
after the part is processed in accordance
with ASTM E1417 or other part preparation
standards

» The dye which becomes stuck in the part
lbbecomes observable to the naked eye or a
camera system under UV-A (365 nm)
black light illumination

* FPl is noted as a low cost and simple
process and is used widely in a variety of Waygate

industries. Technologies

Video borescope FPI image




STEPS IN PERFORMING AN FPI

Initial cleaning of part
Penetrant application

w N

Excess penetrant removal

4. Developer application o
5. Inspection* @ @ WOLF %)

6. Final cleaning '1

spirit of excellence

https://www.rlchord—wolf.com/

Equipment to prepare & deliver FPI
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Performance Requirements

for an FPI Inspection Depending on applicable industry
standards — all metrics must be
overlapping A

1. A minimum amount of UV
Energy must be delivered to the
surface being inspected
(uw/cm?)

2. The White Light (WL) “pollution”
must not exceed a maximum
WL energy level (Ix or fc)

White Light
Energy

. 3. The optical system Resolution
(maximum)

must be able to resolve a
minimum level of detail (Ip/mm)

(«' Waygate
Wy Technologies



Industry & OEM Standards

ASTM E1417 [ E1417M - 16 ENISO 3059 GE Aviation Standards ASTM E3022-18

« Standard Practice Non-destructive testing SPM 70-32-02 Procedures for testing the

. erformance of ultraviolet
for Liquid Penetrant - Penetrant testing - UV Energy 2 (UV-A), light emitting

Testing Viewing conditions « White Light Pollution diode (LED) lamps used in
« UVirradiance at e« UVirradiance at + Optical resolution FPI & magnetic particle
inspection distance inspection distance « Measurement testing o
1000uW/cm2 lOOOuW/ch Accuracy 1.3 lels practice is not
L P3TF44 applicable to ....lamps or
+  Max White light *  Max White light , . light guides (for example,
pollution at pollution at Optical resolution borescope light sources).
inspeotion distance inspection distance Measurement accuracy o
21.5 lux (2 fc) 20 lux P3TF47 Rolls Royce Specification
RRES 90061
ISO 3452-1:2013 UV Energy Requirements for the
Non-destructive testing | | White Light Pollution control of Ultra-Violet
— Penetrant testing Optical resolution sources utilising Light

Emitting Diodes (LED's) for
Non Destructive Testing

Waygate Technologies VideoProbes™ can be configured to meet most international &
OEM FPI standards when configured properly.

It is the responsibility of the Client’s FPI Level 3 to test all equipment to ensure it meets the specifications for their ( qugqte
applications. The Waygate Technology engineering team has put this data together to make it easier for your customer ~l Technologies
to evaluate our equipment quickly. { Bkt Hughes business

The above standards documents are not available from Waygate Technologies.



Custom UV VideoProbes

« Includes UV filter in camera head Without With

« Requires an external UV light source

(] Waygate
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MViQ — UV VideoProbe
FPI [ UV Configuration @rtz'"umimtion

Fibers

"' 50-watt UV-LED
Light Source
ELS-50LEDUV

) Integrated Quartz
- Light Guide /

Imaging Mode
UV [ White Light

UV / White light switchable

== =] ) Weygete
Stereo measurement capable MViQ Image Menu -~

Technologies



MViQ UV QuickChange™ Probes

The following quartz fiber QuickChange probes have

Model number Diameter lllumination fibers Optical tips

MVIQAP3920-9167 3.9 mm (0.15") 2.0 m (8.6 ft.) Quartz Standard

MVIQAP3930-9168 3.9mm (0.15") 3.0m (9.8 ft) Quartz Standard

MVIQAP4020-8947 4.0 mm (0.15") 20m (8.6 ft.) Quartz Standard

MVIQAP4030-8890 4.0 mm (0.15") 3.0m (9.8 ft) Quartz Standard

MVIQAP4035-9021 4.0 mm (0.15") 3.5m (1.5 ft.) Quartz Standard

MVIQAPB120-8948 8.1 mm (0.24") 2.0m (6.6 ft.) Quartz Custom

?ANV:&H:SQOWQQ% 8.1 mm (0.24") 2.0 m (6.6 ft.) Quartz Custom

MVIQAPB130-8889 6.1 mm (0.24") 3.0m (9.8 ft) Quartz Custom

MVIQAPB160-9101 8.1 mm (0.24") 68.0m (19.7 ft.) Quartz Custom

MVIQAPB1100-8960 8.1 mm (0.24") 10.0 m (32.8 ft.) Quartz Custom

MVIQAP8420-8949 8.4 mm (0.33") 2.0m (6.6 ft.) Quartz Standard

MVIQAP8430-8937 8.4 mm (0.33") 3.0m (9.8ft.) Quartz Standard

MVIQAP8445-8956 8.4 mm (0.33") 45m (14.8 ft.) Quartz Standard

MVIQAP84100-8982 8.4 mm (0.33") 10.0 m (32.8 ft.) Quartz Standard

*Subject to change, custom parts continue to be released as needed (] Waygate :
¥ Technologies
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XL Flex & XL Detect - UV VideoProbes™

Product
XL Flex
XL Flex
XL Flex
XL Flex

XL Flex +
XL Flex +
XL Flex +
XL Flex +

XL Detect
XL Detect

XL Detect +
XL Detect +
XL Detect +
XL Detect +
XL Detect +
XL Detect +

Diameter
4.0 mm
6.1 mm
6.1 mm
8.4mm

4.0 mm
6.1 mm
6.1 mm
8.4mm

6.1 mm
8.4mm

4.0 mm
6.1 mm
6.1 mm
6.1 mm
6.1 mm
8.4mm

Length

3.0m
20m
3.0m
20m

3.0m
20m
8.0m
20m

45 m
3.0m

20m
20m
3.0m
6.0 m
80m
3.0m

Part Number

XLFLA4030UV-9269
XLFLAB120UV-9234
XLFLAB130UV-9268
XLFLA8420UV-9254

XLFPA4020UV-9325
XLFPAG120UV-9235

XLFPAGI80UV-9348
XLFPA8420UV-9253

XLDEA6G145UV-9282
XLDEA8430UV-9327

XLDPA4020UV-9326
XLDPAGI20UV-9338
XLDPAGI30UV-9339
XLDPAG160UV-9334
XLDPAGI8OUV-9347
XLDPA8430UV-9364

o
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UV Optical Tip Adapters (OTAs)

« Al 4.0mm OTAs transmit UV light

- Black 4.0 mm forward-view tip (T40115FN) has limited UV light output

« Some standard 6.1mm MViQ OTAs do not efficiently transmit UV light, and
require customized OTAs to optimize UV light transmission.

« All 8.4mm standard OTAs work with the UV probe

6.Imm UV-Optimized Tips

Optical tips Color FOV (deg) DOF mm (in)
Forward view

XLG3T6IUV-8528 White 50 12-200 (.47-7.87)
XLG3TEIUV-8553 Orange 80 3-20 (12-79)
XLG3TEIUV-8581 Black 120 5-120 (20-4.72)
XLG3T6IUV-8593 Yellow 90 20-inf (.79-inf)
XLG3T6IUV-8535 Green 50 9-160 (35-6.30)
XLG3T6IUV-8582 Blue 120 4-100 (16-3.94)
XLG3TBIUV-B8554 Red 80 1-20 (.04-.79)

. (] Waygate
W P Technologies



MViQ UV Shipping
Configuration

Probe Storage Case Can Accommodate:

UV Probe

 ELS-50LEDUV Light Source & power supply

* Optical Tip Case

 Documentsin slot in case lid

e Accessory - UV Light Meter (such as Labino
Apollo 1.0 - not sold by Waygate Technologies)

* Accessories - miscellaneous cutout for test
targets, blades, etc.

(] Waygate
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UV Data Sheets

Mantor Vigual 10 UV QuishC hongas™ Probes

Mentor Visual iQ
UV VideoProbe™

Fluorescent penetrant
testing with UV light
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n Applying Light to Life

ELS-50LEDUV

MIDORI' ULB-35

UV Fiber-Optic LED Light Source

FOr gecages, USMD AMAria, Inc. has consistently provided high-quailty
umination products In speclalty marksts woriwids. Responding o neds
of customers with discerning applications, Ushio enginesrs have developed
@xcaptional LED ibar-optic Buminators In compact sizes.

The Midor™ fiber-opic LED ight source series combines: state-of-the-arl,
‘90iid-state lumination fechnology with Ushio's distineiive optical design fo.
craate a compact and Sgnbwsight fibar-optic KoNbox witn very high output
This

¥ L) LED
slectronic Intsnsity Gimming capadiities. Tha ULB-35 serles Nght Soutces
comvanienty accapts:a 12V0G Input voitage fof portable battary operation.

The ULE-35M )l nat
rocsplack, as wel as separate Storz and Olympus scrow-in adaplors ary
avaliable to acoommodata most common iber cablo fypes. Tha ULB-35nat
Is a dual channsl unit with both UV and VIS output capabiily to meat the
most demanding appiications by rotating the Otympus styk acapler o the
préfarmad output. BOth ight SoUross ars equIpped W an Integrated Mter
1o signMicantly raduca ViSDis ight In UV oparation mods 1o mat the mest
demanding FP1 appilcations.

Consider Ushi AMmeNca’s eco-Wiendly Midorl ULB-GS fber-optic LED
light source for your nad spaciaity ighting project. The Wghtbox can also
bé congurad to OEM Custom spaciications for pivata labaling. For mofe
Information, piaase contact our customar servica group at 800,838,746 of
customersarvica@ushio com.

FEATURES & BENEFITS
+ Uttra Compact - Small Foolprint Takes Very Litle Space

+ Energy Efficient - Increasad Light Intensity Coupled Into
Small Fibers at Lower Wattage Operaion

. Ehwolehmmnim-ﬂmbjwnlwfnmnw
* Lightweight - Less Than 1Ib (0.45kg) for Exceptional
Portability

* Extemal Power Supply - Uity for Both AC and DC
Operation

+ Long LI and No Lar
Costs.

* Low Noiss - Both Electrical EMI and Audible Sound

* UV Output/Low VIS - Enhanced FP| Contrast Images

APPLICATIONS
* Industrial NOT Inspection + Flexible Videoscopes.
* Remote Visual Inspection  » Industrial Fiber Optics
* Borescopy * UVFluorescent Penetrant
* Fiberscopes Inspection

www.ishio.com | eustomerservica@ushio.com

@
=
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Resolution Specifications: USAF-1951 Target

Resolution specifications are typically defined as having a requirement
to resolve a certain Group & Element in the USAF-1951* resolution target

Elermant Sroup Mumber \ 1
0 1 2 3 4 5 ' 1
1 1.00 200 4.00 £.00 16.0 320 =
2 T 224 4 49 5.98 18.0 35.9 - =
3 126 757 504 10.1 0.2 403 : | =
: 2 =
4 1.41 283 566 11.3 796 453 o N Group 1, Element 5
5 159 317 6.35 12.7 25 4 508 » |" =m SE =)
6 1.78 2 FB 713 14.3 285 570 o WS =
czm M
USAF 1951 Test target: sz

1.0 mm

e Resolution expressed as line pairs/mm o=
e Example: Group 1, element 5 has 3.17 m:l

line pairs/mm 317 line pairs

Fluorescent USAF 1951 Test Target

(l Waygate
b

*As defined in U.S. Air Force MIL-STD-150A standard of 1951 Technologies



UV Test Target Performance
Commercial Test Coupons

1.56mm [/ 0.059”
1.lmm / 0.043"
0.7mm [ 0.027"

Cracks of 10 um (0.0004 in) can be resolved

(] Waygate
% ¥ Technologies



Choose the Correct Probe Diameter, Length & Optical
Tip Adapters (OTAs) for the Application

USAF-195]
~Target Resolution
Lp/mm 8.4mm Yellow Tip Resolution (Ip/mm) versus Distance (mm)  —
1 ""____"____"____"__________"____"____"____E __________________________________ White Light ,
, | P S ;i:;l;-tlBSl Energy ,; ‘
: G2/ES (maximum)
B
__________________________________________ IS SR F——— R
o) WU VY 5 U .- VU U AU
R Ty’ S PTG | SR GO SIS T SRt | (g S R, S )|
L}
Rl T e B e | [ oo e N T S T
____________________________________________ L i___________Gl[E5
3 : 3.17
i L e T T e P/
__________________________________________________ e e e e e e e
e s e e e s e
1
: : 5
Tip-to-Target R w0y
/ !\ Distance (mm) ik
0 > Distonca=22"
i} 10 0 30 40 / /50 60 UV?O@]OOOU%/CI‘T.‘2 50 100 (“m)
UV@1200uW/cm
(typical specifications) Iim% T—0Ee limit m ;l;lflwfdfﬂ
e
UV Inspection Requirements  yellow Tip Performance Ranges preae e
- 1200 uW/cm?2 UV + UV energy >1200 uW/cm2 = 55 mm or closer  Yewarea 91 6 rm 16 v
« <2fcilluminance +  White Light energy < 2fc = 10mm or further -WCI —
. Minimum GI/E5 resolution ~ +  Resolution USAF 1951 G1/E5 or greater = 5mm to 75mm C] i i

« Maximize viewing area



Ste reo 3D & Traditional Stereo Measurement Best Practices and
Important Tips:
Meqsu rement * Traditional Stereo may provide better results than 3DST
* Only linear measurements are supported (no depth)
* Fluorescing green is in the middle of the visible light spectrum
_ - accuracy is equivalent to white-light measurement.
) .
m * UV measurements are not available with 3DPM measurement
: techniques

e A calibrated UV Measurement Verification Block is supplied
with measurement systems

=

Measurement 8.4mm Measurement Verification Block

Verification Block Optical Target

With UV Target (] Waygate
g ¥ Technologies



Application: Crack in vessel wall

White Light UV Light

(] Waygate
% ¥ Technologies



Application - CFM56 Engine Oil Seal *
Jet oil fluoresces with a blue hue

White Light UV Light

(l Waygate
% ¥ Technologies

* Sometimes associated with “dirty socks” cabin smell issue



Application
Automotive Anti-Corrosion Coatings

Anti-Corrosion Wax application ";'

Q/C in Car Bodies Good Coverage Incomplete Coverage

(] Waygate
g # Technologies



Application: Deep Well Spool Inspection

¥ *  When used with the Waygate Technologies MViQ 8.4mm UV probe

1 kit & appropriate optical tips, this tool is approved by GE Aviation to
meet SPM 70-32-02, P3TF47, & P3TF44 Specifications.

* Solution compliant with ASTM E1417/E1417M — 13

Canyon Run
Engineering
Technologies
Deep Well Spool
Inspection System

P e r——

8

Deep well spool inspection solution
with Waygate Technologies’ Mentor
Visual iQ UV VideoProbe™ kit

e

C' Twe?:},\%l‘;ﬁgies S Hugheis
Canyon Run Engineering (] chrf‘gatle .
g ¥ Technologies

UV/FPI Deep Well Spool Inspection System



Application Review:
Selecting the Right Probe & Tip

Customer Reguirements

SENIAINES

App:
App:
LN
WL
Res:

Forward view with maximum viewing area to minimize inspection time

No restriction on probe diameter — 8.4mm OK White Light
At least 1200uW/cm? UV energy on target Energy
Less than 2 fc White Light on target .
At least 3.17 Ip/mm resolution (USAF-1951 G1/E5B) (maximum)

Mentor iQ 8.4mm Optical Tip Adapters (OTA) White Light & UV Performance (typical)

Diam. Part Number Characteristics FOV"® White Light G1/E5 Res. Range (in) UV Range (in)
FV = Forward SV = Side Range (in) <2FC  MMinimum | Maximum 1000uW | 1200uW
= ereo

8.4mm XLG3T8440FF FV, Far DOF, HG 40° >0.5in N/A N/A 0-3.7 0-3.4

8.4mm XLG3T8480FG FV, Far DOF, Yellow 80° >0.5in 0.2 2.5 0-24 0-2.2

8.4mm XLG3T8440FG FV, Far DOF, White 40° >0.5in N/A N/AX 0-3.6 0-3.2

8.4mm | XLG3T84120FN FV, Near DOF, Black 120° >0.51in 0.1 2.0 0-1.7 0-1.6

8.4mm XLG3T8440SF SV, Far DOF, Brown 4’0D >0.5in N/A N/A 0-1.9 0-1.7

8.4mm XLG3T84120SN SV, Near DOF, Blue 120° >0.6in 0.1 2.0 0-0.7 0-0.6

8.4mm XLG3T8480SG SV, Far DOF, Green 80° >0.5in 0.1 2.5 0-1.7 0-14

8.4mm FV, ST, Near DOF, 60°/60° | >0.5in 0.1 2.2 0-1.9 0-1.7

XLG3TM846060FG Black

8.4mm XLG3TM846060SG | SV. ST, Near DOF, Blue 60°/60° | >0.5in 0.1 2.5 0-1.9 0-1.7
(«' Waygate
Wy P Technologies
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Typical Deep Well Spool UV Inspection Image

MTD = 0.280"

/0.002"

8.4mm Forward Black Stereo Tip
0.280" tip-to-target C‘ Waygate

Technologies



Deep Well Spool Inspection

Deep Well Spool Inspection Application

Fluorescent Penetrant Inspection of Drum Rotors, Deep Well ...
www.asnt.org > Publications > TNT > TNT_06-1

PDF
The ASNT NDT Technician A Quarterly Publication for the NDT
Practitioner ... Focus: Fluorescent Penetrant Inspection of Drum
Rotors, Deep Well ... ultraviolet or ultraviolet-A (UV-A) lamp to
.. TNT wishes you a happy and prosperous new year.

GE Licensed MRO Shops New Requirement

In Q2 2021, GE Aviation expected to issue updated SPM 70-32-02
requiring all GE Aviation licensed MRO shops to perform UV spool
inspections after engine disassembly.

“New-make” shops already have this requirement.

Deep Well Spool Inspection Tool Access

Canyon Run Engineering Technologies
Gary Ward, President
1990 W. Stanfield Rd, Troy, OH 45373

m: 937.356.9155 0: 937.335.0496
w: www.crengtech.com e:gary@crengtech.com

Focus

a if.,, - . Fluorescent Penetrant inspection
\» of Drum Rotors, Deep 'Well
- Spools and Other Companents
with Internal Cavities

by Liva £ H. Brasche
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