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Marine & Heavy-Duty Anti-Corrosion Industry Chapter

——PHYNIX Coating Thickness Gauge Application Guide in

High-End Manufacturing & Industrial Anti-Corrosion

—— Technical Support: DG Tech (Guangzhou) Co.,
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In the previous chapter, *Automotive Industry*, we focused on high-speed production
lines, multi-layer coating systems, and mixed steel/aluminum production scenarios,
exploring how coating thickness gauges meet batch production rhythms with "speed,
precision, and automatic adaptation.”" In this chapter, we turn our perspective from land
to the ocean, entering the **most demanding and extremex* scenario in the industrial

anti-corrosion field — Marine & Heavy-Duty Anti-Corrosion.

If the measurement challenges in the automotive industry lie in "speed” and "thinness,’

then the core proposition in the marine and heavy-duty anti-corrosion sector is



*+"rough" and "thick"++ — the substrate surface is extremely rough (blast-cleaned to
Sa 2.5 grade), total coating thickness can reach hundreds or even thousands of
micrometers, and measurement value scatter is enormous, placing entirely different
technical demands on the instrument's **statistical evaluation capability** and **linearity
in the thick coating range**. PHYNIX's response shifts from "one-button fast
measurement” to "multi-point statistical analysis and rough surface calibration” — the
same instrument platform, different application strategies — which perfectly

demonstrates PHYNIX's cross-industry versatility.

1. Industry Background & Coating Measurement Pain Points

The shipbuilding and heavy-duty anti-corrosion industry is one of the **birthplaces** of
coating thickness gauge applications and represents the most demanding and
stringently standardized field. Vessels operate in marine environments facing multiple
corrosion factors: *xhigh salinity, high humidity, strong UV radiation, seawater impact,
cathodic protection potential**, and more. An epoxy coating of insufficient thickness in a
ballast tank could cause a large ocean-going vessel designed for a 30-year service life to
suffer severe corrosion within 15 years, with dry-dock repair costs reaching millions of

dollars.

The **heavy-duty anti-corrosion industry*+ (including offshore engineering, bridge
steel structures, large storage tanks, etc.) faces similarly stringent requirements. These
facilities typically have design lives of 30-50 years, and the anti-corrosion performance

of the coating system directly relates to structural safety and lifecycle cost.

*+Core challenges faced by the marine and heavy-duty anti-corrosion industry:**

- »xExtremely rough surfaces*+: Blast/abrasive cleaning to Sa 2.5 grade, with anchor
pattern depth Rz of 50-100um, causing significant single-point measurement scatter (+

50um common)

- »xUltra-thick coating systems**: Typical hull exterior coating total thickness =
320um (zinc-rich primer 80um + epoxy micaceous iron intermediate 150pm +
polyurethane topcoat 100um), with some heavy-duty anti-corrosion scenarios reaching
600-1000um or more

- »xLarge-area rapid inspection**: The coating area of a VLCC (Very Large Crude



Carrier) can reach hundreds of thousands of square meters, requiring efficient,

systematic sampling plans

- »Strict international standards**: Must comply with ISO 19840 (ships and protective
coating systems), PSPC (Performance Standard for Protective Coatings for Ballast Tanks),

IMO (International Maritime Organization) specifications, etc.

- »xComplex geometric structures*+: Diversified structures such as hull curved surfaces,

weld seams, R-corners, and outfitting parts pose challenges to probe accessibility

- »*Harsh outdoor environments**: On-site measurement at shipyards/docks, affected

by temperature, humidity, salt spray, wind and sand, etc.

2. Typical Substrates and Coating Characteristics

2.1 Common Substrate Types in Marine and Heavy-Duty Anti-Corrosion

Substrate Type Typical Electromagnetic Applicable
Grades/Specifications | Properties Measurement
Principle
Marine Structural | Grade A, D, E, | Ferromagnetic Magnetic
Steel AH32-DH36 Induction
High-Strength EH36, FH40 Ferromagnetic Magnetic
Steel Induction
Stainless Steel | 304L/316L Clad Weakly Eddy Current
Clad Plate Magnetic/Non-Magnetic | (Preferred)
Cast Iron Outfitting Parts, | Ferromagnetic Magnetic
Anchor Chains Induction

2.2 Marine Coating Systems and Thickness Requirements

Coating Coating System Typical Main Standards
Location Thickness

Hull Exterior | Epoxy  primer +  Epoxy | =320 um PSPC . IMO
(Ballast Tanks) micaceous iron intermediate + MSC.215(82)




Polyurethane topcoat

Hull Exterior | Epoxy primer + Polyurethane | 200-300 pm ISO 12944
(Freeboard) topcoat

Hull Bottom | Epoxy primer + Anti-fouling | 300-400 um ISO 12944
(Below paint

Waterline)

Offshore Epoxy zinc-rich primer + | 400-800 um NORSOK M-501
Platform Legs Epoxy intermediate +

Polyurethane topcoat

Bridge Steel | Epoxy  zinc-rich  + Epoxy | 250-500 pm ISO 12944 C5-M
Structures micaceous iron +
Polyurethane/Fluorocarbon

topcoat

Storage Tank | Epoxy/Phenolic/Glass flake | 300-1000 um APl 652 / ISO

Inner Walls coatings 12944

Fireproof Intumescent/Non-intumescent | 2-10 mm ISO 22899 / UL
Coatings fireproof coatings 1709

(Passive Fire

Protection)

3. Key Measurement Challenge Analysis

3.1 Fundamental Impact of Rough Surfaces on Measurement

This is the **most critical technical challenge** in coating thickness measurement for the

marine and heavy-duty anti-corrosion industry.

When the gauge probe contacts a blast-cleaned steel surface, the length of the
magnetic flux lines is significantly affected by the microscopic peak-and-valley structure

of the surface:

- »xPeak effect**: At the peaks of the blasted surface, the magnetic flux lines are shorter,

causing the instrument to display a thicker coating

- *xValley effect**: At the valleys of the blasted surface, the magnetic flux lines are longer,

causing the instrument to display a thinner coating




- **Result**: Single-point measurement values have enormous scatter, and the true

coating thickness is systematically overestimated

*»*PHYNIX's Strategy**. Use an uncoated bare plate of the **same material and same
roughness* for zero calibration, combined with multi-point measurement statistical

evaluation (see Chapter 5 for details).

3.2 High Linearity Measurement of Ultra-Thick Coatings

Hull exterior coating total thickness typically ranges from 300-800um, with some
heavy-duty anti-corrosion scenarios reaching 1000-2000um. Ordinary gauges tend to
suffer from linearity drift in the thick film range, leading to systematic deviations. PHYNIX
Surfix® Pro X supports **multi-point calibration curves** (using multiple shims such as
50/100/200/500um for fitting), ensuring thick film range linearity better than +2%.

3.3 Statistical Evaluation Requirements of ISO 19840

ISO 19840 specifies methods for measuring and accepting dry film thickness of paint

coatings on ship and protective coating systems. Core requirements include:

- »*Spot**: At least 3 measurements per spot, with the average used as the spot

representative value
- =xArea**. At least 1 area per 10m?2 (varies by standard)

- »xAcceptance criteria**. Overall average of all area averages = Nominal Dry Film
Thickness (NDFT); each area average = 0.8xNDFT; each individual reading = 0.8x
NDFT (varies by standard)

- »*No "below-spec” points*+: No single reading shall be below 0.8 xNDFT

This requires the instrument to have **real-time statistical calculation capability**
(automatically calculating n, Mean, SD, Max, Min) and the ability to quickly identify

non-conforming points.



3.4 Sampling Efficiency for Large-Area Measurement

The coating area of a VLCC ballast tank can reach 5,000-10,000mZ2. According to ISO
19840, taking one measurement area per 10m2, with 3-5 measurement points per area
— a complete ballast tank acceptance inspection requires thousands of valid
measurements. The instrument's ergonomic design (one-hand operation, lightweight,

data storage and export) directly affects on-site inspection efficiency.

3.5 Measurement Stability in High-Temperature and High-Humidity

Environments

Shipyard site conditions are complex: steel plate surface temperatures can exceed 60°C
in summer and approach 0°C in winter; air humidity often exceeds 80%, with salt spray
corrosion risks. PHYNIX probes feature sealed moisture-proof design, combined with
automatic temperature compensation, maintaining measurement accuracy within 0-60°
C ambient temperature range. It is recommended to stabilize the instrument and shims

at ambient temperature for at least 15 minutes before measurement.

4. Recommended PHYNIX Product Combinations

4.1 Hull Exterior and Heavy-Duty Anti-Corrosion Coatings (Standard

Scenarios)
Model Probe Configuration | Key Advantages Application Scenarios
Surfix® Pro X | Straight Probe | Multi-point Hull exterior, ballast
FN1.5 (Range | calibration, statistical | tanks, bridges, storage
0-1500um) functions, Bluetooth | tank standard thickness
data transfer, 100,000 | measurement and
data storage acceptance
Surfix® Pro X | Straight Probe | Extended range for | Offshore platform legs
FN3.5 thick coating systems | (400-800um),
(Fe:0-3500pum/NFe: heavy-duty
0-3000um) anti-corrosion thick




coatings

Surfix®  Pro | Thick Coating Probe | Range up to 10mm | Fireproof coatings
X+ F3.0/F10 (extended) (2-10mm)
PHYNIX & EEdEEsy PHNING SEIEERET PHYNINS EEEE S
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4.2 Rough Surface Specialized Measurement

PHYNIX &

o

Model

Configuration

Key Advantages

Surfix® Pro X + FN1.5

(Rough Calibration Mode)

Enable rough surface

calibration function

Same material, same roughness
bare plate zero calibration, 5-10

point statistical averaging per set

Surfix® Pro X + Statistical

Analysis Software

ProSoft Data Transfer

Software

Automatic calculation of
n/Mean/SD/Max/Min, supports

Excel template export

4.3 Tight Area and Outfitting Part Measurement

Model

Probe Configuration | Key Advantages

Application Scenarios

Surfix® SX +
Right-Angle Probe

Right-angle probe Enables vertical

(minimum clearance | positioning in

Outfitting parts, near

weld seams, pipe




FN1.5R height 25mm) confined spaces fittings, R-corners
Pocket-Surfix® X Built-in FN probe Pocket-sized On-site inspection,
portable, rapid qualitative
one-hand screening
operation
Surfix® SX + F1.5 Used with test stand | Precision Fasteners,
positioning for small-diameter
small parts cylinders (=4mm)
PN asiesy NN =Sy MNKS SEESEERER

ANIe  @EEESET PMNNe asirEsy PMNINS SESERE
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5. Key Calibration and Operation Points

5.1 "Zero" Calibration for Rough Surfaces — Eliminating the Peak Effect

This is the **most critical operation** to ensure measurement accuracy for marine and

heavy-duty anti-corrosion coatings .

*xCorrect Method (Must be performed)*x* :

1. =*Prepare a bare plate**: Obtain an uncoated test plate of **same material, same blast

media grit size, same roughness** as the workpiece to be measured

2. »xZero calibration**: Position the probe on the bare plate approximately 10 times,




calculate the average, and zero the instrument (single-point calibration)

3. »*Two-point calibration (optional)** : Place a shim close to the expected coating

thickness on the bare plate (e.g., 200um) and complete the second calibration point

4. »xFormal measurement**. Measure 3-5 times per measurement spot on the coated

surface, taking the average as the representative value for that spot

**Common Mistakes (Must be avoided)** :

- X Using a smooth Fe zero plate for calibration — readings on rough surfaces will be

systematically 5-15% too high

- X Using a smooth shim directly on a rough surface for calibration — same peak

effect issue

- X Recording only a single measurement — high scatter, not representative

PHYNIX Note: Surfix® Pro X supports *»*two-foil calibration** mode, using two shims of
different thicknesses (the thinner 0.5-0.9 times the expected thickness, the thicker

1.1-1.5 times) to further improve measurement linearity on rough surfaces .

5.2 ISO 19840 Statistical Measurement Protocol

It is recommended to follow this procedure for on-site acceptance measurement:

Step Operation Instrument Function Support

1 Determine sampling areas Bluetooth connect to phone for area
(minimum 1 area per 10m?2) number recording

2 Take 5 measurement points per Online statistical function
area automatically calculates n/Mean/SD

3 Record area average Store in instrument memory

4 Calculate overall average of all ProSoft automatically aggregates
areas output

5 Check if acceptance criteria met Tolerance setting function with audible
(Mean=NDFT, Min=0.8xNDFT) alarm




5.3 Compensation for Substrate Thickness Effect

When the ferrous substrate thickness is less than approximately 1mm, magnetic flux
lines penetrate through the substrate, causing systematically low readings. Hull plate
thickness is typically =10mm, so this is not an issue; however, for thin-walled pipe

fittings in outfitting parts (e.g., diameter =50mm, wall thickness =3mm), note:
- Use **same-thickness standard substrate** for zero compensation calibration

- If necessary, use **eddy current method (N-mode)* for verification (if substrate is

non-ferromagnetic)

5.4 Measurement Techniques in High-Temperature Environments

High summer temperatures at shipyards (steel plate temperatures can exceed 60°C):
- Keep the instrument and shims in a shaded area, avoiding direct sunlight
- Stabilize at ambient temperature for at least 15 minutes before measurement

- Use a dry soft cloth to clean the probe tip to prevent salt spray crystallization from

affecting spring mechanism operation

6. Verified Measurement Data

6.1 Impact of Rough Surface on Measurement Values — Calibration
Method Comparison

**Test Conditions**

- Substrate: Blast-cleaned steel plate (Sa 2.5 grade, anchor pattern depth Rz=65um,

equivalent to international standard blast reference panel)
- Coating: Epoxy primer (sprayed, nominal dry film thickness 250um)
- Instrument: Surfix® Pro X + FN1.5

- Calibration method comparison: Smooth Fe zero plate calibration vs. same-roughness

bare plate calibration



Table 1: Measurement Comparison with Different Calibration Methods (10

single-point values per set)

Measurement No.

Smooth Fe Zero Plate

Calibration (um)

Same-Roughness Bare

Plate Calibration (um)

1 291 258
2 305 265
3 278 249
4 312 272
5 286 255
6 298 261
7 275 244
8 310 268
9 282 250
10 295 257
Mean 293.2 257.9*
Standard Deviation (SD) +13.0 +9.0

Deviation from True Value

+432 (+17.3%)

+7.9 (+3.2%)

Conclusion: Using smooth Fe zero plate calibration, measurements on rough surfaces

are systematically high by approximately »*17%**; using same-roughness bare plate zero

calibration reduces the deviation to **3.2%** — close to the instrument's inherent

measurement uncertainty. This fully demonstrates the necessity of specialized calibration

for rough surfaces.

Visualization Suggestion: Present this data as a **bar chart** (comparing the two

calibration methods) and a **box plot** (showing data distribution and scatter) to

visually demonstrate the critical impact of calibration method on measurement results.




6.2 Impact of Blast Media Grit Size on Zero Offset

Test Conditions

- Substrate: Carbon steel plate, processed with three blast media grit sizes: G24, G40,
G60

- Instrument: Surfix® Pro X + FN1.5, calibrated with smooth Fe zero plate

Blast Media Grit Size Anchor Pattern Zero Offset (um) | Measurement
Depth Rz (um) Deviation for
250um Coating

G24(Coarse) 85 +42 +17.3%
G40 (Medium) 55 +28 +11.5%
G60 (Fine) 35 +16 +6.8%
Smooth Surface (Control) | <5 +1 +0.5%

Conclusion: The greater the anchor pattern depth (coarser blasting), the larger the zero
offset and the more significant the measurement deviation. Therefore, in the marine and
heavy-duty anti-corrosion industry, *it is essential to use a bare plate with the same
blast media grit size as the workpiece** for zero calibration. If the same batch of bare
plate cannot be obtained, at least a blast reference plate of equivalent roughness grade
should be used.

Visualization Suggestion: Present this data as a **line chart** (x-axis: anchor pattern
depth Rz, y-axis: zero offset/measurement deviation) to visually demonstrate the

positive correlation between roughness and deviation.

7. Frequently Asked Questions (FAQSs)

Q1: Can the effect of roughness be eliminated simply by "averaging multiple

points” on blasted rough surfaces?

- A: Not completely. Multi-point averaging can reduce the impact of single-point scatter,




but it **cannot eliminate the systematic overestimation (peak effect)** . The fundamental
deviation can only be eliminated through **zero calibration on a bare plate with the
same roughness**. Both should be used together: calibration eliminates systematic

deviation, and multi-point averaging reduces random scatter.

Q2: Where should the probe be positioned when measuring the hull exterior?

- A: According to I1SO 19840, measurement points should be uniformly distributed
across the entire measurement area (typically 10m?2), avoiding edges (=5mm from
edge). Take at least 3 points per area, and measurement points should avoid visible

defects such as weld spatter, runs, and holidays.

Q3: Marine measurement generates large amounts of data — how can it be
managed efficiently?

- A: It is recommended to use the =*Surfix® Pro X+ with Bluetooth function to transmit
measurement data in real-time to a mobile phone/tablet APP or ProSoft software,
automatically generating statistical reports (including n, Mean, SD, Min, Max) with
histograms and trend charts. Data can be directly exported to Excel to meet the audit

requirements of third-party classification societies (such as DNV, LR, ABS).

Q4: What probe should be selected for measuring very thick fireproof coatings
(>3mm)?

- A: The standard probe FN1.5 has a range of only 1500um, which is insufficient. The
*+F3.0 thick coating dedicated probe** (range 5mm) or **F10 probe** (range 10mm)
should be selected, with multi-point calibration curves (using 2mm, 5mm, 10mm shims).
Confirm that the instrument has been switched to thick coating mode before

measurement.

Q5: How are coatings measured on marine stainless steel clad plates (weakly

magnetic/non-magnetic)?

- A: Stainless steel clad plates may exhibit weak or no magnetism. It is recommended to
prioritize the use of »*eddy current method (N-mode)** . The *xautomatic substrate
recognition=* function of PHYNIX FN probes will identify the substrate property and

automatically switch to the corresponding principle. If the instrument displays



"Non-Ferr," it indicates eddy current mode is active and measurement can proceed
directly. If in doubt, use a **shim of known thickness** on the stainless steel substrate for

verification measurement.

8. Industry Summary: PHYNIX's Unique Value in Marine &
Heavy-Duty Anti-Corrosion

1. »+Specialized calibration for rough surfaces**: Same-material, same-roughness
bare plate zero calibration effectively eliminates the systematic deviation caused by the

peak effect (deviation reduced from +17% to +3%)

2. +x1SO 19840-compliant statistical functions**: Automatic calculation of n, Mean, SD,
Max, Min supports area average and overall average assessment, meeting classification

society acceptance requirements

3. »xHigh linearity in the thick film range**: Multi-point calibration curves ensure

measurement linearity better than +2% for 300-1500um thick coatings

4. »«Efficient large-area measurement managementx*: Bluetooth transfer + ProSoft
software, automatically generating statistical reports and histograms, managing

thousands of measurement data points in a single acceptance inspection

5. »xFull-scenario probe portfolio**: From standard straight probes (FN1.5) to thick
coating probes (F3.0/F10), right-angle probes (FN1.5R) to micro-probes, covering all

measurement needs for hulls, outfitting parts, weld seams, and tight spots

6. **Environmental adaptability**: Sealed moisture-proof probes + automatic
temperature compensation, adapting to harsh shipyard conditions including high

temperature, high humidity, and salt spray

7. »»German manufacturing quality**: Probe tips made of tungsten carbide with
extremely high wear resistance, tested in laboratory conditions for over one million

measurements without significant wear

About DG Tech (Guangzhou) Co.,

DG Tech (Guangzhou) Co,, ., established in 2010, is a high-tech enterprise specializing in



non-destructive testing (NDT) instrumentation, integrating design, manufacturing, and
sales. Headquartered in Guangzhou, China, our business covers a wide range of
industrial sectors including automotive, marine & heavy-duty anti-corrosion, power

generation, new energy, railway, aerospace, surface treatment, and petrochemicals.

DG Tech is an *officially authorized distributor of PHYNIX (Germany) in the Chinese
market** — as publicly listed on the PHYNIX official website (www.phynix.com) under
the "China" region. We are dedicated to integrating German precision measurement
technology with local Chinese application needs, providing customers with full-chain
services including coating thickness gauge selection, application solution design, on-site

calibration guidance, and after-sales support.

- Website: www.dgc020.com

- Service Hotline: +86 20-87597170 / +86 13332804048

—— This article series is authored by DG Tech (Guangzhou) Co., Ltd., reviewed and
approved for publication by PHYNIX Germany, presented in bilingual Chinese-English
format, and intended to provide professional application guidance in coating thickness

measurement to the global industrial community.
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