
德国菲尼克斯 PHYNIX 涂层测厚仪

在高端制造与工业防腐领域的应用指南

—— 系列总论

一、涂层测厚：现代工业质量的“隐形标尺”

在现代工业制造与运维管理中，涂层厚度是一项看似细微、实则关乎全局的关键参

数。它不直接决定产品的几何尺寸或装配精度，却在更深层次上影响产品的**使用寿命、

安全性能、合规能力与综合成本**。

* 在**船舶与海洋工程**领域，一道不符合规范要求的压载舱涂层，可能将一艘设计

寿命30年的远洋巨轮缩短至15年甚至更短，由此产生的进坞维修费用高达数百万美元，

更遑论因腐蚀泄漏引发的环境与安全风险。

* 在**航空航天**领域，飞机蒙皮涂层的厚度偏差直接影响整机重量与气动特性。以

一架宽体客机为例，全机涂层每增厚 10µm，意味着额外增加数十公斤的重量，在其数

十年的服役周期中，这将转化为数百万美元的额外燃油消耗。

* 在**新能源汽车**领域，动力电池壳体的绝缘涂层若存在厚度不均或局部薄弱点，

在高电压、大电流的工作条件下可能诱发局部击穿，直接威胁到驾乘人员的生命安全。

* 在**石油与天然气**行业，长输管道外防腐涂层的任何一处薄弱点，都可能是未来

泄漏事故的隐患源头，其所造成的环境污染成本和社会影响远超涂层本身的价值。

与此同时，全球制造业正在经历深刻的材料变革与应用升级：



**材料轻量化**推动铝合金、碳纤维复合材料（CFRP）、镁合金、钛合金等非传统金属

材料的大规模应用，这些材料的电磁特性与钢材截然不同，对测厚原理的兼容性提出了

根本性挑战；

**服役环境极端化**要求产品在深海高压、极地严寒、沙漠酷热、高盐雾、强紫外线等

严苛条件下长期稳定运行，涂层不仅要“涂得上去”，更要“测得精准、控得严格”；

**可持续发展与 ESG合规**正在重塑全球工业的竞争规则，精确控制涂层厚度已成为减

少过度涂装、降低 VOCs 排放、节约原材料资源的最直接且最有效的技术手段之一。

正是在这一宏大背景下，**涂层厚度测量**已经超越了传统的“质量检验”定位，上

升为贯穿于产品研发、工艺设计、生产制造、安装施工与在役维护全生命周期的**战略

性基础技术**。

二、德国菲尼克斯 PHYNIX：半个世纪的测厚技术积淀

德国菲尼克斯（PHYNIX）公司总部位于德国北莱茵-威斯特法伦州的诺伊斯（Neuss），

自成立以来，始终专注于表面涂层厚度测量技术的研发与制造。凭借德国制造的精工品

质、持续的技术创新以及对工业现场需求的深刻理解，PHYNIX 已在全球无损检测（NDT）

领域建立了扎实的品牌声誉。

PHYNIX 的技术体系建立在两大国际公认的测量原理之上，并实现了业内领先的**

自动基体识别与智能原理切换**：

测量原理 适用基材 适用涂层 适用标准

磁感应法 铁磁性金属（钢材、铸铁、

硅钢片等）

非磁性涂层（油漆、粉末、

塑料、镀锌层等）

ISO 2178 / ASTM

D7091

电涡流法 非铁磁性导电金属（铝合

金、铜、钛合金、铸铝等）

非导电涂层（阳极氧化膜、

绝缘漆、粉末涂层等）

ISO 2360 / ASTM

D7091

**PHYNIX 的技术特色在于**：探头内置智能基材识别芯片，仪器接触被测表面的瞬间

即可自动判断基体属性（Fe 或 NFe），并即时切换至正确的测量原理。操作者无需任何

手动设置，彻底避免了因原理选错而导致的系统性测量错误——这一特性在汽车、航空

航天等铁磁性与非铁磁性材料高度混用的行业中，具有不可替代的效率优势与防错价值。

基于上述核心技术，PHYNIX 构建了覆盖全场景的产品矩阵：



型号系列 定位 核心能力 典型行业

Surfix® Pro X 旗舰型智能统计 统计分析+蓝牙传输+多

点校准，量程 1500µm

（可扩展至 30mm）

船舶重防腐、航空航

天、电力、研发

Surfix® easy X 一键式快速测量 一键操作，＜1 秒/点，

自动 Fe/NFe 切换

汽车流水线、光伏支

架、钢结构现场

Surfix® EX/SX 超高分辨率 分辨率 0.1µm，重复性

≤±0.5µm

电机绝缘漆、航空蒙

皮、阳极氧化、电镀层

Pocket-Surfix® 口袋级便携 笔式设计，单手操作，

IP52 防护

风电高空、电力铁塔、

管道外场

PaintCheck 系列 多层漆专用 自动识别，显示厚度 汽车面漆/清漆、家电

多层粉末涂层

三、PHYNIX 的跨行业通用性：一套技术平台，覆盖多元场景

在数十年的全球市场服务中，PHYNIX 产品在以下三个维度构建了显著的差异化优

势，使其成为真正意义上的“跨行业通用型涂层测厚平台”：

**原理全覆盖**：一台仪器兼容磁感应法与电涡流法，覆盖钢材、铝合金、铜、钛合金、

CFRP 等几乎所有工业常用基材。在汽车钢铝混线生产、航空航天铝/钛/CFRP 混用等场

景中，无需更换探头、无需手动设置，测量效率与数据可靠性远超传统单一原理仪器。

**量程全覆盖**：搭配不同探头，PHYNIX 可覆盖从 1µm（SX 系列配合超薄标准片校准）

到 5mm（Pro X 配合 F3.0 厚涂层探头）的广阔量程，横跨磷化膜、绝缘漆、电泳漆、

粉末涂层、热镀锌层、环氧厚涂层、防火涂料等几乎全部涂层类型。

**场景全覆盖**：从汽车流水线 45 秒节拍的批量快速抽检，到船舶喷砂粗糙表面的 ISO



19840 统计分析；从风电塔筒百米高空的单手便携操作，到航空航天 CFRP 基材的各向

异性专用校准——PHYNIX 的产品设计始终以“适应真实工业现场”为核心准则。

四、关于本系列文章

本系列文章由**广州德光电子科技有限公司**（DG Tech (Guangzhou) Co., .）撰写，

经德国菲尼克斯 PHYNIX 官方审核，发表于 PHYNIX 官方网站（www.phynix.com）。

广州德光电子科技有限公司是德国 PHYNIX 在中国地区的官方授权代理商（代理商

信息发布于 PHYNIX 官网“China”区域）。我们基于在中国市场多年积累的应用经验与实

测数据，系统性地梳理了 PHYNIX 涂层测厚仪在各大工业领域的典型应用场景、测量难

点与解决方案，旨在为行业同仁提供一份具有实际参考价值的技术指南。

本系列文章将分为以下两部分：

**核心行业篇**（共 7篇），聚焦 PHYNIX 在全球市场应用最深入、技术方案最成熟的

七大行业：汽车制造、船舶与重防腐、电力、新能源、航空航天、轨道交通、表面处理。

**扩展行业篇**（共 12 篇），进一步覆盖石油与天然气、化工与石化、钢结构与金属加

工、工程机械、家电与消费电子、医疗器械、电子与半导体、五金紧固件、建材装饰、

环保与水处理、增材制造、科研教育等更多领域。

每篇文章均遵循统一的技术框架：

1. **行业背景与涂层测量痛点**——这个行业为什么需要测厚？痛点在哪里？

2. **典型基材与涂层特征**——测什么材料？涂的是什么？厚度范围如何？

3. **核心测量难点分析**——最难测的是什么？（曲面/粗糙度/极薄/极厚/异质基材等）

4. **PHYNIX 推荐产品组合**——具体型号+探头+附件的完整选型方案。

5. **关键校准与操作要点**——如何确保数据准确？如何避免误测？

6. **实测数据验证与图表分析**——真实工况下的测试数据与对比分析。

7. **常见问题速查（FAQs）**——该行业客户最常问的问题与解答。

8. **行业小结**——PHYNIX 在该行业的独特价值主张。



五、跨行业共性挑战速查

在深入各行业篇章之前，以下汇总了涂层测厚领域最常见的跨行业共性难题及

PHYNIX 的通用应对策略，便于读者快速参考：

共性难题 典型表现 PHYNIX 通用应对策略

曲率效应 R 角/管道外壁/螺栓头部等曲面读

数偏高

同曲率未涂装区域零点校准。

粗糙表面 喷砂/喷丸/锌花表面单点离散性大 同材质同粗糙度裸板零点校准；

每组取 5-10 点统计平均值

基材厚度不足 薄钢板（＜0.5mm）测量值系统性

偏低

同厚度标准基片零点补偿校准

温度漂移 户外/高低温环境读数偏移 测量前仪器与标准片同温平衡

15 分钟

极薄涂层（＜

5µm）

普通探头分辨率不足，重复性差 Surfix® SX 系列（0.1µm 分辨率）

+ 超薄标准片双点校准

极厚涂层（＞

2mm）

常规探头量程不足，线性度下降 F3.5 厚涂层探头+ 多点校准曲

线

多层涂层区分 电泳漆+色漆+清漆无法分层测量 逐层研磨法+Pro X 统计对比

异质基材混用 钢/铝/CFRP 在同一产品混用 PHYNIX 自动基体识别，瞬间切

换磁感应/涡流法

六、结语

涂层测厚仪的核心价值，在于它能够在真实的工业现场、复杂的工况条件下，快速、

准确、重复地回答一个核心问题：“这道涂层的厚度，是否达到了设计要求？”

本系列文章的目的，正是将德国菲尼克斯 PHYNIX 在众多行业中积累的测量经验，

系统性地呈现给全球工业界的同仁。我们相信，无论您是涂装工程师、质量管理人员、

工艺技术人员还是采购决策者，都能在本系列中找到对您的工作具有实际帮助的答案。



接下来，我们将从**《汽车行业篇》**开始，逐一深入各行业的

具体应用场景。

**德国菲尼克斯 PHYNIX 官方网站**：www.phynix.com

**技术支持：DG Tech (Guangzhou) Co.,｜ 广州德光电子科技有限公司**

*—— 本系列文章由广州德光电子科技有限公司撰写，经德国 PHYNIX 官方审核

发布，中英双语对照，旨在为全球工业界提供涂层测厚领域的专业应用指南。*

附：英文版本



PHYNIX Coating Thickness Gauge Application Guide in High-End

Manufacturing & Industrial Anti-Corrosion

—— Series Introduction

1. Coating Thickness: The “Invisible Benchmark” of Modern

Industrial Quality

In modern industrial manufacturing and maintenance management, coating thickness is

a critical parameter that may appear subtle but has far-reaching implications. It does not

directly determine a product‘s geometric dimensions or assembly precision, yet it

fundamentally affects product **service life, safety performance, regulatory compliance,

and total cost of ownership**.

- In the **marine and offshore** sector, a ballast tank coating that fails to meet

specification requirements can shorten a large vessel‘s designed 30-year service life to

15 years or less. The resulting dry-dock repair costs can run into millions of dollars, not

to mention the environmental and safety risks associated with corrosion-induced

leakage.

- In the **aerospace** industry, thickness deviations in aircraft skin coatings directly

affect overall weight and aerodynamic performance. For a wide-body aircraft, every

10µm increase in coating thickness translates into tens of kilograms of additional weight,

which over a decades-long service life amounts to millions of dollars in extra fuel

consumption.



- In the **new energy vehicle** sector, uneven thickness or localized weak spots in the

insulation coating of EV battery enclosures can induce partial dielectric breakdown

under high-voltage, high-current operating conditions, directly endangering passenger

safety.

- In the **oil and gas** industry, any weak point in a long-distance pipeline‘s external

anti-corrosion coating represents a potential future leak hazard, with environmental and

social costs far exceeding the value of the coating itself.

Meanwhile, global manufacturing is undergoing profound material transformation and

application evolution:

**Lightweighting** is driving large-scale adoption of aluminum alloys, carbon fiber

reinforced polymers (CFRP), magnesium alloys, titanium alloys, and other

non-traditional metals. The electromagnetic properties of these materials differ

fundamentally from steel, posing fundamental challenges to measurement principle

compatibility.

**Extreme service environments** require products to operate reliably under deep-sea

pressure, polar low temperatures, desert heat, high salinity, and strong UV radiation.

Coatings must not only be “applied correctly” but also “measured accurately and

controlled rigorously.”

**Sustainability and ESG compliance** are reshaping the competitive rules of global

industry. Precise coating thickness control has become one of the most direct and

effective technical means to reduce over-coating, minimize VOC emissions, and

conserve material resources.

Against this backdrop, **coating thickness measurement** has transcended its

traditional role as a “quality inspection” function and emerged as a **strategic

foundational technology** spanning the entire product lifecycle — from R&D and

process design to manufacturing, installation, and in-service maintenance.

2. PHYNIX: Half a Century of Coating Thickness Technology

Excellence

PHYNIX, headquartered in Neuss, North Rhine-Westphalia, Germany, has been

dedicated to the R&D and manufacturing of surface coating thickness measurement



technology since its establishment. With German precision engineering, continuous

technological innovation, and deep understanding of industrial field requirements,

PHYNIX has established a solid brand reputation in the global non-destructive testing

(NDT) industry.

PHYNIX‘s technology platform is built upon two internationally recognized measurement

principles, featuring an industry-leading **automatic substrate recognition and

intelligent principle switching**:

Principle Applicable

Substrate

Applicable Coating Standard

Magnetic Induction Ferromagnetic

metals (steel, cast

iron, electrical steel,

etc.)

Non-magnetic

coatings (paint,

powder, plastic,

galvanized layers,

etc.)

ISO 2178 / ASTM

D7091

Eddy Current Non-ferromagnetic

conductive metals

(aluminum alloys,

copper, titanium

alloys, cast

aluminum, etc.)

Non-conductive

coatings (anodized

films, insulation

varnishes, powder

coatings, etc.)

ISO 2360 / ASTM

D7091

**PHYNIX‘s distinctive advantage**: The probe is equipped with an intelligent substrate

recognition chip. The instrument instantly identifies the substrate property (Fe or NFe)

upon surface contact and switches to the correct measurement principle automatically.

No manual setting is required, completely eliminating systematic measurement errors

caused by selecting the wrong principle — a feature of unparalleled efficiency and

error-proofing value in industries where ferromagnetic and non-ferromagnetic

materials are extensively mixed, such as automotive and aerospace.

Based on this core technology, PHYNIX has built a full-scenario product portfolio:

Model Series Positioning Core Capabilities Typical Industries

Surfix® Pro X Flagship

statistical

Statistics + Bluetooth +

multi-point calibration,

Marine heavy-duty,

aerospace, power, R&D



model range 1500µm

(expandable to 30mm)

Surfix® easy X One-button

fast

measureme

nt

One-button operation,

<1sec per reading, auto

Fe/NFe switching

Automotive production

lines, PV brackets, steel

structures

Surfix® EX/SX Ultra-high

resolution

Resolution 0.1µm,

repeatability ≤ ±0.5µm

Motor insulation varnish,

aircraft skins, anodizing,

electroplating

Pocket-Surfix® Pocket-size

d portable

Pen-style, one-handed,

IP52 protection

Wind tower high-altitude,

power towers, pipeline

field work

PaintCheck

Series

Multi-layer

coatings

Automatically identify the

base material and

measure and display the

total thickness

Automotive

basecoat/clearcoat,

appliance multi-layer

powder

3. PHYNIX Versatility Across Industries: One Technology Platform,

Diverse Applications

Over decades of global market service, PHYNIX products have built significant

differentiation in three dimensions, making them a truly “cross-industry universal

coating thickness measurement platform”:

**Full Principle Coverage**: One instrument accommodates both magnetic induction

and eddy current methods, covering almost all commonly used industrial substrates —



steel, aluminum alloys, copper, titanium alloys, CFRP, and more. In scenarios such as

automotive mixed steel/aluminum production lines and aerospace mixed

aluminum/titanium/CFRP structures, no probe changes or manual settings are required,

delivering measurement efficiency and data reliability far beyond traditional

single-principle instruments.

**Full Range Coverage**: With different probes, PHYNIX covers a wide measurement

range from 1µm (SX series with ultra-thin shim calibration) to 5mm (Pro X with F3.0 thick

coating probe) — spanning phosphating films, insulation varnishes, ED coatings,

powder coatings, hot-dip galvanized layers, epoxy thick coatings, fireproof coatings, and

virtually all coating types.

**Full Scenario Coverage**: From 45-second cycle-time batch inspection on automotive

production lines, to ISO 19840 statistical analysis on shot-blasted rough marine surfaces;

from one-handed portable operation at 100-meter wind turbine tower heights, to

specialized anisotropic calibration on aerospace CFRP substrates — PHYNIX‘s product

design is consistently guided by the principle of “adapting to real industrial field

conditions.”

4. About This Article Series

This article series is authored by **DG Tech (Guangzhou) Co., ** , reviewed and

approved by PHYNIX Germany, and published on the PHYNIX official website

(www.phynix.com).

DG Tech (Guangzhou) Co., is an officially authorized distributor of PHYNIX in the

Chinese market — as publicly listed on the PHYNIX official website under the “China”

region. Based on years of accumulated application experience and verified

measurement data in the Chinese market, we have systematically compiled the typical

application scenarios, measurement challenges, and solutions of PHYNIX coating

thickness gauges across major industrial sectors, aiming to provide a practical and

valuable technical reference for industry professionals.

This series consists of two parts:

**Core Industry Chapters** (7 in total) focus on the seven industries where PHYNIX

has the deepest application experience and most mature technical solutions:

Automotive, Marine & Heavy-Duty Anti-Corrosion, Power Generation, New Energy,



Aerospace, Railway, and Surface Treatment.

**Expanded Industry Chapters** (12 in total) further cover Oil & Gas, Chemical &

Petrochemical, Steel Structure & Metal Fabrication, Heavy Equipment, Home

Appliances & Consumer Electronics, Medical Devices, Electronics & Semiconductors,

Hardware & Fasteners, Building Materials, Environmental & Water Treatment,

Additive Manufacturing, and R&D & Education.

Each article follows a consistent technical framework:

1. **Industry Background & Measurement Pain Points** — Why does this industry

need thickness measurement? Where are the pain points?

2. **Typical Substrates & Coating Characteristics** — What materials are being

measured? What coatings? What thickness range?

3. **Key Measurement Challenges** — What is the most difficult aspect to measure?

(Curvature/roughness/ultra-thin/ultra-thick/heterogeneous substrates, etc.)

4. **Recommended PHYNIX Product Combinations** — Complete selection solution

with specific models + probes + accessories.

5. **Critical Calibration & Operation Points** — How to ensure data accuracy? How

to avoid errors?

6. **Verified Measurement Data & Chart Analysis** — Test data and comparative

analysis under real conditions.

7. **Frequently Asked Questions (FAQs)** — Most common customer questions with

answers.

8. **Industry Summary** — PHYNIX‘s unique value proposition in this industry.

5. Cross-Industry Common Challenges Quick Reference

Before diving into the industry-specific chapters, the following table summarizes the

most common cross-industry challenges and PHYNIX‘s general response strategies:

Common Challenge Typical Manifestation PHYNIX General Strategy



Curvature Effect High readings on curved

surfaces (R-corners / pipe

exteriors / screw heads)

Zero calibration on uncoated area

with same curvature

Rough Surfaces High single-point

scattering on shot-blasted

/ zinc-spangle surfaces

Zero calibration on uncoated bare

plate with same material and

roughness; take average of 5-10

points

Inadequate

Substrate Thickness

Systematically low readings

on thin steel plates

(<0.5mm)

Zero compensation calibration

using standard substrate of same

thickness

Temperature Drift Reading shift in outdoor /

high-low temperature

environments

Temperature equilibration for 15

min before measurement; re-zero if

temperature difference is significant

Ultra-thin Coatings

(<5µm)

Insufficient resolution and

poor repeatability with

standard probes

Surfix® SX series (0.1µm resolution)

+ ultra-thin shims (1-10µm) with

2-point calibration

Ultra-thick Coatings

(>2mm)

Insufficient range and

degraded linearity with

standard probes

F3.5thick coating probe (3.5mm

range) + multi-point calibration

curve

Multi-layer

Differentiation

Inability to distinguish ED

primer / basecoat /

clearcoat

Sequential grinding method + Pro

X statistical comparison

Mixed Substrates Simultaneous use of steel /

aluminum / CFRP in same

product

PHYNIX automatic substrate

recognition instantly switches

between magnetic induction/eddy

current principles

6. Conclusion

The core value of a coating thickness gauge lies in its ability to quickly, accurately, and

repeatedly answer one fundamental question under **real industrial field conditions**

and **complex operating environments**:

**“Does the thickness of this coating meet the design specification?”**



The purpose of this article series is to systematically present the measurement expertise

PHYNIX has accumulated across numerous industries to the global industrial community.

We believe that whether you are a coating engineer, quality professional, process

technician, or procurement decision-maker, you will find practical answers in this series

that are directly applicable to your work.

Next, we will begin our in-depth exploration with **“The Automotive Industry Chapter.”

**

**PHYNIX Official Website**: www.phynix.com

**Technical Support: DG Tech (Guangzhou) Co., ｜ 广州德光电子科技有限公

司**

—— This article series is authored by DG Tech (Guangzhou) Co., 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.


