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Introduction



POSCO(Pohang Iron & Steel Company)

Introduction

Established : 1968.4.1

- Headquarters : Pohang, Republic of Korea

Employees : 16,584

Main Factories

- Gwangyang Steel Works

- Pohang Steel Works
Pohang

Gwangyang
Major Products

- Slab, Hot&Cold Rolling Coil, Wire Rod… 

【 Steelmaking Process 】

Blast Furnace
(Iron Making)

Material 
Yard

Convert Furnace
(Steel Making)

Continue Casting

Hot & Cold 
Rolling Miil



Diagnosis High-Voltage Rotating Machine in Pohang works

○ Status of Rotating Machine over 3kV Voltage (approx. 2,200 units)

- Generator(14 units) : Steam Turbine, Gas Turbine etc. (~175MVA)

- Motor : Mill Motor, Compressor etc. (~49MW)

Introduction

Pump Fan Compressor Conveyer Mill Blower 기타

38.4% 17.3% 13.8% 9.1% 6.4% 4.1% 10.9

※ In case of a single mill motor failure, the entire process of steel rolling mill will stop. 

Therefore, the Mill Motors(VFD or Inverter) are intensively managed as main facility.



Rotating machine diagnosis
in POSCO



How to diagnose rotating machines?

○ Off-line tests are mainly performed on a regular basis and recently on-line diagnostic 

technology is applied as well.

Item Diagnosis method Period

Off-Line

Insulation Test (ΔI, ∆tanδ, Qmax, etc.) once/year

Fiber optic camera once/year

Corona Probe Test (PD) i​f necessary

Surge Test i​f necessary

RSO Test once/year

Rotor Bar Test once/3years

On-Line

Partial Dischage(Guard, Track, TGA) on-line

CMS (Bearing Vibration) on-line

Rotating machine diagnosis in POSCO

【 Off-Line Insulation Test Truck】

【 On-Line PD (GuardⅡ)】



Failure and diagnosis cases



Case ① : Layer short at VFD motor

Failure and diagnosis cases

[Power Line Diagram]
22kV

Top

M

Bottom

M

22/
3.3kV

Inveter Inverter

[Damaged Area]

Stator CoilTop 
Motor

Bottom 
Motor

[Equipment configuration]

Stator Rotor

○ Dec. 2014 : Layer Short at VFD Motor Stator Coil was incurred in POSCO Plate Mill

Item Specifications

Motor 
Top

 3,100kW,  2,980V,  645A, 12P, 4.5/11Hz, Synchronous, T* Company(2002)

 Stator Coil : 4Turns, Bottom

Drive
Top

 3,400kVA,  2,980V,  645A, IEGT, T* Company(2002)
 Vector Control, PWM(Pulse Width Modulation)Bottom



Case ① : Layer short at VFD motor

○ Related Photos

○ Diagnostic Data(Off-Line Insulation Test)

Date Temp (℃)
Humidity

(%)
Insulation

Resistance(㏁)
Polarisation 
Index(PI)

ΔI(%)
∆tanδ
(%)

Qmax
(pC)

Capacitance
(㎋)

2012.09.15 27 92 3440 6.69

2013.11.28 -2 63 3740 7.86 1040 943.6

2014.10.02 12 70 3760 6.01 0.85 0.43 410 949.5

2015.01.13 11 33 2430 8.11 1.59 0.39 700 1065

2015.01.15 11 55 2130 5.54 0.51 0.12 1400 1083

Just before the accident

☞ No abnormality was detected with off-line insulation diagnostic data until just before the failure.

○ Action : Rewinding (It takes 15 days to restart the factory.)

Failure and diagnosis cases



Case ② : Induction Generator Stator Insulation Breakdown

○ The Insulation Breakdown was occurred in Turbine Generator on Blast Furnace

- Burned Area : S Phase Upper Coil

Item Specifications

Generator  3,690kW, 6.6kV, 2P, 60Hz, Induction, F* Company(1982)

Stator Core

Upper Coil

Lower Coil

End Winding Lead Coil

Arc

Stator

Arc 

○ Related Photos

Failure and diagnosis cases



Case ② : Induction Generator Stator Insulation Breakdown

○ Repair Process (80Hr)

① Remove Slot Wedge ② Remove main insulation ③ Take out the coils

④ Remove insulation on 
the coils

⑤ Insulation wrapping ⑥ Put in the coils

Date Temp (℃)
Humidity

(%)
Insulation

Resistance(㏁)
Polarisation 
Index(PI)

ΔI(%)
∆tanδ
(%)

Qmax
(pC)

Capacitance
(㎋)

2016.02.04 10.4 46.2 5,830 20.41 4.87 2.54 30,000 179.5

2016.02.05 7 35 4,830 6.05 5.08 2.83 63,000 180.9

2016.02.06 13.9 27 5,410 16.05 5.09 2.84 34,000 181.0 

2016.06.14 18 88 3620 4.93 4.46 3.11 26000 179.3

2016.12.06 11 30 5420 9.99 4.85 3.28 23000 178.4

Just before the accident○ Diagnostic Data (Off-Line Insulation Test)

Failure and diagnosis cases



Case ③ : Excessive partial discharge Case (Off-Line Insulation Test)

○ OO Hot Rolling Mill in POSCO

Division Specifications

Motor  5,700kW, 3,300V,  1025A, 12P, 12.5/40Hz, Synchronous, T* Company(1997)

Drive
 7,500kVA, GTO, T* Company(1997)
 Vector Control, PWM(Pulse Width Modulation)

○ OO Hot Rolling Mill in POSCO

- Excessive partial discharge has occurred even though anti-corona varnish paint had been 

applied three times at the end winding.
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Failure and diagnosis cases



Case ③ : Excessive partial discharge Case (Off-Line Insulation Test)

○ Related Photos

PPM-97 Corona Probe(Iris Power)

[ Corona Probe Test]

방전량 많은부
분

1

120
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144

●
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●

●

●

●

●
Slot Number Before [mA] After [mA]

94 700 280

93 800 390

92 1,000↑ 400

91 1,000↑ 500

90 1,000↑ 450

89 1,000↑ 350

88 900 340

87 800 290 

[ Applying anti-corona varnish paint ]

[ Repair Result]

Failure and diagnosis cases



Case ③ : Excessive partial discharge Case (Off-Line Insulation Test)

○ Diagnostic Data(Off-Line Insulation Test)

Date
Temp
(℃)

Humidity
(%)

Insulation
Resistance (㏁)

Polarisation 
Index(PI)

ΔI
(%)

∆tanδ
(%)

E/√3
(pC)

Qmax
(pC)

C
(㎋)

비고

2006.02.22 14 38 5,850 10 1.8 2.02 1,900 4,700 720.1

2013.10.30 21 37 5,950 5.24 2.11 2.38 3,700 50,000 718.9

2014.11.15 13 40 6,250 4.4 3.6 2.29 12,000 48,000 719

2015.03.03 13 45 4,450 7.41 2.2 1.74 19,000 70,000 719.5

2015.03.24 16 27 4,110 5.78 2.1 1.48 15,000 60,000 720.7

2015.04.07 11 56 3,520 6.99 2.5 1.87 10,000 60,000 719

2015.04.21 26 22 2,970 4.62 1.45 0.95 8,000 70,000 722.2

2015.05,12 24 29.3 3,910 4.73 1.94 1.51 10,000 70,000 720.7

2015.06.16 25 71 3,120 5.57 1.9 1.54 5,000 75,000 720.7

2015.06.16 24 67 “ “ 2.3 1.92 5,000 55,000 720.7

2015.07.21 - - - - - - 15,000 75,000 -

2015.08.25 24 83 3,230 6.55 2.17 1.76 7,000 50,000 749.2 Applying Varnish Paint

2015.11.04 20 43 4,450 5.93 2.51 2.26 20,000 75,000 746

2015.11.09 15 83 1,530 6.52 3.24 2.59 20,000 58,000 749

2015.12.15 8 39 3,500 7.48 2.38 1.91 20,000 120,000 748.1

2016.02.11 19.9 46 3,930 7.59 2.53 1.96 20,000 35,000 744.9 Applying Varnish Paint

2016.08.16 35 48 2,710 3.77 1.55 1.11 10,318 115,710 746.8

2016.10.13 24 52 3,790 5.89 2.73 2.35 170,000 216,000 742.9

2016.10.14 25 48 1,260 4.75 2.8 2.32 25,000 185,000 757.4 Applying Varnish Paint

2016.10.25 27 45 2,670 5.95 1.71 1.3 12,000 230,000 755

2016.11.01 11 43 3,340 7.27 2.07 1.6 16,000 320,000 755

2018.01.31 0 12 4,830 9.38 2.49 1.82 70,000 230,000 751

○ Future Plan : Replacement of Spare Parts (~’18.11)

Failure and diagnosis cases



Case ④ : Stator Wedge Movement

○ OO Plate Mill in POSCO

Division Specifications

Motor  8,000kW, 3,150V,  1560A, 12P, 5/11rpm, Synchronous, T* Company(2005)

Drive
 7,500kVA, IEGT, T* Company(2005)
 Vector Control, PWM(Pulse Width Modulation)

○ Related Photo

- Due to the white powder on wedges, loose Wedges or windings are expected 

* Approximately, the 60 wedges of total (212 ones) have the same issue. 



Case ④ : Stator Wedge Movement

Failure And diagnosis cases

Date
Temp
(℃)

Humidity
(%)

Insulation
Resistance(㏁)

Polarisation 
Index (PI)

ΔI
(%)

∆tanδ
(%)

Qmax C (㎋) 

2013.08.05 34 52 2280 5.17 0.67 0.55 100 2,099

2014.08.06 33 20 1600 8.93 0.93 0.77 450 2,095

2015.04.28 23 43 1440 7.77 1.60 0.65 900 2,071

2016.01.25 6 31 1550 8.38 1.72 1.17 600 2,064

2016.04.11 15 54 1870 7.55 1.07 0.86 500 2,056

2016.11.14 21 39 1260 5.48 1.55 1.2 9,400 1,908

2017.01.06 14 47 1430 6.06 1.45 1.21 2,810 1,898

2017.03.09 13 20 1490 8.63 1.43 1.15 2200 1,879

2017.06.22 20 42 1140 7.21 1.57 1.3 10,000 1,899

2017.08.10 25 95 1,100 5.32 1.78 1.45 3,500 1,906

2017.11.01 24 21 1,300 6.04 2.27 1.47 1,000 1,897

2017.12.14 4 36 1,450 7.3 2.22 1.46 1,000 1,881

-218

○ Diagnostic Data(Off-Line Insulation Test)

○ Future Plan : Replacement (Aug. 2018)



On-Line PD System 
Installation



Pilot Test : 00 Plant Compressor Motor (May 2016) 

On-Line PD System Installation

○ Test on verification for the performance of on-line PD system was performed 

for stator insulation diagnosis of a motor in poor insulation condition.

- Motor specification : 11kV, 5100kW, 4P, Squirrel Cage Induction, L** Company (1997)

* The motor was scheduled to be re-winded due to the measured off-line PD value (100,000 pC, )

① Panel for EMC sensors 

【 EMC type senser installation and on-line PD data acqusitition 】

② Withstanding voltage test ③ Disassemble the terminal

⑤ PD sensor installation ④ Terminal remodeling⑥ Data acqusitition (TGA)



Pilot Test : 00 Oxygen Plant Compressor Motor (May 2016)

On-Line PD System Installation

○ Pilot Test Result : Very High

1. Qm : + 525mV, - 439mV

2. NQN : +1232, -957

3. Phase : 45°, 225°

3. Polarity : +

4. Result : Moderate

A

1. Qm : + 700mV, - 684mV

2. NQN : +1497, -1588

3. Phase : 45°, 225°

3. Polarity : None

4. Result : Very High

B

☞ B phase has some problems about PD (700mV, Very high 638mV)



On-Line PD System Installation

○ Motor disassembly and inspection

【 Withstanding Test 】

【 Visual inspection of winding cross-sections 】

Steel Pieces

○ Action : Rewinding

Pilot Test : 00 Oxygen Plant Compressor Motor (May 2016)



Introduction of PD diagnostic equipment in POSCO

On-Line PD System Installation

○ The investments are underway because of the proven excellence of the equipment (41 units in total)

Site Generator Motor Total

Pohang Steel Works 6 17 23

Gwangyang Steel Works 12 6 18

Termination Box

BusGuard
Ⅱ

Generator

Machine Side 
EMC Sensor System Side 

EMC Sensor

Machine
Signal

System
Signal

RG58 Signal 
Cable

Factory Electric Room

【 System Configuration 】

IPB
(Isolated Phase 

Busbar)

R S T

Technical
Center

Wireless

LTE Router



Future Plans
(On-line PD for VFD Motor)



Needs for Development of on-line PD diagnosis system of VFD motor

Future Plans

○ Rolling mill motors is the most important thing in a steel manufacturing plant. 

- All of motors are VFD motors and most of them are driven at low voltage and low frequency

(2kV~3kV, 5~15Hz).

○ Since Rolling machine motors are expensive, it is almost impossible to obtain a spare.

- Average price:＄3 million/unit (total 150 units are in use)

○ The off-line insulation diagnosis is unstable with surrounding environment and noise, etc.

00 Main Motor (VFD) 

Date Temp ΔI Δtanδ Qmax

2016.03.10 24℃ 2.26 1.82 22,000 

2017.03.23 25℃ 2.09 1.67 42,000 

2017.06.08 39℃ 1.55 1.28 59,900 

2017.07.12 38℃ 1.62 1.29 42,000

2017.11.29 27℃ 1.61 1.19 32,000

2018.03.25 20℃ 2.21 1.78 20,000

Qmax Trend [pC]

’17.6

42000

60000

’17.3 ’17.7’16.3

22000

42000

’17.11

32000

’18.3

20000

[ Diagnostic Example ]

☞ It is difficult to diagnose insulation status with the trend of off-line PD, 

since the condition of measurement (such as winding temp, surrounding environment, noise, etc)



Ongoing research project for mill motor diagnosis with on-line PD system

Future Plans

【 Project status 】

 Subject : Development of on-line PD diagnosis system for VFD Motor (Jan. 2017~Nov. 2018)

 Propose : Verification for Introduction of on-line PD system for VFD motors in POSCO

 Object : Hot Rolling Mill Motor 

(Case ③ VFD Motor : 5,700kW, 3.3kV, 1025A, 12P, 12.5/40Hz, Synchronous, 1997)

MOTOR
(F4)

Inverter

TGA-B

FILTER
(PD INPUTS)

COUPLER 
TERMINATION BOX

EMC

FILTER

EXTERNAL 
REFERENCE INPUT

【 Configuration of on-line PD system for VFD motor 】



The result of On-line PD test on VFD motor

Future Plans

○ Primary outcome : verification of filtering performance of noise caused by inverter

○ Issue : difference between On-line and Off-line PD test results

Typical 

(Qm = +35mV)

Very Bad

(Qm = 230,000pC)

*기준 : 5000pC 이하

Future Plan

○ Decomposition of the VFD motor and Verification of on/off-line test results (Nov. 2018) 

※ Iris Power (Mr. Connor)

- Inappropriate comparison between off-line and on-line PD data from the same point of view

(ex. Phase-Phase, Phase-Ground)

- It is difficult to detect PD signal on on-line if the position of the occurrence of PD is near by its neutral terminal 

Item Off-Line Test (POSCO) On-Line Test (Iris Power)

Diagnosis result

○ Additional research projects related on-line PD diagnosis for VFD Motor (with Iris Power)
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Thank you for Listening

Q&A


