
1



2

 1 .................. 4

 2 ...................... 8

 3 ............................ 10

 4 ............ 16

 5 ........................ 21

 6 ................ 22

 7 ............ 25

 8 ........................ 30

 (PQ) 

1. 

2. 

 (NEC)

 NEC 

3. 

CAT IV*

 1000 V

CAT III  1000 V

CAT II

CAT I

*CAT IV 

IEC 61010 1000 V 

1000V 600V 300V 

 CAT III-600V  CAT III-

1000V IEC  CAT IV

 CAT

III  CAT II 

 CAT 

 IEC 348 

 IEC 61010 CAT III600/

1000 V IEC

61010 

 B0317UEN

 609104

 IEC 61010

 IEC

 UL CSA TUV VDE 

UL 3111  IEC 61010

..



3

  

  

  

  

  -

  

75%



4

 1.1 

 - L-N

 1.1

 5

115V 

1.414x 115V = 162.6V

NEC 210-19.a, FPN

No. 4

 3%

 5%

 Fluke

87 MIN MAX 

 100 ms

60 Hz  6 

Fluke 43 

 (17 ms)  4 

 1 

1. 43 

41B 

2. 43 

41B 

87 /

/

3. 43 

/ /

41B /

87 /

4. 43 

/

 4  1 

5.  4000 VR101S

6. 43 

87 

 1.1 



5

/

 VR101S 

 7 

 4000 

L-N 

N-G 

 1.4
 1.2 



6

1.  N-G 

 2 

5  

2. 

3.  N-G 

 0 

 N-G 

/

 N-G 

4.  N-G 

 #3 

 1.4 

1.3

 N-G 

 N-G

L-N 

 N-G 

N-G

NEC 

 SDS

 N-G 

 N-G



7

 1.2

 L-N 

 L-N 

NEC

NEC 

 VR101 

 4000 

  

  

  Transients (L-N and N-G) with peak

values  (L-N  N-G)

  Frequency deviation 

 EventView 

 VR101

 VR101 

 VR101 

EventView 

 1.5 

 3

 120 V  50 

15 

 1.2 



8

  

  

  

  

  

  

 27 

  

 NEC 

1996 NEC 

 310 0  2000 V 

 10.c

1990  146

 22.6 % 

100%

  

  

 2.1 

  

  

1. 43 41B 87  80i-400

2.  3 43 41B 

87 

3. 

4. 

5. 

6. 43, 87

 2.1  



9

 mV 

 20-100 mV

 2.2 

 208 V  120 V 

 200 ft. (65m) 

 3 

 2.2 



10

  

 3 3 

-

-

 3 

 5 7 

   6 

 UPS 

5  7 

 5 

 3.3. 

 3.1

 50% 

 15  kVA  3.2

   1 

 2  3 

   kVA 

 

kVA

   kVA  kVA

 

 3.1  

 3.2 



11

1. kVA 43 41B

 50%

2.  /

 3 

 5 7 

 

 

3. 

(THD)  %THD <5%

 %THD <5-20%  3.2

4. K 

5.  *NEC 

   

   

 -

   

 ESG ( )

    (

   )

 3.1 

 (THD):

  

 5%

  

 5-20%  3.2

IEEE 519 

PCC

EN50160 

IEEE 519 

3a. 

E=IZ

  

/

  

  

60 120 180 240 300 360 420 480 540

+ 0 + 0 + 0

 

1. 3  3  180 Hz

2. 

 SCR 

3. 

    

    

                 5 

     3 



12

SCR=  (Isc/I
L
)

Isc =

I
L
 =  (rms amps)

TDD= 

IEEE IEC 

 5%

I
L 

 3.2  IL 

12 

 IL

 3.2  IEEE 519 

<20 4.0% 2.0% 1.5% 0.6% 0.3% 5.0%

20-50 7.0% 3.5% 2.5% 1.0% 0.5% 8.0%

50-100 10.0% 4.5% 4.0% 1.5% 0.7% 12.0%

100-1000 12.0% 5.5% 5.0% 2.0% 1.0% 15.0%

>1000 15.0% 7.0% 6.0% 2.5% 1.4% 20.0%

 5% 

 5% 

3b. 

SCR

3c. TDD  THD

TDD

IL THD

THD 

 TDD 

THD  

  THD

TDD 

 THD 

 

 THD 

 TDD

1995 

 IEC 1000-3-2 

 40 

 2001

 CE

IEEE 519 

EN 50160 IEEE 519 

 3.2

 N-G  N-G 

 60 



13

 THD 

K-

 K-4 

 4 

 K-1

 K 

 K 

 K 

 K  K-4

K-13 K-20 K-30 

K-13 

(PDU)  K 

 N-G 

  N-G

8  2.1

  

 31 

 3.3   NEC  250 

 (SDS)

 250-26 

  

 

...

  

 3.4 



14

  

  

 3 

 9 

  

 

 K 

 K 

 3.5  K 

  

  

   K 

  

(SDS)-NEC  100 

SDS 

  

  

  

SDS 

RF

  SDS 

 (NEC 100)  SDS 

 SDS 



15

K 

%HD

K 

K 

K 

 K-13

 K-20 

 (PDU) 

 K 

 5-6%  K 

 2-3%

 K 

 kVA  K 

 50%. 

 150 kVA  75 kVA

I E E E  1 1 0 0 - 1 9 9 2

Emerald Book

 60% 

SMPS

 50%

1. 

2. 

3.  Xformer 

    xHDF = (1.414 * IRMS) / I PEAK

4. 

xHDF = 1.414 / CF

 CF=1.414

 xHDF=1 3

 CF  2.0

xHDF=1.414 / 2 =0.71 CF=3 

xHDF = 0.47 CF=3 

 CF 

ANSI/

IEEE C57.11 

 20-30% 

 3-6   (IEEE 1100-1992)



16

-

  

  

 60 Hz  60 Hz 

X C =

1/ 2pfC).

(1) (2) 

(3) 

(4) 

 4.1  



17

 4.2  φ-G  N-G 

   N  G 

  

UL  3.5 mA

  

  

 (RS-232)

RFI  10 kHz 

 MHz

RFI 

  

  

  

 60 Hz

  



18

  

  

  

  

XL 

  

SRG

 (DM) 

 (CM) 

 120 

zero-sequence

technique

-  

 Fluke

43  ScopeMeter 

Dave 

Dave 

 60 

 60 

 



19

 5 

  

  

Wiggy (

)

/

 30 

DSO

Fluke 43 PQ 

 40 

VR101S 

  

 4.3  Fluke 43  40 

Min/Max 



20

 ITIC

 CBEMA CBEMA

 ITIC

 230V/

50Hz 

ITIC 

MOV (

)

TVSS 

TVSS  (600V) 

 UL 1449 

UL 1449 

 TVSS 

T V S S   A

6000V 3000A  1

 330V  1 L-

N 

  

 T V S S

TVSS 

  

 1 

  2

 4.4 ITIC 



21

...  (NEC 280)

 (ANSI/IEEE C62.41-1991)

  

      

  

   XL 

 SDS   

      

    

    

   

 (<0.1 )

)

 Datacom datacom 

 Datacom 

 5.1 

NEC  250  280 

NFPA 780

LPI-175

UL-96  UL-96A
 C 

IEC 61010  CAT IV B 

 IEC 61010

 CAT III

 A  CAT II

 TVSS

 5.1



22

 THD

 5%

 5

 5 

5 

 5 

 5 HP (7 kW) 

 1-2%

 

 8:1

1%  8% 

1.  <1% 43 41B 87

2.  %THD %THD <5% 43 41B

3.  <10% 43 41B

 80i-400  87

4.   FLA1  SF2 

    < (FLA x SF)

 

    80% 

5.  43

 

6.  43 41B

  DPF 

   PF

   
1 FLA = 
2 SF = 

 FLA = 100A  SF=1.15  115A 

 3.1 

 10%

 FLA

 SF

%VUNBALANCE = 100%

        

1. 

     A-B = 475V A-C = 471V B-C = 470V

2. (475+471+470)/3 = 472V

3. 

     A-B 475V-472V = 3V

4.  % 3V/472V <1%



23

6.1

1. 

  

 70% 

  

90% 

  

2. 

3. 

4. 

10  20 s 

 DPF

(kW)  DPF  kW

 DPF 

  

 500-600% 

 1200% 

  

  

 UPS 

 DPF 

 60%-80% 

 80% 

 80% 

 6.2

 6.3  43



24

 2 

1. 

2. 

 kW
1

3. 

 kW
2

 kVA

 kVA 

KW
MOTOR

 = kW
1
 + kW

2

kW 

kVA
MOTOR

 = kVA* 1.73.

DPF = kW
MOTOR

 / kVA
MOTOR

kW
1
 = + 1.52

kW
2
 = + 1.74

kVA = 2.41

Kw
MOTOR

 = kW
1
 + kW

2
 = (+ 1.52) + (+1.74) = 3.26 kW

kVA
MOTOR

 = kVA* 1.73. = (2.41) (1.73) = 4.17 kVA

DPF = Kw
MOTOR

 / kVA
MOTOR

 = 3.26 / 4.17 = 0.78

 1 

 2 

1. 

2. 

 kW  3

kWMOTOR = 3 * kW

 (DPF)

 kVA



25

 PWM 

 >95%

 28 

 SCR /

 (VSI/VVI) 

 6 

 SCR

SCR  CSI

VSI  CSI 

 (>100HP)

SCR 

SCR 

 G0416UEN

 SCR 

 43

43 41B

 PWM DPF 43 41B

43 41B

 7.1 

 7.1  (VSI) 



26

6  5

 7  12 

 11  13 

 5  7  - 

11 

13  5 

7 

 6  PWM 

 5 

 LC 

 5  280 Hz

 5  7 

-

-

  30

 PCC

 7.2 

 SCR 

   SCR 

  

-

   5  7  VSI
 7.3  ASD 

 PWM 

 PWM 

 IGBT

PWM 

 PWM-IGBT 

 G0416UEN

 6 

 7.4  (PWM) 



27

- / -

 6 

 12 

 18 

 B0294A

 7.5 

 10%

 40%

 5-30%



28

 DPF 

 V-

A  VAR  VA

 VAR 

 Watt  VAR 

VA DPF 

VAR 

 DPF 

DPF 

 0.90  0.95

VAR

 7.6

 (ASD)

ASD 

 6 

 5  7 

 (XC = 1/ 2pfC)

 

 (DPF)  (PF)

Watt  VA DPF 

 (PF) 

 7.7

PF 

DPF  DPF 

 DPF

 7.6  (DPF)



29

(XL) 

(XC) 

XL = XC

 

 DPF  PF

 5

 DPF 

DPF

 7.8



30

Fluke 43 

/

-  480

-  277

1.  (kW) 43 41B

2.  DPF 43 41B

   (DPF  PF)

3.  <20 % 43 41B

   (%THD)

4. 43

Fluke 43B 

/

 8.1



31

SRG

/

 20  208 V 

 N-G 

 1 



32

www.fluke.com.cn
www.fluke.com

 (010)65123435

 (021)61286200

 (028)85268810

 (029)88376090

 (0755)83680030

 (023)86859655

 (0991)3628551

 (027)85743386

 (0531)86121727

 (024)22813668/9/0

 (025)84731286

 (020)38795800

400-810-3435

 (021)54402301

 (0755)86337229

  

  EC&M Practical Guide to Quality Power for

Sensitive Electronic Equipment EC&M 

 2 
  Dranetz Field Handbook for Power Quality

Analysis Dranetz 

 Ontario Hydro Power Quality Reference

 Guide Ontario 

 Fundamentals of

Power Quality

 IEEE  1100-1992 Recommended

Practice for Powering and Grounding Sensi-

tive Electronic Equipment

  (EPRI) Electrotek

Concepts Power Quality for Utility

and Industrial Applications

 Power Quality Assurance Magazine

  CAT III-600V  (CAT III-

1000V) 

800919 - NTSC

800927 - PAL

609104

609096

kVA kW kVAR kVA kW kVAR

PF DPF PF DPF

TrendPlotTM PC PC 4000 

 51  31 

20 ns 1 250 /

/ 100 ms /

/

/ 100 ms /

FlukeView® FlukeView®  41 EventView® 

/

20 MHz 


