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1. FACE (Field and Corona Effects) Basics

What is FACE
FACE History
Salient Features
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4. Application Areas
2. User-Friendly and Intuitive GUI

3. Examples & Validations
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1. FACE Basics: FACE ?

* Field and Corona performance is an important consideration
when designing & operating HV lines

e Evaluates the overall environmental effects of HV AC, DC, or
AC/DC hybrid power lines, namely
— AN
— Rl
— Corona Loss
— Static electric and magnetic fields
— lon fields, ion currents, ion charges
* Produces Lateral profiles specified by users
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1. FACE Basics: FACE History
 FACE Development was initiated at MH Hydro in early 19805/,

* FACE Development & validations were continued at MHI
(HVDC Research Centre) from 1987 — 1995,

* Significant improvements, 04/2006-07/2007,

- RI, advanced computation method
- Highly Efficient ionized field computation
* User friendly and intuitive GUI, 2016-now,

* Evolved to a commercial product.



(]
@ f.2) Manitoba
N\ HYDRO INTERNATIONAL

Field and Corona Effects

1. FACE Basics: FACE Features

* Predicts the field and corona performance of AC, DC, or AC/DC
hybrid power lines,

 Employed a higher-order successive image method for the field
computation

— & Subconductors as separate conductors internally,

* Implemented Generation Functions developed by EPRI, BPA, EDF,
IREQ ... for user’s selections through GUI,

* Most advanced Rl computation: semi— analytical method,
frequency domain model transform technique.

* Highly efficient solution method for ionized fields

* Asymmetrical bundles can be handled easily
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1. FACE Basics: Application Areas

e Existing transmission line studies, and monitoring
* AC, DC, or DC/AC transmission lines design
* Converting AC to DC and Vice Versa
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FACE GUI

T Field and Corona Effects
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Onset gradient {cV/cm)
Solving lonized Fields?
Using onset gradient?
~ Ground System
Earth resistivity (Qt)
Relative ground pemmeability
~ Plotting AN
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1 Relative Ground Permeability: 1

2 [18.60

73.00]

16.29

17.67

3 [18.60

35.01]

16.40

17.83

— T T T T T T T T T

-50 0

" Bundle Geometry

Bundle Data
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n)
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Output

Computing Radio Interferences ...
AC: BPA
Completed!

Computing Static Blectric Fields ...
Completed!

Computing Magnetic Fields ..
Ready
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2. FACE GUI: Workspace Window

* Workspace- users can define multiple projects
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2. FACE GUI: Case Property Window

* Case Property — users can edit parameters for a selected project
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2. FACE GUI: Tower Geometry Window

* Tower Geometry Window shows cross-section that includes

bundle and ground wire placement

A Fiedd and Covona Eect

B[

Workigace
[ == [T
.mk_1

=W Crout 1

AL by )
Mok i
bt e e
Bhobdiy of b VA 4
Carepet gm0
Seabeng kriged] Fusichy ¥
Linrsg orset gracent 7
w  Caround Syslom
Eath resstrety £18)
Farlghow: s e by
w  Ploiting AN

AL g emncy (Hr)
Sheacy abe fequency of AL mysbem i)

Output

File Ed2 FRun Plt  Windew Hep
¢ R Lre LAY -

D AR
1

O T Eitde O R
Ground Fes

ity TG40 41995 (0 A
mhi}mrdgﬂr-mlhﬂrj

Lezefriang  Lwy Ount (apbongp)

v X

€L AL Faskdn  Blagnetc Felds o == R

Conducion Serface Gradients [kKV/om)
Poster . 3] ¥ Ry

oy Mhan .
L5y ¥oa) a7 178

FEas0 ¥s0a] 163 183

s Tang) L 17

1647 17.87

17T

1
2
3
1 I | 555 3501]
] | |80 TA00] |
; ! |

[1as0 ¥01] 1643 1763

a0 1535
1an 1535

|Comentre] )y Fledemres
[AC: EFA
[Cemgdeted!

[Compuitirg Ststc: Bectic Fulds
Comgunted!

[oomputrg Magrets: Fusch




@ /M Manitoba

7 HYDRO INTERNATIONAL
Field and Corona Effects

2. FACE GUI: Bundle Geometry Window

* Bundle Geometry Window show a cross-section that includes
subconductor placement
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2. FACE GUI: Bundle Data Window

 Bundle Data Window shows the data for bundles and
their individual sub conductors
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2. FACE GUI: Output Window

Output Window shows code, simulation results, and error messages
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2. FACE GUI: Plotting Window

* Plotting Window where simulation results are displayed and navigated
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3. Examples & Validations

* Surface Gradient

* AN

* RI

* CL

e Static Electric Fields
 Static Magnetic Fields

* lonized Fields
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3. Examples & Validations: Surface Gradients

* |[EEE Committee Paper: "A Survey of Methods for Calculating
Transmission Line Conductor Surface Voltage Gradients," IEEE
Trans., PAS, vol. 98, 1979. Total 13 Cases

e |[EEE Committee Paper, “A Comparison of Methods for Calculating
Audible Noise of High Voltage Transmission Lines,” IEEE Trans., PAS,
vol.101, no.10, pp. 4090-4099, Oct. 1982. 20 AC and 4 DC Cases

 Robert G. Olsen, Steven D. Schennum and Vernon L. Chartier,
“Comparison of Several Methods for Calculating Power line
Electromagnetic Interference levels and Calibration with Long Term

Data,” IEEE Transactions on Power Delivery, Vol. 7, No. 2, April
1992. Total 9 AC Cases



Cases/IEEE_Validations/IEEE_SG/SG.xlsx
Cases/IEEE_Validations/IEEE_AN/0_1_IEEE_AN.xlsx
Cases/IEEE_Validations/IEEE_RI/01_RI_IEEE_1992_a_bc.xlsx
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3. Examples & Validations: Surface Gradients

[28] IEEE Committee Paper, "A Survey of Methods for Calculating Transmission
Line Conductor Surface Voltage Gradients," IEEE Trans., PAS, vol. 98, pp. 1996-2014, 1979.

FACE Results Successive Images[17) Successive Images|(13) Error
Ca=ze =F |EEE Result= |EEE Re=sults
C.P O F C.F O F C.P D, F C.P o.P C.F O F
A 15.51 14 .67 15.51 14 66 15.51 14 .62 o o0 o 0,05
ul A 15.51 14 67 15.51 1479 15.51 14 68 o . o 001
B 15.51 14.67 15.51 1475 15.51 14.68 O -0.12 O -0 01
o 14 .69 1=.59 15.69 1=3.59 148 .69 1=3.53 o o o 005
2 A 15.67 14 .49 15 .69 14 46 15 63 14 4 0.0= 003 0.0= oo
M B 15.67 14 .65 15.69 14 .47 15. 63 14 .59 0.0= o012 0.0= o.06
A 14 49 14 21 14 45 1417 14 49 1417 o O.04 o o.04
3a A 15.5 15.2 15.9&5 15.12 15.496 15.12 0.0 0.OS 0.0 003
MEB 15.52 15.2 15.5& 15.12 15.56 15.12 002 OO 002 002
A 1457 14.2 14 57 142 1457 1416 o o o 0.0
3 A 15.58 1518 15.56 15 .24 15.54 15.1 002 -0 DG OO o.03
B 15.67 15.18 15.68 15.32 15.65 15.1 -0.01 -0.14 002 o.02
A 15.27 15.27 15.27 15.27 15.26& 15.26 o ] o001 0.0
43 A 1674 1663 16.62 1&6.59 1667 16.56 006 o0 o.a7 O.07F
rMB 16 .74 1&. 77 16.68 1&6.63 16 .67 1&.75 006 o.14 0.O7 O.02
e 1498 | 15.25 14.28 15.25 14.57 15.23 O o 001 0.02
= A 131 1672 16.2 16.68 16.25 1c.6% 0,05 0.0 005 003
M B 1&.21 16 26 16.26 1&6.21 16.25 1&.23 005 005 006 o003
A 14.43 1=.51 15.2 1421 15 .22 14.15 0.2 0.7 079 -0 53
5 A 1604 15.03 16.21 15.77 1&.89 1571 -0.87 -O.7Fa -0 85 D68
MB 17.12 1519 17.03 15.92 15.9 15.87 0. O .27 22 o332
A 12.59 i7.2 12.59 17.22 12.52 17.15 o ] o001 002
Ea A 21 O 19 6 21 .06 19 58 21.05 19 45 002 002 0.0= o.12
B 21 .08 1= 23 21.18 19 75 21.05 19 48 e O.Os 0.0 0_35
o 12.59 17.05 12.59 1&6.95 12.53 1&.95 o o.1 0.0l o1
{=4a] A 271 .0 19 .29 21.05 1=.2 21.05 19 26 0.0 0.1=2 R 0.1=
M B 271 0% 19 693 21.17 19 59 21.05 19 54 -00s o1 0. o1
& 1272 1z .41 13. 72 1z.21 1=.7F 1z.21 o o1 002 o1
r A 16.58 | 14.95 16.62 15.04 1&.59 1421 -0 0 -0.05 -0.01 o.02
MEB 1562 15.58 16.23 15.27 1&c.63 15.5 -D.22 0.2 =001 003
A 11.43 103 11.43 104 11.4131 13323 o o o2 O.07F
a2 A 14 22 1z 99 14 25 1=.01 14 28 1z 92 -0 O7F 0 O -0 06 o002
B 14 26 1= 44 14 48 1= 2 14 =2 12 .29 D22 O.14 -0 D4 0,05
o 17.497 17.95 17.96 0.0 0.0
o (DC) A 19,21 1=2.1= 19.1=2 0.0 0.0
M B 19 42 19 .12 19 4 0.2 .02
A 1616 16.16 1&.15 o 0.0
10 [DC) A 210,95 20.59 20.55 -0.1 0. 06
rMB 21.39 21.13 21.58 026 -0.19
Arhverage Al Average Maximum C.F: Center Phase
MEB: Maximum Bundle Gradient 0P Outer Phase
e — —— ——
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3. Examples & Validations: Surface Gradients

[31] IEEE Committee Paper, “A Comparison of Methods for Calculating Audible Noise of High Voltage Transmission Lines ” [EEE Trans. PAS vol.101, n0.10, pp. 4090-4099, Oct. 1982.

AC Cases DC Cases
Cases 1 2 3 4 5 6 71 8 9 10 11 L 1B W 15 16 17 181 20 a0
a b c
= 1 2 3 4 3 4 4 4 4 4 & 0 8 8 71 5 8 8 1n 1|1 6 64
Phase Max | 158 169 158 176 183 184 160 198 174 226 2180 - - 149 159 128 149 125 138 13 |282 259 2 217
A AvgMax| 158 167 156 166 178 182 16 196 171 223 2160 - - 145 155 14 145 12 135 125|276 25 25 211
pory [Phse Max | 168 179 168 165 172 198 113 211 184 M5 - 155 - 155 49 B4 15 B U6 14
B AvgMax| 168 179 168 161 166 198 173 211 184 M5 - 157 - 154 W6 131 154 13 U4 133
phass Max | 158 169 158 176 171 184 162 198 174 26 - - 183 19 159 18 13 125 13§ 13
C AvgMax| 158 167 158 165 164 182 16 196 121 23 - - - 145 155 124 145 121 15 1S
Phase Max | 1582 1694 1587 1746 1822 1853 1624 199 17.44 2255 2149 148 1572 1268 1483 1248 1403 1291 |27.84 25.86 239 265
A AvgMax | 158 168 157 165 173 183 1605 1967 172 227 212 1450 1548 1241 1446 1215 1359 1244 |27.37 2501 2.4 2128
FACE |phase Max | 1684 1792 1688 1683 1701 19.83 173 2112 1844 2455 16.02 1541 1481 131 15001 1293 W44 1331
Results | B Avg-Max | 1684 1792 1687 1609 1669 1983 17.3 2111 1343 2453 15,36 1538 146 1309 1473 19 13 1326
Phase  Max | 1582 1634 1587 1746 17.03 1853 1624 199 1744 255 178 U3 1572 1268 148 1248 1403 1291
C AvgMax | 158 168 157 165 1642 183 1605 1967 1722 227 1751 1454 1548 1241 1446 1215 1359 124
002 004 007 014 008 013 004 01 004 005 031 006 018 012 007 002 023 009 [036 004 004 005
02 01 01 01 0 01 005 007 012 003 040 004 002 001 004 005 009 006|023 001 006 0.8
o 004 002 008 007 009 03 0 002 004 005 012 03 009 03 043 007 016 009
004 002 007 001 009 003 0 001 003 003 0.16 02 0 001 067 0 001 004
002 004 007 014 007 013 004 01 004 005 047 006 018 012 007 002 023 009
002 01 01 0 002 01 005 007 012 003 004 002 001 004 005 009 006
Max. errar 004 | 04 | 01 [ 014 ] 009 | 013 [005] 01 |012] 005 ] 0.40] 046 | 047 009 [018| 03 | 067 | 007 | 023 | 009 [ 036 ] 0.04 | 006 ] 0.18
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3. Examples & Validations: Surface Gradients

Robert G. Olsen, Steven D. Schennum and Vernon L. Chartier, “Comparison of Several
Methods for Calculating Power line Electromagnetic Interference levels and Calibration with
Long Term Data,” IEEE Transactions on Power Delivery, Vol. 7, No. 2, April 1992

Case # Paper FACE Avg. Max Error
A B C A B C f A B C
1 14.97 14.25 15.06 14.94 14.2 14.94 -0.03 -0.05 -0.12
14.98 14.13 14.88 15.03 14.2 14.94 0.05 0.07 0.06
2 15.07 15.93 15.07 15.07 15.93 15.07 0 0 0
3 15.42 16.21 15.42 15.42 16.21 15.42 0 0 0
4 16.19 17.29 16.19 16.2 17.3 16.2 0.01 0.01 0.01
5 13.36 15.16 14.92 13.36 15.17 14.94 0 0.01 0.02
11.69 13.95 12.5 11.67 13.82 12.5 -0.02 -0.13 0
6 19.5 20.95 19.5 19.51 20.96 19.51 0.01 0.01 0.01
7 17.42 16.95 17.7 17.4 16.96 17.72 -0.02 0.01 0.02
17.74 16.95 17.37 17.72 16.96 17.4 -0.02 0.01 0.03
8 17.24 17.45 16.13 17.25 17.45 16.13 0.01 0 0
16.7 18.14 17.62 16.71 18.15 17.63 0.01 0.01 0.01
9 18.37 19.8 18.37 18.38 19.81 18.38 0.01 0.01 0.01
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Field and Corona Effects

3. Examples & Validations: AN (audible noise)

* |[EEE Committee Paper, “A Comparison of Methods for Calculating
Audible Noise of High Voltage Transmission Lines,” IEEE Trans.,
PAS, vol.101, no.10, pp. 4090-4099, Oct. 1982.

— 20 AC and 4 DC Cases

 Comparison to BPA free software (From Teshmont)

— 8 DC Cases



Cases/IEEE_Validations/IEEE_AN/0_1_IEEE_AN.xlsx
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Field and Corona Effects

3. Examples & Validations: AN (audible noise)

[31]  IEEE Committee Paper, “A Compaison of Methods for Calculating Audible Noise of High Voltage Transmission Lines,”
[EEE Trans., PAS, vol.101, no.10, pp. 4090-4099, Oct. 1982.
AC Cases
Case # 1 2 3% 4 5 6§ 7 8 3§ 10 Mz b N L B ¥ B B 7 B
n 1 2 3 4 3 4 4 4 4 4 6§ W 8 8 T 6 8§ 8§ 1 I
BPA | 150 | 612 543 456 505 515 548 508 577 551 61 612 546 581 52 571 522 550 545 524 514
| ge | 5| 87 612 512 58 %65 SBL %6 B8 H3 605 66 55 62 %1 03 B2 63 09 H 588
50 | 603 551 466 519 528 557 544 582 566 599  6L2 547 586 529 584 52§ 567 554 541 533
REQ| 15 | 335 339 517 558 576 577 56 593 89 602 605 587 606 585 623 603 62 632 59 598
gy | 5| BI5 SE1 44 5256 RM 53 S 6005 S8 BH 06 AM 05 M6 5049 UB B5 5% 5B 541
50 | 6005 526 4392 4906 504 538 499 5655 5368 60.04 5913 SLO4 5636 5L19 3599 5149 55 5386 5L76 506
e | gp |5 | 86 B8 B8 MM BN S8 56 RE T8 HL NP B4 N6 572 6119 45 6LIL 60N BB B
50 | 5901 5339 4481 504 5142 5467 5134 5703 5507 589 5922 5120 5688 5197 57.08 5200 5664 5467 3342 515
g | O B3 N AL S SH KM HY BB TS BB BN HA DL B0 616 6006 617 04 5957 Hu
50 | 488 4884 4676 525 5255 534 5L67 SAT3 5401 5598 5574 5078 5631 5455 5816 5656 5827 5893 5607 5634
WA | 15 17 168 | 14 126 | 1 0% 115 142 0% | 207 RS0 17| 081 111 071) 02 064 064 08
cpop | D | 1B 1R LR 146 1% 10 0% 12 14 10 17 N6 152 09 | L1 075 019 08 065 03
GELS0 | 19 L7 169 15 138 103 308 117 143 0% | 1% DGM8 172 09 112 078 006 073 068 075
REQ | 12 15 144 02 15 0% 08 107 13 07 12 (S0 09 045 06 04 03 077 SO5T 004
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Field and Corona Effects

3. Examples & Validations: Rl (Radio Interference)

* Robert G. Olsen, Steven D. Schennum and Vernon L. Chartier,
“Comparison of Several Methods for Calculating Power line
Electromagnetic Interference levels and Calibration with Long Term
Data,” IEEE Transactions on Power Delivery, Vol. 7, No. 2, April 1992.

Total 9 AC Cases

 Comparison to BPA Software results (provided by Teshmont)

— 8 DC Cases



Cases/IEEE_Validations/IEEE_RI/01_RI_IEEE_1992_a_bc.xlsx
Cases/Rauma_DC/1_RI_Rauma.xlsx
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Field and Corona Effects

3. Validations: Static Electric & Magnetic Fields

 Comparison to BPA Software Results ( provided by
Teshmont)

— Static Electric Fields: 8 DC cases
—Magnetic Fields: 8 DC Cases
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3. Validations: Static Electric & Magnetic Fields

16

1)
14

Case 2—-a

n c:)

- 415KV + 518KV
- 1378k, |+I.6Ii\
- - = Electric fiekd profile

m)

20 EE R o 3 as 20

Ground Resistivity S00ohm-m
Altitude above the see level = 9 m

Figure 1.5 Case 2-a diagram, one possible upgrade to a bipolar scheme.
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Field and Corona Effects

3. Validations: Static Electric & Magnetic Fields
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Field and Corona Effects

3. Validations: lonized Field Computation

* Theory & Solutions: Online help

 Validation Examples: MH Bipole 1 & 2

1x0.96 cm
............ Q........_............‘...—T—......_......g.
el Cm‘-l F | 2x4.064 cm 10{11 TABLE 1. OPERATING VOLTAGES IN KV FOR Two
OO 00" e Q0 00 '
Pole3 © ©  Pole4 Pole2. - Poled CASES CONSIDERED
: : : : : : Polel | Pole2 | Pole3 Pole 4
14.4m
Casel -450 450 -450 0
: : : : : : Case 2 -440Q 440 -470 470
-39.105 -32.31 -25.605 25.605 32.31 38.015 ]

Fig. 1. Geometry of the Manitoba Nelson River


FACE_OnlineHelp.chm
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Field and Corona Effects

3. Validations: Case 1, lon trajectories

25

20}

-
an

Height y(m)
S

Elll |/| IIIIIII ‘ ":' I {‘IH i | IIIII|||||||I || ]

||| I \\ |'|'|'.||I|||I f

I N i ]
\I "\n I |H|"\||\""u f|||||\'|||\|.nu|l M H' H
8

-% -60 -20 40
Lateral Distance from Centre Line x{m)

0

Fig. 4a. lon trajectories at Ground Level in Case 1.
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3. Validations: Case 1, Simulation Results

20 T T T T T T T 20 T T T T T T T 20
§ 15 15}
% 15 .
= o 10 o
3 10} g 10 g
> I &)
g S 5F 5
5 5l 3
5 0 Fn
o O a o
b S sl 3
[4+] = [14]
w5l g o
o S .10} - g
© o 5
i -10L - < 15l : : : =
= A\ /] T [--staticE | B ; —J Caleuated | 1/ =
% AR ..... ol lonized B | ...... 4 20k .................... -—-@Q Calculated | e 4220

_ = Measured £ : ) : , °_J Measured ] ; o5
B 60 40 -20 0 20 40 60 &0 %0 %0 40 20 0 20 40 60 8
Lateral Distance from Centre Line x(m) Lateral Distance from Centre Line x(m)
Fig. 4b. Electric Field Profile at Ground Level for Case 1. Fig. 5. lon Current and Charge Densities at Ground

Level for Case 1.
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Field and Corona Effects

3. Validations: Case 2, lon Trajectories

.%

Fig. 11(a). lon Trajectories h = 1.5 m for case 2

20 . : —
o AN
o~ ~ - 'I -
JII_.-"’ \\I { ll_.." T -.".
L~ ) ! )
- ':‘:"-'-._‘ l'l. 1
1o :.:\‘\ﬁ\'- II". I| |
— :‘;:::"\' II"I \ l
\-Er IIIIIIII'II.II II" III| I' II |
> W
£ 10 ||'.'.H '|'
0 | 1]
& | | I | | |
T 1
(it
(1 \| |
5 ‘|| | n g “I H
“J"' (l HI\ _ .'.I;t'" | \ \ ‘ ‘
-20 0 2{] 40 U
Lateral Distance from Centre Line x{m}
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3. Validations: Case 2, Simulation Results

[
=

E
= ol -
= 20 N ,
E <
S 10 | T 3
E |II . I| :-;
o I' - % .I
5 o , 3} £
E 4 |'. (m]
L e | v E
3 10 N 4 3
ILE Y . h II-' | =
g ,." '|IJ .2
B -20¢ o ----Static £ .
= —— |onized E

3 Measured E

) —%U 60 -40 -20 0 20 40 80 80

Lateral Distance from Centre Line x(m)

-
[=

oy ]
=]

[
[=]

—
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[=]

—J Calculated
--—-@Q Calculated

= J Measured

lon Charge Density Q(anmaj

-4_%

-40 -20 0

20

40

Lateral Distance from Centre Line x(m)

Fig. 9. Electric Field Profile at Ground Level for Case a=|g 10. lon Current and Charge Densities at Ground

Level for Case 2.
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Field and Corona Effects

3. Validations: Case 2, at various meas. height h

 Demonstrate Robustness & Efficiency

N
(&)
(&)}
o

— h=15m —h=15m
_____ h=3m . -—h=3m v
20 ~-h=5m ¢ AO b R -h=5b5m |
~h=7m Vol B R h=7m
¥ h=10m h=10m

N
(8]
T
w
o
T

—_
o
T
N
o
T

N
T
N
(e}
T

Static Field Strength at Heighth tk\/m)
lonized Field Strength at Heighth (kV/m)
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Lateral Distance from Centre Line x(m)

&
(e ]
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o

-%0 60 -40 -20 0 20 40 60 80
Lateral Distance from Centre Line x(m)
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Field and Corona Effects

3. Validations: Case 2, at various meas. height h

 Demonstrate Robustness & Efficiency

150
~ 100} —
£ &
< R
£ 50t S
2 o
2 2
7] K7
[

] c
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S 50! | > -
G 5
5 L - <
= 100} S T . S— S

: : : -30¢ :
% 60 40 20 0 20 40 60 80 ‘B0 60 40 20 0 20 40 60 80
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