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An environmental measurement decoupling model for dynamic capacity increasing of

overhead conductors and experimental validation
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Abstract: The dynamic capacity increasing technique exploits the potential power transmission capacity of overhead
conductors by assessing ampacity in real-time. However, the existing dynamic capacity increasing models face challenges
such as the requirement for a large number of sensors or difficulties in the installation and maintenance of sensors. To
address these issues, a dynamic environmental measurement decoupling model is proposed. Firstly, the model establishes
the associated equations between transient temperature data of aluminum spheres and environmental variables.
Subsequently the solution accuracy of each environmental variable from the perspective of sensitivity is analyzed, and the
solution methods of environmental variables with different sensitivities are given. Finally, experiments are carried out to
validate the accuracy of the environmental measurement decoupling model. The experimental results show that the
calculation error of the model is less than 4% compared with the calculation results of IEEE Std 738-2012.
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Figure 1 Disadvantages of current dynamic capacity

increasing models
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Figure 2 Diagram of equivalent heat transfer equipment
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Figure 3 Principle of environmental measurement

decoupling model
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Figure 4 The solution steps of Newton-Raphson method
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Figure 5 Sensitivity comparison of environmental variables

XFF I NGE V., i T HRBUE R, T RA
(6) 1Y =K fife 45 SR RB 25 Ay o 0 i 2 B 2 s B 358 XU 1)
{8, T VT 55 S 4 00 1) B J58 I L AT 4 SR
J5 R 41 (6) WK Ml 45 RAF 9 fe 45 2R 5 3 T H GR
JE QAN IR T 0K A, i T e SRR G /N T X
B HCTE T R (6) v e 1 PR AIE SR RS B2, O HO3R 5
T B2 LU H MR R A R KRR £, a8 B T H I
R 1045 L)L b B, 6 H IR 8 R Fb R A
B/ B0 2 AT DL SE Ry — A B E AT 20 B, AT
PRUE AL 2 8009 TH R BE 0 AR SCICH B8 B 1Y
RCIA)ERINAE O W /m? Sy 1 47 23 A, [R1 R H iR
R RN P PR AR AT AR 2L (6) , 7T 23 S 2R A 34>
B E 2N Tao Tueos Tosoo WUTHEE 1Y V- 2 FR 5
Tk A Sy i Y B B 0, B

Tyt T+ Taso
e 3

g5 b A Ry B E AR ER R R 4 BB
10 P 458 A d i, BRIV R] A5 30 5 2 ] RO R 0 1 M A5
AR BE I AT B B HEAT IR RBE N A
PR ) TS AR A T

1) 5 45 5 A ke R A T R BT 1 R AR
BR A A7 P TR 3K B0 T B BRSO TR JF
il 9 AR B I ) B S AR R T R b A AR R
AR

2) FIFIC A5 30 00 40 3R 8T 08 B B L R L
B R VAR IR IR R B R A

3) M SR IRy FR A P A5 TS R, OR i O AR

2H AT SR A
4) FEF R AT 20 B R L 25 5 H BESER Y BRA
ERF =2/

5) R AR IO 2 A WUGE PR BT IR | H IR O AT
A (6) HRS T2k T it B R AT KA

3 A I RS 1Y) S 5 4k

B ORE L1 e T R 0 B AR R AR A A S
X 255 A Y A P AT S B 3 g xR
8 BR BRTE A R R A0 F 19 AR B R A A A
P, R B 48 K A 27 25 e TRLBSCHIE 5 45 5 B 45 S A S
BT 3 R i i, JF 5 A TEEE bR ifE 5 3R 58 T
8 A8 I O 2 R o T R AR T R 2%
3 XHRFHRES

SE A S B AR E R 5 S
B S R 6 s o PR AR i BT S 56O 5 A
FHAIR 52 56 &5 5 B BEGR BEA L & 45 51 X 6 45
JAUGHCRT H R SR BE SR AT BN, b XU S 587 5 i A
A T8 6 Ky B 5 8 SOk [ 13 A% 38 B8 B 401 52 56 5
HEAT R . H BRSSO 5 i BRI
5 RKOINEUAT ATE i R g DR AR TG H
P X U LA K H R S o kT o — AR
PE AR T HL DT AT 06 0 SARAT R B — A
fii & i HEAT SURK TR B 3 S T O H IR R KT R At
A Y R 2% BT RE i, O R ) o3 9 X HL I
8t 7 A7 ) e DA T S R CKT R B Bl 3k B Bl
A H BGRERH . B TR AR R 2 A K
PaE | DR XUV XU 45 AT BEAT O . S i



A B A S5 0 Ak g A R L S 6 211

%38 B4 6 1] [ RS 2 IR
PRI HOBRAR S hX 2 B H ARG R AT
3 £
[ rY )
2/’
=27 w8
LT = B
NS
fi ) i . ¢
—7 —V

1 AR 2 VUKD 3. KT R B 4 4 (T ) 42 ol
Ve (H B 2 45 ;5. 608 KUBL; 6. KUPL BRI 407, PR
JRGHE ARG 4S5 8. 0 ek PR35 3k Y R £ 59 3 7 A

E6 5h¥Fs
Figure 6 Diagram of experimental platform
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Figure 8 Experimental procedure

R RN FMABMA L IEEE A7 £ 3 5 45 RAF 3
Table 1 Comparison of environmental measurement
decoupling model and IEEE standard calculation results
HEGRE/, K/ IR Hi it /A R/

(W/m?)  (m/s) EE/C  Hi#  IEEE ik %
0 0.00 22.1 550.71 539.12 2.15
0 0.57 17.5 727.59 729.63 0.28
0 1.12 17.6 836.35 841.82 0.65
0 1.67 17.7 917.54 920.89 0.36
0 2.23 18.3 984.24  1002.05 1.81
0 2.78 18.7 1039.83  1036.90 —0.28
0 3.33 21.6 1060.86  1093.39 3.07
500 0.57 34.5 565.70 564.53 —0.21
500 1.12 32.6 679.06 676.79 —0.33
500 1.67 32.5 750.91 745.87 —0.67
500 2.23 32.2 817.43 812.12 —0.65
1000 0.57 30.2 563.48 556.09 —1.31
1000 1.12 28.2 688.40 685.23 —0.46
1000 1.67 27.3 775.76 767.60 —1.05
1000 2.23 25.3 866.76 873.61 0.79
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Table 2 Comparison between calculated values using

environmental measurement decoupling model and

measured values of environmental variables

HRsmEE/ K/ (m/s) Kk fi s/ HEIIRE/C IR E
(W/m?)  szbr i1 (m/s) gibr R R2E/(m/s)
0 0.00  0.25 0.25 22.1 29.52 —7.42
0 0.57 0.56 —0.01 17.5 16.75 —0.75
0 1.12  1.19 0.07 17.6  18.33 0.73
0 1.67  1.73 0.06 17.7 18.36 0.66
0 2.23 242 0.19 18.3 18.74 0.44
0 2.78 2.76 —0.02 18.7 18.78 0.08
0 3.33  3.48 0.15 21.6 19.77 —1.83
500 0.57 0.58 0.01 34.5 39.30 4.80
500 112 1.11 —0.01 32.6  36.07 3.47
500 1.67  1.65 —0.02 32.5 35.53 3.03
500 2.23  2.23 0.00 32.2  35.05 2.85
1000 0.57  0.54 —0.03 30.2 39.51 9.31
1000 1.12  1.10 —0.02 28.2 35.12 6.92
1 000 1.67  1.60 —0.07 27.3  32.87 5.57
1000 2.23  2.37 0.14 25.3 30.74 5.44
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Table 3 Comparison of environmental measurement
decoupling model calculation results between different

default sunlight intensities and zero unit sunlight

AST] I 5 BRI (W /m?®) R R i /A

500 1000
! WH/A O WE/% RWE/A R%E/%
550.71 541.16 —1.73 531.07 —3.57
729.63 720.51 —1.25 711.17 —2.53
841.82 832.88 —1.06 823.81 —2.14
920.89 912.69 —0.89 904.40 —1.79
1002.05 994.51 —0.75 986.91 —1.51
1036.90 1029.61 —0.70 1022.27 —1.41
1093.39 1086.48 —0.63 1079.51 —1.27
564.53 553.64 —1.93 542.36 —3.93
676.79 666.21 —1.56 655.39 —3.16
745.87 735.86 —1.34 725.68 —2.71
812.12 802.87 —1.14 793.49 —2.29
556.09 545.22 —1.95 533.93 —3.98
685.23 674.77 —1.53 664.08 —3.09
767.60 757.86 —1.27 747.97 —2.56
873.61 864.99 —0.99 856.27 —1.98
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Table 4 Comparison of ampacity calculation results using
environmental measurement decoupling model and

IEEE standard in different seasons

. BlsRpEE/ M/ SRETE /A W2/
b (W/m?)  (m/s) JE/C IEEEfRfE 8 %

0 0.00  26.9 52800  508.62 3.81

0 0.57 283  637.46  652.22 —2.26

FES 0 1.12 27.2  755.64  758.89  —0.43

0 1.67 283  817.03  821.51 —0.54

0 2.23 283 88232 88581  —0.39

0 0.00 221  550.71  539.12 2.15

0 0.57 17.5 72759  729.63 0.28

A7 0 1.12 17.6  836.35  841.82 0.65

0 1.67 177 917.54  920.89 0.36

0 2.23 18.3  984.24 1002.05 1.81
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