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Fig. 1 Non-synchronous sampling effect on
DFT result errors
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Fig.2 Hardware structure frame of self-adaptive
synchronous measurement unit
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Fig.3 PMU analog testing system sketch map
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Table 1 Static phase real measuring value of different site three phase signal

@)

S PMUI1 ¥ E (D) PMUZ ¥ (@) PMU3 B (®)
a Al b # c a i b # c M a tfl b # c H

00:25:01. 000 282.65 163. 32 43.53 150. 35 31.11 270. 69 126. 60 7.93 247.61
00:25:01. 066 29. 82 270.50 150. 05 257.22 137.90 17.50 233.73 114.75 354.13
00:25:01. 132 136. 70 17.62 256. 50 4.02 245.06 124. 40 340. 67 221.65 100. 76
00:25:01. 198 243.35 123.98 3.60 110. 91 351.66 231.05 87. 44 327.83 207.46
00:25:01. 264 349.99 230.93 110. 60 217.81 98. 25 337.78 193. 68 74.68 314. 33
00:25:01. 330 96. 98 337.75 217.54 324. 60 205.42 84.92 300. 91 181. 44 61.35
00:25:01. 396 203.97 85.15 323. 66 71.63 312.53 191.53 48. 11 288.58 167.55
00:25:01. 462 310. 56 191. 26 71.13 178. 22 59. 04 298.18 154. 29 34. 94 274.72
00:25:01. 528 57.28 298. 21 178.03 285.10 165. 61 45.42 261. 21 141. 85 21.92
00:25:01. 594 164.17 45. 14 284.59 32.02 272.66 152. 06 8.21 248.71 128. 18
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Table 2 Static phase contrast measuring value of different
site three phase signal

a. X5 H 1
Kol PMU % 75 R G013 8 LA B0 F (10 I

)
A O IO A ©H@Z [ A AR R TORS BE (3 A TRl S A ,
a il b # i a Ml b # c b. ﬁtg/ﬁjjbii
00:25:01.000 132.30 132.21 132.84 23.75 23.18 23.08 2 - B g ] f2
00:25:01.066 132.60 132.60 132.55  23.49 23.15  23.37 . ‘3‘E' +I:1\‘/HiMlﬂ %'5(@ 3 EP@‘Q)*ﬁ*%M{”
00:25:01.132 132.68 132.56 132.10  23.35 23.41  23.64 T BN AL S Bk B ALAR B, 30 KVARLS)
00:25:01.198 132.44 132.32 132,55  23.47 23.83  23.59 PEEHLE H (K1 W) .
00:25:01.264 132.18 132.68 132.82  24.13  23.57  23.45 AR I 25 BN FE 3 7% (JEAE 46. 08 Hz~
00:25:01.330 132.38 132.33 132.62  23.69 23.98 23.57
00:25:01.396 132.34 132.62 132.13  23.52 23.95 23.98 46.31 Hz BRI ZAL) .
00:25:01. 462 132.34 132.22 132.95  23.93 24,10 23.46 M3 R IEH,3 & PMU 7E [8) — B Z) 3 15
00:25:01.528 132.18 132.60 132.61  23.89 23.76  23.50 &AM EEARAMERE, WESAED
00:25:01.594 132.15 132.48 132.53  23.81 23.95 23.88 +0.5°,
F¥E 132.36 132.46 132.57  23.70  23.69  23.55
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Table 3 Dynamic phase real measuring value of same site three phase signal
)
L B PMU1 PMU2 PMUS3
a b #f c M a b # c a fH b #H c H
00:02:00. 000 282.56 163. 43 41.05 282.17 163. 39 10. 83 282,23 163. 33 41.16
00:02:00. 066 30.13 270.00  148.54 30. 26 271.79  148.35 29. 95 270.00  148.81
00:02:00. 132 137.52 18.43  255.92 137.50 18.39  255.87 137.35 18.39  256.63
00:02:00.198 245.16 125. 83 3. 64 245. 29 125. 61 3.19 245.19 125. 83 3.57
00:02:00. 264 352. 69 233.65  110.80 352. 88 233.58  110.92 352. 66 233.65  111.58
00:02:00. 330 99. 90 341.08  218.75 99. 98 340.90  218.45 99. 98 340.93  218.92
00:02:00. 396 207. 83 90.00  326.23 207. 68 90.00  325.91 207.73 90.00  326.29
00:02:00. 462 315. 38 196.19 74, 24 315. 32 196. 20 73.53 315.18 196. 04 74,29
00:02:00. 528 63.17 303.49  181.37 63.23 303.92  181.29 62. 65 303.54  181.61
00:02:00. 594 170. 39 51.51  288.51 170. 33 51.31  288.78 170. 60 51.62  289.04
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Table 4 Relation between cycle sampling number and
lowest system frequency under 20 ms data window

A TR R B RV R/ He
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64 19. 218
128 49.619

8 B AR G o — i o 0 A AL [
I AT A2 R R R AP 4 ) o 303 40 [ 2 ok o ]
B 9 2 325 ik e b 3 DR [0 2 S 00 S0 () 28 Bk oo )

15 OL T A7 7E 9 )8, I RT3 868 e g v ) ] 400
B0l [ 257 Bk b JE A v g%t S ASORA R A e B

K 4R,
[wms F*——Llé*

o
10 kH
Gps ———[irss ]
T

MCU qa
B 4 FHEEE E 5 R A R B R B
Fig. 4 Improvement of cycle data window

synchronous sampling circuit
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Synchronization Methods in Digital Current Differential

A NEW METHOD OF REAL TIME AND SYNCHRONOUS MEASUREMENT
ON POWER NETWORK PHASE PARAMETERS

Jiang Daozhuo', Sun Weihua', Chen Susu’
(1. Zhejiang University, Hangzhou 310027, China)
(2. Yuhuan Power Supply Bureau of Zhejiang Province, Yuhuan 317600, China)

Abstract: Real-time and synchronous measurement of power network phase parameters at different site is very important to
system state estimation, stability control, fault identification and relay protection etc. A new measurement method based on
global position system (GPS) and phase locked loop (PLL) technique is discussed. An equal phase interval sampling pulse
sequence which formed by the hardware logic circuit is used to self-adaptively follow system frequency variance, and makes the
different site synchronous sampling achievable. These sampling pulses start up A/D converter to complete the synchronous
sampling of input analog signal automatically. It effectively solves the problem of how to measure different site power system

phase parameters with high precision synchronously.

Key words: synchronized phasor measurement of electric power systems; different site synchronous measurement; GPS; phase

locked loop(PLL)





