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　　【摘要】　本文介绍一种利用采样电力系统母线上电压来计算频率及频率变化率。讨论了

减小误差的方法,此方法用在微机线路保护中,减少了一路电平检测输入量。
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引言

在电力系统稳态运行中,系统频率应保持在 50H z。当系统频率降低,将给电力系统工作

带来危害。我国目前广泛地采用低周减载装置,当系统功率缺额时,将断开一部分次要负荷,恢

复有功功率平衡,使系统频率恢复到一定值,以保证系统稳定运行和重要负荷的正常工作。传

统的低周减载装置采用将电压信号接至电平检测器中,测量电平检测器电平翻转的方法来计

算频率,此种方法通过提高测量周期的精度来提高测量精度。而采用数字化采样计算频率,可

以减少一路输入电平检测,充分利用采样值,在微机线路保护中很方便地增加低周减载功能。

1　频率的计算

采样电压信号为一正弦电压,假设电压采样期间,电压保持不变,系统频率也不迅速改变,

系统电压信号采样值可写作:

　　U (n) = U m sin2Πf (T 0 + nT s)

选用两组系统{h1 (n) }、{h 2 (n) },分别用这两组系数计算出一个U (n) 的线性组合值

　　S 1 = ∑
N

n = 1
h 1 (n)U (n)

　　S 2 = ∑
N

n = 1

h 2 (n)U (n)

式中N 的大小及 h 1 (n) , h 2 (n) 的值与采样率有关,当采样率为 200Hz时,N = 7

　　{h 1 (n) } = - 1,　　0,　 1,　 0,　 1,　　0,　 - 1

　　{h 2 (n) } = 　0, - 1, 0, 2, 0, - 1, 　0

当采样率大于 200H z时{h 1 (n) }与{h 2 (n) }中非零值和其对应的时间间隔不变,只是增加

了零的个数。

　　S 1 = - U m sin2Πf (T 0 - 3K T S ) + U m sin2Πf (T 0 - K T S ) + U m sin2Πf (T 0 + K T S ) -

　　　　　　U m sin2Πf (T 0 + 3K T S )

　　　 = 2U m sin (2Πf T 0) (co s2Πf K T S - co s6Πf K T S )

　　　 = 2U m sin (2Πf T 0) [2co s2Πf K T S - co s6Πf K T S + co s2Πf K T S ) ]

　　　 = 2U m sin (2Πf T 0) (2co s2Πf K T S - 2co s4Πf K T S co s2Πf K T S )

　　　 = 2U m sin (2Πf T 0) × 2 (1 - co s4Πf K T S ) co s2Πf K T S

　　S 2 = - U m sin2Πf (T 0 - 2K T S ) + 2U m sin2Πf T 0 - U m sin2Πf (T 0 + 2K T S )

　　　 = 2U m sin (2Πf T 0) (1 - co s4Πf K T S )
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则:　
S 1

S 2
=

U m sin (2Πf T 0) õ 2co s2Πf K T S

U m sin (2Πf T 0)
= 2co s2Πf K T S (1)

　　f =
1

2Π∗ 3 S
arc co s

S 1

2S 2
(2)

对 50H z的系统 K T S = 5m s,对式 2在零点附近展成幂级数

　　f =
1

2ΠK T S
〔Π

2
-

S 1

2S 2
-

1
6

(
S 1

2S 2
) 3 -

1
40

(
S 1

2S 2
) 5⋯〕

截去高次项得

　　f = 50 -
1

4ΠK T S
×

S 1

S 2

经过量化可得频率的基本公式

　　f j = 50 - 16 (S 1öS 2) (3)

在微机线路保护中,采样每周 12点、采样率为 600Hz,取N = 24

{h 1 (n) } = - 1, - 1, - 1, - 1, - 1, - 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, - 1, - 1, - 1,

　　　　 - 1, - 1, - 1

{h 2 (n) } = 0, 0, 0, - 1, - 1, - 1, - 1, - 1, - 1, 2, 2, 2, 2, 2, 2, - 1, - 1, - 1, - 1,

　　　　 - 1, - 1, 0, 0, 0

利用此算法的误差

　　E r = f - f j = f - 50 + 32co s (2Πf K T S )

在 44～ 56H z范围内变化时最大计算误差小于 01012H z

2　影响计算频率精度的原因

从推导出公式 3可知

f j = 50 - 16×
S 1

S 2

S 1

S 2
=

2U m sin (2Πf T 0) (co s2Πf K T S - co s6Πf K T S )
2U m sin (2Πf T 0) (1 - co s4Πf K T S )

在推导出公式 3时把U m sin (2Πf T 0) 约去。而在计算时需要把 S 1、S 2 分别算出,再相除。可

见影响计算精度为二个因素:

1)U m稳定不变

2) 采样U ( t) 的初始角 2Πf T 0

U m 随系统电压波动而改变,在建立模型时我们已假设系统电压保持不变。而实际运行中

U m 会随系统电压波动,但变化不大。但这个因素也会影响到计算精度。

若采样初始角为零度,即 2Πf T 0 = 0

或初始角很小 sin2Πf T 0 很小

则
S 1

S 2
的计算误差将很大。

实际使用时,增加一组系数{h3 (n) }, {h 4 (n) },

{h 3 (n) }, {h 4 (n) }与{h 1 (n) }, {h 2 (n) }相差 90°

使得　
S 3

S 4
=

U m co s (2Πf T 0) × 2co s2Πf K T S

U m co s (2Πf T 0) = 2co s2Πf K T S (4)

S 3

S 4
在 2Πf T 0 = 90°附近计算出误差较大
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综合式 1和 4取m ax{S 2、S 4},取相应的 S 1、S 3

即　f j = 50 -
1

16
相应 S 1 õ S 3

m ax{S 2 õ S 4}
(5)

利用式 5可以克服式 1在 2Πf T 0 在零附近,计算出 S 2 很小,
S 1

S 2
引起很大的计算误差。

另外用下面方法也可减小 2Πf T 0 在零点附近引起的很大计算误差,因为需要用到开方运

算,微处理器计算不方便,不宜采用式 6

S 1
2 + S 3

2

S 2
2 + S 4

2 = 4co s2 2Πf K T S　　　　
S 1

2 + S 3
2

S 2
2 + S 2

4
= 2co s2Πf K T S

f j = 50 -
1

16
õ S 1

2 + S 3
2

S 2
2 + S 4

2 (6)

3　滑差的计算

滑差的计算通过计算两点频率及这两点频率变化的时间。如电压频率在 ∃T 的时限内由

f 1 变化到 f 2,就可以如下式子求得频率变化率—— 滑差的平均值:

df
d t

=
1

∃T
(f 2 - f 1)　　 (H zös)

在时间间隔 ∃T 内,必须计算 f 1及 f 2,若时间间隔很短,即 ∃T 越小,
df
d t
计算误差越大。在

实际测试中, f 2取 4915H z, f 1取 49H z,若df
d t
取 10H zös,误差达± 20◊ ,若df

d t
取 5H zös,误差小

于± 10◊ 。

4　结束语

本文讨论了利用采样计算电力系统频率的方法,此方法用在微机保护中增加低周减载功

能有二个优点:

1)减少一路电平检测回路

2)充分利用数字化采集量

但是与常规的频率继电器,采用电平检测回路测周法相比也有它的缺点:

1)受电压变化影响

2)误差稍大

测周法的频率测量误差可达到小于 01005H z ,而利用采样值计算误差可达 01012H z。

在专门的频率继电器中采用测周法,提高测量精度,是很好的解决办法。但在微机保护中,

充分利用采样值来增加低周减载功能,满足用户需要,本文讨论的方法亦不失为一种很好的解

决办法。

参考文献

1　夏大洪 1W GL —12微机型故障录波及测距装置算法的研究 1华北电力学院硕士论文, 1992112

2　以最小绝对值近似法为根据的频率继电保护算法 1继电器译丛, 199113

82 一种基于数字化采样计算电力系统频率的方法



RELAY
　V o l. 25 N o. 1 Feb ruary 1997　

CON T EN T S AND AB STRA CT S (Part ia l)

THEO RET ICAL S TUD Y AND CALCULAT ION

The M a in Protection Schem e of In terna l Short C ircuit for Genera tor Tran sform er Bank of Three Gorges Hy-

droelectr ic Power Sta tion W ang W e ij ian ,L iu Junhong (5)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Based on the theo ret icai analysis and test research of the m ain p ro tect ions fo r L ong Yang X ia stat ion and E r
T an stat ion, the m ain p ro tect ion schem es of T h ree Go rges sta t ion are pu t fo rw ard in th is paper. T he first m ain
p ro tect ion fo r generato r is the un it t ransverse differen t ia l relay w ith h igh sensit ivity, the second m ain p ro tec2
t ion is the incomp lete differen t ia l relay. Fo r transfo rm er, the differen t ia l relay w ith the restra in t of scalar
p roduct of fau lt componen t m ay be used as the first m ain p ro tect ion, and the incomp lete differen t ia l relay fo r
generato r- transfo rm er is the second m ain p ro tect ion. T he differen t ia l relay of transfo rm er is restra ined by
harmon ic of square sum of th ree phase cu rren t.

Key words: T h ree Go rges Stat ion　Generato r- T ransfo rm er band　 In ternal sho rt circu it　M ain p ro tect ion
Sectiona l A lgor ithm for Open- Conductor Plus Short C ircuit Fault in Protective Relay Setting Ca lcula tion

Cao Guochen , Tan X ingquan (8)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
T h is paper p resen ts a sect ional algo rithm fo r open2conducto r p lu s sho rt circu it fau lt in p ro tect ive relay set t ing
calcu lat ion. T he algo rithm has the fo llow ing charicterist ics:

1) Sto rage requ irem en ts can be reduced.
2) T he nodal impedance m atrices of each o riginal Sequence subsystem s do no t need to be modifyed.
3)A ny type of simp le fau lt can be so lved as a special issue of open- conducto r p lu s sho rt circu it fau lt.

Key W ords: P ro tect ive relays　Sett ing calcu lat ion　Sectional algo rithm
Analysis and Pred iction of Random Var iable about the Reclose Tim e of Adaptive Recloser

Fang X ingyan , et a l (13)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
A dap tive reclo ser can discrim inate perm anen t fau lt and transien t fau lt of pow er system to decide reclo sing o r
no t, thus avo iding unnecessary impact on the system. T he adap tive reclo ser also shou ld be ab le to select the
best reclo se t im e au tom atically. T h is paper m ade a p redict ion of random variab le abou t the reclo se t im e of
adap tive reclo ser and p resen ted a algo rithm of advancing to send clo sing impu lse.

Key words: A dap tive reclo se　R andom analysis

NEW TECHNOLO G Y RES EARCH AND APPL ICAT ION

A W ay of Quickly Enabl ing D istance Protection in Fault D ur ing Swing Block ing Zhao Zh ihua, et a l (18)⋯
T h is paper in troduces a w ay of enab ling distance p ro tect ion in fau lt du ring sw ing b lock ing condit ion, discusses
the change of electrical quan tity du ring sw ing condit ion, summ arises som e sw ing b lock ing schem es hom e and
ab road, and p resen ts a realizing w ay of sw ing b lock ing based on the featu re of electrical quan tity in fau lt du r2
ing sw ing b lock ing condit ion in o rder to ensu re enab ling the distance p ro tect ion in fau lt du ring sw ing b lock ing
condit ion to qu ick ly cu t off the fau lt selct ively.

Key W ords: D istance p ro tect ion　Sw ing b lock ing condit ion
A New Schem e of Data Collection System for M icroprocessor- Based Protection Zhang Keyuan (22)⋯⋯⋯
A new schem e of data co llect ion system of m icrop rocesso r- based p ro tect ion basing on pu lse w idth m easu re2
m ent (PWM ) is p resen ted. T he theo ret ical analysis and test resu lt have p roved that the data co llect ion system
has the advan tages of h igh reso lu t ion, h igh an ti- in terference ab ility, simp le and reliab le connections, low
co st, and b road range of samp ling rate, and can comp letely sat isfy the requ irem en t of m icrop rocesso r- based
p ro tect ion.

Key words:M icrop rocesso r- based p ro tect ion　D ata co llect ion system　PWM　T riangle w ave generato r
A Calcula ting M ethod of Power System Frequency Based on D ig ita l Sam pl ing L i Ruisheng (26)⋯⋯⋯⋯⋯
A m ethod of calcu lat ing frequency and its rate of varia t ion by samp ling the bus vo ltage of pow er system is in2
t roduced. T he m ethod of m in im izing its erro r is also discussed to reduce one inpu t circu it of m easu ring level



via using th is m ethod on m icrop rocesso r- based line p ro tect ion.

Key words: R educing load as underfrequency　F requency　R ate of frequency varia t ion　M icrop rocesso r-

based line p ro tect ion
A W ide Range Quasi- l inear Con tinuously Setting C ircuit of Opera ting Va lue for IC- based Protection

Yang W anhui et a l (29)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

O PT IM IZAT ION D ES IGN

C ircuit Im provem en t and Ana lysis on P ing- pong Type Rotor One Po in t Ground Protection
ZuW e i et a l (32)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

A n imp rovem en t schem e of p ing- pong type ro to r one po in t ground p ro tect ion circu it is p resen ted in th is pa2
per. T he imp roved p ro tect ion is so m uch simp lified that its debugging w o rk is reduced, its perfo rm ance and re2
liab ility are imp roved, and its co st is low ered. T he imp roved circu it is also analyzed.

Optim iza tion D esign About The Start C ircuit of Fa ilure Protection for M a in Tran sform er
Yang Zeyu (36)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

Im provem en t of ZKH- 3 Electr ic Ra ilway Feeder Protection Zhang D ongj iang, Guo Qin j ian (40)⋯⋯⋯⋯
T he m aloperat ion cause of feeder p ro tect ion fo r electric railw ay serviced w ith locomo tive of using regenerat ive
b rak ing and pow er compensat ion device is analyzed in th is paper. A cco rding to the featu re of tract ion load, a
new adap tive impedance relay is p resen ted basing on ZKH - 3 electric railw ay feeder p ro tect ion.

Key words: T ract ion load　Feeder p ro tect ion　H armon ic restra in t

S ITE EXPER IENC E

Analysis on M alopera tion of 220kV Bus Protection in Hongtashan Substa tion of Y unNan Prov ince on Apr il 23

Cheng L ijun et a l (43)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
A L ittle Im provem en t on Secondary C ircuit of Substa tion AC Power Supply System in BSL - 10- 20 (G) A l-
terna tive Curren t Panel Yan W enzhu, Zhao D ongx ing (51)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

S TRUC TURE AND TECHNOLO G Y

Appl ica tion of Photosen sitive An ti-Solder Ink in PCB Production W ang X ian (55)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

S TANDARD IZAT ION

The In ternationa l Standard iza tion on EM C Tian Heng (57)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
D istu rbance p roduces du ring electrom agnetic energe conducting and radiat ing. M ain tain ing electrom agnetic
compatib ility (EM C) is an impo rtan t p ro ject in in ternat ional standardizat ion.

A ll p roducts pu t on the m arket have to comp ly w ith the EM C D irect ive in EU from 1st January 1996. U nder2
standing and p roducts comp lying w ith EM C standards are impo rtan t and u rgen t in Ch ina. Som e p ropo sit ions
are in troduced in th is paper such as types of EM C distu rbances, o rgan izat ion of the EM C, types of EM C p rod2
ucts, types of EM C standards and tim etab le, o rgan izat ion of IEC TC77 and structu re of IEC 1000 pub lica2
t ions, legal o r con tractual sta tu s of EM C standards, the EM C direct ive of EU , so as to p romo te EM C design
and reliab le operat ion of p roducts.

Engl ish ed itor: Zhang Zh iqiang

热烈祝贺许继集团公司成立!
《继电器》编辑部　　


