E2TEE 128
@ 200745128

Vol.27 No.12
Dec.2007

® ) &8 & it S

Electric Power Automation Equipment

T S B R W 7 N SR I i
o B 7 B WE %

RHE 2T, E5%
(HHRBKRF BAIREFR, W RE 610031)

WE, 25632 T RARGUBEL B FPARSIHHR AL ARTES B PHBEAKRLELZ Y
MPBA)VTERGARXERZ—, LT —RIMHEH(BREERE—RHLE#EAEAT S LW
AEE—Z)T, SRR AR E OB GIERARAE G PRG AT o) X GRERARE L
By E GV BRB B AR ZEG AL R A A Van Deemter 9 & 7 B FEESE T 5 A
PRI X F XGRS ZH AT A RN #E E %G ARG AT IE) R G B 00 K A X A A
T EEAR BB EHUEAARGERRy S EE, ELT GRS BORFTFT A, & GDX
502+4PORAPACK N & i 8 5 & S, A 1A £ 6t 0 & 5 2052 2%, S5 X &9

HHEERHRELENT 4%,
KEW, Gk, RGN, BREL, RS
FESES: TM 855 XEAFRIBAD . A

R R AT (DGA ) J2 HEL ) i o 2 2R 25
G RO AR D R &R
GE R RS E PERT L g B A YIS AT AT AR, 25 T DGA 1Y
L AR MR B AT B 1z i S, H AT
FH TR0 3 v o i i A R B T 0k A AR R
W 0 FIRCH filh 5 B AR 080 e BL I 21 41 % 7 BT 4L
AR R A R I3 B ARG I B B R T i
JG — R BRI B R Tz T R A 2 AT T
Oy BSIR A UMR ML R T, ST 3 B R R R T
T 2 A {ELRE A% O AT o) 55 20 00 5 A 4R IRl [ IS
Sy B P T e A M ) A TR AR AL A R
#27%5 DGA HARM KB & ] SRR A R te . X T
AR B G o B ARG, H AT
B T B 3, 56 T R EARCR B o i B
FEMAR A

BExf LA LA, EH S TR R il A
B L T 1 A 0 B ROR 23 M 9 B T i R %07
FEHIFTE 1 S AL s 7 D00 a9 g AR IR ) g
R, TR PR A 28 (G A 20 B 7 R B S
i RO E S SRS

1 @B R

38 7 R 1Y) SRR R 23 M R A IR IR AU
CRPRBE )T SR PR B I R] (35 0 5 L2 e g 1) A2 A
MU, S A il A OB AR AR o 3 TR R T
OIS e A . B SORHE IR @A 1
BT
o7 B 8 :2006 - 10— 13 ;96 B B #:2007 - 03 - 01

EETH 4 3R ET A0 B (2002]036) 5 8 ik & A 8%
FELEEBEIARMELT A

XEHS: 1006-6047(2007)12-0032-04

B3 (58 P e 33 Ak i, R 3R R AR S AR e, TR i
258 BT I AR R R R A S A A R R R AR

X I T AT [ G2 A G R R — RE R R
AR B AR E In (V) 5 TAERJEBIE 1 /T, i
LR IE 14

In[Vy(T.) ] = 2%;’} +hy (1)

S AH, R BT A LT BGR R
0 1% A G P B R AR i v 8 BR AR BL R E R R
gﬂﬁi'm-lswo

Vr(T.)=Vp+Vx(T.) (2)
Horp Ve (T) R TAERBE T, T &35 4 0y ff &
PR A — B A s A N R AR SEAR L v, 2 AH
A, PLIE ATV, 28 58
P2 B8 ) ] R AR BA AR RS e A L
tw=Vy/jF., (3)
Hor | j ARHER - F, R @SR T E A i
R
j= X[ pi/por=1 1/ [pi/po=1 ] ()
X py METEA DGR spo A EGE T HmSE
A28 (1) (2) FaX (3) al s, (o Ak e KR IR T, Fn
R F, N B 0% B ] R

(T, jF)=[y, 4 e ™ | / (jF.) (5)
2 A,=AH./ (23R) ,A,=e", | |2 0] LIS Ky
tR(chch):[VT)+A2€AM71 ] /(]FP> (6)

R Vo, A, BRI
3 (6) B G HE (L RB R 7R T
SR SECA A A, R BE PR B i s R —FF



%12 8

JEIRZE A5 R s i b G T T3S A ) B O R AT 5 @

MRPEE IS FE T AR R B RIS B0, U498
w=4t/ N n (7)
Hor on BEHREG B RECh Bk iR L 53
M B H WL, A a4 8 o [ 6, PRI BS Al
B M . Van Deemter 4 [HIHEHE T 52 1
AR B LA 2 i BA R e S ORI
A L % . Giddings XA 7 kAT T itk (H
FETE U BN AH B BE B8 i BH% , 5 Van Deemter BT i
A RO L —#E | J ik, SCH R Van Deemter
B TR
H=A+B/u+Cu (8)
K A HREY THHE B/ uw B 5319 HOM
Cu g J 0 18 TR 22 00 K9 37 3004 14 T 35 28 3
H5RWMEE F e,
PR b 5 Al e B 53 AT LA AR Sy
H=A;+A,/F.+AF, 9)
A A3 AL As BB E L
M2 (7) 5 (9) AT I 58 1 115 7 2
w=4t;\V (As+A,/ F.+ASE)/L (10)
K A, A A BFRRESEL
T T U R R B R R U TE A R R
AN R B B R T8 2o (5 35 5 A 1 L ik
A B B AR SO Y 43 A1 RO v B 0 A TR ot
iy s th 2y LA R
h(t)=Cx

1 e(z—z,()/Zn(r ( 11 )
2no

HobJo=w/4;C A UREFRI L
0 TR AR FR 20 5 1 D7 R AR

h(t) =Cx 4 ex(z—m/nw? (12)
2Tw

LR LT G AR AR A B Rt D7 R (12)
W B B[] 5 8 (6) (U S Ik 1] 077 2 (10) BRI A 20 A7 €8
T ESRCR TR 1 3 KIT R AR IR TR

2 ZHhE

EIERE B R R E S A AL A,
Ay JAs TV XTSRS, V) & A7 R 0, HoA 25
PIRRE, F XA 4%+ (GDXS502+PORAPACK N)
HF 538 CoHg CoHy Fil CoH, B S BRI
2.1V,

REL Yy, PR A ST & A MR E MR
AR S RS2 56 (SR B IS [R] 5 AR () R R
FIT LA T LA/ INGR 22 ), 12 52 56 R S A6 2% (TCD )
R A, PR TR EANAE (0.2 MPa) |, 7E AN [ A
IR (T.=323 K. T, =328 K. T\ =333 K) R il & <A
B s IE] [ —AE R R I 10 vk, IF oK (E

ST AR AR YL (T T Tos) N (838 AT 5 B2 15 8] 1
T RS 2 .

JiFaty elv/T.
JoFat |—=Vp=A, e/ (13)
J3latrs et Ts

S Fu ot SRS § U R R T
MEUE R BN A ARLR B st [R], Hod iR (4) 2k 15
RV HEA AL AV 3D RFNERN 3 47

RIS R ARV, X (14) R .

IH(M _ U/ Ta=1/T,
JaFotr=Vy 1/T,-1/T,

J1Fatu=Vo (14)
JaFate=Vn

K Matlab #H TEUE BT A, SR7S V=128 mL,
22 A, fA,

XIS, A F A, R[E BT ART R H & 25
SR BRSO SE L, S H R 6 4 Sk
(LA N, BIEA,&H H,.CO CH, .CH, C.H, C,Hs 55 6
FRARBL ), 7% 5250 R AU B 7R IR (FID ) A
SR, FHIRL CoHg M), UL A F1 A, FRREGE R

45 A 0SB AE (0.2 MPa) |, 76 A [ AR IR (T, =
323 K. T,,=328 K) T I 5 S AR PR B4 B () SR i 33
HOSE 3 NS w0 EA AR, Bt
W (T To) T AT AR B8 B ) (4 3153 AR A5 51

[le-ltRl et/ }
JoFotr etTe

Bk vy Bk A5 (128 mL), Fr L (15) B &

AL A2 DARER 2 4E 7 FR A SR AR5 R WX (16)

In

_vD:q (15)

1 N n( l:lE-ltRl_VD )
1/T,=1/T, JoFate=Vy |
[Al ]: ) ) I L (16)
A, [lR(Tul’]lE-l)leE-l_VD} X T

1 Fatp =V
(l/Tcl—l/Tcz)/ln(m)
XF T CoHg S AL AL 23512 2500 K e *® mlL,
A HR A CoH, AU A AL 539028 2542 K e mL;
CoH, 54 ,A A, 43510 3244 K e mL,
23 A3 AL FIAS
FREUAS AL T A, R 6 4145 (LN, N
K<, & A H,.CO.CH,.CH, CH, CHs 55 6 F Uik
B )R Ry S 6 A, U B TR T 8 (FID ) A i
Ak, SR AR O R A TR R R S I 7R
3 PR [ S0 # BE (F,,=65 mL/min . F,=75 mL/min ,
Fs=185 mL /min) & 58 Bl A% B B 1] 006 58 19 00 2
156 N7 3 PR AT B 04 58 5 AR (P ) A 5

(wi)? As+Ay/ Fa+AsE,
(=AU g a FpeAsE, | ()
(w3)? As+A,/ Fa+AsF,

KA RHEH A3 Ay As3 DRI 3 4EJ7 e

H R

A; 1 1/Fy Fy ['wi/th

Ay :FX 1 1/F, F,| \w3/t}, (18)
As 11 1/F; Fs; w3/t

i‘i‘%"?ﬁa‘gu ,CzHG\C2H4\C2H2 3 jFEPL:Q'MK E‘J%%{é& :A3
3 B8 0411 m,0.392 m.0.352 m;A, 2094 1.9 em?
/min.1.1 em*/min.1.7 em*/ min;As 53 54 2.3 min/

cm?. 3.8 min/c¢m?.2.9 min/ cm?,



@ R EE T

£27 %

3 SRR

AT FHSE 6 45 B S5 A R e gl i Oy R
B A RPE ARSI s R S B TR S SE G
M A TERE A DR EN 0.2 MPa, (8354 H 1<
J4 0.19 MPa, {63345 1 0 33 % & 75 mL/ min,
R R 328 K b AR A4 5. H,=97.0 wL/L,CO=
99.0 pL./L,CH,=50.1 wL/L,CH,=50 pL/L,C,H,=
50 wL/L,CHe=50 pL/ L,

R A RS R 1 R,

10 1 ) 14
8 13
2" )
7 —
34 £
~N
2 11 ©
0, ............. P —O

Bl Rt ESER
Fig.1 Comparison of measured and calculated results

BIL b i 2 02 U 2 1 R D 4% (FID) Y f h r
FESE £, S22 THR i i) SRR B Bt 2¢
2 Z5 i Ee AT I 3 AR 3 X L L0 L LBE A
AR, TR AR SRR B B 24 59 O U
TR A LR R 2, B LAR KRR (1) k(1)
S MR A1 SN 5 AL 45 X 2% A AR B S 1 1 T8 T
SEMY, 20 45 SV BRI g8 100 wL/L i C,H,
B H A 3863 mV 3 100 /L () CH, B 4
330.7mV ;i 100 pL/L A CHg IF i i 412.1 mV, fir
Ak ()5 SLANE

3307(mV-L/uL) <55 1 IS5 %)
E(t)=14.124(mV-L/pL) 1<% 2 MELEHATZ) (19)
3863(mV-L/uL) <% 3 LS AT %)

LU 35 S S R #45 1) RE R A S R 2k
FRISEER iR 2N 2.1 %, R 2 E XL (20), %
R 25 AT DA SRR 06 | AR 5 R S D I () A 25 iR 25 4
A RAE 3 AW TR I B iR 22

a:\/Jl'[u(m—cu)xku)}zaz/ [ w@adr 20

HA 4,=1.8min,#»=3.4 min,

AN, U 3 PR AE 3 NRJE A (318K 328K,
333K),3 FA R E (55 mL/min .65 mL/min,85 mL/
min) I, 588 T 27 415050, B —H MR 2ZE/NF 4 %
(1),

x13HBESHIBHERE
Tab.1 Separation calculation errors
of three typical gases %

ks WTIMERZE WR2IRE S W3 MiRE
(mL-min™) 318 K 308 K 333 K 318 K 328 K 333 K 318 K 328 K 333 K
55 24 29 21 19 31 32 27 22 35

65 32 1.7 32 22 24 17 23 34 29
85 19 38 35 36 29 19 22 31 18

4 45if

AR DL DGA AR S FEfli i iy i f Rk
D He ARAF B 92 i A AR o B b i G
FR Z — BT A5 53 B8 KT (9 B A R A
R TE A S BT A% T ) 7 AR 4 o T R AR B
AR R AR PERERR B A B X, 23 et H 20 Bl
B T M Van Deemter M i 7 B2 i &
Sy AR TR BN T AR A B R BT TS E i
ZH I BN E S8 BT, BT SR g

R T As R 28 4L g R W] IR ZEH/INT 4 %,
SE .

[1] DUVAL M. A review of faults detectable by gas-in-oil analysis in
transformers[ J ]. IEEE Electrical Insulation Magazine,2002,18 (3) :
8-17.

[2] DUVAL M. New techniques for dissolved gas-in-oil analysis
[J]. IEEE Electrical Insulation Magazine,2003,19(2):6-15.

[3] JARIZE, )7 4 v 45 28 JR 285l vh BB SR 9 2 4 T O
[J]. Pimd 28HE K524 ,2006,41(2) : 150-153.

ZHOU Li-jun,WU Guang- ning,SU Chong,et al. Compound ap -
proach of predicting fault gases dissolved in transformer oil[] ].
Journal of Southwest Jiaotong University,2006,41(2):150-153.

[4] GUARDADO J L,NAREDO J L,MORENO P,et al. A com -
parative study of neural network efficiency in power transformers
diagnosis using dissolved gas analysis [J]. IEEE Trans Power
Delivery,2001,16(4) :643-647.

[5] MIN Sang-won,SOHN Jin-man,PARK Jong-keun. Adaptive fault
section estimation using matrix representation with  fuzzy
relations[ J ]. IEEE Trans Power System,2004,19(2).842-848.

[6] sk53 20 XU AR A Bl il G 8 R 7E YU 8 T 2% il v U b

FEAE AR DEFE L) ], R L TR 2402, 2001,21(8) : 10- 14,

ZHANG Yong,LI Xin,LIU Jun-hua,et al. A new datum fusion

technique for pattern recognition of four characteristic gases in

transformer oil [J]. Proceedings of the CSEE,2001,21(8):10-14.

ST RN R AL TR T R R AR 43 BT Y A

MESIAE IR GE[ )], P4 22 303 K224, 2000,34(4) :23-25,32.

WU Hao-yang, CHANG Bing-guo,ZHU Chang-chun. Gas sensor

array system for analyzing fault in transformer[]J]. Journal of

Xi’an Jiaotong University,2000,34(4):23-25,32.

FORT A,GREGORKIEWITZ M,MACHETTI N,et al. Versatile

headspace and electronics for measurements with gas sensor

arrays | C ] Vi Proceedings of the 17 th IEEE Instrumentation and

Measurement Technology Conference IMTC). Baltimore,USA:IEEE,

2000:1458-1462.

[9] LIU Xian - yong, HUANG Feng - lei, WANG Xia,et al. Optimum
optical length of the gas cell used for monitoring gas - in - oil
with FTIR[J]. Journal of Beijing Institute of Technology,2003,
12(1):59-63.

(107 22208, A J7 i ik v e, 45 JH 1708 s 48 70 2 0 e 1L 21

ShERTHI)]. RS H3M6,2005,29(18):62-69.

LI Hong-lei,ZHOU Fang - jie, TAN Ke -xiong,et al. Quantita -

tive analysis of FTIR used in transformer on - line monitoring

[J]. Automation of Electric Power Systems,2005,29(18):62-69.
CL1] PhAHT  WRA AR, 28, 45 o LB s i i i U TE LR M S

SRS MR [M . b st B AR, 2003.

[7

[

—
o0
[}



%12 8

JEIRZE A5 R s i b G T T3S A ) B O R AT 5 @

(127 BERA . 6T 78 R f il P s i UM e R M i 233 [ ], e
HiAR,1998,22(5):49-55.
JIA Rui-jun. Review about gas dissolved in transformer oil on
-line detection[] ]. Power System Technology,1998,22(5):49-55.
[13] ARAKELIAN V G. The long way to the automatic chromato -
graphic analysis of gases dissolved in insulating oil[]J]. IEEE
Electrical Insulation Magazine,2004,20(6) :8-25.
(14] VFERE. BRSO @A (M ], dbat e Tolk i idt,2004.
[15] R&EFT, )5 AR, AMEaEsa i BOjE[)]. @i,
1999,17(6) : 544 -546.
WU Zhi - yong, FANG Fang,ZHOU Jian - ke. Simulation of gas

chromatographic peak motion process[]J]. Chinese Journal of

Chromatography,1999,17(6) : 544 - 546.
(REHRE: MEX)

EEE N

AAE(1978=), B Hrix LA # 06 LA A A
77 8 A AR AR S B 5 347 (E-mail : zhoulijun@home.
swjtu.edu.cn) ;

7 T(1969-), % e wA R L LT &
H o AR AR S AR B RS

EFK(1983-),F , EHRBFAMUA AR A, FRF @
A AR AR S B B B

Chromatographic column separation equation of
gases dissolved in transformer oil
ZHOU Li-jun,WU Guang-ning, WANG Yun-fei
(Southwest Jiaotong University ,Chengdu 610031, China)
Abstract: The chromatographic column separation equations are used to improve the reliability of
DGA (Dissolved Gases Analysis) for the DGA - based on -line monitoring of power transformers. The
formulas for calculating the time of gases with different speeds retaining in chromatographic column

are set when the temperature of column and the air pressure difference between input and output

ports are constant. The relationship among peak width,plate number and remaining time is set

according to plate theory,the relationship between peak width and gas velocity is set according to

Van Deemter’s plate height equation, and the relationship among peak height,peak width and

remaining time is set according to Gauss distribution principle. The distribution curve of output gases

is thus obtained and the mathematical chromatographic column separation equation is created.
Experiment is designed to determine the parameters of separation equation of GDX 502 +
PORAPACK N chromatographic column,and result shows the calculating error less than 4 %.
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