BC 1R 2 a8 0 A B BT & U S84 RO SE B AR U 75 58
1.518

ARKEMREP, IEMNENNEREEEXEEN/ER. MERMXZFMNERESR, &
B AR AL T BMPEX TR R SR E 1 . KR E R AME LA E A K B 1L iR & RIF 1S
HEBEE, BEXNRBBRELIHETT (FTU) BEN BHERTRE 24T, s NEBEME
RN AAEITRSRBEERHIAE, AREEESITEREMIRFZPRELEREMES
i, SRR TimescaleDB #iE-€F/ SQL Eif), UUISKIEIER B E1A N
MR, REERAX TR XBHERD GIRE, EsfE, KERE, SREEME
R E, FRARWENH RS R, ELSEIKERISENHIEZANEKSR, RS
B 7 AL IR 2 B3R B R R MR U B 4t — N AT TROAE 2R

2. BFrEERE R A ZRORELR

ATEHEINEAFEHHIEENEMEERERETH_RNE. BTEEHRIZHEMMN
ERE$E https://omhost.net/misc2025/ftu-fault-types, L FZR DL ZREFHNEHRAE M
[ER— AR IR AR A ERHITHEERIZ. TERFRMAS, NMERAMZEEREN
SKERZ R KB HRIX L SR,

o IR [E (Short Circuit Faults):

=1R5E %

18 B 52 R

5 AR Hh AR B

e85 %3 B%

EREMER
¥ [&E (Ground Faults):

EiE s

= FE i it s S

B] X1 i th s =

T BB I A Hh A P

Z Mg E
o KEMPE (Loss of Voltage Faults):
EEXE
B X E
iR A BB R KR
BERE
BB AN 1
o IE#[E (Overload Faults):

o BRI
o FEIE

°
W§ © 0 o o o

o O O O O

o O O O O


https://omhost.net/misc2025/ftu-fault-types

o NEHANH
o KHITE
o EBHEIHK
o MWER#[E (Open Circuit Faults):
o FIEETER
7 A8 T B
=1HET RS
] &1 BT B
thE 4 R

ZRORMABIRREX THRAMNKIEZHANEH NN RREXER. BEREITEE
KA A= B FT AR B A A R BERRANTABA PR 4E 50 . 140, RO R RIMEIEIRFIE
MERFEEEE, RNENEATRNFENEERR . EBUHSIEEE S REEEMNR
mERE, SEESRERRMNFRFEEMRENE, H—HE LlRETEEFESHER
 FEEELAN, IRARAER, TRESBARBRZRT, KL, EERNBE
BOEMBPFFERE MR FHREESHEREEXEE .

o O O O

3. MERIAS TS SQL EFRIT

ATFEMAEA T AT ESERBREBERHN-RNE, XFEIZRSE, HiahiEE
MIZE BN HIEPM R AR BSFERRIA, X[FI RS \*ﬁ'Eﬂ.uu.s BE. FFBRU
REMBXSHHOTIE, AR, SIRERIZHMENEIECERRX R ITH M) TimescaleDB
SQL &if), U NIXLHIEF R, XLEERIFEEEME R TH A TimescaleDB BB FE
.

e 3.1. 52 & [E (Short Circuit Faults)
o 311. =1HEK
n ORI CMAEZHBREALEEN, FNTE=MHBERE THE, RPEE
(WJZIEI BTERES. JAETES) @ E SRR ', ERSIEEE EA RS MEBERR

n SQL Eif)RHI:
sQL
SELECT time, device _id,
CASE
WHEN current_phase_a > threshold_high_current

AND current_phase_b > threshold_high_current
AND current_phase_c > threshold_high_current
AND voltage_phase_a < threshold_low_voltage
AND voltage_phase_b < threshold_low_voltage
AND voltage_phase_c < threshold_low_voltage



o

THEN 'Three-Phase Short Circuit'
ELSE NULL
END AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND (current_phase_a > threshold_high_current
OR current_phase_b > threshold_high_current
OR current_phase_c > threshold_high_current)
AND (voltage_phase_a < threshold_low_voltage
OR voltage_phase_b < threshold_low_voltage
OR voltage phase_c < threshold_low voltage);
U L EBRARERIAE S AHNMEZHEREERNBIEEBRERET
f%, threshold_high_current #1 threshold_low voltage HERIEIEZRMIES
SSITSHRE L. BRIBMMEE TREENEETM TR ATEREH
SEIRFNH B fEIE R, A TimescaleDB B9E DK% (45130 LAG B¢ LEAD) %
MXLESHHTLETLUIRHETE § MR NEEE °, a0, X6 ENERE
HIRIEMNFEBEMDR TEE™ ERIRAE HIER. ATLER LAG 2716
BB BRI B EE SR — et E B (a0, JLAHPED FMERTHR., NRE
EBIEANRE, NATLfitRERER.

3.1.2. 1HIE) 5T B

SR HhFAMEBRRIEEEMN, RHXFEZEMEETE, K22
RIS AT RE R BN IERE %
SQL &Rl
sQL
SELECT time, device _id,

CASE

WHEN (current_phase_a > threshold_high_current AND

current_phase_b > threshold_high_current AND voltage_phase_ab <
threshold_low_voltage)

OR (current_phase_b > threshold_high_current AND
current_phase_c > threshold_high_current AND voltage_phase_bc <
threshold_low voltage)

OR (current_phase_c > threshold_high_current AND
current_phase_a > threshold_high_current AND voltage_phase_ca <
threshold_low_voltage)

THEN 'Phase-to-Phase Short Circuit'
ELSE NULL
END As fault_type
FROM telemetry data



@)

WHERE time > NOW() - INTERVAL '5 minutes'
AND ((current_phase_a > threshold_high_current AND current_phase_b >

threshold_high_current AND voltage_phase_ab < threshold_low _voltage)
OR (current_phase_b > threshold_high_current AND current_phase_c >

threshold_high_current AND voltage_phase_bc < threshold_low_voltage)
OR (current_phase_c > threshold_high_current AND current_phase_a >

threshold_high_current AND voltage_phase_ca < threshold_low_voltage));

**RER*BR T AEHhEB E, W £k (B BBk (voltage_phase_ab.

voltage_phase_bc. voltage_phase_ca) o] LA R # X Fia B B py 58 BIA(E

N o

3.1.3. BAREEMIGER

R HP—MHBRIEELEN, R ZEMBETR, SFRThSEM
c EAMIEMMRE S, HMEREEERAMEFBR
SQL &)= Hl:
sQL
SELECT time, device _id,
CASE

WHEN (current_phase_a > threshold_high_current AND
voltage_phase_a < threshold_low_voltage AND zero_sequence_current >
threshold_high_zero_current) THEN 'Single-Phase-to-Ground Short Circuit - Phase
A

WHEN (current_phase_b > threshold_high_current AND
voltage_phase_b < threshold _low_voltage AND zero_sequence_current >
threshold_high_zero_current) THEN 'Single-Phase-to-Ground Short Circuit - Phase
5

WHEN (current_phase_c > threshold_high_current AND
voltage_phase_c < threshold_low_voltage AND zero_sequence_current >
threshold_high_zero_current) THEN 'Single-Phase-to-Ground Short Circuit - Phase
o

ELSE NULL

END AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'

AND ((current_phase_a > threshold_high_current AND voltage_phase_a <
threshold_low_voltage AND zero_sequence_current >
threshold_high_zero_current)

OR (current_phase_b > threshold_high_current AND voltage_phase b <
threshold_low_voltage AND zero_sequence_current >
threshold_high_zero_current)

OR (current_phase_c > threshold_high_current AND voltage _phase_c <



o

o

threshold_low_voltage AND zero_sequence_current >
threshold_high_zero_current));

YRR B F BRMNEFEEIRN NS EKEN X BIER. SFBRRMRES
BUR T RE R ERE .

3.1.4. Bl5E R

R UM FR BN BB RIR T NAFE, BEHESMIES, BEHMATEE
K. SEEMERMAL, BilERINSIEERAENTRHERIE, XE[NER
fEl T R R MR 2,
*SQL BEWRITER  *NETFTHEMRERN BIIER AT et E A %, o
RERERAHMESHERRINFFZIER, A, ERER RITLUF
BRI BREAME R,
SQL &R (R - AIREREH —F TEH)
sQL
SELECT time, device_id,
CASE
WHEN ABS(current_phase_a - LAG(current_phase _a, 1,
current_phase_a) OVER (ORDER BY time)) > threshold_rapid_change
AND ABS(current_phase_a - LAG(current_phase_a, 2,
current_phase_a) OVER (ORDER BY time)) < threshold_rapid_change
THEN 'Possible Arcing Fault - Phase A’
ELSE NULL
END As fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '1 minute'
AND (ABS(current_phase_a - LAG(current_phase_a, 1, current_phase_a)
OVER (ORDER BY time)) > threshold_rapid_change
OR ABS(current_phase b - LAG(current_phase_b, 1, current_phase_b)
OVER (ORDER BY time)) > threshold_rapid_change
OR ABS(current_phase_c - LAG(current_phase_c, 1, current_phase_c)
OVER (ORDER BY time)) > threshold_rapid_change);
B BRI ERRE 1 2B AERERERAEATL, AEBRIKE
ZIEFRERIE, threshold rapid_change FEE#TIRZ, LURBIFHNITH,
MASFEEMRBIKRII MALKR . ST 5 47 7] BE TR A 2t N 5 B Al fE4E
FHEMNE ", XAIRES R (E A TimescaleDB ¥ BER SHEM O TEER,

3.1.5. ERMER

*RIEEMERRER, SBEESMNRERRMEZHNEETR, K
BN JLFILENEE %,

**SQL EHRA R UF=ZHHEEERER, EERRAEFAREES, BE
HMEEE, FEAMEFEEE.



SQL
SELECT time, device_id,
CASE
WHEN current_phase_a > threshold_very high_current
AND voltage phase_a < threshold _very low voltage
THEN 'Bolted Fault - Phase A’
ELSE NULL
END AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '10 seconds'
AND (current_phase_a > threshold_very_high_current
OR current_phase_b > threshold_very_high_current
OR current_phase_c > threshold_very_high_current)
AND (voltage_phase_a < threshold_very low_voltage
OR voltage_phase_b < threshold_very low_voltage
OR voltage_phase_c < threshold_very_low_voltage);
BRI BREREMNEEO (10 #) AERRS B RIRIEMBES
#, RPAGFETEBLAMSIE, NREENHIEPICK T R EEHRERE
HE, IR EBEHERNE HEIL,

o 3.2. EHEKE (Ground Faults)
o 3.21. EiEiEHhEE

R —HEBSES KM AMERERE, XFSREFBREEIEM,
M PEM R B EF T
SQL &Eif)xRHl:
sQL
SELECT time, device_id,
CASE
WHEN zero_sequence_current > threshold_high_zero_current
AND (voltage_phase_a < threshold_low_voltage OR
voltage_phase_b < threshold low voltage OR voltage phase c <
threshold_low_voltage)
THEN 'Solid Ground Fault'
ELSE NULL
END AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND zero_sequence_current > threshold_high_zero_current
AND (voltage phase_a < threshold_low voltage OR voltage phase b <
threshold_low_voltage OR voltage _phase_c < threshold_low _voltage);



B BRI RN LUE TR R R R T AR AR R,

o 3.2.2. Bz

R HIERER ER EEMR A EEE (G0, BT ERET RiEEE
S K ) . GERENBEMRL, XSEREREMSFER, MMEE
LR, SMEEMBETREREE, ER—ERIE,
*SQL BEWRITER RN SHEN S EREEELH RN BERREBRF
HRARFERBMEFZMAEZ AMERESEFIFASREETERLE
B,
SQL &R (HBAY - AR EH# — P TE)
sQL
SELECT time, device_id,
CASE
WHEN zero_sequence_current > threshold_moderate zero current
AND zero_sequence_current < threshold_high_zero_current
AND (voltage_phase_a < threshold_normal_voltage OR
voltage_phase_b < threshold_normal_voltage OR voltage phase c <
threshold_normal_voltage)
THEN 'Possible High Impedance Ground Fault'
ELSE NULL
END AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '10 minutes'
AND zero_sequence_current > threshold_moderate zero current
AND zero_sequence_current < threshold_high_zero current
AND (voltage_phase_a < threshold_normal_voltage OR voltage phase b <
threshold_normal_voltage OR voltage_phase_c <
threshold_normal_voltage);
EB L BRERETHIEREERETFSRENSFER, UREBERN
BWIRE, X RERAGFE S i,
threshold_moderate_zero_current MBS ZF AR AE, LBRIRIRFR
o

o 3.2.3. [H &R B Hh K T

PRI E E REBROEMSIE, XESFBUTLNLE. REZFRRKIEET
VAR KB [B] AR A RT3 15 B K B I 7 iR A R BEROAR R IR

*SQL BERIRITER  *FEEN T — RN ENABE S FIERX, TimescaleDB #
time_bucket R ATAFIT B ENBEONSFBRRIENE=E,

SQL Eif);R4l:

SQL



o

o

SELECT time_bucket(1 minute', time) AS minute, device_id,
COUNT(*) As ground_fault_count

FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'

AND zero_sequence_current > threshold_high_zero_current
GROUP BY minute, device_id
HAVING COUNT(*) > threshold_intermittent_count;
U BRTTERIAE S MR ELHEFERBEISRERNRE, R
T 8BS E 4 threshold_intermittent_count, N A 883k BA7E 7E (B B 14 1 th %
BE . (R BRI d th Ak P S5 4 RO ST ZR RN 42 A B mT LUIR R B X MBI E 215

mneNo

3.2.4. i BRI M AL (%

R R TFEEXS I EESE, B80T Bl MER % (RHN S
. BENSIERS)
*SQL EWRITB R **Ale S R FF BRI AT B2l E AN 857
EXRNHAE,
SQL &Rl (HBATE)
sQL
SELECT t1.time, t1.device_id, 'Ground Fault with Arc' AS fault_type
FROM telemetry data t1
JOIN (

SELECT time, device_id

FROM telemetry data

WHERE time > NOW() - INTERVAL 1 minute'

AND (ABS(current_phase_a - LAG(current_phase_a, 1, current_phase_a)
OVER (ORDER BY time)) > threshold_rapid_change
OR ABS(current_phase b - LAG(current_phase_b, 1, current_phase_b)
OVER (ORDER BY time)) > threshold_rapid_change
OR ABS(current_phase_c - LAG(current_phase_c, 1, current_phase_c)

OVER (ORDER BY time)) > threshold_rapid_change)
) arcing_events ON t1.time = arcing_events.time AND t1.device _id =
arcing_events.device _id
WHERE t1.time > NOW() - INTERVAL '5 minutes'

AND t1.zero_sequence_current > threshold_moderate _zero_current;
B BRI ENRES — N FEREERER, ZFERRBHRIRSR
TILRBBAEMEINEY, ARKEHEFERUETHERENER. FF

RIS N0 AY B 8] 5 A L B3R R B R A B [B] #E K B 2 R Bl E SR PR A X
#’,

3.2.5. & R EHEIE



R LA ZHERN R EENRENRE, SFERMEAS, FEHESB
EFRIEE N SEMAEFERMZ R0, ATES M E KB RRAER,
*SQL EWRITEZBR RN 2 S EAEEEANTEFERSSTHEE
RIBEMASE.
SQL &Rl (HBATE) :
sQL
SELECT time, device_id, ‘Multiple Ground Faults' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes"

AND zero_sequence_current > threshold_very_high_zero_current

AND (

(current_phase_a > threshold_moderate_current AND voltage phase_a
< threshold_normal_voltage) AND
(current_phase_b > threshold_moderate_current AND voltage_phase_b

< threshold_normal_voltage)

); -- Rl FHA (A F0 B) T B bEIE IR
U X E— A REERIRG, EREEEMEFERUARE D AERN T
Mzt S SRR (P FRRIBMANBETE) HER ERFHIRTREEE
ML At fEr st 22 REMKEMELT, S TMEBERMEMTTRETR
SLUEENARETEFER XFTEFHEITXESHZAMX R,

o 3.3. kE#E (Loss of Voltage Faults)
o 331.%EKE

SR B ZMHBERERLE, RIEEREMNARDEEERE, EURE
BRI ATEERES °,
SQL &if) =4 :
sQL
SELECT time, device_id, 'Complete Loss of Voltage' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND voltage_phase_a < threshold_very _low_voltage
AND voltage _phase_b < threshold very low voltage
AND voltage_phase_c < threshold_very low_voltage;
B RSB ERARNEERAEE I EERPHMBAETRE,

o 3.3.2. HHEILE

RO P ZEIMBEEEE TR, MXLEMAX B EaTseh AR, B9
RERER AT, ZEMMEMERLATEERE,

SQL &R :

SQL

SELECT time, device_id, ‘Phase-to-Phase Loss of Voltage' AS fault_type



FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'

AND ((voltage_phase_ab < threshold_very low voltage) OR
(voltage_phase_bc < threshold_very low_voltage) OR (voltage_phase_ca <
threshold_very_low_voltage));

RSN KR BEN FRMLERBEEXFE, XEFMHEMMBETTRE
ERIBLREE,

o 3.3.3. BAIfEEX% (Sag)

R C— R ZHEBEAEENBATE, BEFEHEXEEHNEH LK
PE5IE, BEEERRRIKE
**SQL BEWRITER *FEBENTEERMBFEFFLER B, TimescaleDB 8
time_bucket 1% O£ el A FRNEF R ESEFLM B TR,
SQL &if)7r15 (L EATE) :
sQL
SELECT time, device_id, ‘Temporary Voltage Dip' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '10 minutes'

AND voltage_phase_a < threshold_low_voltage

AND voltage_phase_a > threshold_very _low_voltage

AND time >= (LAG(time, 1) OVER (ORDER BY time) + INTERVAL "1 second’) -- B Z={E e
EREEEES 18 CrE

AND time <= (LAG(time, 1) OVER (ORDER BY time) + INTERVAL '5 seconds'); -- 37 5
PR & R
**PER L BRI EREFEREES TFIRIESREBFLER R (FELRFl &
N1E|SFziEl ) MBER, AUIMBFLENBERESTERE. RO TEEEEN
BB ERENFEREERIEETEE,

o 3.3.4.BEXE

R BERKMNEMETFIRETITEE. XAt EHTEERSHAKES
REBLBRABI EERM .
**SQL BEWRITER R UTFHRMNBERE, BEMEFRERSHREKEE
Bt [E]
SQL &Eif=l:
SQL
SELECT time, device_id, 'Sustained Undervoltage' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '30 minutes'
AND voltage_phase_a < threshold_low_voltage
AND time >= (LAG(time, 1) OVER (ORDER BY time) + INTERVAL "1 minute'); -- &KL
EREHEET 1 748 CRfl)
R BHRRERIT 30 7N AHBEERERETEREREZT 140



o

o, FERERMAHFIRE, FRAFTERTARTHREMREAR.

3.3.5. BEAT T

PRI ZAHEEMREEETRE, HBEATZ 120 E °. XAERHTFE
Er B PE S 2R
*SQL BEWRITER “FETEBEFTEHRY, XTRBEMIERF. AF
MEFRE, XATREHFEL SQL ERHHITE 8 FMWIHE, SEETENHIE
bkt EE,
SQL & rff (HBAM - #1E)
sQL
SELECT time, device _id, 'Voltage Unbalance' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND (ABS(voltage_phase_a - voltage _phase _b) >

threshold_voltage_difference

OR ABS(voltage_phase_b - voltage_phase_c) >
threshold voltage difference

OR ABS(voltage_phase_c - voltage_phase_a) >
threshold_voltage_difference);
B IR ERREREREREZRMEN ZEREEIEAN
threshold_voltage_difference, BARMITE/{ S RNHTE, BEFFEHR
SEEAFE =R R RN,

o 3.4. I EH[E (Overload Faults)
3.4.1. B

o

o

R — RS HEERERENENRMEIIEE ' TREARILASHR
FEENE, ERKIEESSHRBIR,
SQL &Ry :
sQL
SELECT time, device_id, 'Minor Overload' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL ‘15 minutes'
AND (current_phase_a > threshold_normal_current * 1.1 -- 10% & & (=41)
OR current_phase_b > threshold_normal_current * 1.1
OR current_phase_c > threshold_normal_current * 1.1)
AND time >= (LAG(time, 1) OVER (ORDER BY time) + INTERVAL '5 minutes'); -- 4%
> 5 7% (ORPB1)
BRI BRRERIA 15 2HRNERENEREFT BT EEBRN 110%
Z/0 598, REBRMEHAEMTRIIATBMMUES URBEARNE
K

3.4.2. FETH



R CBREEFBEITEE, TESBIRERIRMNRPEEHKE ",
SQL &Eif)wHl:
SQL
SELECT time, device_id, 'Severe Overload' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND (current_phase_a > threshold_normal_current * 1.5 -- 50% i3 & GRl)
OR current_phase_b > threshold_normal_current * 1.5
OR current_phase_c > threshold _normal_current * 1.5)
AND time >= (LAG(time, 1) OVER (ORDER BY time) + INTERVAL 1 minute'); -- & ZE 4>
750 GRl)
**lﬁ',Eﬁl > EEEHENRRENRGRE MM REEXR,

o 3.4.3.5EHITE

R BRGNS, B EETEANENHRB EBNMERSIEN,
RPZEERRERITAEBRZXLEEHT R
*SQL EWRITEZBR »FERX S EEME AT RS EF R, AleEE REF
B 7R SR g A 42 A (R FONE E
SQL &Rl (HBATE) :
SQL
SELECT time, device_id, 'Short-Term Overload' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '1 minute'
AND (current_phase_a > threshold _normal_current * 2.0 -- 100% & (=4)
OR current_phase_b > threshold_normal_current * 2.0
OR current_phase_c > threshold_normal_current * 2.0)
AND time <= (LAG(time, 1) OVER (ORDER BY time) + INTERVAL 10 seconds'); -- $54&
B 14 F 10 # (RA5)
R BNNENFEN B AT IR REXEIEFFE
TR,

o 3.4.4. KEALHK

RN x* Eﬁiﬁﬁgﬁiﬁutﬁﬁﬁﬁﬁl‘ﬂ (BUDREHR) . TEESSHES
RFREREEHFD
SQL &R :
SQL
SELECT time_bucket('1 hour', time) AS hour, device_id, 'Long-Term Overload' AS
fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL 1 day"
AND (current_phase_a > threshold_normal_current * 1.05 -- 5% i & GRfl)
OR current_phase_b > threshold_normal_current * 1.05



o

OR current_phase_c > threshold_normal_current * 1.05)

GROUP BY hour, device _id
HAVING AVG(current_phase_a) > threshold_normal_current * 1.05

OR AVG(current_phase_b) > threshold_normal_current * 1.05

OR AVG(current_phase_c) > threshold_normal_current * 1.05;
R ERRELSE - RAFRE—/NTHFENEREERE TEEBRR
, RAFEHAEHRES ., RAKALEN FRAELEFfIRENKNEXE
=,

3.4.5. BALEH TR

PRI —FRFENEAGEREY, HRFIRERNEINEIEHER. BiR
BERXE/LHARZEEESITKE,
*SQL EWIRITER e FERANFEIRR (BH) FEIK S 3 2 H B4
=hnt:i E5 4
SQL &= #5741 (3831 - 1Ri%777E 'device_type' FER) :
sQL
SELECT time, device_id, 'Overload due to Motor Starting' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '1 minute'
AND device_type = 'Motor'
AND (current_phase_a > threshold_normal_current * 3.0 -- &i&@i# (=41)
OR current_phase_b > threshold _normal_current * 3.0
OR current_phase_c > threshold_normal_current * 3.0)
AND time <= (LAG(time, 1) OVER (PARTITION BY device_id ORDER BY time) +
INTERVAL '5 seconds'); -- #4ea4EDF 5 # GRA)
5B 5N B E S BR AR T2 BB s H E s AL R,

o 3.5. WiE&#fE (Open Circuit Faults)
3.5.1. B FEMTEE

o

o

R CHED—HBEREES, MBRENATEMAFEEEE, EEEIMAEN
NEFEERR, HthAETREHAFR THMBERFIBE
SQL &Ry :
SQL
SELECT time, device_id, 'Single-Phase Open Circuit - Phase A" AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND current_phase_a < threshold_low_current
AND voltage_phase_a > threshold_normal_voltage * 0.8; -- B EATREHATETE
(= 451)
YRR BT R X B HEARER T EEE, HFEHRRETTEH,

3.5.2. WA



R HPHEERREES, XWAEAZAMBENITNE. RIRMETEEET
SEBR BEARIRRTFAREE.
SQL &if) =<4 :
sQL
SELECT time, device_id, 'Two-Phase Open Circuit' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND current_phase_a < threshold_low_current
AND current_phase_b < threshold low_current
AND voltage_phase_ab < threshold_low_voltage;

o 3.5.3. =+tHBIER
R HEZMHERBEES, BIRBRENATREMAFERE. W THNY
A BT R EBIR,
SQL &)1 :
SQL

SELECT time, device_id, 'Three-Phase Open Circuit' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes"

AND current_phase_a < threshold low_current

AND current_phase_b < threshold_low_current

AND current_phase_c < threshold_low_current;

o 3.5.4. B ERTERTER

R CBREEMFANAES, SEERMBER. ATERHTERELS
RIFXIRZHWES IR 7,
*SQL EWRITEBR R FH S EEE, FESTERBRNEREE
HEERES,
SQL &Rl (HBATE)
sQL
SELECT time_bucket(1 minute, time) AS minute, device_id,
COUNT(*) AS open_circuit_count

FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'

AND current_phase_a < threshold_low_current
GROUP BY minute, device_id
HAVING COUNT(*) > threshold_intermittent_count;
U BRI E R 5 2 HRNESH A HERBREEREL TR,
THUR = AT BE FR BA 77 72 (R BR 1 T B



o 3.5.5. L TR

n ORI =ZMMOL RSP P LT, XSS BUEEZ T RS2 B RE
HIMAFEEHHEE, —ENHBELT, ME—ERHBEILIE, HERLE
RET T4,

n SQL BWRITER RESNEZTEE (METH) AEXKEZNTTHE,
b4y, AT ERIEFRF BRZ AN X RATREIREL R,

n  SQL Eif7RfI (AT - {RIRFFTE ‘'voltage_neutral_a'.
‘voltage_neutral_b'. ‘voltage_neutral_c' FE%) :
sQL
SELECT time, device_id, 'Open Neutral' AS fault_type
FROM telemetry data
WHERE time > NOW() - INTERVAL '10 minutes'

AND (ABS(voltage neutral_a - threshold_normal_voltage) >
threshold_voltage_deviation
OR ABS(voltage_neutral_b - threshold_normal_voltage) >
threshold_voltage_deviation
OR ABS(voltage_neutral_c - threshold_normal_voltage) >

threshold_voltage_deviation);
B BRAREEMES L ZANBEERES S EEBEFELER
=, PHLEIRE—MT=EMER, ATRRSMIFBEER,

B ERA SQL EWMIRITFEEFAZ REMKIERE M ERBSIEE. TRAME
MEIEFEURELRE, FIA TimescaleDB KB B a] LA #T B [ AR X FNa 55,
MRS ER N A RSN S H S, BN SR EEMNTEMRERERIS REL
R HFENEAMETSHACHE & RAAD,

UTREELET LA HEMNSIERE ARMBSKRIUREZRNHXBENS
2

& 1:MERE, BRI 5 X EENS KRS

FEMERTY S R S R FEEN S
8 IR fE =M% FIAE=+EBFARIEIM | current_phase_a/b/c,
 FTAE=HEEEET voltage_phase_a/b/c
&
KRR E HHIR) 52 B8 B FRE EEMN, X current_phase_a/b/c,
FHEZ B B E TR voltage_phase_ab/bc
/ca




KRR B RS IERE — BRI ERM, % current_phase_a/b/c,
EBEETE, FEFER voltage_phase_a/brc,
#m zero_sequence_curre
nt
8 IR fE BB %E B B TR RS A AL K 30, current_phase_a/b/c,
AIRETFE S SRS, BB voltage_phase_a/b/c
ERTREK BN
ERRE EREMER FEESNRIESDTR, & current_phase_a/b/c,
EMBETE voltage_phase_a/b/c
ey BEiEiE i fE SFERTELRN, % zero_sequence_curre
FEAE R % nt,
voltage_phase_a/b/c
Pt e = PR g EFERPEREEM | zero_sequence_curre
, BAPEFREE E AT HERR nt,
T& voltage_phase_a/b/c
HHhdE VB BT e FERFBIMKD, ARl zero_sequence_curre
b4 BB I SR B nt,
voltage_phase_a/b/c
i E e Al F bt B FRFERIGM, BRK zero_sequence_curre
T A HL ;K 3h nt,
current_phase_a/b/c
iR E % R i E EFEREER L zero_sequence_curre
AL IS EAER | nt,
current_phase_a/b/c,
voltage_phase_a/b/c
KEHE TekE FIE=tH®BEMZEER | voltage phase_a/b/c
%
KESPE HHEKE FWHEZBBEESZETE | voltage_phase_ab/bc
/ca
K pE i B BB, B 5% —HsZMHBEAEER | voltage phase_a/b/c

B N T &




KEMHIE BERE —HE LB EKATE | voltage phase_a/b/c
EFIEEKE

KEBPE BEAR T ZHHBEREZREZE | voltage_phase_a/blc

o 8 E B — RS ZHHEB TR MR | current_phase_a/b/c
WEEE, FE—Bat
]

o & s fE FEIR BREEEDTHEE current_phase_a/b/c

o S pE P TE-LBUE S TREIE RIS, & current_phase_a/b/c
B [H) B 52

o & s fE KEISE BRI RS THEE | current_phase_a/b/c

o A pE BHSI L& BHERHIEER | current_phase_a/blc,
, BENERE device_type

BT B AR R B HEMTRR —HEREES, BE current_phase_a/b/c,
RIRE AR voltage_phase_a/b/c

BT BR A B ETES MIEEREES, XK current_phase_a/b/c,
HZBBERS voltage_phase_ab/bc

/ca
T BR A =FEETES FE=HBEREES current_phase_a/b/c
BT R AR R (] B4 [T B BB R A e i B0 current_phase_a/b/c,
voltage_phase_a/b/c
T BR A FR L BT RR HMEEEFFHE voltage_neutral_a/b/c

LT RBSIE T HE LR IFTRANEN ZREBEDRKFFRHIRE] SQL B

& 2: ERN =G SQL B

it

SQL £

=R

SELECT time, device_id, CASE WHEN




current_phase_a > threshold_high_current AND
current_phase_b > threshold_high_current AND
current_phase_c > threshold_high_current AND
voltage_phase_a < threshold_low_voltage AND
voltage_phase_b < threshold_low_voltage AND
voltage_phase_c < threshold_low_voltage THEN
'Three-Phase Short Circuit' ELSE NULL END AS
fault_type FROM telemetry data WHERE time >
NOW() - INTERVAL '5 minutes' AND
(current_phase_a > threshold_high_current OR
current_phase_b > threshold_high_current OR
current_phase_c > threshold_high_current)
AND (voltage_phase_a < threshold_low_voltage
OR voltage_phase_b < threshold_low_voltage
OR voltage_phase_c < threshold_low voltage);

GE|Tp S

SELECT time, device_id, CASE WHEN
(current_phase_a > threshold_high_current
AND current_phase_b > threshold_high_current
AND voltage_phase_ab <
threshold_low_voltage) OR (current_phase b >
threshold_high_current AND current_phase_c >
threshold_high_current AND voltage_phase_bc
< threshold_low_voltage) OR (current_phase _c
> threshold_high_current AND current_phase_a
> threshold_high_current AND
voltage_phase_ca < threshold_low_voltage)
THEN 'Phase-to-Phase Short Circuit' ELSE
NULL END AS fault_type FROM telemetry_data
WHERE time > NOW() - INTERVAL '5 minutes'
AND ((current_phase_a >
threshold_high_current AND current_phase b >
threshold_high_current AND voltage_phase_ab
< threshold_low_voltage) OR (current_phase b
> threshold_high_current AND current_phase_c
> threshold_high_current AND
voltage_phase_bc < threshold_low_voltage) OR
(current_phase_c > threshold_high_current
AND current_phase_a > threshold_high_current
AND voltage_phase _ca <
threshold_low_voltage));

SRR - A 4

SELECT time, device_id, CASE WHEN
(current_phase_a > threshold_high_current
AND voltage_phase_a < threshold_low_voltage
AND zero_sequence_current >




threshold_high_zero_current) THEN
'Single-Phase-to-Ground Short Circuit - Phase
A" WHEN (current_phase b >
threshold_high_current AND voltage_phase b <
threshold_low_voltage AND
zero_sequence_current >
threshold_high_zero_current) THEN
'Single-Phase-to-Ground Short Circuit - Phase
B' WHEN (current_phase _c >
threshold_high_current AND voltage phase _c <
threshold_low_voltage AND
zero_sequence_current >
threshold_high_zero_current) THEN
'Single-Phase-to-Ground Short Circuit - Phase
C' ELSE NULL END AS fault_type FROM
telemetry_data WHERE time > NOW() -
INTERVAL '5 minutes' AND ((current_phase_a >
threshold_high_current AND voltage phase_a <
threshold_low_voltage AND
zero_sequence_current >
threshold_high_zero_current) OR
(current_phase_b > threshold_high_current
AND voltage_phase_b < threshold_low voltage
AND zero_sequence_current >
threshold_high_zero_current) OR
(current_phase_c > threshold_high_current
AND voltage phase_c < threshold_low voltage
AND zero_sequence_current >
threshold_high_zero_current));

AIAERYERAIEER - A 48

SELECT time, device_id, CASE WHEN
ABS(current_phase_a - LAG(current_phase_a,
1, current_phase_a) OVER (ORDER BY time)) >
threshold_rapid_change AND
ABS(current_phase_a - LAG(current_phase_a,
2, current_phase_a) OVER (ORDER BY time)) <
threshold_rapid_change THEN 'Possible Arcing
Fault - Phase A' ELSE NULL END AS fault_type
FROM telemetry_data WHERE time > NOW() -
INTERVAL "1 minute' AND (ABS(current_phase_a
- LAG(current_phase_a, 1, current_phase_a)
OVER (ORDER BY time)) >
threshold_rapid_change OR
ABS(current_phase b - LAG(current_phase_b,
1, current_phase_b) OVER (ORDER BY time)) >
threshold_rapid_change OR




ABS(current_phase _c - LAG(current_phase_c,
1, current_phase_c) OVER (ORDER BY time)) >
threshold_rapid_change);

EREMEN - A

SELECT time, device_id, CASE WHEN
current_phase_a > threshold_very_high_current
AND voltage_phase_a <
threshold_very low voltage THEN 'Bolted Fault
- Phase A' ELSE NULL END AS fault_type FROM
telemetry_data WHERE time > NOW() -
INTERVAL 10 seconds' AND (current_phase_a >
threshold_very high_current OR
current_phase_b > threshold_very_high_current
OR current_phase ¢ >

threshold_very _high_current) AND
(voltage_phase_a < threshold very low voltage
OR voltage_phase_b <

threshold_very low_voltage OR

voltage _phase_c < threshold_very low_voltage);

B S

SELECT time, device_id, CASE WHEN
zero_sequence_current >
threshold_high_zero_current AND
(voltage_phase_a < threshold_low voltage OR
voltage_phase_b < threshold_low_voltage OR
voltage_phase_c < threshold_low_voltage)
THEN 'Solid Ground Fault' ELSE NULL END AS
fault_type FROM telemetry data WHERE time >
NOW() - INTERVAL '5 minutes' AND
zero_sequence_current >
threshold_high_zero_current AND

(voltage phase_a < threshold_low voltage OR
voltage_phase_b < threshold_low_voltage OR
voltage_phase_c < threshold_low_voltage);

AIAER S PR AR

SELECT time, device_id, CASE WHEN
zero_sequence_current >
threshold_moderate_zero_current AND
zero_sequence_current <
threshold_high_zero_current AND
(voltage_phase_a < threshold_normal_voltage
OR voltage_phase_b <
threshold_normal_voltage OR voltage_phase_c
< threshold_normal_voltage) THEN 'Possible
High Impedance Ground Fault' ELSE NULL END




AS fault_type FROM telemetry data WHERE
time > NOW() - INTERVAL 10 minutes' AND
zero_sequence_current >
threshold_moderate_zero_current AND
zero_sequence_current <
threshold_high_zero_current AND
(voltage_phase_a < threshold_normal_voltage
OR voltage_phase_b <
threshold_normal_voltage OR voltage_phase_c
< threshold_normal_voltage);

(8] B4 $ Hh A4 R

SELECT time_bucket('1 minute', time) AS
minute, device_id, COUNT(*) AS
ground_fault_count FROM telemetry_data
WHERE time > NOW() - INTERVAL '5 minutes'
AND zero_sequence_current >
threshold_high_zero_current GROUP BY
minute, device_id HAVING COUNT(*) >
threshold_intermittent_count;

T B A HE A

SELECT t1.time, t1.device_id, 'Ground Fault with
Arc' AS fault_type FROM telemetry data t1 JOIN
( SELECT time, device_id FROM telemetry data
WHERE time > NOW() - INTERVAL "1 minute'
AND (ABS(current_phase_a -
LAG(current_phase_a, 1, current_phase_a)
OVER (ORDER BY time)) >
threshold_rapid_change OR
ABS(current_phase_b - LAG(current_phase_b,
1, current_phase_b) OVER (ORDER BY time)) >
threshold_rapid_change OR
ABS(current_phase_c - LAG(current_phase_c,
1, current_phase_c) OVER (ORDER BY time)) >
threshold_rapid_change) ) arcing_events ON
t1.time = arcing_events.time AND t1.device_id =
arcing_events.device_id WHERE t1.time >
NOW() - INTERVAL '5 minutes' AND
t1.zero_sequence_current >
threshold_moderate_zero current;

% RIE s E

SELECT time, device_id, ‘Multiple Ground
Faults' AS fault_type FROM telemetry_data
WHERE time > NOW() - INTERVAL '5 minutes'
AND zero_sequence_current >
threshold_very high zero _current AND (




(current_phase_a >
threshold_moderate_current AND
voltage_phase_a < threshold_normal_voltage)
AND (current_phase_b >
threshold_moderate_current AND
voltage_phase_b < threshold_normal_voltage) );

SeKkE SELECT time, device_id, 'Complete Loss of
Voltage' AS fault_type FROM telemetry_data
WHERE time > NOW() - INTERVAL '5 minutes'
AND voltage_phase_a <
threshold_very low_voltage AND
voltage_phase_b < threshold_very low_voltage
AND voltage_phase_c <
threshold_very low_voltage;

HHE K E SELECT time, device_id, 'Phase-to-Phase Loss
of Voltage' AS fault_type FROM telemetry_data
WHERE time > NOW() - INTERVAL '5 minutes'
AND ((voltage_phase_ab <
threshold_very low_voltage) OR
(voltage_phase_bc <
threshold_very low_voltage) OR
(voltage_phase_ca <
threshold_very_low_voltage));

BB BB R K S% SELECT time, device_id, 'Temporary Voltage
Dip' AS fault_type FROM telemetry data
WHERE time > NOW() - INTERVAL '10 minutes'
AND voltage_phase_a < threshold_low_voltage
AND voltage_phase_a >
threshold_very low_voltage AND time >=
(LAG(time, 1) OVER (ORDER BY time) +
INTERVAL "1 second') AND time <= (LAG(time, 1)
OVER (ORDER BY time) + INTERVAL '5
seconds');

BEXE SELECT time, device_id, 'Sustained

Undervoltage' AS fault_type FROM
telemetry_data WHERE time > NOW() -
INTERVAL '30 minutes' AND voltage phase_a <
threshold_low_voltage AND time >= (LAG(time,
1) OVER (ORDER BY time) + INTERVAL '1
minute');




BERTE

SELECT time, device_id, 'Voltage Unbalance' AS
fault_type FROM telemetry data WHERE time >
NOW() - INTERVAL '5 minutes' AND
(ABS(voltage_phase_a - voltage_phase_b) >
threshold_voltage_difference OR
ABS(voltage_phase_b - voltage_phase c) >
threshold_voltage difference OR
ABS(voltage_phase_c - voltage_phase_a) >
threshold_voltage_difference);

Bk

SELECT time, device_id, ‘Minor Overload' AS
fault_type FROM telemetry data WHERE time >
NOW() - INTERVAL '15 minutes' AND
(current_phase_a > threshold_normal_current *
1.1 OR current_phase_b >
threshold_normal_current * 1.1 OR
current_phase_c > threshold_normal_current *
1.1) AND time >= (LAG(time, 1) OVER (ORDER BY
time) + INTERVAL '5 minutes');

SELECT time, device_id, 'Severe Overload' AS
fault_type FROM telemetry data WHERE time >
NOW() - INTERVAL '5 minutes' AND
(current_phase_a > threshold_normal_current *
1.5 OR current_phase_b >
threshold_normal_current * 1.5 OR
current_phase_c > threshold_normal_current *
1.5) AND time >= (LAG(time, 1) OVER (ORDER
BY time) + INTERVAL '1 minute');

EELIOESY

SELECT time, device_id, 'Short-Term Overload'
AS fault_type FROM telemetry data WHERE
time > NOW() - INTERVAL '1 minute' AND
(current_phase_a > threshold_normal_current *
2.0 OR current_phase b >
threshold_normal_current * 2.0 OR
current_phase_c > threshold_normal_current *
2.0) AND time <= (LAG(time, 1) OVER (ORDER
BY time) + INTERVAL 10 seconds');

SELECT time_bucket('1 hour', time) AS hour,
device_id, 'Long-Term Overload' AS fault_type
FROM telemetry data WHERE time > NOW() -
INTERVAL "1 day' AND (current_phase_a >
threshold_normal_current * 1.05 OR




current_phase_b > threshold_normal_current *
1.05 OR current_phase ¢ >
threshold_normal_current * 1.05) GROUP BY
hour, device_id HAVING AVG(current_phase_a)
> threshold_normal_current * 1.05 OR
AVG(current_phase_b) >
threshold_normal_current * 1.05 OR
AVG(current_phase_c) >
threshold_normal_current * 1.05;

BALEN T

SELECT time, device_id, '‘Overload due to Motor
Starting' AS fault_type FROM telemetry data
WHERE time > NOW() - INTERVAL 1 minute'
AND device_type = 'Motor' AND
(current_phase_a > threshold_normal_current *
3.0 OR current_phase b >
threshold_normal_current * 3.0 OR
current_phase_c > threshold_normal_current *
3.0) AND time <= (LAG(time, 1) OVER
(PARTITION BY device_id ORDER BY time) +
INTERVAL '5 seconds');

S AAMTER - A 48

SELECT time, device_id, 'Single-Phase Open
Circuit - Phase A" AS fault_type FROM
telemetry_data WHERE time > NOW() -
INTERVAL '5 minutes' AND current_phase_a <
threshold_low_current AND voltage_phase_a >
threshold_normal_voltage * 0.8;

PR TS

SELECT time, device_id, ‘Two-Phase Open
Circuit' AS fault_type FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND current_phase_a < threshold_low_current
AND current_phase_b < threshold_low_current
AND voltage_phase_ab <
threshold_low_voltage;

= fRkTEE

SELECT time, device_id, 'Three-Phase Open
Circuit' AS fault_type FROM telemetry data
WHERE time > NOW() - INTERVAL '5 minutes'
AND current_phase_a < threshold_low_current
AND current_phase_b < threshold_low_current
AND current_phase_c < threshold_low_current;




(B B T SELECT time_bucket('1 minute', time) AS
minute, device_id, COUNT(*) AS
open_circuit_count FROM telemetry_data
WHERE time > NOW() - INTERVAL '5 minutes'
AND current_phase_a < threshold_low_current
GROUP BY minute, device_id HAVING COUNT(*)
> threshold_intermittent_count;

HR Lk TR SELECT time, device_id, 'Open Neutral' AS
fault_type FROM telemetry data WHERE time >
NOW() - INTERVAL '10 minutes' AND
(ABS(voltage_neutral_a -
threshold_normal_voltage) >
threshold_voltage_deviation OR
ABS(voltage_neutral _b -
threshold_normal_voltage) >
threshold_voltage_deviation OR
ABS(voltage_neutral_c -
threshold_normal_voltage) >
threshold_voltage deviation);

4. Ke g fER N 5 R EIR E

AT itA SQL EW AT LIEREISERTEE RS, LFHA FTU #E#REEI TimescaleDB
BUECESRR, AfLUELES FHRTIXLEENR, LEREZEFEERERE T, MEERREE
RENPERIGE R, WA LA R Z4R, mIR/ERIREEERBMEN @R E S K,

NEDESSHGIN, B, BE, BFEOR)RESLOMEN TARLRNKE, FNE
KRB RBARRE X EE, WXL B RO

o MARBBELU DN *NMERBITERGTHARENEE, UEITELERESIT
T (B0, FHE, FREE), RERTUETXESITTEIERIRE (Fln, 5F5EHE
E-ERERIREE),

o MRFMRIINA  SEFIEFHMARMEXMITURAE, LHHELRR, BEFHNR
EILITRRE °, ENREEXLRHEER,

o MERIMAMEBRHE FIABENREIREMIMRERMNELRINEIR, UEKBER
MIESE M E, KEEHE,

o *BHEMNRE:ERXEELUREM S AEEEITREMABUKERTEENBE
MEE .

FEREHERNREMMEREURMEEE R AR XMEAEL, TR FEMHEEH
H. AMMREBIEQNFERRBUE (7 St SR M R4 (B RIRR ) 2ARG
T, RESXRIAXMH TR XE HBEERE—TEaAERE NETHE. TAMAFNR




SRR, FHEREGSESSHHETERMNREKDMAEHIIRR, X9
REEFEREATESNHFBREMITNREMELT. AR, FHEREGISRESHE
TREREEERRN, MMATRESBETEMER. Bitt, BERIIAESTRAMAEES
NFRILELMRAEEXER, SMALRBEUTETIRSHAEERSTRETHREE
SEERT LN IREN ISR ERES T AR, REFLURIERRE B MIEE R 8 R BEMIEIX
LRE, s ZRMERASEITRSZEMBENEE (B0, FEERHEEESHER
B1{E ) ATLURE SR A AL,

UTRBHR T IRERENFRRBURBITNSHFEZEERMNXBRSR:
& 3: BWHBEXRBMERESR

BSSH 120 {EL SR XBEREER
BB (& 48) ST, RBAE. TR EERBRS. REFELR.
R, BENEE RIPEE B R L. MREE
BB (%48) ST A, RBAME. TRARA EEBEETEE. REMERE.
B RS E
BFER ST M. REEMEE, TR EEMRBEIKE., EhRFR
#0iR =
KB BE ST, RBAE. TRMRA ERBITRBTEER. REL
GoRE

5. &it

ARELLETXRBREAIN, BEMOTSERB BB B SKILIE B TFE TimescaleDB
WIECEP# TR N AER SQL BRIRIT, HEHERMEER N 3T FEMIZZ A St
MEEMEXEE, FH TimescaleDB %A F4(#E B 72 47 3@ M 242 F1 55 1 S5 A df fE s 422
BEEERD., N THEMERNRENER T FEFAZRFAFETERE,

BEMEESREE  EXRNBEFESPXMERTIR T SQL B8 ; 5 A7 B #3Ked 2N %%
RN E W ERIEISE R, F AR ENRBRUE THREZRIMES RREESRNRE
RNER, SENFEIRER, LN & RS M EERER ~,

AIRE R FEHEENEIEF TimescaleDB X g 1R & 3 1732 B 3 ER MR T — D ERHAE
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