FIG. 1

115

1/0
12 [SWITCH MACHINE] 14 16 18
/ / /
SWITCHING
ELECTRIC OPERATION 10
— CLUTCH ™ GEAR
MOTOR GROUP ROD /
SWITCH
SENSOR 24(20)—{SENSOR SENSOR MACHINE
T A _; \
U U,
1 r SENSOR
22(20) SR 26(20)
20(22,24.26)
COMMUNICATION LINE
RAILROAD EQUIPMENT
STATE DETERMINATION
APPARATUS
7
1

[OPERATION DATA]

TORQUE

* RELEASE
STEP

&

SWITCHING STEP

N

START OF SWITCHING
OPERATION

T

STROKE POSITION

END OF SWITCHING
OPERATION



2/15

[PAST OPERATION DATA (DRIVE TRANSITION INFORMATION)]
(1) (2) (n)
TORQUE TORQUE TORQUE
STROKE POSITION STROKE POSITION STROKE POSITION
N\ J
N

<

[EVALUATION CRITERIA (STATISTIC TRANSITION INFORMATION)]

(AVERAGE VALUE DATA) (STANDARD DEVIATION DATA)
AVERAGE VALUE p STANDARD DEVIATION o
OF TORQUE OF TORQUE
STROKE POSITION STROKE POSITION
N J
Y

I

[NEW OPERATION DATA
(DRIVE TRANSITION INFORMATION)]
DEGREE OF

(n+1) ABNORMALITY a

[TRANSITION OF DEGREE OF ABNORMALITY]

TORQUE

N | = N

STROKE POSITION

STROKE POSITION

ol

TOTAL DEGREE OF ABNORMALITY

= Y a(j)




3/15

FIG. 4

TOTAL DEGREE OF
ABNORMALITY
= 2 a(i)

TOTAL
ABNORMALITY

\ DETERMINATION

\l THRESHOLD
(EXAMPLE)

NUMBER OF
OPERATIONS



FIG. 5

4/15

1
/

[RAILROAD EQUIPMENT STATE DETERMINATION APPARATUS]

202——

PROCESSING SECTION

OPERATION DATA
GENERATION SECTION

—200

204—— EVALUATION CRITERIA OPERATION| 102
SETTING SECTION T SECTION
206——] THRESHOLD DECISION 104
SEGTION —> DISPLAY
210——] SOUND OUT-|_
DETEE('\;A-}-TSJ ION —PUT SECTION 106
212 ——_| [ABNORMALITY TRANSITION
CALCULATION SECTION e—)Tolgml\ggngCIé&A 08

1

TOTAL ABNORMALITY
CALCULATION SECTION

I

STATE DETERM

NATION SECTION

I_

)

T

300
/

STORAGE

302

RAILROAD EQUIPMENT STATE
DETERMINATION PROGRAM

310——]

SWITCH MACHINE DATA

SWITCH MACHINE ID

312

SWITCHING

2314

»
L 4

_OPERATION DATA

DETERMINATION
RESULT DATA

h-316

~
L4

L

THRESHOLD DATA

-318

MAINTENANCE

HISTORY DATA

{320

-
.

FEATURE DATA

T.330




5/15

FIG. 6

314
/

[SWITCHING OPERATION DATA]

OPERATION DATA NO.

OPERATION
DATE AND TIME

SWITCHING
DIRECTION

OPERATION ENVIRONMENT
INFORMATION [TEMPERATURE ---]

WEATHER INFORMATION
[CLIMATE ---]

[OPERATION DATA
(DRIVE TRANSITION
INFORMATION)]

TORQUE

=

STROKE POSITI(SN




6/15

FIG. 7

316
/

[DETERMINATION RESULT DATA]

OPERATION
DATA NO.

STATISTIC TRANSITION
INFORMATION ID

[TRANSITION OF DEGREE
OF ABNORMALITY]

DEGREE OF
ABNORMALITY a

No—_

STROKE POSITION

TOTAL DEGREE OF
ABNORMALITY

DETERMINATION
RESULT
[ABNORMAL/NORMAL]




715

FIG. 8

330

[FEATURE DATA]

STATISTIC TRANSITION
INFORMATION ID

SWITCH MACHINE ID

ADOPTED OPERATION
DATA LISTS

[AVERAGE VALUE DATA]

AVERAGE VALUE p
OF TORQUE

o~

STROKE POSITION”

[STANDARD DEVIATION DATA]

STANDARD DEVIATION o
OF TORQUE

J\/\'\ﬁ\ﬁ

STROKE POSITION”




8/15

FIG. 9

[RAILROAD EQUIPMENT STATE DETERMINATION PROCESS]

CorD ®

.

S1-| GENERATE NEW OPERATION DATA (DRIVE
TRANSITION INFORMATION) ASSOCIATED
WITH NEW SWITCHING OPERATION

S3-| SET STATISTIC TRANSITION INFORMATION AND
TOTAL ABNORMALITY THRESHOLD CONDITION
AS EVALUATION CRITERIA

S5-] COMPARE DRIVE TRANSITION INFORMATION OF NEW OPERATION DATA
WITH STATISTIC TRANSITION INFORMATION TO CALCULATE
TRANSITION OF ABNORMALITY a(i) AT EACH STROKE POSITION i

S7- CALCULATE TOTAL DE-
GREE OF ABNORMALITY

S9— PERFORM STATE DETERMINATION USING TOTAL ABNORMALITY
THRESHOLD CONDITION BASED ON TOTAL DEGREE OF ABNORMALITY




9/15

FIG. 10

[PAST OPERATION DATA (DRIVE TRANSITION INFORMATION)]

(1)
TORQUE

.

LAPSE OF TIME

TORQUE

(2)

e

LAPSE OF TIME

OPERATION
TIME T4

OPERATION
TIME T,

(k)
TORQUE

.

LAPSE OF TIME

OPERATION
TIME Ty

-~
<>

AVERAGE VALUE py
OF Log(T)

STANDARD DEVIATION O
OF log(T)

N

J

~

I

[NEW OPERATION DATA (DRIVE TRANSITION INFORMATION)]

TORQUE

e

LAPSE OF TIME

(k+1)

OPERATION
TIME Tys1

=

DEVIATION VALUE
OF logTy+1




10/15

FREQUENCY
T Log(T)
THRESHOLD THRESHOLD
(LOWER LIMIT) (UPPER LIMIT)
10 10 10
/ / /
SWITCH SWITCH SWITCH
MACHINE MACHINE MACHINE
?0 ?0 ?0
CONTROL CONTROL CONTROL
TERMINAL TERMINAL TERMINAL

COMMUNICATION LINE

RAILROAD EQUIPMENT
STATE DETERMINATION
APPARATUS




FIG. 13

11/15

[RAILROAD EQUIPMENT STATE DETERMINATION APPARATUS]

302b—__[ RAILROAD EQUIPMENT STATE
DETERMINATION PROGRAM

SWITCH MACHINE DATA

SWITCH MACHINE ID

312

SWITCHING n-314
OPERATION DATA ||«

L 4

L

DETERMINATION h-316
RESULT DATA ‘.

THRESHOLD DATA 318

MAINTENANCE HISTORY
DATA

| +-320

-
.

FEATURE DATA T

s
)

330

PROCESSING SECTION | -200b
202b——{ OPERATION DATA
GENERATION SECTION
204b——| EVALUATION CRITERIA | | |OPERATION|_102
SETTING SECTION SECTION
206b ——| THRESHOLD DECISION 104
SEGTION —> DISPLAY
210b——OPERATION TIME DETER-| |3 SOUND OUT-|L-106
MINATION SECTION PUT SECTION
COMMUNICA-| -
HTION SECTION 108
T 300b
J /
STORAGE




S11—

12/15

FIG. 14

oD

ACQUIRE OPERATION TIME OF
NEW SWITCHING OPERATION AS
NEW OPERATION DATA

S12—] SET OPERATION TIME THRESHOLD CONDITION AND
OPERATION TIME ABNORMALITY THRESHOLD
CONDITION AS EVALUATION CRITERIA

S17

S13—] PRELIMINARY
SCREENING
S14
/
IS OPERATION TIME THRESHOLD \YES S15
CONDITION SATISFIED? )
NO DETERMINE OPERATION
S16— CALCULATE OPERATION TIME OF NEW OPERATION
TIME ABNORMALITY DATA AS ABNORMAL
PERFORM STATE DETERMINATION USING OPERATION e

TIME ABNORMALITY THRESHOLD CONDITION
BASED ON OPERATION TIME ABNORMALITY

®



13/15

FIG. 15

OPERATION TIME
ABNORMALITY a2

TIME
ABNORMALITY
DETERMINATION
THRESHOLD
(EXAMPLE)

I OPERATION

NUMBER OF
OPERATIONS



FIG. 16

14/15

1c
/

[RAILROAD EQUIPMENT STATE DETERMINATION APPARATUS]

302¢c——_|

RAILROAD EQUIPMENT STATE
DETERMINATION PROGRAM

SWITCH MACHINE DATA

SWITCH MACHINE ID —312

SWITCHING 1314
OPERATION DATA ||«

1

DETERMINATION R-316
RESULT DATA .

THRESHOLD DATA

MAINTENANCE
HISTORY DATA

11320

.
L]

FEATURE DATA T

-
.

330

PROCESSING SECTION | _200¢
202c——| OPERATION DATA
GENERATION SECTION
204c——]| EVALUATION CRITERIA | k—OPERATIONL 102
SETTING SECTION SECTION
206c——| THRESHOLD DECISION 104
SEGTION —| DISPLAY
210c—~—]QUANTITY OF ELECTRICITY| |3 SOUND OUT-|-106
DETERMINATION SECTION PUT SEGTION
COMMUNICA-|_-
é.eTION SECTION 108
300c
| T /
STORAGE




S21--JACQUIRE QUANTITY OF ELECTRICITY

15/15

FIG. 17

Com D ©

OF NEW SWITCHING OPERATION
AS NEW OPERATION DATA

S22 —{SET QUANTITY OF ELECTRICITY THRESHOLD CONDITION

AND QUANTITY OF ELECTRICITY ABNORMALITY
THRESHOLD CONDITION AS EVALUATION CRITERIA

S23—] PRELIMINARY
SCREENING

S24

IS QUANTITY OF ELECTRICITY \YES $95
THRESHOLD CONDITION SATISFIED2” i

NO DETERMINE QUANTITY OF
S26—  CALCULATE QUANTITY ELECTRICITY OF NEW OPERA-

OF ELECTRICITYABNORMALITY TION DATA AS ABNORMAL

S27—

PERFORM STATE DETERMINATION USING
QUANTITY OF ELECTRICITY ABNORMALITY
THRESHOLD CONDITION BASED ON
QUANTITY OF ELECTRICITY ABNORMALITY




