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NDEF NAME: | XFD2_ROTOGE1 Specifies Node Definition, If definition already exists it will be ower written FDNM |SS 2t55t7| 28l A8 =l=FDCE| 0.0t025.0 | 5
2312l %
@5} £ 40| gl ) ALB317] 91[0.0 RE 2
INPUT FILE:  ROTOGB1.csv v IMPORTDATAFILE Data file must have a txt or csv extension. FOC | ™ S emmapcznn |z | L
_ _ _ _ 5 FDCPTS |  FDC E7I4st7| lst Ho 4 0to25 | 5
FODMC™ 2000 Specifies a FD nominal DC value to use in the absence of degradation/damage [Any positive value) FD = FFP A| LI CIO|E{= H3t 3 0 = FDC A
: : : : : - FDZ |mj AF23H=HZ ACZ XM FFP=| 22 2/0|
FDZ: 0.0000 Specifies a nominal AC value to use when transforming FD into FFP signature data. (Any positive wvalue) [FD—FDC*(1+FDNEI\A/I/100)]/FDZ %(;F_J'K_
: : : : - ; IS DR ot AZZC 2 A
R 5 fi al S
FOMNM: 5. 0000 pecifies noise margin as a percent of the nominal walue of FOC to mitigate noise. (0.0 to 25.0) FEPFAIL 5171 2| FFP 0% K| & = 00] oful ot2| 70
FDMV: 0.9250 Specifies the n or lambda walue for transforming FFP signature data to DP 5 signature data. [Any non-zero positive walue) FFP/(FFPFAIL/100)
FFP A|ZL|X H[O|E{E DPS A|OL| 0] of il F
FDCPTS: 0 Specifies the number of points to calculate FOC {Integers between 0 and 25) FDNV HMOIO|E2 HEtsl7 | etnEs | ©7 - ° 1
Lamda 2t X|& T
FDPTS: 5 Specifies number of data points to average for FD (Integers between 0 and 5) 718X IHIA| ANZHTTFF)Z A2 0] ofl oF
PITTFF | st7l st 7|2 B3otglgm | (- < | 200
FFPFAIL: A0.0000 Specifies a percentage of FFP to use as a threshold walue for functional failure [Any non-zero RUL T
ELK 2 S 2|ot FFS Z42| 7|Ch
PITTFF: 100.0000 Specifies an initial walue to use for time-to-functional failure [TTFF} [Any non-zerc positive value) BQFX|H : 1: concave, 2: linear, 3:
PIFFSMOD|convex, 4: convex-concave, 5: co 1to6 2
ncave-convex; 6: convex-concav
PIFFSMOD: Convex-Concave ¥ Specifies the expected shape of an FF5 curve for EKF modeling e
PLSTAT |[ARULE #H'20| At83t= Set, Reset
OUTTYPYE: CEY ¥ Desired file extension and format for cutput.

SAVE CLOSE

13




I Akl 1

Akl 1

(2elEH 7|0{EA

NASA)

54 dEz oz

« SOH, RUL, PH 0l|= &1}

AT
MENU

ARULE

System Definition Files (SDEF)
SDEF List
DEMOT

XFD2_ROTOGB2

@

Data Output

Node Definition Files (NDEF)
NDEFs for Selected SDEF

Input Feature Data Preview

v SELECTED NODE DEFINITION
. NDEF NAME: XFD2_ROTOGB1

FDNV: 0.9250 INFILE: ROTOGB1
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FDZ: 0.0000 OUTTYPE: .csv

FDNM: 5.0000 PIFFSMOD: Concave-Convex
FDCPTS: 0

FDPTS: 5

PITTFF: 100.0000
FFPFAIL: 40.0000

CURRENT ARULE RUN v FEATURE DATA FFS PROGRESSION
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D
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15:02:16: 100CBS: Replacing SDEF: XFD2 a 100~ 239.2~
15:03:16: 100STE: Started node: ND_1_DW_XFD2.cpt
15:03:16: 100STE: Started node: ND_2_DW_XFD2 cpt 200.0-.
15:03:17: I00MNS: Input end-of-file for: C:\Userswjpen\OneDrive\D 80~
15:03:17: I00MNS: Input end-of-file for: C:\L i i
15:03:17: 100MNS: UD_ARULE program is ended § 150.0-
7 60- 2 .
- xr
g g
40- 3 1000-
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= L T T T S A SN TR SN vy s sy Sy Sy ) 00 . .
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ARULE RUN ARGUMENTS
SDEF: XFD2
CH Run | 1 Pointis) at a Time (MAX:10000)

RUN ARULE

T 1 | T | ' ' ' ' 1 1 1 '
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Top cover
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| I N |
- | | |
| | |
— H o
' i
I I
- | |
! i
! I 1
- ! I N
! | B
| | I
| 11 L | | | I
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HIR/ICR) Off 7| X8t RHE 4
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FFP PROGRESSION

18-
16—
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015 1 1 1
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200
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0.30-

0.25-

0.20-

0.15-

FD [AU]

0.0-

0.05-

0.02-;
0

SOH PLOT

100-

80-

60-

SOH [%]

40-

20—

Time [AL]

Time [AL]

i
b5

i
60

&0

[
65 63

——— D

1 1
65 63

SOH

FFP PROGRESSION hil

Adjusted FFP [ALI]
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13-
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0.2-5 i I I i i I | I I i I i
0 5 M0 1% 20 25 30 35 4D 45 B0 5% 6D
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65 &3
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I}-[:'_I | 1 1 1 1 1 1 1 1 I [} [

0 5 0 15 20 25 30 35 40 45 50 55 60
Time [AL]
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EE AA . re) < AMH = _ ol & X X3
- 2ZF&AHO|O|E0| 7| X3t ZHE +HHF (= 2 f1E HIO|H 7|& =3 FFP, SOH, RUL, PH
FEATURE DATA FFP PROGRESSION -
h25- 1.85-
1.50-
400- 15—
=
_ = 1.00-
EEE.D- & 075-
-
EZE'.D— % 0.50-
F 025-
10.0- 0.00-
0.25-
I}-D_I | | 1 1 1 1 1 1 1 1 1 1 | | | | | 1 | -D'M_I 1 1 1 1 | | | 1 1 1 1 1 | | | 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8D 85 50 96 0 5 10 15 20 25 30 35 40 45 50 55 60 66 7O 75 80 B35 90 96
Time [AL] Time [AL]
SOH PLOT FD RUL AND PH PLOT FFP
100- 120
80— 100-
— ED_
= 60- =,
g & 60-
m4p- 3
T 40-
20- 20-
I}_I 1 1 1 1 1 | | | | | | | 1 1 1 1 1 1 | I:I_I | | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 26 30 35 40 45 50 56 60 65 70 75 80 85 90 96 0 5 10 15 20 25 30 35 40 45 50 55 60 66 7O 7o 80 85 S0 96
Time [ALI] Time [AL]
S0OH RLUL
PH
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° FHIHAIE{ 2| THat 5l JHu
H-BRIDGE 3 « H-Bridge Of = MHAQA AKX}
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() " - EMA ZEQ IUHMO| 2AE|0
5 @jF’hmeA e ) DE| I &4l
- . + EMAZH AFEEQ| =351 =71
N T
(3 | wine surrace
@iPha.eB
 Positioning commands (6).

$e C

» Output voltage of the SMPS (5).
 Phase—current measurements from the

ELECTROMECHANICALACTUATOR

H bridge (2): phase A, phase B, and
phase C.
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- Power 3Z&X[0 Fault £ Inject 5t7| 2/t Testbed

POWER SUPPLY MEASURED VOLTAGE EMA
/_7 !2 - 24 VDC
2]
: 1 : 4 lee e
RIPPLE-
CAPACITIVE VOLTAGE ' 5 | DATA L Data
FILTER Riad CONDITIONING 0 Collator
64 KSPS
FAULT INJECTION . .
0.50 s DS1 —-
32,000 #/sample
go=oy 16 samples/step L
13 4 ! 16 8
Digitized Floating point #s
Data 1/sample
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- MHISEAKIZE 2FE[= EMA O FaultE Inject 817| 2|t Testbed
smps |[i !
Simista
lr :!‘ “““““““““““““““
BLDC
COMMANDS TESTBED | | |CONTROLLER
FOSITINING) CONTROLLER[™T™ ;-5
o : g g il
15 P16 | H s
Vo o s 0 . | S— |
!
RDS_ON |
FAULT | |
INJECTION |
| £ .-
0to 0.5 ohms : :L - E L |
----- ' / |
i 18 1 | — TRANSIST |
t oot i '/// ‘J‘;nPhaseC :
= I
| CURRENT |
: b [--], SENSORS [
POSITION , o5 |
SENSOR SR —— Pt Sm—— mmmny
e ) i 2o PHASE CURRENT| | 24 |
ig! WINDOW MEASUREMENT L H o L
P 9
G CONTROL & DIGITIZATION 6 FD EXTRACTION - Data
S &
0.25 s after start » 0.50s W CONDITIONING —’ Collator
0.50 s duration 32 }'(_qqtg‘values 1 ETICTe P
| 20 | L o1 ‘ i 23 | 109
TN el | taca
Digitized
Approximately 200 cycles/phase acquired Data
32,000 digital values/phase Floating point #s
160 digital values/cycle 1/sample
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PROGNOSTIC HEALTH MONITORING:
PHM SYSTEM OTHER SYSTEMS:
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FAULT MANAGEMENT

CONTROL

DATA FLOW

3

&

SYSTEM
NODE
DEFINITION

.............

" COMPUTATIONAL ™

SYSTEM SERVICES '

; DATA SETS \
: LIBRARIES
; INPUT ; USER INTERFACES
; OUTPUT PROGRAMS : MESSAGES/ALERTS 3
: ROUTINES . DISPLAY :
CHECKPT/RESTART' EVENT HANDLERS .
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SMPS: FFS Signature 7000 r
160r —RUL
EOL
140 e Y | A I 25% ALPHA
---------- 10% ALPHA

=120 5000 r
Z — PH
o Functional Failure for FL = 0.7 =
= O [ oo o o om0 o o 0 0 o 0 0 0 0 ¢ e ¢ 2 4 e w0 9 0 PH10
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75.2% (_:E_?I,_S]II_:i )t'- 14. O) TABLE 1. ACCURACY RESULTS: 25% AND 10% MARGINS
OF PH ACCURACY RELATIVE TO SO0H

Input File PH SoH when PH
* Variation (maximum) estimates within
accuracy percent

. RUL and PH Estimates 259 10%
00 L . SP-4000-1 114.4 96.2 62.2
Al I“;"-I :'_":::‘ SP-4000-1 * 109.8 94.2 62.6
SP-4000-2 * 117.6 96.2 60.5

160 | BATTIR 245.9 97.2 93.7

= » PH +25% BHCHG 41.9 95.2 80.3
'E i CS-CHGWC 32.9 93.1 93.1
B 120} |DEAL  sesrsen L Nl CS-CHGBC 47.9 95.5 93.9
‘E. malaon L VR2400 127.2 28.2 59.1
& 100} . VR2400 * 123.0 88.0 65.2
= PH-25% =r=r=rmimom ' EMARSPHT 14.4 96.7 96.7
o B0 EMASTPHA 16.0 96.4 69.0
I Failures 16.6 96.2 75.1
g T ROTOGB2 53.4 75.0 58.3
& Ll VRPCAP 33,324.0 83.7 68.4
BPS03 15.5 97.8 87.6

0} CLEAK 22,124.0 93.5 78.3
CLEAK * 20,727.0 96.0 93.0

ol i n i SUBRFA 12.5 91.5 59.4

2 20 & o SUBRFA * 13.0 71.9 71.9
TPWR 28.3 93.8 76.2




