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' BACKGROUND
. |

FASTERN DIVISION RADIO OPERATIqNS

Eastern Division Radio Department is responsible for
the land mobile radio requirements for the Division &
three power plants. System design,project implemlenta—
tion, equipment budgeting,procurement and evaluation
of related radio equipment are other responsibilit:&s.

Also included are daily operation functions such ais
maintenance,repair and instaliation of two—way radio
equipment, paging equipment, PA systems, nuclec{r
disaster siren systems and radio and television

interference (TVI) complaints. - ; 4
We repair and maintain 545 mobile & portable rc['dios | |
for the following internal customers:

T & D CREWS

TROUBLEMEN
- SERVICE CENTERS
LOAD DISPATCH
EMERGENCY SERVICES
T & D SUPERVISION
CONTRACT CREWS

C & D
m
/TEPL

1 S
'oiv.RaDIOS | Seb | sp | Eb | Ne | wp [ ToTAL |
_DIV.OPER 772 | 1515 | 545 | 975 68Q | 4487
POWER PLNT |19 | 235 | 209 7 | 25 [1 495
TOTALS [ 791 | 1750 | 754 | 982 | 705 | 4982 |




REASON-
r-OR iMPRO\/EMENT

EASTERN DIVISION RADIO FAILURES

MAY '87 TO JAN '88
SOURCE MAINTENANCE SUMMARIES
160 | | o T x-8R
" 4 e 4 OF RADIO FAILURES
& 140 ‘i‘ 4 s‘ d : . P s :
3 - : ‘\‘ . .
2 20y
o o ! v TN
(i ’ ] e i ' , --'l\\
Z 100 -@ | N TR T T e
n - A e @ b _ X—BAR=88
o 80 _f' \‘-. :‘ : . \\\
i o 54 i e sle HOBE MR e A -
35 60 _}_ " J[f R . g ‘ﬂ\.----.
= Yo T A
e
MAY JUNE JULY AUG SEPT OCT Nov DEC JAN
- MONTH.
DEFENITIONS

RADIOC FAILURE
EACH OCCURRENCE OF A RAD!O BEING TOTALLY

INOPERABLE OR OPERATING ‘NTERMITTENTLY AND REPA]R’S
ARE REQUESTED.

FAILED RADIO UNIT:
A SPECIFIC PIECE OF RADIO EOUIPMENT WHICH HAS FAiLED

MAINTENANCE SUMMARY:

WORKSHEET WHICH TOTALS VARIOUS TYPES OF WORK DONE BY
COMMUNICATIONS & BATTERYMEN (RADIOMEN) TOTALS ARE
SOMETIMES EST!MATED EL

fn rfit




REASON
= FOR . IMPROVEMENT

| {

FROM RADIO FAILURES GRAPH: |
X—BAR=88 RADIO FAILURES PER MONTH

88 RAD!IO FAILURES 12 MONTHS EASTERN DIVISION

MONTH X7 YEAR X 545 RADIOS | -

—| TWO RADIO FAILURES PER RADIO EACH YEAR
|
RADIO FAILURES |

. DIRECTLY CREATE:

1) DELAYS IN QFSDOMSV‘T\“QOUBLé
o CALLS AND RESTORING SERVICE |
~| 2) DELAYS IN CONSTRUCTION OF NEW
SERVICES AND DAILY T&D QJ_RHmpNS
' OVERTIME COSTS IN RADIO DEPT DU
WORKLOAD FROM REPAIRS P:C&ﬁR*“

@N
Mo

I INDIRECTLY CREATE:

1) INCREASED DURATION OF CUSTOM
= INTERUPTIONS & SERVICE U\fwml_m LITY
2) DECREASED CUSTOMER SATISF #’\CT

THEREFORE ..... [ THEME,

I - >_‘:| i sgens
—6) UJ U

 REDUCE RADIO FAILURES IN EASTERN DIVISION

]

=
T
R |
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CURRENT SITUATION

HOW DOES FPL COMPARE WITH OTHER UTILITIES
WITH REGARDS TO RADIO PROGRAMS?

uTitmy (¥ | NUMBER | INVENTORY L RETREMENT FAILURE
P | OF RADIOS | MAINTENANCE RATE
VIRGINIA - : HARDCARD | NOT
Power || 4000 paase 3 | 'S TEARCYOLE | packep
1 :
S. CAROLINA . | HARDCARD [ in_ omd NOT
FLEC & GAS| | 1200 ! « Focus | 10712 YEAR OYOL pckep
- | : | HARDCARD o
| GEORGIA NOT
- Toower (M| 4790 1 pgasr - ~HARIED | TRACKED |
ALABAMA l e HARDCARD NOT '
power O| 4000 Busi g b ]  10=15 "EAR cYe mcxsn-|
‘ _ HARDCARD NOT '
FPC : ARL l
: !I 2500 e ' 14 YEAR CYCLE ! TRACKED |
¥ ” HARDCARD |\ mo6 Mec svs| NOT |
TAMPA ELEC A | 700 DBASE 3 | | tRackeD |
5 HARDCARD ' 10-15 YEAR CY NOT . - |
Jig K @] 5000 . & FOCUS - ~ | - = TRACKED |
' SOURCE:FPL RADID SY$TEM COORDINATOR

2/88 SURVEY

FPL HAS SIMILAR RADIO PROGRAMS AS OTHER UTILITIES.
THERE ARE NO UTILITY INDUSTRY STANDARDS FOR FAILURE RATES

OF RADIOS AVAILABLE...

LET’S START TRACKING ED RADIO PROBLEMS....

- 8 )  PNCSIA




CURRENT SITUATION

TO COLLECT DATA ON ALL ASPECTS OF RADIO
FAILURES A "TAG" WAS DESIGNED. |

THESE TAGS ARE BEING FILLED OUT FOR
EACH RADIO FAILURE BY THE RADIOMEN

AS OF JANUARY 4, 1988,

/N DATE/BY_______| |
; VEHICLE_______1OC _UNIT INSTALLED, |
A~ MODEL TX RX PWR | OTHER
\_/ REPAIRS— SHOP OR FIELD NTF ADJ RETITJNED

COMPONENT FAILED
HOURS DATE/BY
REINSTALLED DATE/B8Y VEHICLE.__ |

DATA ER0M TAG IS COLLECTED AND INPUT

INTO A "DBASE Il PLUS" PROGRAM |
DESIGNED SPECIFICALLY FOR THIS PR(DJECT.

|




2| CURRENT sITUATION

" LET'S LOOK AT THIS DATA IN A PARETO DIAGRAM: |

EASTERN DIVISION RADIO FAILURES | | ﬂ
» ' 1/4/88 TO 3/4/88 |
& N=111 _ | 1007%
S 100+ ACCESSORIES:
2 85 MICROPHONES
& 80 ’ QUTSIDE SPEAKERS
2 &R N\ . WIRING
< ; . 50% ANTENNAS

CHARGERS

. 40 _
S RN 26 i .
g 20 .
g 0 | 0% o _ i
2 | RADIO ACCESSORIES :

| UNITS | |
| _ ¢ i g i
RADIO FAILURES BY MODEL
B ok ) _ 1/4/88 TO 3/4/88 e
; = '88% " OTHER:
- i | 81% MICOR
o 60 i 72% MX35O
- R B T W . ' el
B 40 R d52% 50% MOCOM
. \ | MT500
j S N e o =
% | 8 6 | 10 |
F 3 9 - = 0% f
=z / DELTA PE 3000 MSTR Il OTHER j;_
+ DELTA’S CAUSED 52% OF ALL MODEL RADIO FAILURES,




IS THIS BECAUSE WE HAVE MORE DELTAS THAN ANY OTHJER MODEL?

OR
ARE FAILED RADIOS UNITS RELATED TO RADIO MODJ.EL? F
LET'S FIND OUT WITH A_ CONTINGENCY TABLE:
HYPOTHESES
— Ho:FAILED RADIO UNITS ARE INDEPENDENT OF RADIO MODEL.
Ha:FAILED RADIO UNITS ARE RELATED TO RADIO MODEL
| REJECTION REGION i
CHI—SQUARED DISTRIBUTION
‘ DEGREES OF FREEDOM = (2—1)(6—1)=5 |
ALPHA=.05 REJECTION REGION : CHI-SQUARED >11.07
h OBSERVED COUNTS (Oi) |
UNITS DELTAIQ000|MSTR2 PE | X |OTHERTOTAL
| *[FaiLeD 36 | 8 6 13 ] 0 10 |73
% FAILED 22 | 8 8 |.30! 0 8 (13 |
NON—FAILED 129 | 92| 72 | 30! 37 | 112 lla72 | I
" % NON—FAILED 88| 92! 92 | 70 1100 | 92 87 |
LTOTAL 1165 1100 78 | 43 | 37| 122]/ 545
+ REPEATS EXCLUDED
EXPECTED COUNTS (Ei) h
UNITS DELTA 9000[MSTRZ PE | X |OTHERTOTAL
H FAILED -- 21 13 | 10 | 6 | 5 | 16 | 73 H
| % FAILED 13 | 13113 |13 [ 13 | 13 || 13
' | NON—FAILED 144/ 87| 68 | 37| 32 | 106 472 |
| % NON—FAILED | 87 87! 87 [ 87! 87 | 87 | 87 |
| TOTAL 165.1 100! 78 |43 | 37 [ 122 | 545]
+ CHi— SOUARED (Oi—Ei¥ /Er
[(36-21)% /21]+[(8—13)? /13]-:-[(6»—10) /10]+[(13— 6? /6]+
f [(0- 5)2/5]-:-[(10—1651 /16]=29.65

CONCLUSION:REJECT Ho. WE HAVE SUFFICIENT EViDENCE‘ TO SHOW
THAT FAILED RADIOS ARE RELATED TO RADIO MODEL.

FN: CS3




ZH:CURRENTSETUAHON

F WE ALSO LOOK AT dmpm;ma‘fmm S

]DrvaSlONs‘ ED i WD | NED| SED | SD |

| NO. OF | 165 { 87 |
i

1821 12 | 8

i
|
oems.| g ey Al |

THEN FROM QOUR STRATIFIED DATA

' 59”5 N ST TLMLNli
52% OF EASTERN DIVISION'S RADIO FAILURES ARE
CAUSED BY DELTA RADIO UNITS WHICH ARE FALING AT A
RATE OF 22 DELTA'S PER MONTH.

}lAQGLL

MAhurACTdRER REPRESENTATIVE INDiCATED DELTA RADIOS
SHOULD HAVE A 3 YR ! u______.var"__' MEAN TIME BETWEEN FAILURES'

165 DELTAS/3 YRS X YR/12 MOS =24.58 DELTAS/MOS
“OR LESS THAN 5 DELTA FAILURES PSR MONTH

(80% REDUCTION FROM 22 PER MONTH) -
' LINDICATOR]

NUMBE‘? oF DELTA ’R’AD]O FAILURES F’E’~2 C\Ir-‘ .




ANALYSIS

LET'S TAKE A CLOSE LOOK AT THE
DELTA-S950 RADIC

C?h T CONTROL F
CONTROL f
UNIT ! N
FREQUENCY -
CONTROL EEPROM MICROCOMPUTER
' CHANNEL VoLT
{ GUARD | L_REG
l SYNTH—
_ . i
MICRO— AUDTG ] ESIZER _
PHONE 7_lbROAFSd -
@ .| PRE— ! [LOO - {BILAT,
TRANSMITTER/ | —SCALER FILTIER! | |SWITCH
RECEIVER DEV. , l_l__
UNIT ADJ FEEDBACK J 1
ATER FREQ. | [ FREQ. |
OB CONTROL| (|CONTROL|
LATOR I =l | |
@ I i _pe Tx VCO ! Rx VCO |
AUDIO _Tx INJEC_1 Rx INQEC‘T*
} - | I
POWER —-———f | SQLCHH MIXER
AMP [ ) i
{ j AUDIO P
‘%? Y | AMP ’{:
TRANSMITTER (RECEIVER SPEAKE

FROM THIS SECTIONALIZED VIEW OF THE DELTA RADIO

A “FAILURE MODES AND EFFECTS ANALYSIS" (FMEA)
'S PERFORMED.

FN:ANLYT




FMEA — FAILURE MODES v EFFECTS ANALYSIS F
NO.| SECTION| FUNCTION FAILURE  [ESTIMATED | FFECT o) DEGREE ¢ EFFECT | GwNTEE-_!
MCRE CAVSE FAILURE [Fee, e e | TOTAL | MEASURE |
LS & wir d Eﬂ-_l
COHTE'I?OL INTERFALE MEMERY . OLTAAE - jDOES NET ~ 9 6 ‘°‘¢_d F*‘C(l
L. T B Iu PROGRAM sa &S |opezare | O | W/ 20y MoV |
QF’I‘;_QD#‘POR AMTERED i ropd. w /e,
SOAUELGH  pMESHANICAL | . e
5 epace
S TeH NOISE 2419 .
| FROBLEMS | & en | o Z = 51"( switch
l CHANGES > o | & e
: - - NOLTAGE | ON wi - isaga i
| CRANNE LS spikES CruannNEL | 7] 4 3 ‘;:iﬁ?c“a".:'f_:{_
ON TS Ow : st repl. w/mesh
P ITRANSMITTERPBACKAANE BRE Lor kS uP : - f i, L?““’-*"" !
i STAY S b R0 REPEATER | o] 2/ R |peexamre]
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FMEA — FAILURE MODES 4w gFFECTS ANALYSIS
NO| SecTion FUNCTIONIFAILURE [ESTIMATED |EFFECT % | DEGREE °® EFFECT CMTEE'![
Mmoo CAVSE FAWRE [Freg e | Fre | TATAL | MEASURE
FREpuENCY| SE78 FREQ. [5A9E LEA WTEQvoLTAGE REr | INTE RM ey L, radjust agdd:
2 conteoL |* TOME Fuprk - |*0 mOTTLANGWTY FAILS HUE OFERATION %9 Z 7 9 /JZ:: ':0;*06-4 |
i TSRS LRom ok woReca el P, 540 o | NonE AL =2 e o
e TRANSM TS [ TRAMSHITS dpioianon) | OTHE R wNAIS JE e repuace
i bul MO i §
B‘ AUD o AJDI D Aum D HOT FA.LE S ci—‘:;:‘%?oﬁﬂ_ Z 7 9 j | é petr home"'oii
] i MNCISE 1M ’ OI1eE 1culT i " rr;_,mrcvc_';p
v U aee pmmptimlsie | 21309 |4 [
B 47t
Fread -l NO *Low VOLTAGE |oper. T i 5
- Do ¢ Ad N »LOW YOL S lOPRZCA MM FUPENTE o {
[4 RecEVER|oner Receiv & Me AR grued :ed 2 e ress
4% g £
TRA NS A TTELS Ui _ rretyne
L BAL "RAD OPEATHL ; L repior
- D47, P ALS NoSE - ae-
¢ L SAvELLH cAp(.04Y) g ' 3 S 5 /RS | wilrel®”
T
2 [ TRANSAMTTH] SENDS Azc-o |
T™© ome NON — — . i _
u s ONE T >3] 25 |
Lotk RADO DOES i ow VOTAGE [pARTIAL : . i
1d. YT ./R fALP.Ea‘rDv NOT QPERATE Dﬁ;lugughpguiwgo‘ a e é ?ﬁm:;zﬁ
2 T STATED . BAD RxgroLd, [MUNE € AL reph. wi B35
; ; ot v rachy

|
|
THE ABOVE ANALYSIS IS A RESULT OF NUMERQUS

BRAINSTORMING SESSIONS AMONG TEAM MEMBERS AND OTHEj

RADIC DEPT PEASONNEL IN WESTERN AND NORTHEASTERN DIVISIONS.
ALSO ON 2/25/88 A MEETING WAS HELD WITH OUR TEAM AND A

REPRESENTATIVE FAOM THE DELTA'S MANUFACTURER. FDLLD%-UP
TECHNICAL SUPPORT MEMO'S AIDED IN DEVELOPING THE FMEA,




ANALYSIS

LET'S LOOK AT THE DATA GATHERED ON THOSE 44 RADIO FAILURES
AND VERIFY IF THE CAUSES WITH THE HIGHEST "DEGREE OF EFFECT"_ _
FROM THE FMEA ARE OUR ROOT CAUSES

 EASTERN: DmemN RADIO
;:-DEL}: A FAILURE C
(1 £/88) TO (3/4/33)

oo
L,

B 7 B
L

N

~ NO. TIMES CAUSE OCCURRED = - .':

EMORY BA POOR
. LOST- .SOLDER SWITEH GROUND .

867 HAD NO ACTUAL RADIO HARDWARE FA!LURES F'OUND
© EITHER IN.THE. FIELD.OR IN.THE SHOP. WHEN CHECKED.

THE PROBLEM WAS INTERMITTENT IN THE FIELD AND/OR THE CONDITIONS IN THE SHOP
© WERE DIFFERENT THAN THE VEH]CLE AND THE FAILURE DIDN'T EXIST ON THE BENCH,

WE REVISITED THE TRUCKS THESE RADIOS WERE N
WHEN THEY FAILED PLUS OTHERS AND CHECKED ENVIRONMENTAL CONDITIONS:

VOLTAGE SPIKES, LOW VOLTAGE & FAULTY FUSEHOLDER :

THESE ITEMS ARE THE CAUSES WHICH HAD THE HIGHEST. DEGREE OF EFFECT
.- .. AND CAN ONLY BE CHECKED IN.THE FIELD..

ROOT CAU§E i S FOUND. IN_FIELD Wil S B L T
VOLTAGE SPIKES X | — 97% HAD NO- FILTERS FOR SP!KE PROTECT!ON Vi
o —'-—__ 74%. CONTROL HEADS WERE NOT WIRED DIRECT .TQ BATTERY
" 6% RADIO UNITS WERE NOT WIRED DIRECT TO BATTERY

LOW VOLTAGE X 56% HAD LOW VOLTAGE DELIVERED TO UNIT
FUSEHOLDER sk 79% HAD ORIGINAL FAULTY FUSEHOLDR
3 NOTE:34 VEHICLES CHECKED

* WE \/ERIFIED OUR ROOT CAUSES!

FN:ANLY4




PROBLEM

DELTA RADIQS |

T

COUNTERMEASURES MATRIX

S |

e

l .
COUNTER~ PRACTICAL  [oveo- | X | = |
MEASURES METHODS ~ |™DiESS | ovemas “""‘j l
ACD FLTER &| | PURCHASE | | | '
|20V MOV PARTS &
VARISTOR |INSTALL S [ D | 25|YES
ROOTCAUSE |
- WIRE CONTROL REWIRE TO j
VOLTAGE _ |
SPIKES DIRECTLY TO FUSE HOTSPOT | | . YES:
| BATTERY OR BAT. TERM 415 120 ‘
— CHANGE ELEC+ | PURCHASE B R -
: TRONIC TO PARTS & !
('J‘- MECH. HEAD | | INSTALL 4| NO
EPLACE DELTA | PURCHASE
W/ LESS SEN NEW RADIO  {— 5 1 5 NO
STIVE RADIO & INSTALL |
LOW _‘ - L use ruea as| [ incorporate o |
AS REFERENC & DEVELOP
VOLTAGE v H Ol 5 | 25)YES
S ——
N ' ]
L ADJUST | 1 BENCHCHECK| | 4l 4 161 yes
REGULATORS [ & ADJUST TO -l |
f oV & 10V LOWER LEVEL| | | | E
|
REPLACE CHANGEOUT | |
A e o WITH NEW ALL ORIGINAL 4 | 5 | 16|YES
FAULTY FUSEHOWDER | | FUSEHOLDERS| |
| !
SCALE:1 NONE 2 SOMEWHAT 3 MODERATE 4 VERY 5 D(TREMTI
E
FN:CM1




T T——— e S T O

COUNTERME ASURE ———.-mmxsp.s——.- -‘-—-——- AIDS-ilf——
539 Eg;.rsn-s- .8 ADDITIONAL cosr m PAR jl.ou @ LESS THAN $20 FOR PAATS LOW
' ® ADOITIONAL COST IN LOW | ® CAN BE DONE IN COORDINATION MED
MITH OTHER COUNTERMEASURES
® LABOA COSTS WILL BE OFFSET HIGH
'BY REDUCTION IN AMOUNT OF
G "REPAIR COSTS
% QMEH ® WAY DRAIN BATTERY IF HED | @ RADIO OPERATES WITHOUT HIGH
ATTERY] ELg;Em o:/o vsm ~ KEYS DURING EMERGENCY
. ‘NEBLIGIBLE PARTS cos‘rs LOwW
® CAN BE DONE IN COORDINATION MED
WITH OTHER COUNTERMEASURES
@ LABOR COSTS WILL BE OFFSET HIGH
<BY. REDUCTION IN AMOUNT OF
REPAIR COSTS -
USE FMEA AS | o AL L1 DIVISIONS oA aa&'rr HIGH |
ADJ RESULATORS|® MUST AEMOVE RADIO TO AlJ| MED 0 asv ADJ ONCE nsme RADIO{ LW
CHANGE ORIGINAL ® NEGLIGIBLE PARTS COSTS Low
. LEUSEHOLDER ® SIMPLE CHANGEOUT _jLow
WHAT WHO | Wl-EN |l W'I-ERE STATUS
BUY FILTERS & | ¢ s T —
| 20v Mov'S MERTENS WK OF 5/16 [ LDCAL VENDOR ASSIENED !
INSTALL FILTER§ | AS RADIOS FAIL | IN ALL DELTAS
& 20V MOV IN RADIOMEN | "CHECKED | WORKED ON IN ED! START 5/25/88
ALL VEMWICLES 2 .
WIRE CONTROL | AS RADIDS FAIL .
UNIT TO . RADIOMEN IN ALL DELTA S |
A : :
USE FMEA FOR : . STARTED
" REPAIR ,MYSIT_ RADICMEN ONGOING IN t&lﬂiﬁﬁm In %iéoxae oty
ADJUST REGU- - ] AS RADIQS FAIL | IN ALL OELTA'S STARTED
LATORS TO NEW RADIOMEN ﬁgﬁh OAKED 2/25/88
SPECS | . " ON IN €D | 1\ EASTERN DIV
REPLACE ALL AS RADIOS FAIL . STAARTED
ORIGINAL FUSE- | RADIOMEN FECKED | moakeh oe-IN Sp| 2725788
HOLDERS j_ | IN EASTERN DIV




s — RESULTS

WITH OUR COUNTERMEASURES UNDERWAY LET'S
LOOK AT OUR INDICATOR: |
| MMBER OF DELTA FAILURES PER MONTH|

- NUMBER OF DELTA RADIO FAILURES
IN EASTERN DIVISION
o |

v

&

-]
©
e

L.

[y
o

NUMBER OF DELTA FAILURRS
o
[ T T ey

I
i
I
i
[
i
]
i
i
k
1
i
1
]
¢
i
3
1
i
[
]
o
1
i
I
i
L

e e S
.
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A
of

bl
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- !

o - JAN FED u;n 193 uuv JON
MONTH 1988 |

e THE ABOVE GRAPH SHOWS A SIGNIFICANT DAOP IN FAILURES FROM
JANUARY THROUGH THE END OF MARCH. THIS CAN IN PART BE|
e g ATTRIBUTED TO:

~HEIGHTENED AWARENESS AMONG THE RADIOMEN FROM woaqzne
ON THIS PROJECT |
-DEVELOPMENT & USE OF THE FMEA WHICH ADDRESSES THE MOST
COMMON FAILURE MODES, CAUSES & COUNTERMEASURES
-STARTED ADJUSTING REGULATORS & REPLACING FUSEHOLOERS

® WITH THE REST OF THE COUNTERMEASURES IN PLACE THE INDICATOR
WILL CONTINUE TO BE MONITORED TO ASSURE COMPLIANCE WITH

OUR TARGET OF LESS THAN § DELTA FAILURES PER MONTH.
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