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I
\‘~ r~ ous methods n! ~i at:a r ncui ’c :tL i O i l  in  co~-re l atr ’ (‘1 r~c—~~~ oSt.ar c nrobe

signa l s ‘.•r t h  engine en s—m at s  clist:ress we’-c’ develooed and tested . ‘i ’he~ c’

mr ’Lho~ s Cons ’ S ted of r o n n t i flO ~1U 1 Sc’ sir inal  5. lflOfl~ tor-~ ne turbi’’e and

cc’nnressnr y i h ’-nti ens,  r’x~:ii n in e  ~ndiv
4 dual. pulses to dete ’-rnLne sicini—

fir-ant cTha ’ zi-ter i stirs , and us~ng the i ntegrated areas of al.’ nn l ses

in a civen test rvcle to determ i ne the level of engine distress.  T h e

systems developed were tested usthci tape recorded data from a TF-’i1.

underqoinci a simulated f l iaht  endurance test at Detroit Diesel Allison

Di vision ~n Indianapolis , Indiana. During the test, the LP2 turbine

experienced a non-catastrophic fa i lure  due to a seal rub. Ta es

recorded durinc the test indicate that the fai lure occurred over an 80

hour period in  which large (350 rnsec long . 8 volts h i g h )  pulses were

observed on accelerati ons. The vibration sicnature of the engine also

changed during t h i s  per iod.  A system which i.nteerated the areas under

the pulses showed a factor of 20 increase duri ng the period of highest

recorded distress.
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1. Introduct ion

Overview

A gas-path microdistress is defined as an event which takes place

in the gas-path of a jet engine that places metal particles , ions , free

electrons , or a combination of these into the flowstream. For example ,

a rubbing turbine blade or metal erosion in the combustor section of

the engine would be a gas-path microdistress. It has been estab].ished

experimentally, both in laboratory simulation (Ref 1,5.7) and in actual

engine tests (Ref 3,8). that microdistresses form pockets of charge

(boiuses) which can be detected in the exhaust of a jet engine. The

frequency of microdistress formation , and therefore boluses. can in-

crease with time, siqnifyino increasing engine component degradation.

Thus, there exists the potential of detecting an impending engine fail-

ure before instrumentation such as RPM or EGT qaunes would indicate a

problem.

The method of formation of these boluses is not completely under-

stood. This does not alter the documented evidence, however, that

appearances of boluses are correlated with microdistresses.

A method for reducing and interpreting data was needed. Prior to

1976, signals from this electrostatic probe system had not been recorded

on magnetic tape. Thus, only limited data on a ei.ven failure was 
avail-1
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t e n j) er a fi i rr ~ cs vi i~rn~ t onS.

The n rrasct of this stndv . then. wan to evaluate unthods icr rc’—

ducing and .i.ntornrc’t:i no signals caused by bo].u~ interaction with an

electrostatic probe in a iet-enci i ne tai i pine.

During the period of this study , a can —path  fai lure did occur.

Unusually large (3 2 0 — 3 8 0  msec ]onq and 8 volts high) pulses were oh—

served. This provided an exceLlent :nn~rtu nitv to evalrra tr’ the data

reduction methodology proposed i.n this study.

This report will show that it was possible to detect an engine

distress as it occurred. The distress was easily distinciuishahle above

the backoround data by a factor ranging from 2 to 100 dependinc on the

type of discriminating electronics used. The report will also show a

relationship between the DC level of the exhaust and the gross thrust

produced by the engine. This latter finding warrants further study by

itself since gross thrust is a useful engine parameter.

Purpese

The puroose of this thesis is threefold: 1) to establish a means

of quickly determining when tape—recorded data varies from an estab-

lished background norm : 2) to test and recommend methods of reducing

data to provide warnina nf severe cas-path distress: and 3) to attempt

to correlate observed sicinals with other encilne parameters for a TF-41

let engine undernoino a simulated flioht endurance (SFE) test at

General Motors Corp.. Detroit Di esel Allison Division in Indianapolis .

To determi ne whether the ion probe detection system is reliable
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to a co:cnl fsh I hc first two ntt’~nannn . In addi tics, a ~~~p_

at  ~ s t r c ’nM C C f ll~~ fai~~i re .  r h i  ct i occurred dn~ i ne the test period .

~an c’x i: i nod in det~ i ~~.

Anoroach

Sinnals from two ion  erobes . hicrh speed and icr.’ speed spool RPM

(N F . and N r r espec t ive ly) ,  and turbi ne and compressor vibrations were

recorded on an FIl tapc’ recorder by Allison Division personnel. The

tapes were transferred to Wright-Patterson AFB where they were examined .

The s i .i~~ts of thi s study were used to establish a method for data

reduction and ana ly s i s .

Organi za tion

Chapter II is a discussion of the various eauipment setups devel-

oped to record and reduce the data . Chapter III contains the experi-

mental. results of this study. Chapter IV gives conclusions based upon

this study and recommendations for further studies.
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.~~r r  n rn v i  A n~- 0 descri pt:ion and cit sen ssion of  t i e  ocr ni p~

ment sett in used to record the data at i~’t.roi I- 
[~~ o~;o[ All i son Di.v~ ston

ann r~’ ~~~ ‘ c— c t: i ie data at fr~ eht—Pntterson Ac- Li.

Data i-~ecorc)i ne

The system shown in Ftc. 1 was used to rccord data at Detroit

Diesel Allison Division in Indianap ol i s .  A ‘~ -~-f 1 turbofan engine

(S/N 900) r.as used as the source of the data . The Tr ’-41 was undergoing

a simulated flight endurance test.

The test consisted of a series of engine runs called “cycles” at

three specified inlet temperatures (T
1
): 70°, 90~ , and 110°F. Three

To CEC Type 1-117 To t3erkley
Vibration heters & Mod 466-6
TvlDe 4-106 Pjcku~s _____ Tach Gen

A >
To Probes

_ _ _ _ _ _ _ _L :~~~~~~~~~
0

2:30 6:30 Comp Tur b W~ N~

Be lus
Counter Sanborn Tvoe 8875A

Diff Amps

Ampex PR-2200
FM Tape Recorder

Fig. 1. Schematic of Recording Equipment Setup *
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H o  A ~ c-ny lon .  ) f ’  r~~-(. an :~ c ” c ! C nc ’s f t  ( r f l + i ;~ v(~r , c;~ r ’ M n

~le , C t  ‘ n : n ~ nc-i o~ rcrn~ c! ayce~~r ”— a l - i o r . e and ~ o— e 1r -- - a I  ~on’- . i t  r• ’as

decided than A c— ’clen should t~~~ruccrr~ed conk ‘n i ~~~r :s1’ , aiortn with a

car i mi i nn of C c~~cl c’s • Tiie ii cycles were not us i i  n this ~~~l u d y  since

trie mo or settinas reached l”v an enoine durine a F cycle were not Lich

enough to nc— cx l c(’ holuses.

Two electrostat ic probes were installed in the tai l pipe of the

engine in the 2:30 and 6:30 o’clock positions (Fio. 2). The probes

were identical to that shown in Fic. 3.

Vibration data was monitored on the compressor and turbine sections

of the engine. A CEC T’rne 1-117 Vibration Meter with a Tvoe 4-106 pick-

1~

/
“

~~~

ff

~~~ 
—

~f I_Jii~, 
~ :~

‘
_i~~ 7~i~

Fig. 2. TF-41. Tailnipe with Electrostatic Probes Installed .
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Fin. 3. Elec trostatic Probe

up, located as shown in Fig. 4 , was used on each section. The resu l-

tant signals were passed through Sanborn Type 8875A differential ampli-

• fiers to the tape recorder.

The hich speed (N
H
) aad low speed (N

L
) snool RPM ’s were also re-

corded. A l erklev Mod 466-6 Tach Generator produced the N
H RPM si

gnal.

• The TF-42 Engine Tach Generator produced the N
L RPM sianal. Beth sig-

nals were passed through Sariborn Type 8875A differential amplifiers

before being recorded.

The probe signals went to the L3olus Counter circuit shown in Fig. 5.

The raw signal went to the tape recorder where it was reduced by a fac-

tor of 10 before being recorded. This was done to prevent saturation

of the tape recorder by the pulses which reoularly had an amplitude of

8 volts.

The raw signal also went to a locic circuit which trignered a 2

volt square wave whenever a ±2 volt threshhold was cxceoded. If the

6
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r)ositi\’e threshiiold wi-is exceeded , the  se-tore wave was nenc~rafed by th~~

r’os4fi ~‘c ro n--f g’ re ‘ i t - . ] t -  the nie r -a f ‘~n (
~hreniib& ci was e:.:r— r~t- l ed , thrS

sc’’e~-~ r-’-a”r? ‘‘as •-i-oLy ~- a ! o c j  by I }i~ ne~~~1i  ‘‘e count circu i ~ • Thr- RC ti - r ’

rc’ -~t-’nt ’’~ s sot- a t  35 nsec. The oul-o’it n ’~ the loqic -ir c u i f went to a

counter svs - ’-?ri tj h i  cli totaled the nositivci and nenative counts for each

• probe.

• Unoxpectedl’.’, this system made a neax-)v ideal discriminator for

the large pul ses associated with the observed failiire. Prior to this

failure , the widest pulse observed had been about 20 msec long (Ref

Private communication with l4aior Couch) . This was the basis for setting

a 35 msec “dead time” for the circuit. When a positive pulse exceeded

35 mmcc , however , it  caused a count (or a number of counts dependi nn

on its actual width ) to occur in the negative channel. There were few

actual negati ve oockets observed. Thus, the negative channel served as

a pulse width discriminator for pulses more than 35 msec wide .

Data Red.uction

Equipment was set up to examine four basic areas of interest: raw

data from current traces, engine vibrations. photoanalvsis of individual

pulses, and determination of pulse sizes (integrated pulse areas).

Although some of the systems were used concurrently, the setups have

been drawn separately to simplify discussion.

Raw Data. The system shown in Fig. 6 was used to examine the raw

data of the current traces. Signals from the 2:30 and 6:30 probe

tracks were sent to the bolus box where two 10 to I preamplifiers,

(Fig. 7), restored the amplitudes of the traces to their original

values. These signals then proceeded to the logic circuits of the

bolus counter circuit where they produced signals in a manner similar

9
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fe der I3olus A ’- ’nl i f ier sBox

I L — ~~~~-—----~~~i 
- -

~~
—-

~~
-
~~ 

Chart

[ 

Recorder
_________ • —-fl~~- - - - - - - —f-c

__ii -i~~~
--— • --!~ _•~ I

Fig. 6. Schematic of Current 1~~vel and Pulse Count S”stem

IN 300pf

OUT

Fig. 7. Schematic of Bolus Box Preamplifier Circuit

to that described for the bolus counter used at Allison Division. The

values in parentheses in Fig. 5 were the ones used on the bolus counter

circuit at Wright-Patterson AFB. The RC time constant was set for 9

msec. This gave a dead time of 72 msec when the tape was played back

at 15 ips since the tape was recorded at 1—7/8 ips. At 15 ips, a band-

10 
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of ‘in to 1000 i~i~ was scanned it”  the poc-~:et di sc~H r i ~ nat -m ci cir c u i t .

The nn~ arc- wave out-nuts from tho eel so threshhold circuits i-:o ’— o amoli—

*~ed to nroaec-e a r”anuraHo sienal . 1at the chart recorder. The current

traces and the positive and nesative pulse indications were recorded on

the strip chart recorder.

Ini tially th i s  system was used with tape playback at 15 i,ps. Th i s

permitted a ranid sc-an to determi ne what was on the tape. This was the

primary means of selecti no those tapes which were studied in closer

detail.

Enaine Vibrations. Engine vibrations were studied using the svs-

tern shown in Fig. 8. Only two Spectral Dynamics SD-lOlA freauencv

trackers were available. Therefore , the compressor and turbine vibra-

tions were studied separately.

The first SD-lOlA was set up to examine the frequency spectrum of

the vibrations. A sawtooth wave generator in the 7904 oscilloscope

~~ovided a sianal which was used as a voltage ramp for the ~avetek ill

V~G voltaae—to-freauency convertor. The output frecuency of the VCG

(Scope)
Voltage

_ _ _ _ _ _ _ _ _ _ _ _  
RarnD _ _ _ _ _ _ _ _ _ _ _ _

~~Record:: 
~ ~I~~~~~

VCG
~J 

SD_101A~~

j

~~ Recorder

j

Ratemeter

] ~ 
~ vc~ j  

so-lolA

• Turbine or compressor

Fig. 8. Schematic of Vibration Analysis System

11 
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I 
• ~~~

t I •. ’-~~ ~ r* -c-( nod ti In •n 0 I to 1 rat i 0 ~ t t to

P f ln i i ) °  N~~~, l i t ’  y 5 n - )~ ‘h’r sinnal tad to 1~ ad ~tis t’ed. h i s  wan -lano b .’

ci an- uiq the recorded nnal i nt -c a ‘l’ entieler i t  — ‘~~O a t  (-!-tytor • ‘i’hte out-

put of the ratcireter was ampl i r~ed h i  a t a n - L o s  o~ inC and then sent to

a second ~‘iavete~: 111 VCG. i’hc’ o i i f  nu t  of the rot-emet~tr was convert rn -h

into a frecsw’ncv wh i ch approximated t rue enni no ( aeoroximatelv 1/3

of the recorded s ional) .  This was used as the tuning i npu t for the

second ‘iD-lOlA,

The resultant sionals from both SD-lOlA’s were recorded on a strip

chart recorder.

Photoanelvsis. The shape and size of the pulse waveforms was

studied using the system shown in Fin . 9.

Pulse rise above a threshhold is norinall” used to trigoer the

oscilloscope. The sweep, however , will only show the pulse starting

from the point at which it has triggered the oscilloscope. Thus no

_____________ 
Scope 

_____________

Tape + Gate Chart
Recorder I I I Recorde
Probe ~_fl~~iay ~} ~ 

j

i 

J
Threshhold 

_________ ______

Discriminator _________

Amplifier

Fig. 9. Schemati c of Photoanalvsis System
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— an he or ’ ’  ‘i i ”od - “n- - t o  ç t ’ ’~~,’ r r  t n - o - ’ -  C 1Oi V~~~~ ’ y~ ri r )’-  0

‘ ,‘— 0’ iso • I ‘ ~~‘ ‘‘S, ai,’’’n’’d :1 
~~~~~ 

1 Jn -  10 t I ‘l \f ,~I t t ; • 1 : r °  o n - i -—  I l- ””-c r.o

no ‘~e
1 I- ,-, ~~~~ ‘“‘i-”” Sc ” fr~’~t ~t ~-‘c’r ’d cn-1 4 c-n a r i - i s o  ii  I t o  r’ -H r’r ci-

the n~’r - o t t .  54 ri ~~~ ot t  1 ~~~ - ‘r ‘ - n i t  o r -andot~ has i • a do 1 ~~ - - f ’ o~ was

nen-ensarv to ot:a’-i rto the c-cnn rn - i 1,se. The dela” box cisc-n .j t (i- in.

10) cons stod of ~ 1otj  con SAD— i °?4 du a l  hi? steno ~ r - -ho i —~~~~inac le  I)O V 1 cc ,

a newer s~tnnln -. a 2.5 kHs i ow—pass ii lIter. and an a~pl 1 f i e r .  Control

knobs on the front of the box allowed the onorator  Ito ad~ us1: the ar-rn l I —

tude of the de1a~’ed sin-nd to anree wi th that of li-he i nput si~ nel and

to vary the delay from 4 nsec to 14 msec.

The inpu t s inn ol  to the dela\’ box was kept below 1 volt to keep

signal dis tor t ion below 1i. Since the sicina]s were reduced by a factor

of 10 before beino recorded , thi s was no nroblem. The probe si.ona l

from the tape was the raw i nput to the delay box.

The delay box was AC coupled for design simplification . Normal ly,

this did not cause sinnal distortion. On extremely i.ono pulses , how-

ever , the coupling effect was observed (Fin. 11).

Since many pulses occurred close tonether in time , a method was

developed to determine exactly which pulse out of a group had been

photographed. The + Gate output of the 7904 oscilloscope provided a

signal to the strip chart recorder. The pulse indication for the Gate

lined up wi th the pulse indication for the particular pulse photographed.

Normally , pulses were photonraphed in real time. For extremely

long pulses , however , the tape speed ~-tas increased to 7-1/2 ips. The

pulse was saueezed together so that it could be photocraphed in its

entirety. This also enabled the observer to see more of the current

trace in front of the pulse.
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Fig. 11. Saturation Pulse Showing Cffect of AC Couplino

Pulse Area Inteciration System. Studies of tapes recorded duri ng

severe microdis i-resses revealed that, in addition to the fact that

there were more nulses, the pulses were wider than those observed in

previous tests. If pulse width was a variable for a l l  distresses, a

system which inteorated the area under a pulse might give a nr eater

lead time for engine failure prediction.

The system shown in Fig. 12 was set up to check out the concept.

Amplifier

Fig. 12. Schematic of Pulse Area Integration System
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A r t I ’ r  tn,” nt ’c ’~” ’  n t a n t l  ‘- ‘‘ t n  a - n ’ i t ~~i-’ ,’h b’’ n( ’ n n - ’ i t r - t  box nr’ ,~ n- -”r, i i ’ ( - t  i t

r”v-t AC r n i p L - -n - i  to  t ~n-~~’ i - ’ t t ’~~ ~~~~~~~~ ‘/ 21  ) C ’- ’  i-~~t , -i j ) ~~( ’ .~~~0’1 C C ’ ’r 1 at  1

A 1~~’’o ”- C~~ - ” n - t : - ’- ’~c-’’ ‘ ‘ou t d  ‘a ’-o ‘~~o t t  --n ’ . — ’ ’’ , i , ’ i i l  ( ‘ ‘ ‘lit 1, i’ r

l i t’~~Ce chjn-t’ar -t i’ -t ’ . A \‘e’hi bi~~n- t r  n t  ~- t o  o ’Oni i t  DC t ovel a d mn - nn - —

mont in the 101 i. er was trnoci  an i-i t i ’t -o sh r io lh  to avoid con-nt-inn bia -’i —

ciroirnd :to i i t t ” . The cr ’t’ r-t r t - Q1 ti:r ’ I j  1 c~’ ‘ , - t -hen sent t’o a Tavetek l’il

VCG ‘i-i t-h a 1 k~2 resi stance to cn -orrrni . T h i s  wan used to prevent satura-

tion of the ~avetek 111. A 10 volt n-lanai i nto the filtor produced a

5.8 volt signal at the input of the Wavetek Ill. The T,jvoten 111 n-as

used as a voltane controlled oscillator which prociured s innals  at a

rate proportional. to the voltage applied. The signals  were counted on

a Tennelec TC-562P Timer/Scaler.

Total counts nroduced by a pulse were a function of the voltage

(heiaht) and time (width) and so cave a number that was proportional to

the area of the pulse. Since the VCG would not operate with a negative

0 10 20 30

Pulse Area (Volt•cin )

Fiq. 13. Relation of Inteorated Pulse Area Count to Actual Pulse Area
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a: ’’n :inn’ it o : r !~~ t it ’ i l r - m n -  i” ’  ur ~ n - n - ’  l i - I  VC’  I 
~~~~~~ ‘~“r” c ’o t t t1 rod .

Ha’ n - sn - ‘‘: ‘n it: c~ l ‘ i  “a r ; t n i  - Vt t i n - o r ;  r n - i  ‘itt n 9 r - ]  0

A :l’r”r  tin” n ’ : l n - c  n-arc In ”ci i ’’d , C t r ’  r ’t t o t n ’i n n  ! n - n - i  n- n-’ ’str’’:’ a r - -c c- r i  ( - 0  i i i

cccvi Ot t; sen-i  1 011 t , ’flS n-nod to 0! I c )  ~ r - r ’ ,tn! the n u t  so. Al: ‘the san-r e t t r i o

i-ho no 1 se area r t” -”’rsat lon r ”r t e m  nave a con-itt nroporti on~ i to t in ”  arc- a

of thaI’ pu 1se . ‘ l ie  resu i ts  are shown in Fin . 13. A mean error of e-.7Y~

between the nti lse area and the count was i-’oun d .  Tn-i s ~~~~ considered to

be acc-ent:ahie since a factor of 2 above background was exoected.

Limita t ions

Some data was lost during this test. The first reason was ouin -

ment mal func t ion .  There was only one tape recorder available. The

tape drive malfunctioned and the tapes it produced were unu sn-H ’le .

I~~ose or broken cables from the probes to the holus boy, also caused

data loss. The cause for this malfunction was most like 1v per sonne l

in the test stand area servicing the engine.

A second reason for dat a loss was that the tapes were not always

changed when one tape n-as filled. During weekdays, tape changeover

went fairly well. On weekends and at night, however , the system broke

down. The one non-catastrophic fai lure occurred during the period from

24 June to 28 June . Many of the cycles run during this time were not

recorded because the tape was not changed . The bolus counter operated

independently of the tape system , however. Thus, although not all of

the cycles were recorded , the count history provided a relative magni-

tude of distress during that period.
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The A rn-n-len n’-o’O dod r-’ont of the data di nn-r : sed in t h i s  sn-ct  ion . Sor e

C c— d es uo’-c’ used , hot-cever , to show a thrust -r ’t r ~’n t i t  level r e i at - ! o r t .

For p ’t rno sc-n  of t h i s  discussi ,on , the A c-n-n e i--an be divided in to five

regions : Borimuninn (8). Severe Transients (ST), i-1oderate Tn-ans~ er”t s

(r ’-~’r) , Hinh Pc -!- -’r St-c-ad ’,’ St-ate (IJPSS) , and End ( E ) .  Refer to Appendix

8 for dianrams of the A and C cycle profiles.

Tacos recorded betr ’een 74 June and 28 June indicated that the

engine had undercione an unusual distress. The counts produced by the

bolus counting system at Al.Uson Division showed that the number of

positive counts increased h” a factor  of 2 while that of the nenative

counts increased b” a factor of 100. See Appendix 0.

Althouah the nature of the distress could not be determined by the

electrostatic probe system , there was little doubt that something had

happened to the engine.

Large pulses (350 msec long, 8 volts hioh ) were first not-ed on

accelerations during the ST period of cycle A181 . They were seen by

the 2:30 probe. Tin-tv were not seen again until cycle A203 . about 19

test hours later. This time they were seen by both probes. They also

L 

appeared on cycles A204 and A205 which immediately followed A203. In

addition to appearina on ,accelerntions durina ST , the p~i1ses were seen
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(b)

Fig. 14. LP2 Turbine Damace (TF-4 1 S/U 008)
( a )  Section of Turbine ~Tr eel Ac -gc-’t ’t” b-,’
(h )  fletai 1 of Sinele  ‘l\irhlno hi-ad” ‘
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on ac-ce ! c r :lt i- n-tn d i t t -  n-i h i ’. : 1 0 - - s  t O t ’  no c-en an -c- t ,a5 d i n  c-’-’c l c-c-

b c - n i  a n-c t ’ ’  a : t;P ’ - V’ t !  5 5 tn -t I no ”- -,n,t v(t t - ’ tn - n - n - - r i  n - n - ’  ~~~ 
l tO ti- a nn- ‘:15 not

n-i :Crflcnn :. ‘ toe  i-oh m ccun -b- ’— at  ~ i 
~~~~~~~ 

0n-,r —~~ Qn-~, \-i - ’ t 1 C ~’i r a n  Cr0 p’’n’i’r ’

0 t’l:n t an-c ran-n-- b-”- , c - i r - ’n- r d  1 : - a t  no~0 l i l y ”  ar , ri r t c - :a t r  ye count c-a ‘-s

sin- ’t b r  to those found on n-’--Oes ~-ii t’h the larci c-~ pulses did , ‘t n r n_ t ,

occu r on c- n-d es whi r - r ì  tic-”‘ rot rer-ordc-d —n-a I rr ’~~.

Tn— i bir st te~ rdown a f t e r  thi s series c-f c’,’i-les did not reveal an’-.’

sinn~ f leant wear. The low pressure (Oh ) turbine section was not exam-

ined , however . The engine was reir,rf it and put through another series

of cycles. No significant pulse rates wore observed . On the next

teardoyn , the LP turbine section was exaniined . A large gash was found

in the turbine blade stems around the entire LP2 turbine wheel (1” icr .

14). The gash was 0.3 in. deep.

The cause of the damage was an af t  seal which had slipped forward

and rubbed along a 50 ° arc, from the 2 :00 to the 3:30 o ’clock position ,

on the seal. As the turbine wheel rotated , this  50 ° portion of the

seal rubbed the groove into the turbine. After a sufficient amount of

the turbine assembly had worn away , the seal no longer made contact and

the rubbing stopped.

Allison engineers could not determine when the seal had started or

stopped rubbing.

Probe Current Traces as an Indication of Stress

The HPSS regions of A cycles were used to establish a relationship

between the probe current trace and T1. The trace recorded on a strip

chart showed that the magnitude of the DC leve l above a zero reference

varied inversely with T 1 (Fig. 15) .  The temperature was not r i c iidlv

controlled durin g the tests so only an anp r o xi n a t e  r e l a ti o n s h i p  could

20
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Fig . 15. DC Level as a Punct ion of

be seen.

The current l evel was also found to vary directly with cross en-

gine thrust. Four C cycles from Build 31 were used to check this rela-

A C4

2 — C9
C. 0 C10

• C12

0
A L

.-4 1
0)

0•0

A

0 “
~ 

Ia,A~:J I I I I I
0 6 8 10 12

Observed Thrust (x10 3 ib )

Fig. 16. DC I~~vel as a Funct ion of Gross Thrust  lo r  TF’— 4 1 S/N 908

21

II1_ 
- -



—

— Tn - i  t r i a l  Thr ust

Thrust at ‘—
~~~

260 Hours

o i l —  U.-’

~~~~~~~~~~ 
I I I I

0 60 80 100 120

T1 
( ° F)

Fig. 17. Thrust vs for TP-41 S/N 908

tionship. The current levels at each thrust setting (Intermediate ,

95% , and 90% ) were averaged and plotted against the observed thrust for

that portion of the cycle (Fig. 16).

The number of background pulses produced by the engine varied in-

versely with T
1. 

Qualitatively , this made sense. Thrust is inversely

proportional to T
1 
(Fig. 17). As the temperature decreased , the engine

worked harder and was more susceptible to microdistresses. ~urinci nor-

mal engine operation, then, boluses were produced at a rate that was a

function of thrust. When a severe microdistress occurred , ho’.-’ever, the

boluses were produced at a rate considerably above the background rate.

Fig. 18 shows the number of holuses detected as a function of cur-

rent during HPSS. In order to obtain a current level more representa-

tive of the whole exhaust , the levels for the 2:30 and 6:30 probes were

averaged. The counts obtained by each probe were added tbcether. The

22
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Fig. 18. Pulse Count vs Averane HPSS DC Level of
2:30 and 6:30 Probes in TF—41 S/N 908

tape was played at 15 ips so some boluses were presumably lost due to

the RC dead time of the bolus counter circuit. The number of counts

for cycles A203 and A204 were approximately twice that of the mean for

their particular DC levels.

Vibrat ions -

A frequency scan of the turbine and compressor vibrations at HPSS

indicated that a mechanical change in the engine had taken place during

the period in which the large pulses occurred . This chance was indi-

cated by the relative amplitudes of the peaks in the frequency spectrum.

The primary peak in both turbine and compressor vibration spectra

23 
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durbtn FibT ‘-as 0 ~‘ 1’1- -h b . 1’ ’a ’ t s - ’~t — 7 13 ft’ ac-d 20 — I i ”

t n ’- ”  a 1 c-c- n”-’ .

c--’p: ’(~~~; - -~- • ‘10” rc ’n-n ’-nn-’ :n” y~ b-’~i~ - on c-fle r~ i ’c-’’n ‘-n - -  a nod c-F ;c-”~ 
- a

unchanged ‘~romr1 the ear 1 ‘t est c-n- - r i o t-c-cc’rd’r ’c (A61) b - - s c - t r a I t  A 1°0. a neriod

of 98 hoi o—s. The ar v— li t - idc’s of N~~. ?N L~ 
and an ur t - ’o:~i n”d nc-ak ~ t ?~tl

Hz f l uc tua t ed  during thc- period from Ai9 (~ throuoh A2 05. a per iod  ot ~ 15

hours. This was the per iod in which numerou s large r ’l l c tc r ,  w .”re sec-n.

The next avai lable  data came from A246 , 32 hours later . At that  poi nt ,

the four peaks had stabilized. The N
L 

peak amp li tude had a general

downward trend with the exception of cycles A251 through A25 5. After

A255, NL decreased to about one-hal.f its value prior to the onset of

the large saturation pulses. See Fig. 19.

~ :rhine. The turbine vibration spectrum did not change unti l MDI .

At that point the amplitude of N
L 
increased by 1/3. On the following

cycle , however , it returned to its original value. N
L again increased

during cycles A203 and A205. N
L 

amplitude remained elevated in cycles

A246 and A247 but returned to its original value in A248. The 2N
L 

peak

amplitude dropped by a factor of three during A256 and did not increase

again. See Fig. 20. Due to time considerations and equipment limita-

tions, a complete check of turbine spectra through A283 war riot made.

Up to the point where examination of turbine spectra stonped , however ,

there was a downward trend in NL amolitude.

An attempt was made to correlate pulse  signals with blade strikes

or tip rubs in the turbir,e area. It was theorized that a mechanical

rub might produce a change in the amplitude of certain frequencies in

the turbine vibrations. No changes were observed in frequencies at

or NH. The raw vibration signals were put through a filter and an E~I-1S

24
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o: -a--o - ‘ a n -a

Pu Ic -ec -  ‘ -r’ ---c’ n- -“s -
~~

- an ic ” del on-’ hc-:: n ~-er ’ dec -c-ri nc’-(-j ~ fl

f-no arrv r ~~~ b--a:-~ - ‘ ‘- . ‘; hE- ~
— , t ’ — ç, -

~ fell i t O o tha i -a  i a s ~ ‘- categories

Li L x i  or ( h-a n-’ i rn-a no: a ron - vc- n i b -  nc-oat  r ye connonents ) - non U ye mono—

no’ar (ha’.’ ncr a n o s a t r v ( - ’  co’-mnncnt o n l n - ’) ,  and saturat ion . The pulses

were rhotcioranhrb- u s i ng  the raw siena l fron the tape recorder as the

input to the delan-’ circuit. Thus the amplitudes shown in the photo—

eraohs are 1/10 the an-p l i tude  o~v the actual pulses. Allison personnel

who recorded f-he data took photocranh s of the sienal as it came from

the probe and after tt war recorded and verified this reduction factor,

as well as the recorder reproduction f ideli ty . Thus , the reader can

determi ne the true pulse amnlitude by multiplying the displayed verti-

cal scale by 10. ~-Zith the exception of the saturation pulse photocranh

all. photo~raphs were made using a playback speed of 1-7/8 ips so that

the horizontal scale is correct. A tape speed of 7-1/2 ips was used to

photo~ra~h the saturation pulse. Therefore, the displayed horizontal

scale must be multiplied by 4.

Bipolar pulses (Fig. 21) had been observed during previous engine

tests. The pulses were about 5 msec wide wi th a maximum amplitude of

8 volts positive and 3 volts necative.

The positive monooolar pulses (Fig. 22), which had also been ob-

served on previous tests, varied considerably in width but were approx-

i,natelv 8 volts hich. The width of these pulses varied from 3 to 10

27
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Fig. 21. Bi polar Pulse

I.

Fig. 22. Series of Monopolor Pulses
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Fig. 23. Saturation Pulse

msec. Often, the narrower pulses occurred in groups.

The saturation pulses (Fin . 23) occurred on cycles A181, A203

through A205, and occasional cycles through A284. They were produced

during accelerations, especially during the ST portion of the cycle.

They were 320 to 380 msec wide and 8 volts or more hicrh.

Pulse Area Inteoration System

The pulse area integration system was tested using A cycles which

had been checked using the conventional pulse countina system. Under

the conventional system A204 stood out from the backcrround by a factor

of 2 while under the new system it stood out by a factor of 20 on the

2:30 probe and by a factor of 8 on the 6:30 probe (Fig. 24).

During the cycles in which the saturation pulses occurred , the

29 
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Fig. 24. Pulse Inteorated Area
Count vs HPSS DC revel

2:30 probe consistently gave a higher count. Since the count was pro-

portional to the area under the pulses, the 2:30 probe interacted wi th

more and/or larger boluses than did the 6:30 probe durino this time.

Cycle A181, in which the saturation pulses were first observed, had

an unusually high count on the 2:30 probe. It stood out from the back-

ground by a factor of 3. The 6:30 probe had a count within backoround

ran ie. Thus the 2:30 probe indicated unusual activity i i ~- c - t .
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th i s  c - I  r i d ”  and f - c -  q i ye recommondat I ons for was’s to nnrnve end “c-

stress conif:or i in’ and data ana lvs~ s.

Conclusions

Wi th m 1nor n or I i f i c a f : io n c - , the svst-c-ss discussed in t h i s  paper ran

be used e f f i c i e n t l y  to sort out those tanos :~‘hirh deviate from a

c’round data base . This can enable the observer to test more than one

engine at a time and so have a greater p r o ba b i l ity  of seeing an enaine

failure.

An inverse relation between T1 and the number of pulses ecnerated

by the engine has been observed. This tends to confirm the evidence

that bolus formation is stress related and increases as T
1 decreases

(or as thrust increases).

A relation has also been observed between the DC level of the cur-

rent trace and gross engine thrust. The data points were too scattered

to determine the exact shape of the curve. This was probably due to

the variation of T1 during the measurement period and to probe desian.

Also, the two probes measured only a small portion of the exhaust.

A change in vibration signature in the turbine and compressor

vibrations was seen. At the time that this change took place, large

pulses were detected by the probes.

A probability that the systems detected and recorded the LP2 rub

can be estimated ustnc the data found in Appendix C. Since there is a

0.83 probabi lity that high counts associate with a failure/distress , 
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~~: - ’ - c- :- a lc -u  Ln r-d

i n  f-I c’ fo l  0 c’\ - : i f lc l  i - r i - r : - ~r. j itI’ nro i ’ah l l  i t  - L i i a s  c rc - s  :s a-I c- ‘- a r; in

of the 5( ’ ° d i nrr - ”c--n c - i  to in h t t °/3’~’~
° or about 0 . 1- 0 .  t sr- or ’ ~~~ :- liLy

that  at leasf- one nrol-’e n--;orn- in vrc -nt 0 f the CI: s n - s r - c - n  rn- i n - c  is

Therc~ c r-c- . f-f-c’ nc— cd -ohS 1 in-v n-at one probe , ir On- I ‘-on • 
- - -a n r:cY: i n f t  c— o f -

of the d istress  n i t a  i s  0. i’ ? .  The nroh-ohi i i  Lv f - i n c 4 coo nr ’ d’e randomly

had a h ia h e r  ro :ms is 0,5. b -u n, t1o nrotvihi l it ’.-’ t h a t  t i r e 2 :30 n-robe

counted mere i - cOn -nc - c -  ca r :  the h :30 probe or en1 v random reasons is

0.72x0.5 or 0.30. The nr-c— i’,ahili tv that ti ~~~ v ibra t ion  sionature of the

end :”‘ raib-on . ’.’ cd:ann”‘’ On -c - i nn this period is , conservatively . 0.5.

The p r o b a b i l lt - -- .’ t hat  a l l  of these things occurred randomly at the same

time is the product of the individual probabilities, or 2.03. Since

the probability of correlation plus the probabil i ty  of non-correlation

(random events) is unity, the probability that these events relate to

the observed distress is 0.97.

Recommendati ons

Since an electrostatic rime has been shown to produce valuable

data, it should be installed on the engine and tested with the systems

described in this paper. The ring would provide more quantitative data

with which the net charce produced by a di stress could be calculated.

The probe system should be modified so that a greater area of the

exhaust is sampled. A probe system consisting of a loosely-woven w i re

mesh in the exhaust stream is one possibility. W i t h  the present system

results can vary due to the distance of the bolus from the probe as it

passes the plane of the nrc—b-”.
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‘[‘his Will_ I ]  0 si  aol i i v  v br-’’rli on l eve l trn ’-O ; on .  In ad-I i b- oii • a too— or

three—c:- : 0 c- nac ’ner fr ecn:encv v~ hso:n---i-er octal ci i n - - sn ! 5j  a ’in-p t iona l .  data

for correlati on o.~ c - a I r - r n - ‘5 th h lp d e  strikes or f-ip  rubs .

Tire pulse area integrat ion s”nter~ should be developed 4 ur t I ’er .

This c-”stcm provi des a number propostiona]. to the area cinder the pu l ses

it measures. It con -r id  be set up -~n a real—ti me enrcine stress i i ) d i c a 4 o’— .

The sr’c-tni.i should be built such that  it automa 4:ic-a l lv  starts inteclrot inf

at ti re beqirning of the cycle . At the end of the cycle , it should pr i nt

out the count and zero itself. The printout could be exan-].ned to deter-

mine cycles with unusua l ly  hi gh counts. These cycles could then be

studied in greater detail .  Whether the cycle contained more pulses or

larger pulses would not be known from the total count. This problem

con-lid be solved by a more advanced system with circuits to store data

on pulses wi th specific heights and/or widths in memory and print the

results at the completion of the cycle.
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of :- ~s l c - ’ :  ‘o ’- ’- ’ - t ’ - c- - c ;

Si nce it 5 a cloc-ir :—ented exur~rinorTha fact that norirets of -~ t .i~~ i r  - —

(bo ]ir~~~s) do exist: in I-he cy-:b-acrnt: of Oat c-na I I ;0c -  ( -:a~ 0)  . c ho tO o-s - 
S

restricted to hoc-i f-he holuses a~-o made ho d n tr e r ,cc- ’n.

The bolus is thought to have two nossi f-ic scc’.c- -c - s. ‘i - no 0 5rs ci

rrr-c--han.ical rub between two comnonents i n either the ror” rc --onn°r as ~ ‘ c ’ ~-

hine section of the engine . The second oossibie so’a-re i s  in-n o”°’0 -cc ’

condition which causes microscooi.c pi eces of meta l to c-r-na~-nt - r c1-or- - r - : . ”

components i.n the combustor section.

Mechanica l Rubs

Initiall—’ a rub bolus is composed of metal particles in a nb c- c- a .

The particles pick up a negative charge due to the hich ran-Ocr . c.lcc’ r c r t ’

of electrons but the bolus has no net charge. As the bolus moves

through the ~as-path , however , the metal particles collide with c’bstruc-

ti.ons such as guide vanes and turbine blades. The lareer particles

either embed themselves in, or transfer their charge to, these obstruc-

tions. The remaining bolus of ions and/or small charged particles,

lacking the inertia of the more massive particles, passes through the

gas—path without colliding with the various engine components. The

bolus now has a net oositi.vc charge. When the holuc- enters the tail-

pipe and passes an electrostatic probe, there is an interaction which

registers as a positive nulse on the probe current trace.
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Cor -4 ” cc ’ a’- !‘I ’ n’r

, ; , ,~~ r n  , i~~c--s c - ’ - ’-’ ‘ — - s  s •~~( c r ~~~- n -  - -n -  n.c-c~c~~ I n- ’ ~~~~~~~~~ !0 ~~ 1c r l r  - ‘ . , c; n- ~~l

!‘~~ -!~~‘ ‘c -j O ’- ”  a - -  cc i — i c r - I c ,  I : r”..’ \”l . i ’ 1c-.~~~
c- t ; o  

~~ ‘. ci t v ’  pulse

nr n - - [ ’c ’~~- c i  ( O k ’ ’  / : i 3_ ~~a )

I t i: Oe t onn ’—r c c c r -cc [ cc  ccnn~ r~c - ! ~~n t c’tv n t  c - - I  - I - ~~~ c-~ o o ir c t o~ r I c e

mater .ic -ci  . t ito halo s o i l  ~nc;: l i k e  a r i ch }v -, ! I c c r : ~J ) f l~ i s ,  a r’n~~ i t iV c ’

pulse c-r i 1.1. rosa if- .

If ~ i t c ’ tcmoerc tuc-e is h~ eh enouch Ia ’  t Ote cn~’! n - i  n- r t i c l e s  to

therrn .ionica lj— ! emit electrons, the un- f-cl na r t i clr - c; c-:i b i  have a r iot

positive charae when they ac-cc deposited c-n I - icc erar n~ obstructions.

This c-i l l  leave a net negative charce in the bo].us. The bolos w i l l

then produce a negative pulse on the probe current tr~ c—’ .
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A C’.’cle

‘I he A c-vc Le consisted of a ser ies  of accelerat:tons and decelera—

tI.ons wi th period s of hich coc-~er stead— ’ RPM onorat ion. It lasted

anproximately 43 minu tes .

Fig. B-I was made by recording N
L on the st r ip  chart recorder.

The tape c-Jas played at 15 ips. Chart speed was I rn/sec. Time i ncreas-

es from right: to left. The approximate RPM settings are indicated on

the right of the figure. Increasing time in minutes is indicated at the

bottom. The five regions called Beginning (B). Severe Transient (ST),

Moderate Transient (NT ), High Poc-rer Steady State (HPSS). and End (E)

are arbitrary designations. They are used only to narrow the region of

discussion.

C Cycle

The C cycle consisted of a series of accelerations to a high power

steady RPM plateau and subsecuent decelerations. Three RPM settings

were used: Intermediate (Pull Thrust), 95%, and 90%. The cycle con-

sisted of six accelerations to Intermediate, five acceleration to 95’.~.

• four accelerations to 90%, and finally five more accelerations to Inter-

mediate. The Intermediate power settings were held for 3.25 minutes.

A l l  other power settings were held for 3 minutes. The time between one

deceleration and the next acceleration was 3 minutes.

Fig. B-? c-ras drawn to show the cycle profile. Tine again reads
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Anriend ix C

Tr- ’—~-1 Fa.i. f- c r c  Hi c-i:or ’

lube ficnlres which fol io .-; are taken from Ref 6 and unprihiic-hea notes

of a briefi nn presented by i-Ia b r  Couch. if-co are f-n-ro d upon approxi-

natolv 2300 hours of testing pr ior  to the event discussed i n  this  study.

It can be seen (Fig. C-i) that high counts have a defini te correia-

tion with failures and distresses. Of seven observed failures (or dis-

tresses ) five were predicted. Of six tests with high counts , five

correlated with failure.

Fig. C-2 through C-6 give the count histories for the enqincs which

enter into the failure matrix.

Failure/Distress No Distress

High 5 1Count

Low
2 Most dataCount

uneventful

Fig. C-i. Failure Correlation Matrix
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7000 - . Electrostatic Probe Test
Negative p ar t c c l e  count v s t im e
TF4 1-A-2 en~ine

6000 - S/N 141050 , 13U 16
1000-hr SFE t est

5000 Blue box S/N I ( t r i c ’ ,~ cr level = 50 my )
TF4 1-A-2 probe S/N 1

4000 . Note: Tear down insi-’ection of
engi ne revealed damaged

- combustor crossover
3000 - tubes and HP rotor (tur b ine

— first stage) blade tip
2000 -

• Particle count data

1
a 900 .

‘
~~~ 200

—

100

;j -
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.

1 I _

1200 (Time) 2400 1200 2400 1200
12-15-72 (Date) 12-16-72 12-17-72

0 4 - 8 12 16 20 24 28 32 36 40 44 48 52
Test hours

Fig. C—?. TF—4 1 S/N 141050 (B .U .  16) Par t ic le  Count vs Time (Ref 6 :60)
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Electrostatic Probe Test
Particle count vs time
TF4 1-A-2 eng ine
S/N 141050 , BU 17
1000-hr SFE test

3 - Blue box S/N 4 (trigger level = ~U0 my)
TF4 1-A-2 probe S/N 1

4)
4.4

E Note : Teardown inspection of engine
revealed excessive wear on LP

2 --mpressor front bearing seal.
Engine was losing oil at a rate
of 500 cc/hr during most of

o BU 17, which completed 167. 5 hr
endurance time.

C) 
-—4

4-.

Positive particle count

L~~~~~~~~~~~~~~~~
g
~~~

ve
~~~~

t icie count

0000 2400 2400 2400 2400 2400 2400
1-30-73 1-31-73 2-1-73 2-2-73 2- 3-73 2-4-73

Time and date

Fici. C—C. TF—41 s/i: 14 1- ~~ ( i . U.  17) P~ r t : ie le  Count vs Tine (Ref f-:6?)
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‘i’he ~ollowi nq 1 ccbl e ].~ st~~ th e  I1 l-~h -?r of boluses c-t r ~cted by the

2 : 3( )  ar.cl 6 :3~ probes dur i nci the peri od i.n which the non—catas t~--onh i c

fa dure ~~fr the LP2 turbi ne occurred . The counts were oht inecl i ;’- -i: ;inc i

t he- cnnnt no s— ’C ~tem at Al l i son  Div~ s~ on. Since this svstes~ one~-ated in—

denendentlv of the tane recorder , nolus counts were alco taJ~en foi~ those

c-’c]e~ wh -i ch we~-e not recorded . Those cycles which wore taoed are

marked wi th  an asterisk. The cycles are in chronoloqical order.

Althouqh there were B and C cycles interspersed with the A c—’c l es ,

they have been deleted from the table since they were little interest .

The larcie number of negative counts on certain cycles such as A204

or A223 do not indicate neqative boluses. Rather they indicate extreme-

ly long saturation pulses which disrupted the electronics of the count-

ing system.
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Dat e A cycle 7 :3h+ 2 :3 fl—

2d -Tn 167’ 2 ’- ’ 4 1~~? 1
168’ 369 4 2 15 3
1.69’ 265 2 183 2
181’ 312 21 2O~ 3
182’ 2 15 3 155 0
183’ 190 2 110 0
184 104 0 93 0
185 176 1 132 1
190’ 221 2 123 4
191 251 4 113 0
192 312 6 126 0
193 262 3 131 2
194 240 0 125 1
195’ 225 0 127 1
196 ’ 227 0 114 1
197’ 217 1 95 0
198’ 238 1 12-1 1

25 Jun 199’ 100 0 60 0
200 115 1 59 0
179 117 1 60 0
186
187 438 121 302 108
188 574 109 380 123
189 699 179 390 124
201 405 5 2 14 4
202 413 52 722 9
203’ 662 158 34° 124
204’ 269 471 406 127
205 ’ 247 9 180 17
206 297 1 189 4
207 336 1 182 4
208 412 7 283 7
209 479 88 351 112

26 Jun 221 330 6 248 9
222 480 59 480 134
223 1226 542 645 219
224 530 151 517 149
225 527 114 452 128
227 504 96 384 83
228 316 17 362 28
22° 326 2 262 , 3
210 236 2 139 2
211 i~5 3 128 0

4 (~

- -  -~~~ ---~~~ - - -~~~~ - ------- _



A C ’ - -l~- 2 :~~-~ ~ : -
~ 

- — (~ :~ ~- ; ‘ -  :~~- - —

2 t -  Jun 212 72- 1 -* 193 7
2 13 177 1 1~~ 0
211 1 ,5 ,  3 1~~~ h 0
715 1~~ 1 127 1
216 16~ 2 117 1
21.7 1~~) 0 12’i I
219 196 1 1?5 2
21C 60 0 86 0
221) 134 0 72 0
180 373 193 3

28 Jun 23~ 266 1 111 3
231 239 1 160 4
232 201 4 112 3
233 263 1 131~ 1
241 358 40 265 12
242 403 13 251 2
2’13 405 57 287 1.5
244 840 288 295 83
245 356 46 340 81
2 46 ’

247’
2’18’ 292 3 201 1
249’ 294 15 206 8
250’ 246 2 153 0
251’ 194 2 161 0
252 155 2
253 ‘1’ 160 11
254’ 183 2
255’ 173 2
256’ 131 0
257’ 112 1
258’ 106 2
234’ 2:30 Probe

29 Jun 235’ disconnected

261’ 329 25
262’ 334 106
263’ 623 228
264 ’ 279 20
265’ 284 6
266’ 292 3
267 247 6
268 2 78 4
269’ 239 1
270’ 104 1
271’ 119 1
272 ’ 130 1
273’ 131 1
274 ’ 112 0
235
236
237
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A C - -1 c 2 :3( 4- ?:~~~~.. (- :~ - - ~-

20 n - n  23-c
’ 2 :i :

d ~— ‘—r ~- , r~~- --
2’i ’
2 ~ *

30 Jun
781’ 2 -~ In
282’ 202 26
283’ ~~3r , —:1
28i1 * 3’15 31
299’ ‘117 95
296’ 231 6
287 ‘V 310 6
277 6 0 102 1
276 13 1) 245 3

1 Jul 289 289 0 362 37
279 5 1. 72 0
280 4 0 72 1
301
302 41 0 277 6
303 21 2 311 3
304 17 0 177 1
305 6 1 220 1
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; f l l l  —r- S~-~-~--u- d (;if-e*-d 13-TI w:~s horn on I wcc -1- -n i9-i 0 in 9—,nnc ’r .

r -~--~ me’. f lc - n’- -yj ’~~~ e’d frc-n h icTh ~cI ,ol j i e n 1~ y1en~ (
~ern zir : in  1’~ T/ ~

nn’i ~i tt e n d c - -( S~~ n :  i~~’~ i ‘~n 1versi t ”  iron ‘~-;h i rh he rc~r’c~i ved the’ de~ ree of

Bachel or e~ Sc i ence in Pi ”n i cr -  in June 1968. Unon n r n d - ,~i t i r n  he ‘rn-

ceiveci a con:nission i.n the USAF throuch the AFRO1’ C nronrrr~. Atter  co~-

p le t i nci pi lot traininc , he served as a C—123K p3-lot i n  the 311th ‘facti-

cal Airlift Sciuadron, Phan Ranc AB , Rer~ublic of Vietnam . ~lc- then served

as a KC-135 pilot and fliciht instructor in the 913th Air  R efu e i in a

Sciundron, Barksdale AFB , Louisiana until enterinci the School of Engineer-

inc . Air Forc Institute of Technology, in June 1975.

Pennanent address: d o  Col. .J. E. Gif ford , Jr.

424 Lotus Court

Redlands , California °~ 373
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