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PROGRAM INFORMATION REQUEST / RELEASE use "c" ion et.Assir:Ea amo "u" ren unct.Assir:Em
~

Jerry D. Fuller, Project Engineer Tow E.J. Savitsky, Manager
Analyzer Programs Analyzer Programs
Room U-3035 - Ext. 2518 Room U-3035 - Ext. 2956

,

OATE SENT CATE INFO. REQUIRED PROJECT AND REQ. NO. REFE.RERCE O!R. NO.

10/2/80 2F3
SUBJECT

ACCELERATED LIFE TEST REPORT - CEC-1000 PRESSURE TRANSDUCER

INFORMATloN REQUESTED / RELEASED

The aging procedure defined in PIR 1890-CAMS-205 was completed on CEC Pressure Transducer
Part Number 1000-173, S/N 4240.

RESULTS,
.

e Overall worse case change in performance occurred at 350'F and was a zero shift
of .413% of Full Scale.
Unit aging is unnecessary since pressure transducer,|contains no age sensitive materials.e

Aging test served to increase confidence in codiponent reliability.e

SPECIMEN

The specimen included CEC Transducer S/N 4240, (see Attachmen.t 1) mat-ing connector P/N 17020

(.
and ~50 feet of cable fabricated from Raychem Spec. 44 twisted shielded pair.

DISCUSSION

Log of key test activity is summarized in Table 1 and followed by a brief description of
Ccch.*

.

,
TABLE 1

l

| TEST LOG

!
'

ACTIVITY LOCATION DATE .

Acceptance Test Procedure CEC 4/9/79
Dated 7/7/77

,

Accelerated Life Environment GE-SD 8/ 2/79 to 8/17/79_

; Radiation Exposure Isomedix, Inc. 9/79

Seismic. Event Acton, Acton, Mass. 10/79m

'
~

Acceptance Test Procedure CEC 3/2/80
Dated 7/7/77

| - ,19-0
;farv;antion atewarusm?:

cr- -

! h4t e(o. ''-

| ( L. Heverly J. Murphy ,,,,,,,,,,i,,,,,,,,,,,
-

'

F. DiSanto J. Fuller n , ,.., p . ...
E. Savitsky E. Wong (CEC) g , ... F * **-J. Ashly (CEC)

) g , ,,, ,, g , , ,,, , ,
n n... -.

n n ............,

| I-l
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Pre and Post Performance Tests -

Both tests'were perfoir.ed at CEC to the 1000-04 (173) Acceptance Test
Procedure dated 7/7/77 modified to include the linearity and hysteresis
run at 250*F, Results were excellent with maximum deviation occurring
at 350*F as a zero shift of .413% of full range relative to the 4/9/79

The CEC calibration data sumary is included with this report astest.

g Attachment 2.

Accelerated Life Environment, PIR 1890-CAMS-205

To verify the long term operation requirements, the pressure transducer was
subjected to the procedure presented in Attachment 3. The aging of the
pressure transducer was performed by using present state-of-the-art aging,

technology. This technology allows acceleration of the time / temperaturer

aging effects artificially by increasing the temperature. The pressure
transducer contains both metallic and non-metallic components. The
deterioration due to aging effects on the metallic components is judged
to be insignificant. The aging of the pressure transducer was therefore
based on its non-metallic materials only.

It is known for many non-metallic materials, that the degradation process
can be defined by a single temperature-dependent reaction that follows the
Arrhenius equation:,

Ea

- kBI
k Ae=

(1).

where,
.

k reaction rate=

A frecuency factor=

Ea activation energy=

kB Boltzmann's Constant (8.617 x 10-5 eV/*K)
=

.
-

T absolute temperature=

I-2
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It is further noted that, for many reactions, the activation energy can
be considered to be constant over the applicable temperature range.

-

Equation (1) can be transformed into a fom which yields an acceleration
factor to define a given amount of themal degradation. The form is:

Ea [1 1

E T1 T2j (2)

t /t2 "* e1,

4.
where,

9 t1
9 accelerated aging time at temperature T1=

f t2 normal service time at temperature T2=

T1 accelerated temperature T1 (*K)=

T2 nomal service temperature T2 ( K)=

'

Equation (2) can be used to derive the accelerated aging times for materials '

with known activation energies.

Nomal operating temperature for the transducer is 120 F. The transducer
g was operated for 14 days at 300*F as presented in Table 2. From

equation (2), this would age to greater than 40 years any material with
an activation energy less than .81 eV. This would include most organic
materials.

Aoino Analysis
.

Table 3 describes the non-metallics in the pressure transducer. Both
materials are included in the following list of materials that are considered '

to not have significant aging characteristics:
i

Silicon semi-conductors, resistors; tantalum dry electrolytic -
(

capacitors; ceramic. capacitors; dry paper and plastic film
capaditors; mica capacitors; glass capacitors; integrated
micro-electronic devices; hybrid micro-circuits; steel,.

aluminum, copper, epoxy fiberglass G10, Gil, or equivalent;*~

brass, ceramic, and glass-filled diallylphthalate. '

Since there are no age sensitive materials in the transducer, no aging prior
to seismic is required. The. temperature aging test serves as a confidence,

. test in the pressure transducer reliability. A detailed " aging" test log
| is presented in Table 2. '

No detectable change observed in unit performance or visual appearance.

:i.

S023-50s-17-18-0!

.

! '-

1 I-3
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TABLE 2
"

AGING TEST LOG
.

OATE ACTIVITY COMMENTS
'

7/19/79 Chamber Chambe. - asphere was
- Installation humidifi. with 15 ml H 0.2

'

7/19-* 8/2/79 Low Temperature 145'F with chamber total
Operation pressure variation of

15.8 to 17.6 PSIA.
t 8/2/79 Initiate Aging Chamber was cooled to

Environment ambient and opened to allow
transducer inspection.
Atmosphere preparation
included 1/2 atmosphere of
2% H /N2 and water vapor2
(15mlofwater). Chamber
was sealed and temperature
set for 300*F.

,

t

Temperature Pressure Vo
'.

('F) (PSIA) (mv)

8-3 Aging Environment 302 53.5 18.739
s

. 8-6
' "

302 55.3 19.2418-7 302 53.5 18.804
"

8-8 302 49.4 17.464
"

-

8-9 302 49.3 17.364
"

,

' 8-10 302 49.4 17.282
"

8-13 302 47.2 16,79
"

8-14 308 49.7 17.574
"

8-15 305 49.5 17.525
'"

8-17 (8:30) 305 48.6 17.259
"

8-17 (15:00) 305 48.4 17.151'
"

8-17 (15:10) Terminate Aging Set heat for 125'F -
Environment

8-20 (11:45) 129 26.2 7.839
(11:50) Terminate Test Shut off heat, open the chamber

and remove the specimen
,

I-4

. . - . . _ - .. _ _-
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TABLE 3

PRESSURE TRANSDUCER - NON-METALLICS

COMPONENT MATERIAL COMMENTS

Bridge Substrate Silicon Oxide 5102 Thin coating to which
resistors are mounted.,

Resis' tors "Ceramicite"(CEC), Resistors are wire wound,
Ceramic nickel coated with Ceramicite

which contains A1, Pb. G' lass.

.

'

.

.

(
Radiation Excesure

The Transducer. connector and cable assembly was delivered to Isomedix for
a radiation exposure of 1.2 x 106 Rads /hr. for a total integrated dose of
3.2 x 107 Rads . Dose certification is included with this report as

* Attachment 4. No detectable change in unit rierformance or visual appearance
was observed during post exposure evaluation.

.

Simulated Siesmic Event

The specimen was subjected to the environment described in GE-SD Procedure -
250852 as part of H2 Analyzer P/N 47E240609 System Seismic Test. Test

| details are presented in the '609 system Qual Test Report.
!

skf'

|Concurred:

# ry D. Fuller, Project Engineer Edward /.Savits. -.
,

Analyzer Programs Analyter Progra s
Room U-3035 - Ext. 2518 Room U-3035 - Ext. 2956

I
. /mes

SO 2 3 - 5 0 s - 17- 18 -0
,- ...

. I-5.
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O GC"1000-O4 Sputtered Tflin Film -p-
Higf1 Temperature -

PressureTransducer .

=
- ~ "-* * ~ ~ - - ~' ~ *;, ._. , g _.g ., . <

7* f.* *-s

.

' ~' ' L n.'nX ,
.

#4.
'

i. . J.4.h ; ,*,.23:co'i3!A%L ' . + - H > '. n .r --: -.

A _

'M s. ~. ~ * L.3 e . s -*5

. . a.

* 1,ong. Term $tobiijtg Previding leng-term stability and reliability, CEC Sputtered
Gage Pressure Transducers are the mest accurate thin film
transducers available.Perfermance stability is =0.1% fer ,

extended cperation at any combinaticn of ccnstant pressure __
-

* Highly Relicble and temperature within the operating range. The CEC icco-c4
has a compensated temperature range of 75'F to -4CC*F. .

"" and an operable temperature range of -65'F to -450*F.
The thermal errertand per'ctmance is typicafly beter than d

* High Perfcrmence o.5v. within any So r temperature mane.
iAdvanced techniques cf sputtered film deccsitien create

sensing elements with a maximum combined errcr for non-
""' '"''' h '** "''* '"'*"'**** ** * i" 'Y * ' = .25 v. e f e eY* F.dycnced Senser Design full range cutput.

Available in many standard ranges frem 15 to 10,0C0 psi,
the CEC 1000 Series afsc feature an innovative dcuble-case

* Rugged Duci (cse Isciction isciation.The basic scut ered senseris electrcn eenm
welded to the pressure chamcer/ada;ter whica also
provides a high degree cf mechanicalisciatien frem
mounting torque effects.The sputtered senser is well <

isclated from extemal case effects since the case is welced* ,

tc the pressure chamber / adapter anc not in centact with
,

any pertion of the senscr. srg.

CEC Sputtered Gage Pressure Transducers are
manufactured in accordance with the pregram cuality
requirements of Mll.-C-SESSA.

'

For further infermation about this pressure transducer, cr

hspecial acclication designs, contact the nearest Seil & :

Hewell/ CEC Divisien Sales Office er factcry in j
'

Pasadena Califctnia.
.

)
!

CEC CIVISCn -

I :

''*;* -

Q BELLsHawELL
"

I-6 ATTAcHr1ENT 1

6C6 - FT - tB -2.
_
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CEC 1000-04 Sputtered T5!n Film Hk;5Tempercture PressureTrea.sducer
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CEC DIVISION
363 5:ERRA MACRE VfLt A. PASA0ENA.CA 91709 TEL1*HCNE (713) 756-9381 TEL.EX: 57 5415- "

CALI3 RATION DATA SUMM.GI.

CEC 1000-0173 . ~ ~
-

'

S/N 4240e ~

,

0-100 PSIA1 .

i 77'F +250*F 350*F 77'FTenperature *B *A *3 *A *3 *A *3
'

*A
-.

-

Full Scale '
--

-

(MV) 33.389 33.504 34.100 34.260 34 149 }4.188 33.368 33.486
Zero (MV) 0.262 0.353 0.855 0.924 0.732 0.594 0.253 0.350
Sens. (MV) 33.127 33.151 33.245 33.336 33.417 33.594 33.115 33.136
Insulation -

Resistance 10 Din IcMn 10 F.n 10nta S D.n SDin SDin 103n
A2ero (MV) +0.091 -0.069 -0.138 -0.097^

ASens. (MV) +0.024 *0.091 +0.17~ -0.021
alero (LFR) +0.275 -0.208 -0.413 -0.293

-

ASens.(%FR) +0.072 *0.274 +0. 5' 03 +0.065
.

.

.

LINEARITY AND HYSTERESIS RUN AT +250*F

175 0 20 40 60 80 100 80 60 40 20
*3 0.855 7.473 14.115 20.769 27.430 34.099 27.438,20.776 14.122 7.482 0.
*A 0.924 7.558 14.223 20.896 27.57'9 34. 268 27. 586 2 0. 903 14. 2 2 9 7. 568 f0.

*3 is before radiation 4/09/79
-

*A is af ter radiation 3/20/80

r- ,

E. Wong,

Sr.ProductgSpecialis:,

I-8 ..

ATTACHMENT 2
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PROGRAM INrORMATION REQUEST /REL.ASE use "c ' reA c.Assims an 'v' ron uncussinto

IFACM TO

J. D. Fuller, Project Engineer F. P. Rudek, Manager - Analyzer Systems
.
.

DATE 3 EAT DATE INFO. AEQUI AC2 PRQJECT AND ACQ. No. REFLAEMCL DLA.NO.

7-25-79
3WSaECT

CEC-1000-04(173) Pressu're Transducer, Aging Procedure

INFoRMATloN REcuEsTED/ RELEASED

The purpose of this test is to subject the transducer proposed for current configura-tion H
2 Analyzers to a combination.cf environmental conditions simulating long ter .operation.of the transducer.

Initial C'nditions:1. "

o
.

Place 30 ml H2O in the chamber prior to closing.a.

b.
Pressurize the chamber to 15 PSIG with 2% H2/N2 then vent to ambientpressure. Close inlet and outlet valves.

c. Set the temperature for 1350F 1 50F. ~

d. Record the following data for stabilized sensor performance.

( Te=perature-

Pressure-

Transducer Output. -

Time (Date and Time of Day)-

.

2. - Accelerated Life Temperature, Fressure Conditions:

Set temperature controller to achieve a chamber temperature of 20C0+100a.

. -
no '.. .

b. Upon achieving a chamber temperature of 30CCF, record the time ~anddate. Vent the chamber as required to maintain a chamber pressure
< 65 PSIG.. -

Maintain the conditions established in the preceding step for 14c.
days and record the following infor=ation daily:

Temperature-

Pressure-
'

Sensor Output
-

-

Time --

|
'

cc: J. D. Fuller J. E. Murphy * * * * " * - i"*?*""*""***'"***"",

.{-
L. R. Heverly F. P'. Rudek * * * ' * * ' * * I

n .". ".'. " ""'' .p,-
n.. 'n.1 ,,1 p. n . : ...., ,

i

..

"
p n .

p r;..........,

*

reau 1c20 3 arv. IW ATTACHMENT 3 I-s.

{ wnA- vi - t%-2.
___
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d. Decrease the temperature setting to achieve a chamber
temperature of 125 i SCF and maintain for 2. days. Daily
record the data noted in step 2.c.

.

Shut off the heat, open the test chamber and remove thee.
transducer for visual inspection.,

J' .

; 3. Radiation Exposure:
1

[ Subjec't the transducer to a total integrated dose of 5.2 x .I '
a.

107 Rads at a rate of 1.2 megarads/heur.,

X

] b. Perform CEC ATP.
.

.

.S Y.a$$.- -
4. D. Fuller, Project Engineer
Analyzer Systa=s *

Room fil-3035, VF3C-
Extension '2518

(

.

.

.
.

,

I h
|
I
i
\

.

.

.

.

.

.

..

.

.

I-10
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d. Decrease the temperature setting to achieve a chamber

te::perature of 125 + SCF and maintain for 2. days. Daily
record the data noted in step 2.c.-

*

Shut off the heat, open the test chamber and rimove thee.

s transducer for visual inspection.
t 3. Radiation Exposure:

Subjec't the tiansducer to a total integrated dose of I.2 x .5 ~
a. ~

107 Rads at a rate of 1.2 megarads/ hour.,

b. Perfonn CEC ATP.
.

S Yd/'
4. D. Fuller, Projec- Engineer
Analyzer Systems -

Rocm #U.3035, VF3C-
Extension '2518

(

.

.

.

'

. .
, ,

h

;

!

. -
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IS O M E DIX -

Sept. 13, 1979

J. J. Colle-,y . .

General Electric Cc=pany-

Space Systems-

P* P.O. Box 8555
Philadel. chia Pa. 19101o.,

a ,

9
b,.

,
Dear Mr. Collery': -

-

d .y . .

'J This will s"-a-i:e para =eters pertinent to the 1 :adiation of CIC
'| XDUCIR, calibration cap and cylinder, as per your purchase c: der

A2S-A10311, dated August 28, 1979.-a *
. -

- .

The specimens were exposed for 27 hours at.an average 'dese rate
of 1.0 Megarada per hour, yielding a dese of 37 Megarads. The ,
speci= ens were over-irradiated to acc=unt.for the t3% accuracy of
the, the des --try system; the repo-ted dose is 32.Megarads.i * *

.,. .

Halfway thrcugh the exposure, the specinens were rotated l'800 'to
give a =cre uniform dose distribution.

.

. .

'' Desi=stry was perfor=ed using Earwell Red 4034 Perspex desi=eters,. <

I. utili:ing a 3ausch and I.c=h Mcdel .710 s:ect = phot ==eter as the
.-

readout instrument. This syste= is calibrated directly with NES,
with the last. calibration being May 30, 1979.. A c py of the
desi=et:y cc :ala:ica =eper is available upen request.

'

'

I :adiation was c=nducted in air at 2--ie .t te=perat==e and : essure.
Radiant heat f := the source heated the sa=ples somewha't, but the

Ctemperature did not exceed 130 F, as indicated by previcus =easure-
=ents. en an oil solutien in the same relative positics..

. .
,

I::adiatics.was 4 4-3=~= en August 31, 1979, and was c =pleted.

s en Septe=ber 2, 1979. *

Sincerely ycurs,g . ..

h ISCMIDIX, INC.
. ,. ,

i _
". A

*
- p
'

David P. Constantine
Pr=ducticn Manage

DPC:vt * *

*

cc: G. teit:.
. .

. .

s .

.(
.

h
-

I-11
... . .

- .

..* *

lsomedix Irte. 25 Eastmarts Acac. Parsrc:any. New Jersey 07C54 * (201) 387-2S66
*
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