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SPECIFICATION (5) __See References

in Section 7.0

1.0 CUSTOMER The Mercoid Corporation .

'ADDRESS . 4201 Belmont Avenue, Chicago, Illinois 60641

20 TEST SPECIMEN : Seven Pressure Switches (see Paragraph 5.2)
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.

5 "nv

3.0- MANOFACTURER The Mercoid Corporxation

(N0 SUMMARY
o’

r Seven (7) Pressure Switches, as described in Paragraph 5.2, hereinaftexr called
the specimens, were subjected to a Radiation and Seismic Simulation Test Program
as required by The Mercoid Corpdration Purchase Order Number 61733, and Wyle
Laboratories' Seismic Test Plan 541/6528~5/ES, dated May 19, 1978, Revision A.

. +  The radlatlon test program consisted of irradiating the non-oneratlve specimens
with Cobalt 60. :
The seismic test program consisted of resonant search testing ané biaxial sine
beat testing in‘'each of two test orientations. The specimens were instrumented
with accelerometers, electrically powered, pressurized, and monitored for
functional operation during the seismic test program.

It was demonstrated that the specimens possessed sufficient intagrity to withstand,
without compromise of structures or functions, the prescribed simulated seismic
environment.
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SUMMARY (Continued) .
Table I contains a description of the sine beat test runs and the actual
anut accelerations.

r
B

Photograpgh 1 shows the specimens installed in the side-to-side and
vertical orientation for biaxial testing on tne Wyle Multiaxis Seismic
Simulator Tabieg. .

Photograpns 2 and 3 show the specimen response accelerometer mounting
locations. . )

Apvendix I contains the Certification Letter of tha radiation test.

Appendix II contains transmissibility plots of the specimen response
accelerometerxs from the xesonant search tests.

Apcendix III contains the Instrumentation Log Sheets and the Instru-
mentation Eguirment Sneecs. ’

Appencéix IV contains the Wyle Labcratories' 3Seismic Tes
6528~5/ES, dated May 19, 1978, Revision A. . T *
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The test results for Item 8, as descrikeé in the %Wvle Test Prccedure
{Appendix IV}, are given in Wyie Lakoratories' Test Rerqrt Number
44285-2., -
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5.0 TEST., REQUIREMENTS "

5.1 - Radiation Test

The specimens, "as described in Paragrapn 5.2, shall be uniformly exgos
to 6 x 10° RADS eguivalent aix dose gamma

be inoperative during che irradiation tests.

5.2 Specimen Mounting and Orientation

The specimens shall te placed on a Wylé-fabricated wall-mount fixture.
: The mounting hole pattern in =2acn specimen shall ze transfarred to the

radiation.

test fixture. The holes shall be drilled and the ‘specimens

using three (3) each Grade 2 Numbexr 10-32 screws.
shall be welded to the

Item *  pescrigtion Pressura Range .

BN 1 DAW 7023-304B R 85 .  10-200 psig

) 2 DAW 7023-304B R 118 50~10C0 psig

, ) 3 DAW 7023-204B R.12S 100~15G0 psig

. 4 DAW 7023~-304B R 10S 25-600 psig

, 5 DAW 7023-3043 R 6S 5-100 psig

6 DRW 7023-8043 R 155 500-5000 psig
. 7 ABWT7041~304 R 33 0-50" H,0

”

The specimens shall be i
rientation. For

(ss/v)

be rotated 20 degrees in
vertical (FB/V: orientation.

5.3 Resonant Search
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5.1 Sine Beat Tests :
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5.0 TEST REQUIREMENTS (Continued) ’ _
5.4 Sine Beat Tests (Continued) *
machine. It is anticipated that the required input will be obtained at
frequencies apove approximately 5 Hz.
5.5 Specimen Response ' , )
A total of fourteen (14) specimen-mounted uniaxial piezo-electric accel-
. erometers shall ke utilized duxing the test program. Placement of the
accelerometers shall be at the discretion of the Mercoid Technical
Representative. Transmissibility plots of the resonant search in each
orientation shall be provicded in the test report.’ :
. . o
5.6 Electrical Powering and Electrical Loading , .
’ - N . ) 3 . - -
R 120°'YVAC, 60 Hz, single-phase power at approximately 1)l amperes resistive
locaé shall ze provided for a normallw closed (NC) contact on Items 1
Y through 6. 120 VAC, 60 Hz, single-phase power at approximately. 5 amperes
e resistive load shall be provided for an NC contact on Item 7. -
(’“x 5.7 “lecur*cal \onl.crlna ) ’ :
Seven (7) electrical monitoring channels (one each specimen) shzll be
provided to monitor a NC contact of each switch. £Each channel 5hall ce
recorded on an oscillograph recorder éuring the Seismic Simulation Test
Program. These channels may be useé to ascertain electrical continuity,
. current/voltage levels, spuricus operation, contact chatter, etc. beiors,
during ané arfter the seismic excitaticn.
5.8 Preumatics
. GNa pressurs sources, as descrided in Paragraph 3.2, shail be provided | -
for the specimens srior to, durang ané after the prascyribed tests. )
© 5.9 ’ ” '

Oreracional Tests )

ests chall be performed Hv
sure ci each switch about itz

raising and lcwering the operating ¢
‘J -~ g.
set goint.

Pre-seismic and gost-seismic opera
-
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i 6.0 PROCEDURES AND RESULTS
€.1 Radiaticn Test Procedures
] i . .
; The specimens, as ‘described in Paragraph 5.2, were uniformly exgosed to
6 x 10° RADS .equivalent air dose gamma radiation. .The specimens were
. inoperative during the irradiation tests.
|
‘ 6.1.1 Radiation Test Results
1 » It was demonstrated that the specimens possessed sufficient integrity to
withstand, without compromise of structures or functicns, the prescriked
radiation environment (reference Cextification Letter in Appendix I).
I 6.2 Specimen Mounting ané Orientation Procedures . .
N . . The qus}mens were placed on a Wyle~-fabricated wall-mount fixture. The
l mounting' hole pattern in each specimen was. transferrsd o the test
fixture. The holes wers drilled and the specimens attached using three
(3) each Grade 2 Number 10-32 screws. The test fixture was welded to the
o L] . . » - - - . .
} - . test table in each test orientation. The mounting ¢f the sgecimens
J ¥, simuilated the in-service mounting configuration as closely as practical.
z(ij) . The specimens were initially installed on the Seismic Simulator Takle
i - in the SS/V test orientations, as shown in Photograzn 1. Fcr the second
. orientation of tasts, the specimens were rotated 90 degrees in the hori-
. zontal plane to the FB/V test oxientation. .
l 6.3 .Resonant Secarcn Procedures . )
L , . . y
P 2 low-level {approximately 0.2 g horizontally and 'vertically) biaxial sine
X sweer was performed in the £3/¥ and the FB/V orientations. The freguency
. range ¢f the sine sweeps was from 1l Hz to 35 iz at a sweep rdte of one
] oczave Ter minute.
5.3.1 Rescrant Search Results
- Table I contains a descripticn of the test runs.
Transmissikility plots of the sgecimen resgeonse acceiercmeters from the

&
-
=

resonant search test in each oriencaticn are contained in Aprendix II

e
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PROCEDURES AND RESULTS (Continued)

Sine Beat Test Procedures

=

The specimens were subjected to biaxial sine beat tests in each test
orientation. Sine beat tests wexe verformed at each one-hall octave
frequency intexval over.the fr-quency range of Y Hz to 35 Hz, since noc
resonant £requencies were found during the resonant seaxch tests. Each
sine beat test consisted of a train .cf five beats with ten oscillations
pexr beat and with a minimum two-seconé pause between beats. The minimum
excitation input was 1.5 g horizontally and 1.0 g vertically, within the
limitations cf the test machine. The actual input accelerations are
contained.in Table I. The sine beat tests were periformed with the hori-
zontal and veriical inputs in-phase and repeated with the inguts cut-oi-
phase. :

Sine Beat Test Results
"\ .

It was demonstrated that'the specimens possessed surfficient structwral

integrity to withstand the oprescribed o*axla* sine beat test envircpment.

-

Test run descriptions, including inpu:t acceleraticns, are presented in

.Table I.

Specimen Reszonse Procedures .

.

A total of fourteen (ld) uniaxial piezo-clectric accelerometars were
located on the specimens as shown in Fhetographs 2 and 3. The placement
of the accelerometers was at the discretion of the Mercoid Technical
Rerresentative. FM tape ané osc ilicgrach recorders provided 2 recorc ol
each accelerometer response. The horizcntal accelerometer we*a oriented
in the side-%o-sicde direction Zuring the SS/V testing and re-orientad

to the Zront-to-tack direction Zurinc cthe F8/V testing.

ccelaroneters I
ained in Apcendix II.

¢}
4}
v
[0}
n w

120 VAC, 50 Hz, single~chase gcwer at approximately 1) amperess resiscive
load was provided fox a nermallv clilegeé (NC) contact on Itens 1 throusgh
8. Also, 120 VAZ, 6 ingla-ghasz gower at approximately I amperss

3
resistive loaé was previded for an NC zoontact on Item 7.

. .
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PRCCEDURES AND RESULTS (Continued)

Electrical Monitoring Procedurses

Seven (7) electrical.monitoring channels (one each specimen) were provided
to monitor a NC contact of each switch. Each channel was recorded on an
oscillograph recoxrdex during the Seismic Simulation Test Program. The top
terminal block of Items 1, 2 and 3; the side terminal block of Items 4, 3
and 5; and the left terminal ktlock of Item 7 were monitored during th

test program. .

«

11

lectrical Monitoring Results

t was demonstrated thatr the specimens possessed suificient electrical
ntegrity to withstand the prescribed simulated seismic environment.

et

2

No contact chatter or spurious operation was recordeé during the simulated
seismic testing. .
P~ = . "

Pneunatics Procedures

GN2 pressurxe sources, as descriked in Paragraph 5.2, were provided for the
specimens prlor to, during and after the prescribed tests.
Queraticnal Test Procedures )

Pre~-seismic and post-seismic operdtional tests wers performed b
and lowering the operating pressure of =zach switch abcut its se

R

cerational Test Results

. .

}-J

T was Zdemonstrated that the specimens possessed suificient Sunctiona
n ty to withstand the prescribed test zrogram. .
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* 7.0

7.1

7.2

7.3

REFERENCES

Mercoid Corporation Purchase Order Number 61733.
Wyle Lakoratories' Seismic Test Plan 541/6528-5/ES, dated May 19, 1978,
Revision A.

IEEE Standard 344-1975 Specification entitled "Recommended Practices
for Seismic Qualification of Class 1 Electrical Equipment for Nuclear
Power Generatihg Stations".

»
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TABLE I

TEST RUN DESCRIPTION

13

SIDE-T0-SIDE/VERTICAL FRONT-T0-BACK/VERTICAL BXIS
INPUT INPUT
ACCELERATION : ACCELERATION
RUN | FREQ. (g) RUN | FREQ. (q)
NO. (Hz) PHASE HORiIZ. | VERT. No. (Hz) PHASE | HOR:Z. VERT.
1| 1-35 In 0.2 0.2 26 | 1-35 In 0.2 0.2
2| 1.0 In | 0.32 | 0.32 27 | 1.0 In | 0.32 0.32
3| 1.4 In 0.45 | 0.45 28 | 1.4 In 0.45 0.45
4 2.0 In 0.65 0.65 29 2.0 in 0.65 0.65
s 2.8, | In 0.95 | 0.5 30 | 2.8 | 1n 0.95 0.95
.l 61 4.0 In 1.5 | 1.05 31 | 4.0 In 1.5 1.05
7| os.e In 1.5 1.05 32 | 5.6 In 1.5 ] 1.05
i 8| 8.0 | 1 1.5 | 1.2 33! 8.0 | 1in 1.6 1.2
Lo |13 In 1.6 1.2 31 | 11.3 In 1,5 1.1
10} 16.0 In 1.6 1.1 35 ' 16.0 In 1.6 1.2
b1l | 22,6 | 1.5 | 1.2 36 | 22. In 1.5 1.2
| 127 32.0 Iin 1.6 1.05 37 | 32.0 In 1.5 1.05
| 13 | 35.0 In 1.6 1.1 38 | 35.0 In 1.5 1.1
| 14 | 3s.0 out | 1.6 1.5 391 35.0 owz | 1.6 1.2
; 15 32.0 out 1.5 ;1.2 40 32.0 Ouzc E 1.5 1.1 ;
i 15 | 2208 out 1.6 1.2 a1 | 22.5 out | 1.3 1.1
g 17 | 1.5 1 oute 1.5, §-1.25 32 16,0 | ouc |23 1
bois i out, 1.6 1 1.1 43§ 11.3 our ; 1.3 1.1
i 19 | 6.0 out 1.5 1.2 a4 1 2.9 out ! 1.5 1.2 |
20 | s.e | ooue v 15 | 12 451 5.6 | cus 115 ill.es |
| 22! 4.9 1. out 3.5 o1.05 15§ 4.0 out | 1.5 | 1.05 |
P22 | 2.3 i oSue | 0.95 E 5.55 47 | 2.3 oet ! 3.95 | 0.95 !
i 231 2.0 1 oue | o0.63 | 2.85 | d8 ! 2.0 | oue i .65 | o.65 |
I toous | 0.a5 | 245 i 1.4 cus | 2.45 i 0.45 1
i 25 1 3.2 | eue ! os.32 b o0.32 50 © 1. oue ' 332 1 9.3 |
NCTZ: Runs No.'s 1l and I5 are sine sweep tests
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PHOTOGRAPH 1

TEST SETUP
SIDE~TO~SIDE/VERTICAL ORIENTATION
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PHOTOGRAPH 2 ! .

ACCELEROMETER LOCATIONS
I'EM 1 - 11, 2v; ITEM 2 - 3H, 4V;
I'M 3 - 5H, 6V; ITEM 4 - 7V, 8H;
IPEM 5 - 91, 10V; ITEM 6 - 11H, 12V
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ACCELEROMETER LOCATION
ITEM 7 - 13H, 14V
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Administrative Bata

1,0 Purposs of Test: Seismic vibration testing of fifteen (15) various

Mercoid pressure switches and one (1) Mercoid
‘differential pressure switch and environmental testing of two (2)
Mercoid pressure switches.

'2,Q - Manufacturer: The Mercoid Corporation Chicago', IL
3.0 _Manufacturer's Typa or Model No: Refer té section 1.0

4*Q_J1nnmuxp_Snnndhuﬂuannthdni AETC Test Procedure 16013

American Electric Power Service
Corporation Test Procedure No.
EGSP-061280JM, Rev. 4

5.0 Quantity of ltams Tested;  Fifteen (15) Mercoid pressure sw1tches
One (1) Mercoid differential pressure switch
4.0 Sacurity Clossification of Itams:  Unclassified ,

—

2.0_Date Tast Complatad: June 26, ]é8'l
8.0 Tost Conducted By; C. Pilotte, P. Lizotte, M. Ba{stien

?AQ_JlunnaiuuLgﬁﬁgusummnu Sent to Indiana & Michigan Power Co.
- D. C. Cook Nuc]ear Plant 0perat1on Dept.

lﬂ‘ﬂ_lumuLnni. Refer to sect1on 4 0

"Report No., _16013-2
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1.0 TEST ITEMS

¢

The following items were submitted by American Electric Power
Service Corporation for seismic- and enhvironmental testing at Acton

Environmental Testing Corporation (AETC).

Manufacturer: The Mercoid Corporation Chicago, IL

ITEM NO. ___ MODEL NO. - RANGE
82075 | DAW-7033-153 1
82076 DAW-7033-153 4
82077 . DAW-7033-153 5
82078 . DAW-7033-153 6 g
82079 ' DAW-7033-153 7 '
82080 - _ - DAW-7033-153 9
82081 " DAW-7023-153 . 155
82082 -  ~ " DAW-7033-153 ' 3A
82083 DAW-7033-804 4
82084 " DSW-7233-153 " 5
82085 DAW-7023-153 6S
. 82086 . DAW-7023-153 - 135
82087 DSW-7233-153 1
82088 DSK-7233-153 3A
82089 DSW-7233-153 4
82090 k BBE-221-3 © 285

Report No. 16013-2

ENVIRONMENTAL
g \ \ _ Page 2
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1.0 TEST ITEMS (continued)

Items numbers 82075 to 82089 are pressure switches with

single-pole/double~-throw snap-action switches; one circuit

closes as thg-o?her,circdit opens. The model numbers with the

suffix -153 designate units with a single SPDT‘switch; the model
number with the suffix -804 designates a unit with dha] SPDT

swifches, two close, two open. -
Those model numbers with the prefix DAW- designate units

with double adjustmeﬁt set points, one high pressure set point

‘and one low pressure set point. The difference between the

high and Tow set points is the operating differential between

“on-off" switch operation. Those model numbers with the prefix

" DS~ designate units with single adjustment set points. The

single set point sets the pressure where switch operation

. occurs; the operating differential is fixed.

Item No. 82090 is a differential pressure switch which
rece1ved a high and a low pressure 1nput. Switch action is
determIned by the difference in pressure between the two 1nputs.
‘This unit was not e]ectr1ca11y mon1tored for switch action
dur1ng the testxng _

A11 16 test items were subjected to the seismic vibration

testing as spec1f1ed in section 3.0. Items 82079 and 82084 were

'
3

Report No., 16013-2
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1.0 TEST ITEMS (continued)
also subjected to the environmental test, specified in section
3.0, subsequent to the seismic testing.
. ~ ’ ‘
‘)_7: .
l' . . .
e "
) VY
. . .
. -
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2.0 TEST REQUIREMENTS '

2.1 RESONANCE SURVEY TEST hEQUIREMENTS

«

.The purpose of the resonance survey specified in section
3.3 was to monitor the mechanical response of the test items to
determiné any resonant frequencies in the Seismic bandwidth
. and to determine éach test item's ability to withstand the
- specified vibration without evidence of:mechanicalkdamage or
deterioratiqf.‘ The pressure switches were not pressurized

. during the resonance survey.

2.2 MULTIPLE‘FREQUENéY TEST REQUIREMENTS

The purpose of' the multiple frequeﬁqy test specified E
.in section 3.4 was to determine %he test items' ability to ‘
-withstand such vibration without evidence of mechanical ‘-
damage, &eterioratiqn, false closure of open contacts for
longe% than 3 ﬁi]1j§econds, or false opening of closed
contacts.for.longer éhan 10 milliseconds, or any other
interference with proper opefation as determined by opera-
tiona]’tegi; performed before and after the multiple

frequency vibration.
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2.0 TEST REQUIREMENTS (continued)

The multiple frequency test-was conducted in such a
mannervthat the Test Response Spectra (TRS) at which the
units were quaJi%iedlwould correspond to the SSE 1e§e1 of
the Reﬁu;red Responée Spectrum (RRS) or, i7¥ a failure
occurred at that level, to the maximum Tlevel at which the
unit would fulfill the above acceptance criteria. |

Items 82075 to 82089 were pressurized and electrically
monitored aé\spec%fied in section 3.2.during all md]tip1e y
frequency vibration testing. !

?' “ Item.number 82090 was pressurized as specified in

“JQi. section 3.4 but not electrically monitored during the

hu1t1p1e.frequency vibration testing.

Lo -+ 2.3 ENVIRONMENTAL TEST REQUIREME“TS

The purpose of the environmental test specified in
. f: section 3.6 was to determine the tesf item's ability to
‘ withstand the e]evatéﬂ steam temperature and presshre
conditions without any evidence of mechanical damage,
deterioration, false opening or closing of contacts, or
.interferénée with proper operation as determined by

opérational tests performed before and after the environ-
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2.0 TEST REQUIREMENTS (continued)

mental testing. The test items were pressurized and
electrihally menitored as specified in section 3.6

during the environmental testing. '

N

/ ;
. ' A

» . *
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3.0 TEST PROCEDURES

3.2 TEST MONITORING

3.1 TEST MOUNTING

Each Mercoid pressure switch was mounted on the vertical

surface of -a steeT plate vibration test fixture in the manner

. shown in Figures 1 and 2. After each Mercoid pressure switch

was plumbed and mounted, the test fixture/test item assembly

vwas securely attached to'the 45° biaxial -table of the AEfC

. seismic test facility. The use of the 45° biaxial.tab1e

results in eﬁha] horizontal and vertical input components.

-

Duringithe multiple frequency vibration testing, test
jtems 82075-82089 were electrically monitored td‘indicate
any spurious opens and closures of the sing]e-po]é/doub]e-
th}oﬁ switches. Across each of the open and closed contacts
of the SPDT switches, 5 chatter monitoring circuit was
connected. The chatter detectof was se£ to moﬁitor the open .
contacts for false closures longer thap 3 milliseconds and
to monitor the closed contacts for false 6pénings Tonger than
10 milliseconds. | |

The output from the chatter monitor's gate circuitry

"was connected to an oscillographic recorder to record when

" "Report No..16013-2
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3.0 TEST PROCEDURES (continted)

.contaét‘chatter occurred in excess of the above specified
times. Each contact set of the SRDT switches was also
connected dire¢tly to the oscillographic recorder input
circuit to record the switch status and to réecord false
opens and closures. The visicordér records are included
with this test report.

During the resonance survey, test items 82075782083,

82085, 82086,. 82089 and 82090 were each monitored with
one (13 triaxial group of three (3) accelerometers to '
deterﬁiné each unit's méchanical response. One'QriaxiaI
group of three accelerometers was also attached to the
tést'fixture to serve as control accelerometers monitoring
the test input. Test items 82084, 82087 and 82088 (te;ted
at aﬁ*ear1ier date than the gbove) were each monitored .
‘with one (ﬁ) biaxial group of two (2) accelerometers, wifh

; - "one biaxial group also attached to the test fixture to
serve as control accelerometers. |

¢ Dhring the multiple frequency vib}ation test;'éll
test items with the exception of item 82084 were monitored
with %riéxié] groups of acée]erometefs as describgd above

for the resonance survey. Item 82084 (tested at an earlier

Report No. ._16013-2
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3.0 TEST PROCEDURES (continued)

date) 'was monitored with one biaxial group of two

accelerometers.

Dur{ng each set of -tests performed on groups of three

Mercoid units, the accelerometers were mounted and numbered

as follows:-

. TRIAXIAL ' '
_"ACCELEROMETER AXIS ITEM ATTACHED
NO. ORIENTATION TO
" ' Front-to-back 82075, 82078,

\ 2 . . Side-to-side 82081, 82086
3 Vertical 82(088*
4 "Front-to-back 82076, 82079,
5 Side-to-side 82082, 82083,
6 Vertical . 82087*
7 Front-to-back 82077, 82080,
8 Side-to-side /82085, 82089,
9 Vértica]_ 82090
10 C Front-to-back On test
11 . Side-to-side fixture

. (control)

,JZ. Nertical

*purﬁng‘mu1tip]e frequenqx test only - see next table.

[
A
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3.0 TEST PROCEDURES (continued)

BIAXIAL
ACCELEROMETER AXIS ITEM ATTACHED
NO. ORIENTATION "TO
1 In=axis horizontal . 820847
2 Vertical .
3 In-axis horizontal 82088*
4 Vertica}
5 In-axis horizontal 82087*,
6 _ Vertical
7 In-axis horizontal On test fix-
8 _ Vertical ture (control)

. *During resonance survey only

During the resonance survey, the output from all

acée1erometers, through appropriate signal conditioning,

was recorded on visicorder recording paper included with

this test report. During the multiple frequency test,

the output from the triaxial control accelerometers was

used for response spectrum control. The output from thé

control accelerometers, through appropriate signal condi-
‘tioning, was analyzed by a Sﬁectra1 Dynamics SD321 Shock
Spectrum Analyzer and the X-Y plots of the.Test Response

Spectra are included as part of this test report.
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3.0

TEST PROCEDURES (continued)

During the_vibragion testing, the Mercoid pressure
shitcﬁes were visually monitored for signs of mechanical
damage or deterioration. Item number 82090, the Mercoid
differentia] pressure switch, was mopitored visually

on]y; without any additional electrical monitoring.

3.3 RESONANCE SURVEY

The res6nance survey consisted of a biaxial s¥nu-
soidal- input with peak horizontal and vertical accelera-
tion components of 0.2 g at frequencies from 1 to 35 Hi. :
The resonance Eurrey was performed at a sweep rate of 1
octaVe/minute; For each group of test irems, the input
wag appiied in two (2) horizohta]]y perpendicular
b1ax1a1 directions of exc1tat1on as follows:

Front-to back and vert1ca1

R1ghtﬁ;o-1eft and vertical

3.4 MULTIPLE FREQUENCY TEST

i

The multiple frequency test consisted of a biaxialb

pseudo-random excitation. The shaker table test input

. was recorded on a 14~ channe1 tape recorder, each track

having discrete frequency sine beats recorded at a d1fferent
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3.0 TEST PROCEDURES (continued)

frequency and delay between beats. All frequencies were

recorded at maximum level.

The outputs from the 14 channels were played baék
and combined in.a l4-channel mixer which resulted in the

pseudoﬁrandom multiple frequency test input. .The indivi-

* dual mixer channels have attenuation controls so that the

Tevel of each tape channel output passing through the'
mixer could be contro]]eé. In this manner, the Test
Response Sbectrum ;as shaped by 6ontrol1jng the level of
the individual. frequencies. :

. The éest input was adjusted such that the Test Responsé”
Spectrum from the control accg]erbmeter, éomputed at Q=20,
2 1/2% damping, enveloped the'appropria@e Required Response }

Spectrum shown in Figure 10. The test inputs were applied

seven (7) times in each of four (4) hbrizonta]]y perpendi-

- cular biaxia] direct{dns of excitation. The test duration

for each 1nput vas th1rty (30) seconds.

The 1evels of the first f1ve (5) 1nputs in each b1ax1a1

. direction were such that the 1RS from the control accelero-

meter would envelope the OBE RRS shown in. Figure 10. The

Tevels of the sixth and seventh inputs in each biaxial

3
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3.0 TEST PROCEDURES (continued)

. direction were such that'the TRS from the control accelero- -
meter would envelope the SSE RRS shown in Figure 10.
For each group of test items, the inputs were applied
in’fodr biaxial directions of excitation as follows:
Right-to-left and vertical .
~ Front-to-back and vertical
Left-po-right\and vertical
Back-to-front and vertical
In order to vérify that the .test items were operating'ﬂ
properl&, the operational tests specified in section 3.5
were performed prior to the vibration testing of each group.
'of items and before and aftgr test run #7 of the ﬁu]tiple '
-frequency test in each biaxial d%rection 6f excitation. ]
; During each run of the multiple frequency test, the electrif
‘ca1 monitoring of the SPDT sﬁitch contacts, as specified in’
sectioﬁ 3.2, w&s performed.
| For each test i;ém, a pressure.jnput was ‘applied and
. held constant during each run'of the multiple frequency tes?.
Dﬁring the, first six test runs in each biaxial directién of

excitation, the pressure input was held constant at the Test

" Condition #1 Tevel (see below). For the seventh test run, the
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3.0 TEST PROCEDURES (contirued)

bressure input was changed to the Tevel of Tést Condition '

#2. The pressure settings £o which the set points of each
test item were adjusted, the level of the pressure input
for Test Conditions #1 and #2, and the adjuétabie operating
range of each Mercoid pressure switch were as shown in

Table 1.

Report No. 16013-2

VL ENVIRONMENTAL

\ resTinG Page .15

” CORPORATION



ADJUSTABLE

LOW PRESSURE

TEST

HIGH PRESSURE . . TEST
- OPERATING - SET POINT . SET POINT CONDITION CONDITION
ITEM NO. RANGE (PS1G) (psie) (PSIG) #1 (PSIE) 22 (PSIG)
82075 1/8 - 15 8 3 12 2
82076 1-35 17 10 20 7
82077 2 - 60 - 30 " 20 40 15
82078 5 - 100 50 40 60 35
82079 5- 150 75 55 .90 50
82080 10 - 300 _ 150;' 120 190 100
82081 500 - 5000 : 2000 1000 2500 800
82082 1/8 - 20 10 5 12 2
82083 1-35 17 10 " 20 7
82084 2 - 60 3.8 NA 4 - 1
82085 5-100 .. 50 35 60 *30
82086 300 - 2500 . 1000 700 1250 500
82087 1/8 - 15 7 NA 10 5
82088 1/8 - 20 7 NA 10 5
82089 1-35 15 " NA 20 10

TABLE 1 = TEST .CONDITIONS
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_ ADJUSTABLE - - WHEGH PRESSURE  LOW PRESSURE - TEST .  ° TEST -
: - OPERATING - SET ROINT .~ SET 'POINT -1 CONDITION'  <CONDITION
ITEM §0. - RANGE (PSIG) - {psiG) (PSIG) - #1 {PSIG) #2 (PSiG) -

82075  ° 1/8-15 - 8 - 3 12
82076 1-3 17 : 10 . 20
82077 -~ 2-60 - s30T a0 D L |
82078 - 5 - 100 . S 80 - s 60 35
82079 . - 5-15 < - 75 55 © e .. 80
w000 -0 w0 c - w0 ¢ 190 100
82081 - 500 - 5000 - . 2000 - 000 R
82082 1/8 - 20 w0 5 R ¥ 2
s2083 .. 1-3 - 1 S0 20 7
82084 2-60 ° - - i 3.8 - ‘": N - 40 - i
82085 §-100 ~ . 50 s 60 *30
82086 © 3002500 -7 L1000 T 700 . 1es0 . 500
82087 8 - 15 g T m 10 -
82088 . 1/8 - 20 IR 2 S 0. s

L N

82089 - 1-35 .. 5 ML 20 10

THBLE {1 - TEST CONDITIONS

Ak ]




3.0 TEST PROCEDURES (continued)

Item number 82090, the Mercoid differential pressure
- switch, was. supplied with a 13 psig pressure input to its
high side and a 12.75 psig pressure input to its 1ow'sidei
These preésures.were maintained constant during the multi-
ple freqqency test runs.

For those test items which failed to fulfill the
qua]ifiéation dcceptance criteria during the SSE Tevels
of multiple frequency testing (test runs #6 & #7),
additional testing was done at lower vibration input levels
%: . until a maximum 1evé1 was determined at which the unit'
gg@" would qualify. . The additional multiple frequency testing
' ' was conducted using RRS curves of 3/4 SSE, 1/2 SSE, and
1/é SSE as shown in Figure 11. The additional test runs

were each 30 seconds in duration.

TR

3.5 OPERATIONAL TEST

Operational tests were performed on test items

82075-82089 before and after vibration testing as specifiéd
in section 3.4, and before and after environmental testing
as specified in section 3.6.: The operational status of éach
Mercoid pressure switch was verified by the fo]fowing
operation test.
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3.0 TEST PROCEDURES (continued)

After the set point indicators were adjusted to the
values specified in Table 1 of sectjon 3.4, the pressure
input was varied above and below the setlpoints and’ the
SPDT switches were electrically moni@ored to verify that
the contacts changed state. The contact monitoring was
performed using the oscillographic vecorder input circuit
to record the switch action. The pressures Qt whjch the

_ switcﬁing ac%ion occurred Qere observed as the input
pressure was varied to below.the lowﬂset point and above

the high set point.

H‘C- . 3.6 ENVIRONMENTAL TEST

, Following the completion of the multiplie frequency
vibration test, items 82079 and 82084 were subjected to
the following environmental test. The test items, _
mounted “vertically as shown in Figure 1, weré placed inside
an AETC high pressure test chamber. The pressure swifches"
to were plumbed and wired through the cﬁamber wall such that
:the switches cod]d be pressurized and e]éctrica]]y moni%ored

during the elevated temperature and pressure test.

' Report No. 160132
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_ TEST PROCEDURES (continued)

The set point indicators on the two test items were

" set as follows:

ITEM NO. , HIGH SET POINT . " LOW SET POINT
82079 . 75. psié 55 psig
g2084 - 3.8 psig NA

0pef§tionp1 testing, as specified in section 3.5, waé
" performed on the pressure switqhes. After the operational *-

testing, the pressure inputs to the switches were set as

follows:

ITEM NO. . TEST PRESSURE

. 82079 , 90 psig
82084 25 psig

The test chamber was sealed and steam ap 15 psig and a
minimum Sf 120°C wés applied for a minimum of 10 seconds.
The test was considered commenced when the chamber attained
a steadyjstate temperature of a minimum of 120°C and a
pre;sure of 15upsig. Thé steam temperature and pressure

were continuously recorded during the testing.
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3.0

TEST PROCEDURES (continued)

The SPDT switches were electrically monitored

continuously using a chart recorder input circuit to record

the switch status. Following completion df the high tempera-

ture and pressure test, the chamber was vented to atmospheric

conditions and the operational test was repeated.

The pressure inputs to the switches were then set as

follows: “
ITEM NO. TEST PRESSURE
82079 50 psig

82084 . 1 psig

The high temperature and preséure test was:repeated
in the same manner as above. After the test, the chémper
was again vented to atmospheric conditions and a final

operational test was performed.
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4.0 TEST RESULTS

4.2 MULTIPLE FREQUENCY TEST RESULTS

4.1 RESONANCE SURVEY TEST RESULTS

There were no structural resonant frequencies detected
for any of the Mercoid pressure switches in the 1 to 35 Hz .

frequency band.-

~N

Fdr test items 82075-82083, 82085 and 82086, there was
no evidence of mechanical damage, deterioration; false ‘ -
closure of open cogtacts for Tonger than 3 milliseconds or
false opening of closed contacts for longer than 10 mi]ii-
seconds, or interference with proper operation de%ected
during or as a result of the multiple frequency test per-
formed at the fu]] SSE shown in Figure 10.

For-test items 82084 and 82087-82089, there was no
evidence“df mechanical damagé, &eteriora£ion, false closure of,
open contacts for Jonger than 3 milliseconds or false
opening of closed contacts for longer than 10 milliseconds
or interfefenceywith proper operation detected during or as
a result of the pultiple'frequencyaiest performed at thg

following,levels, shown in Figuie 11.
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4.0 TEST RESULTS (continued) '
‘ QUALIFICATION LEVELS

ITEM NO. TEST_CONDITION #1 TEST CONDITION #2 |
. i
|
82084 . 'SSE - 3/8 SSE ‘
82087 . 3/4SSE  °  1/2 SSE’
82088  SSE 1/2 SSE
' 82089 - . 3/4 SSE 3/4 SSE

. 4.3 ENVIRONMENTAL TEST RESULTS

| Forytest items 82079 and é2084, there was no evidence
of mechanical damage, deter%oration, false opening or
closing of contacts or interference with proper operation
detected during or as 5 result 8f the environmental test

" specified in section 3.6.
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MFGR.

TEST EQUIPMENT LIST

NAME MODEL SER.NO. RANGE ACCURACY INV.# CAL.FREQ.
Accelerometer pcg 3028° " 1772 . 1Hz -5 KHz £5% AC415 6 months
Accelerometer PCB 3028 1773 1 Hz - 5 KHz 5% AC416 6 months
Accelerometer PCB 13027 1774 1 Hz - 5 KHz 5% AC417 6 months
Accelerometer PCB 302A 1775 - - 1 Hz - 5 KHz 5% AC418 6 months
Accelerometer pPCB "302A 1777 1 Hz - 5 KHz 5% AC420 6 months
Accelerometer PCB - 302A 1779 1 Hz -5 KHz - +5% AC422 6 months
Acceierometer pCB 302A 1780 1Hz - 5 KHz 5% AC423 6 months
Accelerometer PCB 302A 1781 1 Hz' - 5 KHz - 5% AC424 6 months
Accelerometer PCB 302A - 1805 1 Hz - 5 KHz 5% "AC425 6 months
Accelerometer PCB 302A 1807 T Hz - 5 KHz . -5% AC426 6 months
Earthquake - MTS 908.34-01 24" DA max. 5% - PE367 6 months .
Simulator- . 204.63S DC-200 Hz,- 22K force 1bs. ampl.

Hydraulic ' ,

Actuator )

Controlier MTS/Dennison  443.115 DC to 2000 Hz 1%

Power Supply . Mod. 63 , 120 GPM Max. 3K-5K ps1 mav 250 Hp NA.

Power Supply PCB 483M23 288 12 channel X1 & %5 gain filter 2% PE384 6 months
. . . frequency 50 Hz .

Shock Spectrum . SbC SD321 18 Input: 0.1 Hz to 10 KHz .

Analyzer N Sens1t1v1ty "31.6 MV to 100 V F.S. %0.5 db PE381 6 months

Visicorder " HON 906C 99078 - DC to 2 KHz 12 channe]s 1 db RE335 6 months

T . 6" paper
Visicorder HON -9608 9-8687 DC to 2 KHz 12 channels *1 db RE301 3 months
. -. « 6" paper |, : T -
Recorder, X-Y MFE . ' 715E E 70154 Input. 1-10-100 MV 1-10V £0.5% RE342 6 months
Sweep Oscillator  Ling ((:o-wc)m 120 . 0.2 Hz to0 5.0 Kz 19 SG321 6 months
701C

abed

"J

-
ce

0.1 to 9.9 octave/minute

rlf

- pepmrmts -




TEST EQUIPMENT LIST

NAME ~"MFGR. MODEL SER.NO. RANGE : ACCURACY INV.Z CAL.FREQ.

Scope, Storage TEK 7912 7912 DC - 10 MHz Dual Trace . £3% ° 0S304 . 6 months
. © BO15257 _
Accelerometer PCB 302A ; 2844 1 Hz - 5 KHz +5% AC374 6 months
Acceleromater’ PCB : 302A 666 - 1T Hz - 5 KHz ) +5% AC375 6 months
> Accelerometer PCB 302A . , 672 1 Hz - 5 KHz _ +5% AC381 6 mor.s
Accelerometer pcs . 302A . . 673 1 Hz.- 5 KHz . ) - .25% AC382 6 months
Accelerometer PCB ~ 302A 2845 1 Hz - 5 KHz ° ‘ T 153 AC383 6 months
Accelerometer PCB 302A 2853 1Hz -'5 KHz . r +5% AC395 6 months
Accelerometer PCB .7 302A . 1778 T Hz - 5 KHz “ £59 . AC421 6 months
Accelerometer PCB ° 302A. - 1983 1 Hz - 5 KHz " +5% AC339 6 months
Accelerometer PCB 302A 4441 1 Hz -5 KHz ) +5% . AC339 6 months
DC Amplifier HON 17 0225TE74 6 Channel .01/.02/.05/.1/ +2% PE409 6 months
. .2/.5/1/2/5/10
Power Supply PCB . 483A . 273 12 channel gain X1 " +2% PE374 6 months
Synthesizer M/RAD 1978 19710R - ' : PE393 -
False Contact MTX - 202D 310 Detection: 10 & 100 usec T #2% PE371 6 mo.s
Monitor o
Oscillator Sweep , SDC SD1T4A 232 5 Hz - 5 KHz #1% PE372 6 months
Servo Dynamic Range: 80.db min. )
Amp1lifier, .DC HON 117-06 - 1000-54  Gain 0.01/.02/.05/.1/.2/ 2 DC  PE394 6 months
. .5/1/2/5/10 »
Voltage Ref Source SORE QR40-2 20 0-40 VDC 0-2 Amp RIPPLE 150 uV" REG. .01% PD338 6 months
Pressure Indicator USG 50489 ° . P1336 0 to 200 psi o +0.5 psi PI336 6 months
Pressure Indicator HES N\ H25329  0-500 psi 250 Div. +1.0 psi PI305 6 months
Pressure Indicator USG 1404 PI371 0-100 psi : 1% PI371 6 monthns
3 | ‘
g : U - _ A
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NAME ' MFGR.

SER.NO.

. TEST EQUIPMENT LIST

ACCURACY INV.# CAL.FREQ.

RENTAL EQUIPMENT: .

Honeywell 5600E Recorder #73371
Pressure Transducer 0-200 psia Statham S/N 2702

—S_é- abed

0-15 psi

MODEL RANGE
Pressure Indicator HES 25325 0-10,000 psi 1000 Div. t5psi - PI321 i year
_ Ampiifier BB 3088/16- 1003 Voit Gain 1 to 1000 £1% AM302 6 months
In§trument ’ 15 Hz to 25 KHz g
Filter, Dual ITH 4302 35207 10 - 1 MHz 3% AM346 6 months
Recorder, X-Y MFE 7154 70142 Input: 1-10-100 MV 1-10V +0.54 RE343 6 month.\x
~ Both Channels :
Visicorder HON 15088 0304A 24 Channel - Inches ~21°'db . RE348 6 months
Millivolt Recorder BRUSH 260 03753 . 6 Channel £2%° RE318 3 months
Power Supply SORE ~ 40-2 101 0-40VDC 0-2Amp RIPPLE 2000V REG. .005% PD331 6 months
Power Supply SORE’ 40-2 107 0-40VDC 0-2Amp RIPPLE 200 uV REG. .005% PD302 6 months
Digital Thermomeﬁgr DORIC - DS-520 14954 Type "T" -310 to +750°F ) *2°F TI323 6 months
Digital Volimeter = FLUKE 8050A * 2646175 . 10 uV to 1000 VDC - 10 mY to 750 .DC£.03%R ML504 6 months
.. VAC True RMS 0-20 Megohms Res. +2 digits
i . dB voltage
Pressure Indicator USG 1404-4 1/4" - £,25% PI1317° 6 months
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