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Obiect of Teat

[

| ENTay Rezggp e
The originel obiect of this test wss te Z«cermine the compenent’s actuation
characteristics during vibration. Following an unempected coadition whereby
the units were found te actuate at a lowey but net & higher level of vibra-
tion, the test was expsnded to explore this preblem, to test to the original
intent end te detsrmine the effect of random wibration on unit functioen.

Authorigzation for Test

This test was requested by Divwision 1332 in a Work Order Authozrization dated
May 10, 1962. Mr. W. E. Boyd was the consultant. The material for test was
received Hay 28, 1962.

Susmery

Testing performed under this work order hes shown that the MC-1441 Inertial
Switch has two critical conditions as regards the actustion duzing vibra-
tion phenomencn. Appareantly a critical vibration input of close to 30g
exists, sbove and below which the percentage eof actusting units is less.

Actvation percentage is also an appsrent function of temperature, with peak
percentage of actuation occurring somevhers between 35°F and -~15°F.

Random vibration levels of 0.20g2/cps cause an incxeaae in sctustion time
of & nominsi 50%, as detormined under the conditioms of thiz test,
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Vibration Machines Mo. & 3nd Ko..7 vere used to perform the vibration tests.

Thyratron Chatter Testers Hes. 5'1-19 and 811-37 were used to monitor awitch
conditions during the vibration tes“s.
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K. L. Gilleepie ~ 1332 -2~ T-21502
The MB Rondom Vibration Congole with 2 Peak-Notch Anslyrer wvas used to
control ¥, M. No. 7 during Che component functionsel tests.

The Wyle Servo-Temperature Conditioning Unit emd a COp temperature sbhroud
were used to supply the tesperature eunvironment neodsd with V. M. Mo, 4.

A Brovm Temperature Reeorder, S-5667%, was used to wmonitor component
terperatura during the tests,

Inertial Devices Test Console Ho. 2 snd Visfcerder Oacillopgroph S$~93582
weare used to contrel and monitor the cospenents during the functional ¢szste.

Tacting was performsd in gccovdaznce with SC-H4524(16Y, except thet side
acceleration was not wonitored,

Proceduore and Results

Binatesn EMC-~1441 Ipertisl Switches from Phase IT production were sudjezted
to & sinugcoisal wibration test teo determine if c¢he componsnie would actwate
during a wibration enviremment. Testing was dene atr room remperatuve at¢
warious vibration iaputs.

Twelve of the above units were subjected te another sinusoidal test exzcept
thet the input was held censtent (with a few exceptions) znd the temperature
varied from room to ~85°F.

Siz of the nbbwa units, modified by vemoval of the return springs, were given
a rendem vibrationm test, and tested functienslly wsing the esrth’s gravitas
tion as the sctuating acecleration.

The components tested were, in general, standard Phese 1I wmedels utilizing
the incraaged travel flapper orifice. This design was found, Juring carlier
texperature vibragetien testing, to be superioer.

Throughout e11 testing covered in this repori ths components wove movnted en
the widration machines with the resciting mechenism down {(gravity aiding
getustion). Vibration was snifovely applied parslilel to the unit sensiciwe
axis., ~

The first test of ainsteen units wvas perfozmed on Vibration Hachine He. 7.
Thres test fingures wera used to expedite the test, with each fizture
wonitored separately for input sccelszatien. Tae fizmtures verc wounted
adjacent to onz another. BDuring the test one fixture input waz contrelled,
and the monitor on the other two showed thez the thres inputs did net very
move than 10%, ‘
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The components were cyclad from SO cps to 400 cpa, except as noted in
Tshie I, st 2 rate of 4 winfoctave. This freguency range hes beenm shoun,
by eeriier testing, to be ths most severe in effect on the compoment. The
test temperature wos wouitored with a thermocoupls mounted on one of the
test fixtures, @s clese to the compouent asg possible. Duriag the testing
the companent raset circuits wvere monitored for openg, snd the actuaies
cizeulis were monitored for chatter and for closure.

The components were Livst subjec.:d to ome fwnil cycle at an Inpul asceelieza-
tisn of 45g. During the test only ome companent, Seriel ¥o. BBR~-0113-52,
actuyated vith 2n input scceleration of 45g. !

in an efforc ¢o datermine ¢(he wminimum actuste level of the cozpoment which
actuated et 45g inmput, Che unit and two others ware tested with an input
acceleration of 30g. All chree components actuated a2t 30g input. The sume
three cemponents were tagted with inpnt arzeierstions of 20g, 15g and i0g,
0f the three componentstested oee component, Sevial Ho, BER-0113~E2Z,
acteated a3t 20g sad i3g only.

Dacause of the performance ef the three components at¢ 303, the remaining
ccaponants were retested at an inpet accelezation of 30g. Six of ¢he nipe~
tesn components actuated with a&n input acceleration ef 303,

Cf the six components which wore tested at sn input aceeleration of 20z,
only two components actuated. Of the gix cowpenants which vers gested ot
2r input acceleration of 15z, omly ons component actueted., Bone of ¢che six
cemponants actuated with an input acceleration of 10g.

Bacause of the poor parfermance of the components gt reem temperature, it
ves decided to perform & post-mortem on the components hefore continuing te
lew temporsture testing. [pon dissssesbly and ingpection it wea fownd ¢hat
the components wera fuoll of smell particles which had come from the interral
parts of ¢he waitg., This portion of the ¢est was terminated wntil ¢he units
could be cleancd and the worn or desaged parts repaived.

All deta tskan in ¢this portion of the test are zecorded in Table I.

Twvelve of the units, with nickel plated parts, were retuwruned for temperatuve
vibratien testing., Tost setep, this time en Vibratisn Machine Ro. 4, was
alment identical ¢to the previeus t2et, with 21l the temperature conditicning,
woniteriag and contrel equipment edded. The came test daim was recordad,

Pour test temperetures, 75°, 35°, -15° and ~65° fall °F), and a widraeien
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foput lewel of 13g vere chogen., The compomenis weve cycled ss bafore,
except as notsd fn Teble IX. A few echeck yuns were mada at lewels othew
thar 15g end these are recorded in Table 11,

One unit, BDR-0115-E2, 2ctatad at 35°7 and 15g input. Fuily opes reses
civeuits were more cemmonm. At 76°P ons unit showed epens; at 33°F three
were open; at ~15°F eight were open, and at ~65°F five were open. These
dsta ingicaze thee 2 czivlcal temperature cxists somewhere between 35°7
and -15°F,

The wolt which sctusted ot i5g was 2lso tested at inpus of l0g, iZg asne
14g. Actuation occurved st lég ond cpen reszt civeuits were present at
all chree loweis.

Threr units were tested at -65°F at levels of 25g and 30g. A1l three
showed open circuits, and ene, S/N BBR-Ciza-E2, actweted a2t both lewels.

All deza cahen ir this porvtien of the test arz recerded in Table IX.

Six uwnite were subjected to 3 combined linear acceleration, vsndem vibra~
tion test at room temperatuze to check the effect of vibration on unit
funetion. ‘

Testing was performed ¢n Vibratioa HMachime Ho. 7 uwsing 2 single fixzture.
Three lewals of power spactral density were used, aad the dandwideh was
20 cps to 2000 cpa. Egualization over the tegt fraguency range was beld
to * 3 db. ' '

The compomants were wodifiad dy removal of the return spriasg. The unite
vere held in the zezer ppsition by the fixture msgnat unzil such ctime as
asctustion was desired. The earth's mavitat!cm supplied the linear
sccalsretisn needed for actuation.

From 1 to 3 runs were mode with no vibration, a¢ vibration lovels :of
0.0532/eps, 0.10g2/cps and 0,20g2/cpe and egain with mo vibration.
Cosponeat actuation Cimes were obtained by wonitoring with ths Vieicorder.

Tewo sets of data were taken. One with the components szaled at an oil
tesperature of 175°F and one with a tcwmperature of 120°F. All data
racorded duriag this sorvien of the test aze listed in Table I1X,

In general, the higher the vibration lewel, the greater the effect om

ccaponent actustion. %he effect was greatest sn the lower fill tempera«
ture wnits, Actuation fimn incmsad a nowinal S0Z at O. 203 Jeps for the
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120°F £111 texperature tescs.

Table D in this report contains & list of test notes aepplicadble te

Tables I and 1II.

CG3:7321«1:kvw
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—s«.

Ko permanent effasct wes roted, as the no
wibratien runz before and afrer wibration were essentisliy identicsl.

E9S .

C. G. SAEM - 7321-1

W L s

"M, £. SHANEROH -~ 7321-1

Enclosuxes: Tables U thrcugh IIX

Copy to:
J. H. Wicgen, 1442
B. S. Bliss, 2344
W. €. Prica, 2541
Atgn: R, T, Jankowski
L. B. Snodgrass, 2561
C. i. Johmason, 7523

. H. Copsland, 7321
:E&""’53~a

. K. Smeltzer, 34621-~-3




TABLE O T_21602

.

THE FCLLOWING NOTES APPLY TO THE TuSTS AND TEST DATA LISTED IN TABLES I AND II.

NOTE 1: CYCLING RANGE 50CPS TO 4OOCPS AT A RATE OF. 4 MIN/OCTAVE,

NOTE 2: CYCLING RANGE 50CPS TO 200CPS AT A RATE OF 4 MIN/OCTAVE.

NOTB 3: ACTUATE CIRCUIT CHATTER IN LOWER TEST FrEQUENCIES.

NOTE 4: CYCLING RANGE 35CPS TO 280CPS AT A RATE OF 4 MIN/OCTAVE.

NOTE 5: CYCLING RANGE 4OCPS TO 320CPS 4T A RAT OF 4 MIN/CCTAVE,

NOTE 63 CYCLING RANGE 4OCPS TO 28CCPS TO 35CPS AT A RATE CF / MIN/OGCTAVE.

TR TR B SURTITA TP W R S IS R L L I SO AT ¢ L ST L TR e T e i

¥ e T R A DT e LT L




T

[SERIAL NUMBER

Acc.,
()

VIBR.

ACTUATION

| DURING CYCLING

(UP-CPS)

(DOMT--CPS)
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e S TABLE 7~ o T-21602
I VIBR. - RESET OPEN' CIRGUITS ‘ I
AcC, | DURING CYCLING TEMP, | FIXT. S
SERTAL NUMBER (c) ACTUATION (up-CPS) (DOV-CPS) (°F) | no. NOTES
VGsr-oy2-£3 | 45 | MNo Nes (685455 | g9 | I 7
—H 30 | Yes 19 Feps| /7~ AeT — co | 2 2.3
20 2 (0626, 40| (/3-F5~ | 76 | 2L 2 3
/5 2543y | Mo 82 | 7T 2.3
0 Mo | Mo Wo 78 |z 23
3O|__ M Wz Ao 30 | Z 2.3
. §e | N IRZ= Mo 7 7e |z 5.3
8 3 T SO Mo Ab A Bl | )
= Er Lo Y | 27| 7 2
~VEBbR- 01/ 3~E D 45" | Vs /35ans Yes — 7Y VL 7z
' 30 |Jes po7eps |- gy-AeT — GO |2 2,3
95 | Yes ~/3ers | /127-AeT — co | Zr 2.3
RO | Yes~-F8eps | S3.-Aer | — 7S~ AL 2,3
(S | YEs -Deps (5743, 74Aer| =90 VZ/A 2.3
/O Ao N o-85F 78 |27 23
30 _|)Yes -/23zps | /O -AeT — SO |2 23"
oS |\ VYes-/48eps | /03 ~Ae T — 76 |\ L 2,3
.80 | L7 WAS to7 RESZE7 N/ el
~ouY-£9 | 45| A Ao Lo 75~ | XL Z
' SO | Ao Yo | Ao 2 /A 2.3
BR-OUS-£2 | 5~ | W 7 A 7S |\ Z
- 30 | Ao Ao 0. Ze . | I 2.3
, 73
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VIBR : RESET OPEN‘CIRCUITS | | e
. Acc, DURING CYCLING TEMP, | FIXT.
¢ |sEazaL vomER (G) ACTUATION (uP-CcPS) (DOVWN-CPS) . (°r) NO. NOTES
Bap-oys-£2 | 45| Mo 2 o o | Z 2.3
3o Ao Yo A 7y | ZZ 2 3
BBR-01F-E2 | 45 | Ap V2, Mo 7 |\ 7 27
| 80 |Ves /0é2ss | 103-AeT — 7R |27 2,3
=N Ao Ao — 70 | XL 23 oa
| 30| Mo — — 75| Z° 23
RO _|Yes Josass | /Y728 L(03-AeT | 7o | 2 2.3
| /5~ Ao S-S Ge~74 | 792 | A 2,3 |
/0 o z A 75 | 7 2.3 .
| | Z Ao Ain |\ 7¢ (i~ 7 Q
. 3O o Ao Ab 76 | 7~ 2 L
- 30 Ao Mo |\ b ¢3 | 7 2 e
C88p-0//-E2 | 451 Mo 2 2 75 | 7 Z E—f_%
30 | A A A 76 |z~ 2.3 i §
: S0 Mo A Ao &3\ ol 3 T
: ' ‘ 3 . ’ =
18BR0/20-E2 | 95| Ak Ao A SR /A 7
; ‘ 30| Ao Mo | joz7-/top | 73 | 7Z” 2
JBBR-O/23 -ED | 45 Mo Ao | Ao 1032 | L Z
5 ‘ 75~ Mo Mo Ao S0 | 2 7.3 _
30 I Ak Ao Mo W AY/al 2, 3
30 Mo Ao Mo le3|\lzZ | 3 23 ]
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TABLE .Z
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VIBR. | reser opEn crrouITs R
) ACC, DURING CYCLING TEMP, FIXT,
B ' |SERIAL NUMBER _(a) ACTUATION (up-CPS) (DOYMN-CPS) (°r) | no. NOTES
N VLo -omy-E2 | Y5 | Mo Ao Ao (O | - Z
~ | s Mo Mo Ao So | Z. 3
30 Pes —fooeps|3ro97der|  — | ev | o 2, 3
B0 | VEs~/332rs 125-Aer — 72\ 7 £.3
Y8\ Yes- /99ers | 11 - AT — 7o\ 2.3
30 | Ves-/30ars| [/3-1/6 S 75\ AL 23
v 26 Wb 07~/ 39 (987 | 7C |\ 77 2.3
/S Lo 2L~/ [O~T6 | 72| T 2,3
| /0 Mo Mo Ao | 78 | 7z~ 2.3
P-0/25-53 | 45 Ao L s s\ 7
- | 30 Ao LMOA3 | fo5-96 | &SP\ 47 | 2,3
B8R —0/96-29 | 75 | A Lo | o oz 7
. 301 - Mo - Lo Mo % | a7 2.3 .
880~0/97-£2 | 45 | Jo Ao Lo | 77 | 72 7
ol - 30 Ao M s 72 |77 R
Y -
o
) T T
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VIBR. | RESET OPEN' CIRCUITS ' _
' ACC, DURING CYCLING TEMP, FIXT,
B |SERIAL NUMBER (@) | AcTUATION (UP-CPS) _(poww-cps) | (°F) | no.
b @b 8sr-0/07-£22 | /5| Mo Ao M\ |
Ve A/o /{Jo ' /Uo SIS Z
/5 Ap o Ay =45 |
/5 Ao M No 65| Z
BR~O /1 ~ER | /5~ Lo A b 76 | XL
‘s Ao Ao Ao 35 | XL
/S Ao Ao sé-sY |-/¢6 | Z |
- 5 /Up /{/0 Ao &5 | A 4:_400.55 RESET LEAD
8R-0//0 ~E2 | 45 Ao Ao Mo 76 | Z | 7
/5 Ao - Mo Mo 38 |z~ | 7 o
/5~ Mo sY-5¢ M s | Z | 7 -
/5" No o | Mo s | Z | 7 “=
5 . L«
R-O/N3-E2 | /& Ap Ho Lo /7 Z A {';: ,'
/S No Ao Lo 35| T Vi a8
/5 Ao s¢-5¢ | 54353 |-/5 | 77 7 - 20
' /f : M - /o /1/0 —465 | I &/ ".a
I ; ' H
¥ R8BR-oysE0 | 15| o (/2138 | _88-79 | 77 | I 7 2=
b b ' 15 | Ves SRaps S¢-Aer — 38 | 7 Z ~
- 15 | Yes 9eps —— 1T — 35 | Z ;
1O Mo Ao | zo-70 | 35| 20| 0, ;
/8 Ao 8-/ | es-55 |35 | Z | 2 !
(LA NES s | s3-Aer —_  l3s |z | T 4 -~
&5
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RESET OPEN' CIRCUITS N
- ' DURING CYCLING TEMP, | FIXT,
B |seriaL wnmER (G)__| ACTUATION {up-crs) -~ | (pow-cps) | (°F) | wo.
¥ |ovs Copr (8| No s/-58 | 77es0 |6 |2 |
8 | /&5 Mo S/ 72 - | &7-45 |<s |4
§ lssr-o//9~£2 | /s~ | N _ Mo Al 77 | 7
& o | /8" Mo | . A A SSall 74
/5 Mo A | S5-52 |ASo | o
/5 No Mo _ No |\ s~ | 2
R-omo-£2 | /§ Ao | Kb Ao 2o | 7]
- 45~ /) A Vi %e 35 | .2~
/S~ /{/0 /UA No - —/6 Z
/5 Ao A n <4 | L.
30 Ab Ab 27=47 |=¢¥ | T
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TABLE IIX

b

FILL VIBRATION TEST LEVEL (g2/0Ps) VIBRATION TEST LEVEL (gR/cPS) :
TEMP. [FIRST ‘ FIRST N i
SERIAL NUMBER . (°F) 0 0.05 0.10 0.20 0 0.05 0,20 it
BBR-O/0F-£3 | /75 | 3.8/ | 460 |4 8Q|8.03 3.75 | #£82 S.32 o
- 18.723|72¥3 13,734,592 555 7 A
: H
BBR-0//-EFEQ /725 13.87 4S04 75|85, /6 3, 708,00 563
| __13.60| SA 4 d A4 5,67
',g@en@//s ~£2 1175 | 9957|433 | A6 478 3.00 3,75 7,55~
: CA/4 ~ 2, 7813, 76 497
BBr—os0-£2 176 |8.¢7 |4 3¢|5.33 16,38 &.4P5,/0 5,92
| 3.64 | S SA|L &5 57 76
Baon-ar25-EQ /75 13,7/ |4 93| 483|457 /20 360|457/ I3
| | 3.83| 4. 42N4 90 |$,86 | SE-WAR A S.7/
332  |483\s37) | 44 _ .
Bop-0026-E3 |78 |386| 497 |47/ ls./31353] |90 3.73 | 478 ls/7
: AV A LA A/ AW 4 345 . e
388\ 4.4 1 674 76
GRAND AVERAGES 3,L6 4531|478 15./6 J.é:f_,-?é/ S 13855
% CHANGE FR. FIRST ‘ +33.5 |+#30.6 |+4/.0 *39.F 50,4
ALL TBMiS LISTHD ARE Iﬁ SECONDS. i - ) _ -
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