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ABSTRACT

0

The communications pack was subjected to a wide range of environmental
conditions in'luding climatic phases of rain, wind, 4high and low tempera-
tures, humidity and icing; table vibration consisting of a low-input
resonance search in the three major axes; and a road-shock and vibration test
at various road speeds over the 6-inch washboard, level paved and ramp courses.
While several problem areas were noted, the communications system would still
transmit and receive at the conclusion of the test. It was recommended that
actioi? be taken to correct the shortcomings encountered and that an improved
version be subjected.to further testing,
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1, IMMODUOMON

The PERSEPMG communications pack No. 1 (AN/sc-8 camsrncation terminal)
was submitted to Aberdeen Proving Ground for environmental and road testing.
The primary responsibilities of Aberdeen Proving Ground in this program were
to provide the facilities for inducing the desired environments and the instru-
mentation for accurately describing them, and to supply shop facilities and
personnel support necessary to carry out the program.

The functional check-out and maintenance of the equiluent was the
responsibility of the manufacturer or agency supplying the specific components.

2. DESCRIPTION OF MATE

The comamnications pack is a self-contained component, of the PERSHING
missile system ground-support equiIpent. It is designed for duplex trans-
mission of one voice and one teletype circuit. It consists of the commui-
cations system, engine-generator set and air-conditioning system, all
housed in an insulated hut approximately 100 by 80 by 66 inches in dimension.
The total weight was 4100 pounds. Figures 1 through 4 show general views of
the pack during various stages of testing.

3. DTAZIS OF TEST

-3.1 Procedure

The basic procedure followed during this program was established by a
technical committee made up of representatives of the interested agencies which
were responsible for the test and evaluation of the communications pack.
A copy of this procedure is contained in the dnnek of this report. The
following paragraphs list the Jests in the sequence in which they were con-
ducted, and give a brief resume of each.

3.1.1 Climatic Phase. The climatic phase included subjecting the pack to
high- and low-temperature, humidity, icing, and rain tests. Inspection and
functional check-outs were made before, during and after these phases. For
phases other than the rain test, the general range of environments covered
were:

a. Operation at +127F.

b. Storage at +1607F.
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Figure 1: Conmiunications Pack with Antenna Raised, in Climatic Chamber.
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Figure 2: _Tbree-Qupxter View of Com~munications Pack Mounted on the XH4747
Vehicle.

IFigure 3: Top View of Communications Pack Mounted on XM474 Vehicle.
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Figure 4:. General Inside View, Forward Area of Coununications System
Compartment.



c. Operation at +271 aid -67Y.

d. Operation after storage at +8o0F and 90 to 951 relative
humidity.

The rain test was conducted with and without accompanying wind
to check for leakage through the hut and to determine if the antenna
could be raised and lowered in rain accompanied by 35-to 45-mph winds.
Fireman-type fog-spray nozzles were used for the rain test and a B-29
bomber engine and propeller created the desired wind velocity.

3.1 2 Table Vibration. This test was limited to a low-input resonant
.search in the three major axes. The pack proper was subjected to inputs
up to 0.75 A over a frequency range of 5 to 500 CpS. Forty channels of
information were recorded.

3.1.3 Road Testing. Road testing was limited by request to road-shock
and vibration measurements. Gross weight of the vehicle, with pack was
16,890 pounds for this test. Eighteen channels of information were recorded.
The 'test courses and road speeds to which the pack was subjected are as follows:

a Six-inch washboard gt 7, 9 and 15 mph.

b, Bituminous concrete (paved) at 8 to 36,mh in 2-mph 'increments.,

c. Ramp course at 5 to 31 mph in 1-mph increments.

d. Braking (on paved).at 5,'.10, 15 and 20 mph.

3.1,4 Special Tests. The Human Engineering Laboratory conducted the

following tests:

a. Sound-pressure level.

b. Exhaust-gM analysis.

c.; Word intelligibility.

d. Air velocity at operator's head.

e. Radiated-power density level and other health hazards in con-
junction with the U. S. Army Environmental Health Laboratory.
(Results of these tests will be reported separately by te
agencies conducting the studies.)
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3. 1.5 Operational and Visual Check-Out. Personnel from the agenciesreoponsible for the major components made visual and functional check-outs of

their equipment as applicable throughout the test program.
o?

. 3.2 Results

3.2.1 Climatic Phase. During the rain test the pack was orientated so that
the edge of the antenna bag and the long axis of the hut was normal to the
wind. Approximately 18 minutes were required for two experienced men to lover
and stow the bag, compared with 10 minutes to raise it. Difficulty was
experienced in controlling the deflated bag and securing the locking stubs.
It. was quite evident that improvements could be made which would reduce the
time and effort required for this. The water supply was exhausted before the
lowering process was completed; however, this did not appear to increase the
ability of the personnel to control the bag in the wind. At this point in
the testing, it was discovered that the antenna base had loosened, and this
-permitted considerable fore and aft whipping of the inflated bag. Due to this,
raising and lowering the antenna at other orientations to the wind was not
attempted. Severe leakage of the hut occurred with and without the accompany-
ing wind.

Several problems were encountered during the temperature, humidity
and icing tests. Most of these were associated directly or indirectly with the
air-conditioning system and engine-generator set. Sagging of the hut roof at
plus 100'F and warping of the personnel door and buckling of the floor
occurred at minus 27F. These events were attributed to hut construction.

• Figures 5 and 6 show ice deposits during the icing test. Complete details of
this phase are contained in Automotive Engineering Laboratory Report No.
60-54, Appendix B.

3.2.2 Table Vibration. Table vibration was limited by request to a low-
input resonance search in the three major axes. No significant damage was
sustained by the pack during this test, although some amplifications of the
inputs and minor resonances were noted. Figure 7 shows test setup for the
resonance search in the vertical plane and Figure 8 shows it for the hori-
zontal plane. Complete details are contained in Physical Test Laboratory
Report No, 61-T-2 in Appendix B.

3.2.3 Road Shock and Vibration. Several discrepancies were noted during
this test; however,, the communications system would transmit and receive at
the completion of the test operation. While many of the problems were
considered minor, in that they can be easily corregted, certain of them such
as those that occurred in the antenna compartment, will require design
consideration. See Figure 9.
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Figure 5: Accumulation of Ice on Antenna during Icing Test,
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Figure 6: Accumulation of Ice on the Shelter during Icing Test.
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Figure 7: Communications Pack Mounted on Shaker for Resonance Search in
the Vertical Plane.

Figure 8: Horizontal Vibration Test Setup. Front End View.
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Figure 9: View through Door, Showing Damaged Cable Pulleys in Antenna
Storage Area.

Shock inputs up to 16 g were recorded on the ramp course at certain
locations and may have contributed materially to the damage in the antenna
compartment. Vibration set up from operation on a level, hard surface
appeared to present the most severe environment with respect to the elhc-
tronics and' their mounting arrangement. This is primarily due to the fact
'that the natural frequency of the components is at or near the frequencies
of the vehicle track and suspension.

Complete details of this phase, including acceleration levels,
frequency ranges, problem areas and operational conditions, are contained in
AEL Report No. 61-16, Appendix B.

No endurance mileage was accumulated on this pack due to the many
modifications contemplated and since a modified unit will be subjected to
extensivb test operation at Aberdeen Proving Ground in conjunction with other
components of the PERSHING missile ground-support equipment.
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I. CONCLUSION

In its present stage of development, the communications pack No. 1
did not satisfactorily withstand, from a durability or reliability
standpoint, the environmental conditions experienced during this program.

5. RECOMMENDATION

Modifications should be made to eliminate the problem areas encountered
during this test in the communications pack No. 1. The modified unit shoul4
then be subjected to extensive road testing to evaluate its durability and
reliability characteristics.

SUBMITTED:

L. WILES
Test Director

Y J A. TOIEN
, Automotive Engineering Laboratory Chief, Engineering Laboratories

APPROVED:

R.P. WITT

Assistant Deputy Director
for Supporting Services
Development and Proof Services
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APPENDIX A
Correspondence

HEADQUARTERS

U. S. ARMY ORDNANCE MISSILE COMMAND
REDSTONE ARSENAL- ALAUAMA

IN WrPLY

0o ORDXN- Y 11 April 1960"

SUflJECT: Environmental Testing of PERSHING Communications Pack

'TO2 Corjmmandi ng General
Aberdeen Proving Ground
Aberdeen, Maryland

ATTN: ORDBG-DPS

1. Reference is made to the visit on 2 1'arch 1960 of the PERSHING
Communications Pack Test Committee and discussions held at that time with
representatives of Development and Prfof Services.

2. Attached as an inclosure is a draft of the environmental test
procedure for the PFRE-IING Communications Pack. A survey of available test
facilities indicates that yours are the best suited for performance of the
tests described in this procedure. These tests are now scheduled to begin
about 1 June 1960;

3. It is requested that you review the attached test procedure and
advise on the following:

a. Confirmation of the adequacy of your test facilities for
performance of these tests.

b. Confirmation of the availability of your facilities for these
tests, beginning on I June 1960 and extending for about three months. (It
is estimated that climatic tests will require about five weeks; vibration
tests, four weeks; and road tests, three weeks.)

c. The availability of instrunentation, including not only that
required to measure the environment but also the items listed in paragraphs
2.1.2 through 2.1.11 of the test procedure.

d. An estimate of the amount of funding which must be provided
by this Command. In formulating this estimate, assume the followingi

(1) Your installation will provide labor necessary to
operate the environmental equipment, to move and handle the equipment under
test, and to assist in installing instrumentation.
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ORDXM-DS 11 April 1960
SUBJECT: Environmental Testing of PERS-HING Communications Pack

(2) The equipment manufacturer will provide personnel to
perform the tests.

(3) A small amount of shop-type support may be required to
fabricate instrumtent mountings, to make simple repairs, etc.

(4) Instrwiimntation available at your installation will be
used to the greatest extent possible.

4. Subject to your confirmation of the adequacy and availability of
.the facilities, this letter should be considered as a request for the use
of the facilities required for performance of the tests indicated in the
attached procedure.

FOR TIE COMlIANDER:

1 Incl NA NR. ANDREWO
AN/TRC-80 Environmental Test Major, Ord Corps

Procedure (30 Mar 60) Act Asst Adjutant General
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C 0 P !/tsp Mr Wi1"/gl/42225

ORDBG-DPS-LU MAY 27 196o

SUBJECT: Environmental Testing of PIRHING Camumications Pack

TO: Commanding General
U. ý. Apmy Ordnance Missile Comuand
Redstone Arsefiila, Alabam
ATTN: -RDh~rDS

1. Testing of the PERSHING Cýzmunicatlons Pack can be accomplished
at Aberdeen Proving Ground in accordance with the basic requirements of
lettei ORtdX-DS, dated 11 April 1960, and Its accompanying teat procedure
as amended at the Aberdeen Proving Ground meeting, 12 May 1960.

2. Instrumentation and facilities for establishing and measuring
the environmental conditions are available at Aberdeen Proving Ground.
With regard to 'the equipment requested in paragraph 3 of the referenced
letter,, a 'list of available equipment is inclosed.

3. The cost of conducting this program is estimated to be $85,000.
This 6stimate is based on the following assumptions:

a. The environmental phases, paragraph 4.4.1 'through 4.4.6 of
the test procedure will be conducted as stated or as amended at the
12 May 1960 meeting at Aberdeen Proving Ground.

b. The table vibration test will include a resonance search plus
testing as specified in ABMA-XPD 806, revision 1. The nuzmber of data
stations will not exceed 40.

c. The road test will include road shock and vibration measure-
ments over the Six-inch Washboard, Radial Washboard, Single corrugation
hard surface and Cross-country test courses. The maximum number of
information channels to be recorded is 24. A search will be made to
determine the critical speeds for each course and data will be recorded'
at these speeds and where feasible at speeds below and above the critical
points.

d. The cost has been based on total operation not to exceed
1000 miles. This in no way implies a suggested mileage.

A-3



C 0 P !/tsp

ORDBG-DPS-LU MAX 27 1960
SUBJECT: Environmental Testing of PERSHING Cocmunications rack

4. During the 12 May 1960 meeting at Aberdeen Proving it was agreed
that Aberdeen Proving Ground would suggest test courses for the road test
and that AEKA would establish the required mileage. The courses selected
are. 1) a loop approximately 2 miles long and consisting of the Six-inch
Washboard, Single Corrugation, Radial Washboard and connecting paved and
gravel road links 2) smooth pavementý and 3) Cross-country.

5.. Normal mileage for tanks and other tracked vehicles specified in
0PM 60-115 is as follows:

Mileage, Courses
Paved Gravel Hill Cross- Total

Vehicle Under Test Country

Tanks 1000 1000 1000 1000 4000
Self-Propelled Artillery 1000 2)0 1000 1000 5000
Armored Infantry Vehicle 1000 2000 1000 1000 5000

Since this test is to evaluate the cimiunications pack and not the XK474
vehicle, the washboard and single corrugation courses were added. The
above vehicle mileage values were given merely as a general guide since
neither the life expectancy nor anticipated mileage on the camunications
pack is known.

FOR ME DIRECTOR:

I i/t/BENJAMIN S. GOODWIN
a/s Associate Director
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ARMY BALLISTIC MISSILE AGENCY
U. S. ARMY ORDNANCE MISSILE COMMAND

REDSTONE ARSENAL, ALABAMAMGHuth/mp/35489

IN REPLY

REFE TO ORDAB-IPP (ID 8161-00-60) JU4 1 1960

SUBJECT: Environmental Testing of Communications Pack, PERSHING
Missile System (ID 8161-00-60)

TO: Commanding General
Aberdeen Proving Ground
Aberdeen Proving Ground, Maryland
ATTN:. ORDBG-DPS

1. Your Agency is requested to provide the necessary
services, facilities and materials to perform environmental

testing of the PERSHING Communications Pack. This is to in-
clude, but not be limited to, the following:

a. Providing and operating the facilities and instru-

mentation for climatic, vibration and road testing of the PERSHING

Communications Pack.

b. Providing the labor to move and handle, but not
operate, equipment under test.

c. Providing a small amount of shop type support
which may be required to fabricate instrument-mounting to make
minor repair parts and similar items.

2. The period of performance for this testing is to be
from I June 1960 through 30 September 1960, and the total cost
is estimated to be $85,000.00.

3. This action is to be partially funded, with $20,000.00
to be provided as the FY 60 increment, and the balance (estimated
as $65,000.00) to be provided in the first quarter of FY 61.

Attached as Inclosure I is Work Order, Form AOS-20, in the amount
of $20,000.00, identified as OMS Code 5210.12.127X2.84 and ID
8161-00-60, to cover the FY 60 increment.
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ORDAB-IPP (ID 8161-00-60)
SUBJECT: Environmental Testing of Communications Pack, PERSHING

Missile System (ID 8161-00-60)

4. It is anticipated that the $20,000.00 program authority
furnished herewith is sufficient to cover performance during the
period 1 June 1960 through 31 July 1960. This Agency is to be
notified sufficiently in advance before additional program authority
is required, so that there will be no interference with the work
being performed.

5. The PERSHING Project Director's representative designated
for this action is Capt. Archer, or his designated representative,.
SIGPG-DSE, Ft. Huachuca, Arizona.

6. Pursuant to AOMC Procedure C-2, 15 October 1959, this

Agency, ATTN: ORDAB-IPP, will be advised within five (5) days
the anticipated date and estimated amount of obligation, and the
Status of Program Execution, RCS ORDXM-C-1006, of actual obliga-
tion.

7. This is a PERSHING Program requirement, and the use of
the DO-A2 Priority Rating is authorized. For internal control
purposes, ID Number 8161-00-60 has been assigned, and will be
shown on correspondence and related documents.

FOR THE COMMANDER-

1 Incl A. MULLER
AOS-20 Chief, Procurement Operations Branch

Copy urnised: Industrial DivisionCopy furnished:
OCO, ATTN: ORDPM w/o Incl
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C o P Z/tsp
ORDXM-DS 1 Auo 196o

SUBJECT: Potential Health Hazards of the PERSHING Comuunications Pack

THRU: Chief of Ordnance
Department of the Army
Washington 25, D. C.

TO: The Surgeon General
Department of the Army

'Washington 25, P, C.
ATTN: M1EDCE-OH

1. Reference:.

a. AR 40-583, Hazards to Health from Microwave Energy,
9 September 1958, with Change 2.

b. TAG Letter, 23 May 1960, AGAM-P(M) 471.6 (16 May 60)
SIGFO, Subject: Program for EF Field Strength Measurements (U).

2. Both calculated and measured results indicate that operators
of the PERSHING Conmmunications Pack, AN/TRC-80, may be exposed to micro-
wave radiation of intensity greater than the safe level of 10 Mw/cm2.
In accordance with tbe referenced regulation, it is requested that the
U. S. Army Environmental Health Laboratory measure and evaluate thi~s
potential hazard,

•. An engineering model of the Communications Pack is presently
undergoing environmental tests at Aberdeen Proving Ground, Maryland.
It is requested that the radiation survey be made while the equipment
is at that installation. The date for performing the survey should be
established by direct coordination between Enviromnental Health Labora-
tory personnel and those of the U. S. Army Ordnance Human Engineering
Laboratory and of the Automotive Engineering Laboratory, Development
and Proof Services, Aberdeen Proving Ground, (The last-named laboratory
has project control for testing of the AN/TRC-80 at APG.)
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"COPY/tsp

ORDXKM-DS
SUBJECT: Potential Health Hazards of the PERSHING Carmundcations Pack'

4. The AN/TRC-80 will eventdally become a standard type Sigal
Corps equipment. In view of this it is suggested that your tests and
evhluation be coordinated with the Office of the Chief Signal Officer.

FOR ME COMANDAR:

W. T. WILSON
Captain, AGC
Asst Adjutant General
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0 l° INTRODUCTION

1.1 Ob~ective

This test was conducted to determine the performance of the Conwmi-.
cation Pack, Pershing M-Isile System, designated AN/TRCo80 under the following
extreme environmental conditions:

a. Operation at +1250F

b. Storage at +160°F

c. Operation at -250F

d. Operation at -65°F

e. Operation after storage at +80°F at 90 - 95% humidity

f. Antenna raising and lowering with 0.2 inch of ice on exposed surfaces.

Aberdeen Proving Ground's function by agreement was limited to:

a. Providing and operating the facilitiee and instrumentation for
climatic tests,

b. Providing labor to move and handle, but not operate. the equipment
under test.

c. Provide minor shop support for small fabrication and repair.

2. RESULTS

2.1 ra~tion at 250F

2.1.1 Engine Generator

This unit operated satiefactorily wt 125°F. Maximum oil
temperature of 265°F and spark plug gasket temperature of 1100F Indicate that
the engine was able to maintain safe operating temperatures. There was no
-unusual hunting or any inabil ity to sipply the requi,"red power to the load.
Even though fuel temperatures rose 'to 173 0 F there, were no Indications of vapor
lock or any of the other. engine malfunctions noýrmally expected al', high fuel



tellpe'L'atUeo "Engine generator temnperatures are given in Figure 1.

2.1.2 Air Conditioning System

Both units stopped working less than 1/2 hour after the
o:)crational test was begun. *Subsequent analysis of the recorded temperatures
cnd air circulation patterns showed that recirculation of condenser cooling
air raised the temperature of the protective thermal cutout on the compressor
motor high enough to caused it to cut the compressor off. Operation was
restored by bypassing thib cutout; but adequate cooling was never achieved.
See Figure 2. Subsequently, various louvre modifications were made to try
and improve condenser cooling by 1) reducing back pressure on the condenser
cooling fan and 2) elimination of recirculation of hot air out of the
condensers into the condenser inlet grille. The final modification appears
to give satisfactory results. Even with the air conditioners working at
peak efficiency, there is still the question of whether they possess the
Cýpacity to hold the temperature in the personnel compartment of the hut to
comfortable levels. Air conditioner temperatures are shown in Figures
3 and 4.

2.1.3 Communications Equipment Proper

Evaluation of the performance of this equipment is beyond
the scope of this report and will be given elsewhere. It can be stated
that its performance did not meet specifications. Typical operational
temperatures are shown in Figure 6.

2.1. 4 The Antenna

The tests of this component consisted of determining whether
tho high temperature would rA(d ony complications to the tasik of taking it
'1 2. foiled, Ctoi'o( (,l klt.i.OJon to the fully erecte&i, infated, trans-
LLtt:it.ntj,, opo:d. on, A4I() la]tob](. were ec countered et thi•s temperature except

thwt ccr'tnln itet., ai'•,fetr; v(or., twLico'f(JXtribly) ho.y' to tie touch. Figure
5 "'hows' t P 'encral vcv , ci the ciomaunlc onc l.ck with the iA:,•tenna elevated.

2.1.5 Phltrhl~r

No operation involved. No signs of distrers noted except
that roof and antenna conportment ti•tures axceeded 160"F while the
:,.•tCed SC~l~ar r.d i at~ w.: ' vp,.....ki~c to 1:•e roof,

ino)section of the Yrr'hi, n(t CoumuniICation Pack after the 12 hour
sou.i at +1600 F disclozed a ll holes in the antenna bag probably caused by
proessure on the sharp corner.ý; of the rontenra blower housing and not attri-
uuCAble to the tempeature. The top of the! puck w.. •aggnng in the area

over the operateorr o f>asrtmx.. 'I This filure tw l týh[ht to be the
:cu~lLof ' hearing of' the. bond bt.ween t..he ,u roff Io,1 od., the pliofoam

lu t h r ehek~ u vve1( .,(,t ~ thii 'i bondJ hbýIt but the M.-iurin
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2-3 '1'e-•"at 250F

2P 3.1 Eriie Gene~rator

%be engine started easily in ten seconds of cranking. It was
necessary to beat the throttle control motor for ten minutes to thaw it out.
This w-as done before the engine was started. All engine temperatures stabi-
lized within one hour. The engine experienced no difficulty in handling the
load imposed by the pover requirements of the pack. Time-temperature curves
are given in Figure 7.

2.3.2 Air Condit'ioners

At this temperature the heaters in the air conditioners were
used to attempt to elevate ambient temperatures in the hut to comfortable
limits. The heaters failed to work satisfactorily. Only intermittent
opdration was achieved. Two hours were required to raise the temperature
wiithin the hut to comfortable levels (see Figures 8 and 9). Because of the
unsatisfactory operation of the heaters end also,, because various operational
difficulties made it, necessary to open and close the personnel door several
times, it is impossible to arrive at any conclusions relative to the capacity
of the heaters.

2.3.3 Communications Equipment

The comments made in Section 2.1o3 apply here also. Tempera-
tures are given in Figure 10.

2.3.4 Antenna

Antenna erection was successfully accomplished. The stiffness
of the bag and the bulk of the arctic mittens significantly increased the
time required to perform this task. It was necessary to remove the mittens
And use nnti-.contact gloves to attach the bag to the frame. When the antenna
f.,s lowered after being elevated for six hours, the task was complicated by
ice and frost which had collected on its surface. The bag was very stiff and
was folded with great difficultyo Aipproximatcly 30 minutes were required to
secure the antenna, Figures 11 thru 13 show variou6 stages of the antenna
lowering operation.

2.4. Tests at -65*F

2.4.1 EngLue-Generator

On two separate occasions, the engine was st*irted within 30
mariute., after the ongine beater was turned on. However, before each attempt,
extenLive repeiirs had to b, made to the engine heater. A new float bowl, and
a new coil vere insti,1eed before the first start.' Before the second start,
ove..r two houi:r wva req•ired to get the heate:r running, Engine temperatures
dwuiug heat,:• opratovIon an& aft.,e the engine was started are shown in Figure
14. Aftf*r 3=i/.: ,:)ucs oper7t ion a&t -65`F the engine genexratot suddenly.

lft.i b~. .•f~irp&L a ,ptterag and finally stopped. The; -trouble was

B-4



trced to a broken op0eratJ.nk,, lue.r o•, thc fuI'Kl p••p, With the fuel pump not
workinttg, the fuel tiiixtur' from the carburetor r'apidly leancd out cuu•.tinf the
misfiring noted prior to the engine stoppoge. Further investigation showed
that the generator drive shaft wa-S also broken possibly because of ab-
normal stresses imposed by the engine back fires.

9.4.2 Air Conditioners

Heater operation was essentially the same as at -25'F (see
Figures 15 ond 16).,

2 .4,3 Comuniuniet ions Equ ipment

Thl.,i c(uu.Lpilent also had ite usual troubles, In addition the
teletype" did not, work .,, end the power anplifier blower inlet repeatedly
became covered w:i th I'. I Everytime this occurredthe resulting loss of
air circultition ,Lv i,,.,- the scifety device which turned off the amplifier
(Coo F.'igure 17>)

2.)j J1 ,"'xtducelna

ThenLrna was, lelated wi~thout difficulty after being
heated forl, 90 minutes. The :l.owcst Lemperature at this point was -1°F
(Figure 18). After 3-1/2 hours, heat was a.an applied in preparation for
lowering the antenna. After one half hour it became apparent that the
heater output (60,000 Btu) was inadequate. Antenna skin temperatures
stabilized at -25 0F on the cold side and +50OF on the warm side (Figure
18). An attempt to lower the antenna was abandoned when it became obvious
that even though the bag might be flexib~le enough to be folded, the
outer torus which had received no direct heat was still completely stiff.

2.4,5 Iful

Theimrl c'.., cau.ed the floor of the personnel compart-
ient Ito bridge in ,,en,,,•,:O 1L1', Te door, wlrpjeed enough to make it very
difficult to completely close it.

2.5 Tests tt +80'F and 95 -l00 Relative Humidity After 96 Hour Soak
,at Thoec Conditions

2,5.1 ]:n!ine Generator

Ti�sift started without difficulty and showed no adverse
effects from the soak,

2.5.2 Air Conditioners

Iho new problems resulting from this environment,.

rob)Ib]Lra .-r.v p]'evi ously wierc;ve,;d •'cre appýArontly gav,.,d
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b.)r t•it hIgh hwiidItyo No new difficulties were encountered.

2.5.4 Antenna

This unit was not involved in the high humidity test.

2.5.5 Hut

No problems.

Temperature and humidity curves before and during, the test are ý;howr
in Figures 19 thru 21.

2.6 Antenna Raising and Lowering with 0.2 Inch of Ice on L:ioacd StZ'f.aaea

2.6.1 Raising

Antenna elevation was normal. All doors and parts were opened
without difficulty. Figures 22 and 23 show views of the pack with the ice
deposit built up. Figure 24 shows the antenna after elevation.

2.6.2 L ing

The ice accumulation on the antenna (see Figures 25 and 20) could
not be removed by inflating and deflating the bag. rlie ice was removed by
striking the bag with various objects. It was necessary to use a screw driver
to chip ice from all the joints in the supporting frame work. One hour was
required to get the bag folded. The ice accumulation on the platform imnobilized
the rotating mechanism. Therefore, the antenna could not be turned to thea
proper position to permit the platform to be lowered into the antenna compartment.

After the room temperature was raised to normal ambient levels, the
personnel compartment floor was found to be flooded with water. As the ice
melted in the antenna compartment it ran into the engine compartment. Since
the drain plug had not been removed, the water seeped under the bulkhead and
entered the personnel compartment.

2.7 General Results

Table I shows a list of the deficiencies that occurred during the test.
In those cases wbere the cause of the deficiency or the correction made is
known, that information is also given.

Table III is copied from the log book that was kept during the tests.
Mamy of the apparently erratic changes in temperature indicated on the curve
sheets ca.•n be accounted for by reference to this log book.
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3. DEITAILS OF TEST

3.1 Description of Material

The Pershing Cornmunicationo Pack is a. quick reaction, tranfportable,
tropospheric scatter communication system. Tho system provides simult-
aneous transmission of one full duplex voice channel ond one half duplex
teletype channel. The unit con transmit on fr'eqcuenc:lcr, from 17X00 mc to
2400 me. Transmission waves are frequency moduiated. The scystem is
completely self sustaining.

Thbe major components of the pack are, the engine-generator, the
air conditioning system, the communications cquipment proper, the antenna,
and the hut itself.

3.2 Procedure

3.2.1 Operation at .125 0F, -25OF and -65 0 F

The Communications Pack was placed in the traveling position
and soaked at the test temperature for 12 hours. The engine and personnel
compartment doors were left open to insure that the engine and coimuni-
cations equipment were thoroughly soaked at the test temperature. Infra-
red lamps were used to simulate solar radiation during the last two hours
of the soak period and during two hours of the operational test at 125*F.
The operational test included the following phases:

a. Start engine.

b, aitrt f:Lr conditionore,

c. Turn on electronic equipment (trenemitter output absorbed, in
dummy antenna load).

d. Conduct series of teoto on coiauniei.xtions equipment.

e. RUIt.ic, rind inflate ontennn. JRotato,

f. Deflabe cntenne, ond return to •,t~oruO 1.,.

g. At . ", . of' ', t~i tdd the iterllediktte/
foLpf, of ofopcratInj ongi.nu 8fnd ,ntennn hucater(.

Thi 'e oriu 01, te wet•t,, iy l un on the premlnse that failu'e Or :Malfunction of
any coml)onent would no:l; ,'',:o,,rl te•rinate the test. Testiug of other
o)?erCblu booMIRonV'1ti; vonid (2oUjtiLme while the inoperative unit .as baoiu
)o.UJ)tAxd or uldjui.,Lc, ;b,:' ()bjc'tlve of the test was 'to obtain the mwxfirhun
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I
"I'It 01, .111Vo1,i 0tion on Opt~ratio11 oi' av iwfly cociipoxnclits 1-'s ~

,: vlronjaclnt. T1lins azr ingemient made it difficult to accumplilh come
Cf [h.i ubjectives required by the original test directive. For example,
Lhe con••,int need for repairs and adjustments to the air conditioners and
co 1ittknatications equipment meant that the personnel door was constantly being
ope~ned and closed. Under these conditions, evaluation of the air conditioners
vs impossible.

)ex-iodic recordings were made of temperatures in the following
locations: Engine, air conditioner, personnel comportment, cnd conwiunrications
equipment. A complete ther iocouplc list is given in Table 1I. Tebmpecrature-
time curves were dirown A'- each cOmpo•nent ior coth tent teiaperatuxre.

The ANI/T1iC-80 Coimimnications Terminal was soaked at +160°F
for 12 hours, then returned to ambient temperature, inspected and put through
the operational test.

3.2.3 hmnidity Test

This test was conducted in accordance with the procedure
apecified in MIL-STD-202A, Test Methods for Electronic and Electrical Component
Parts, Method 103A, Humidity (Steady State) Condition B, except that the test
temperature was 80°F' instead of 1011°OF.

3.2.4 Icing Test

The terminal in transit condition was placed in a cold room at
approximately +20"F. A layer of ice approximately 0.2 inch thick was built up
on the top and sides of the terminal by repeatedly wetting these surfaces with
a fine water spray and allowing the water to freeze. All doors and hatches
wore opened and closed. The antenna was raised and inflated. After a layer of
ice approximately 0.2 inch thick was built up on the surface of the antenna, the
antenna support arms and the antenna platform, an attempt was made to lower the
antenna and return it to the transit condition.

"SU3MIT•1TD:

Engineer

REVIENED APPROVE fl

/1). E. auomia?11 fl J(N,'U
1"" U.112 Ohb- g, MWiterins Cmand Chi.F' Automot~ive Eig~ineering
C~oaipo ur tiA• ; :t i oi Laboratory
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DIP1.I I C 1114 I I I

TAf

:t('. •. ,tb. Cond. Unit Description of Failure

24 June +125 A/C Condenser temp. exceeded cafe limits
causing, teirmal relay to cut off
compressor motor. Air recirculation.

24 June +125 Switch Board Stopped working
Console

24 June +125 Power Amp Blew fuse

24 June +:125 Teletype Carriage return sluggish - wrong ad-
justment.

24 June +125 IIF Equip. Signal-to-noise ratio exceeded specs.

21 June Normal Amb. Eng.-Gen. Governor prevented engine from idling -

repv.ired by Belvoir personnel.

27 June Norma:! Arab. Mobilizers Mounting holes did not line up with
holes in hut. Corrected by enlargbin
holes. Low fluid in hydraulic sumtp of
rear unit.

1'3 July Hoxni'1 Ailb. Eng. -Gen. New cut-off switch installed.

19 July IorI Amb. Eng.-Gen. Starter solenoid sticking.

27 July lloni,%il Amb. Mobilizers Broke tie rods while maneuvering W'.-t

27 July iorwal Amb. Fag.-Gen. Fuel supply line connected to tank vent,
instead of fuel outlet.

1 Aus. +l1215" A/C Cutout activated by exnevolve tcomip. In
condencer. Camue. - air reci.Icult:1 oi,

I Aug. +4125 A/C Mrtin Consiole failed - cont1~iu&.ly )0. Ik.

off circuit breaker.

1 Aug. +1"5 ng, -Gon. Float sticks.

3 Aug,- T'o5a. l vnb Png,-Gen. Muffler burned out. Heater flooded beoit,u,.
of leaky float.

2 Aug., +1600)? Hlut Roof sagged over operator's compartment.

S5 Aug, -25 OF Eng. -0,en. Throttle motor frozen. Heater coil failed.

Air Cond. Heaters only operate intermittently.

Comao. Equip. Malfunction in Cavity "J".
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D1 FICIhNCI,',S ((CONT.

(I. t, ii)b. Cond. Unit ])eseripU.on of F, LI"Au

3 /t-ug. .65OF Commo. Equip. Power amplifier mnalfunction. Teletype
failed to work - motor would not start.

SAug. -650rF A/C Necessary to apply heat to heater
blower motor.

9 Aug. -65 0 F Commo. Equip. Power amplifier inlet frosted up. Ile-
sulting loss of air caused safety
switch to turn PA off. Teletype motor
would not start.

9 Aug. -65°F Eng.-Gen. Fan on heater frozen. Starter solenoid
frozen. Fuel pump activating lever broke.
Resulting lean mixture caused engine to
backfire heavily. Abnormal stresses im-
posed on generator drive shaft caused it
to break.

9 Aug. -65°F Hut Personnel door warped. Personnel compa rt,-
ment floor bulged in several placed.

9 Aug. -65 0 F Antenna Heater output insufficient to heat iaflo-
ted antenna. No heat supplied to outer
torus.

20 Aug. 80°F After Eng.-Gen. Teeth stripped on cooling fen drive
Test at High gear.
Humidity

23 Aug. Test Icing Antenna Ice immobilized antenna rotating

mechanism.

24 Aug. After Icing Eng.-Gen. Governor failed.

Hut Water from melting ice seeped from eng-gso.
compartment into personnel compartiaent.

25 Aug. +110OF Eng.-Gen. Oil leak from breather valve.

1 Sep. Normal Arab. Eng.-Gen. Magneto malfunction. Choke stickLig.

30 Aug. Rain Tests Antenna Elevating mechanism failed.



'VABsI' II1

'I'i'.I[Ji•AL'[hc•In•;S liECO1;I)i]J) IJUJI [IG ]•]I]V}B~IE{N 'I•.T L TI •TS

OF 1]TlN; iATfG CONTM4iICATIONS PACK AN/TRC-80

1. Air CoA l r [Jti,va E rvnpr. itor frI.et - Bottomi Unit
2. Air Co itt i.onkla ] vttporvlI•o.r Inlet - Top Unit
3. Air Coadi.ttionr ],wvtporaior Outlet - Bot.tom Unit
4. Air Conditt cirer Evopcrortor Outlet - Top Unit
5. Air EL.ving Rack On ,->,ii',,ed in Front of Cavities on T310-2
6. Air Tfctvin I v k, Thrlc - 14eaured Over Top of Mixer ho. 2, 708E, No. 2
7. Air IQ8Nvlng fitck Four Hc-re-.ured in Front of Cmovities on (50-1A
8. Air Lwnving• Uick Five . r.ca;ured in Front of the TubI)es on the ONell).

I4odule.
9. Poer h,•iplifier Cooling Air Out
10. Power Axirplifier Panel Surface Temperature Operator's Side
11, Air Into Blower - Rack No. 4
12. Surface Temperature - left Side of Teletype Case
13.
14. Ambient Temperature Below Desk
15. Mibien't Temperature at Operator's Ifead IHeight
16. V2 Tube Shield on Q50-1, IF. Preamplifier in Back No. 5
17. Engine -Generator Compartment Blower Inlet
18. Engine-Generator Compartment Wall Temperature Measured Between Wall and

Insulation at Point Within Two Inches of Exhaust Outlet
19. Engine Cooling Air Inlet
20. Engine Cooling Air Outlet - Right Side
21. Engine Cooling Air Outlet - Left Side
22. Engine Combustion Air -- Measured After Air Cleaner
23. Engine Oil - Measured in Oil Pan
24. Cylinder Head - Measured Under Spark Plug - Rt. Cyl.
25. Cylinder Head - Measured Under Spark Plug - Lt. CQI.
"26.
27. Engine-Generator Conipartmen't Wal;. Temperature Uinder !n;U•,atioi -

Measured on Rt. Side of Compartmernt
28. Ambient Temperature in Gasoline Tank Compartment
29. Ambient Between Battery Cells
30. Battery Case - Engine Side
31. Fel Temperature in 1ain Tank
32. Antenna Compartment Floor Over Engine-Generator
33. Antenna Compartment Floor Over Gusoline Tank Compartment
34. Hot Air Leaving Engine Heater
35. Fuel at Carburetor

B3-13



TADBN'1 1: (CONT.)

3u. Hot Air Leaving Antenna Heater
37. Hot Air Leaving Antenna Heater Duct
38. Cooling Air to Air Conditioner Condenser - Front Unit
39.
40. Antenna Bag
41. Antenna Bag
42, Antenna Bag
43. Pntenna Bag
44. Air Conditioner Overload Cutout Relay - Front Unit
45. Air Conditioner Overload Cutout Relay - Rear Unit
46. Air Conditioner Compressor Suction Line - Rear Unit
47. Air Space Behind Condensers
48. Cooling Air Out of Air Conditioner Condenser - Front Unit
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FIGRES 5: General View of Communications Pack Installed in Climatic Chamber
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FIGURE 1.1: Autenns Being Detached from Supporting Frame in Preparation for

Storage at -250F
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FIG'URE 12: Antenna Being Detached from Supporting Frame in Preparst ion for
Storage at -25*F
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FIGURE 13: Ante=na Folded anid Ready to be Lowered into Ante=&a Cwmpartment
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ElIVIBROi•i,1'NUAL ITSITS OF PJ3RSII'G CO1MMUNICATION PACK, AN/IMC-80

AMITENNA TEPERATLURES DURING IEATER OPERATION AT -65OF
DATE OF TEST: 9 August 1960

400 --

/
300._ __-

Before 1300
200--- 1 - Top of Ant. Compartment

2 - Lt. Side of Folded Bag
3 - Center of Folded Bag

150 4 - Rt. Side of FoldedpA-___

After 1300

14+20 1-4 See tetch - ___

~+100 F1prn 3aWk ~

+80 Inflated Antenna

+6o---
3

+20- - ____

0- -

40

T20- - - UR_

FIGURE 18: Antennax Temperatures During Operation at.-650P
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FIGURE 22: Communication Pack With 0.2 Inch Ice On Exterior Surfaces
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FIGURE 23: Conmmuication Pack With 0.2 Inch Ice On Exterior Surfaces
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F'IGURE 24: Azitenna. Elevated After First Phase of Icing Tests
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FIGURE 25: Ice Deposit on Antenna During Icing Trest
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FIGURE 26: Ice Deposit on Antenna During Icing Test
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TABL', III

ILGBOOK

Date Time Temp. Remarks

1 Aug. 0600 +1250F Heat lamps turned on.
0830 Heat lamps removed. Surface of hut checked.
0855 Heat lamps replaced.
0900 Heat lamps back or. until 1020.
0908 Engine started. Choke sticks.
0912 All equipment on except PA beam.
0931 PA beam on.
1005 Equipment shut off because of excessive air

temp. 130 'F. Air conditioners and rack blowers
were still on.

1010 Both air conditioners cutting in and out.
1020 Removed heat lamps. CO up to 0.035%.
1038" Hut door opened temp. outaide cooler than temp. inside,
1030 Belvoir personnel was working on air conditioner.
1125 Martin coisole quit. Circuit breaker kicks off.
1130 Shut down becauý,e of high ('1O1°00F) temp. on inside.
1135 Antenna. erected w/o di.•Liculty.
1137 Everything turned off to allow work on air conditioner.

Engine id1ing. Contemplate bypassing thermal cuco,•t.
on A/C's,

144,7 Start mg. Left A/C working.
1450 Fase on purge fan blew. Fitn left on by aeciren't,
3.515 Both A/c', now working. Right unit worki••g mounted

on kok outoide shelter. ljelerinocoup.,b,.i on left Lklit
h,'.wV. beer, disconnected since 133(.

15110 liecornected left A/C in ond out thertiocouples at
evaporator.

1540 Ran out of gas. Engine failed to start on interivil
tank. Trouble later .found to be that fuel line from
engine was cornected to vent line instead of supply
line.

1600 Mg started with slave kit.
1602 A/C on only. Also electronic gear.
1818 Shut everything down, Raise room temp. to +160°F.

2 Aug. +125 0F After 160°F Soak.

0946 Start MG.
0956 EquiLpmlent orn
1117 Stwrt b:r:ing room temp. to embinlnt.
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TAITGPr•; III (CONT.

Vote Timoe T Remarks

2 Aug +8 0 °F

1510 Turn on equipment.
1625 Shut down.

2 Aug Post high temperature inspection revealed:
a. Holes in antenna bag probably caused by

sharp corners of blower housing.

b. Outside roof of hut sagging 1/2 inch
over operator's comp&rtment.

3 Aug Normal
Ambient

0848 Equipment turned on.
1030 IiP-206A failed. (Teist Instrument)
1130 Borrowed UP-205A•f from Fire Control.
1230 Muffler on E-G burned out.

5 Aug 0850 -250F Applied heat lamp to frozen throttle motor.
0900 Throttle motor thawed.
0910 Battery theiinoeouple reudlng wroug.
0922 No. 38 thexuocouple uced for battery temp.
0952 Temp. checked.
0955 Crank engine.
0955 Engine started.
1002 Engine up to speed.
1003 Started A/C heater. Only top unit running.
1003 PA blower on.
1004 lIkver heater on o31Bover rurun.rang, bvt no hent.
1005 Top hboter utolpp)eo
1009 All rack blowera on.
1010 Top heater only working.
1015 Engine panel meter reads 210, PA meter reads 2Ž16,
1018 Frost collecting on panel and meter.
1030 PA beam turned on.
1031 Electronic trouble.
1100 Moved thermocouple previously located at top heater

to left vent.
1120 'Trouble with cavity "J".
1205 Continuing testing. Anterna erected with no other

difficulty than those Imposed by use of mittens.
16(Y) Folded :uitexna - Very atiff. Ice ard frost on all

surfac6E. All pJixttform pins were open. Blamed on
wi]l, ing; 'cva-d with arctic boots.
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TABIB III (CONT.)

Date Time e Remarks

Room held at OF for Saturday and Sunday until
1500. Then it was pulled down to -65"F and
soaked. A new heater float was installed on
Saturday.

8 Aug. 0800 - -65*F Thermocouple check and awaiting engine people.
0900 Started test with external power.
1024 Heaters cu.
1025 Equipment blowers on.
1030 Rack 1 on.
1035 Racks 4 and 5 on.
1042 Teletype does not work.
10•6 PA blower on.
1105 Antenna heater off.,- Restarted.
1109 Everything shut off while Belvoir paralleled

other battery.
1112 Antenna heater off.
1117 Antenna heater started.
1120 Antenna heater off.
1126 Antenna heater on.
1132 Antenna heater off.
1133 Antenna heater developed severe leak.
1150 Antenna heater removed from cold room to be cheocked.
1214 Engine heater started.
1238 Engine heater turned off.
1243 Start engine crank.
1243 Engine started.
1355 Heaters and eqipment turned on. land spinning

required to get the heater fan going.
1436 Antenna heater turned.
1445 Beam on.
1455 PA kicked off - test discontinued.

Malfunctions:
a. !Vemkmal personnel door warped.
b. Terminal persormel compartment floor

bulged In several places.
c. PA air in-take filter continuously

frosted up.

d. Teletype motor did not operate until
texmperataxe was raised.
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'1'Ai3L1 in (xoinr,.)

D)ate Time Tem Remarks

9 Aug 0800 -65"F" Working on PA using extcrnol p6wer.
0900 Used heat lvunp on top air conditioner to

start.
1002 +150F at opera:tor.
1013 All equipmont working.
1025 Turned off for change over to cngine generator.
1050 Frozen fan prevents start of heater.
1110 Used electric hot air blower on frozen fan.
1207 Heater working (Engine).

Heater working (Antenna).
1229 Engine heater turned off.
1229 Started cranking. Starter solenoid frozen.

Had to be broken loose.
1231 Engine started.
1236 RF and heater (personnel) on.
1320 Started antenna erection. Coldest temp, -20r.
1335 Antenna up and thermocouple installed.
1338 Antenna heater connected to antenna compartment.
1340 Antenna erection completed.
1350 Frosted air intiike knocked out PA.
1355 .ntenna compaartment he.t.r off. bromc gaeolinc

spilled on floor when frozen hose 'broke pcr-
mitting fuel to tiihon out on floor.

1605 F-0 quit.
1625 External (cnera.Ltor turned on.
1705 Antemna heater on connected to anterna.
1800 Antenna temperatures stabilized at -25"F but wiit

could not be lowered because outer torus was
frozen solid. Broken zipper on antenna.

20 Aug +800 F -No sign of damage from humidity.
0c05 Engine started w/o difficulty.
0915 Air conditioner and other equipr•ent all on except

bet~rn,

0c25 TrIied floor with rnt•,
0930 Beme on.
1905 Engine generntor cooling fan drive gear stripped

teeth.
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1. INTRODUCTION

1.1 Objective

These tests were conducted to detenrine the road shock and vibration
environment encountered by the Pershing Conkaunication Package in its ground
transportation mode.

2. RESULTS

2.1 Specific

2.1.1 Road Shock and Vibration

Maximum peak accelerations measured at critical speeds on the
three (3) test courses are contained in the following table. The values were
extracted from the Statistical Data Sheets.

MAXIMUM ZERO-TO-PEAK ACCELERATION - g

Six-Inch Washboard Bituminous Ramp
Transducer Location Plane 15 mph Concrete - 2 mph U mph

Shelter Base Vert. 2.1 1.7 10.0
Trans. 1.5 1.1 6.8
Long. 2.8 1.7 13.4

Air Conditioner - Vert. 6.1 1.3 12.0
Outboard Trans. 4.4 1.9 8.9

Long. 3.1 1.1 15.0
Instrument Racks Nos. Vert. 5.6 5.1 -

S& 5 Trans. 7.2 1.2 4.5
Long. 3.4 4.2 13.0

Klystron Coax Line Vert. 6.6 1.2 10.0
Trans. 3.6 1.6 8.0
Long. 7.3 2.1 14.0

Instrument Racks Nos. Vert. 3.6 1.7 7.0
2 & 3 Trans. 2.4 1.2 6.1

Long. 2.5 2.2 16.0
Teletype Table Vert. 4.1 1.7 8.6
Engine Generator Vert. 2.7 0.3 9.5

Long. 1.5 0.3 7.1

Note: -Channel not working, no data obtained.
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Statistical analysis for each channel measured on each course
are contained in Inclosures 61-16-3 thru 61-16-29. Spectogrwti (X-Y Plots)
of average acceleration vs the frequency spectrum for each channel measured on
the Six-Inch Washboard and level Paved Courses are included as Inclosures
61-16-30 thru 61-16-68. Oscillographic record sections showing the time-
history of typical shock pulses for each data channel on the Ramp Course are
included as Inclosures 61-16-69 thru 61-16-71.

2.1.2 Operation Checks and Visual Inspections

Contractor conducted operational and visual checks made before
and after each test revealed the following discrepancies:

a. Red line operation caused by low "module" outputs were
noted at the following positions.

Synthesizer /p, Mixer #l
Synthesizer #2, mixer V2
Synthesizer #3, Mixer &

All Synthesizers, Multiplier #3

b. Receiver #1, regulator power supply required several
tube replacements.

c. Power amplifier:

(1) Canvas air duct separated from klystron.

(2) Output transmission line was displaced from vertical
alignment.

(3) 90' R.F. connector on input attenuater loosened.

d. Antenna Compartment - all locks released with the following
results:

(1) Pulleys broken and support brackets sprung (see APG
Photograph No. S18-0Ol-186-1430-55-gT/ORD 61).

(2) Antenna drive cable jtmwped guides.

(3) Lead screw bent and binding. •,4

(4) Air interlock was intermittent.

Note: Antenna could be raised and lowered with external
assistance.
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e. Receivers anl cndiA . scvoral wires were broken at the terminal
point of the multihieter selector switch in each receiver unit. (See APG
Photog'raph No. SlB-O01-161-1430-55-8T/OoyD 61.)

f. Martin Console - Armby range radio selector button would not
hold, had to be held munually to ring and talk. No receiver audio could be
obtained from console.

g. Teletypewriter - Paper spool brake released and caused unit
to jam.

h. Engine-generator:

(1) Ventfrom winterization heater broken.

(2) All 4 shock mounts appeared close to fatigue failure
with some permanent set in the shock absorbing material.

i. Instrument Rack Blowers - one shock mount on receiver rack
blower and one on exciter rack blower ruptured.

3. Miscellaneous Hardware:

(1) Lenses in overhead lights fell out.

(2) Pilot light cover came off.

(3) Hinge pins, one section of rack #5 came out.

(4) Screws and nuts loosened.

2.2 Discussion

2.2.1 Road Shock and Vibration

Continuous vibration is generated by the interaction of track
blocks, road surfaces and various suspension components. From a vibration
standpoint the most severe environment existed during operation on hard
surfaced roads. The statistical analysis indicates the accelerations recorded
on the Six-Inch Washboard Course at 15 mph are greater than those recorded on
the level Paved Course at 22 mph. However, the magnitude of the fundamental
frequency (caused byr track engagement) for hard surfaced operation was greater
on the Paved Course at 22 mph where a resonant condition was encountered. Most
other discrete peaks in the spectrum are harmonics. The fundamental frequency
may be expressed as:

c e a road speed in mph
fl wher c 1.47 (velocity in ft/sec/mph)

p .5 ft. (track pitch, 6 in.)
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Spectral alUlys:is of thu RWBLa1 CULn'uu LULa vUru not iiJludod as
inclosures beCe'OUe iiun-rcputative shucl. I•ulous do nut lend theL.alwvus to
spectral canlysis by the analyzing systL.w used.. SLncc the ia.-ctu Luristics
of the shock pulse appea's morv mu,,.anin-Jul in describing the RwiiLp Course
environme~nt, oscillocr]aphic record sectiois shovring typical shock pulse
excitations and are included as Inclosui'u 61-16-69 thru 61-16-71.

2.2.2 Operational Checks and Visual Inspections

Operational and visual checks were performed by contractor
personnel prior to Land at conclusion of each test to determine if all
components were in proper operating condition. It should be noted however,
that the TH-5 unit was inoperate prior to testing and a complete electronic
checkout was not obtained. After tests were completed a new TH-5 unit was
received and substituted for the defective unit. Satisfactory transmission
and reception of 'both teletype and voice signals could then be obtained
without correction of the deficiencies in Paragraph 2.1.2.

While the communication package could be operated after the
test it should be noted that the number of deficiencies listed indicates a
need for attentuation of shock and vibration inputs to the mounted equipment.
From a durability standpoint the failure rate of the mounted equipment was
high for the limited mileage (25 miles) accumulated during these tests.
Durability characteristics of the vehicle could not be evaluated in this
report because of the limited test mileage. Modifications to the communication
pack should be wade and the unit and vehicle be subjected to transportation
endurance tests comparable t6 the severity of its life expectancy to determine
its durability and reliability characteristics.

2.2.3 Critical Speeds

Only data obtained at critical speeds and on courses exciting
significant shock and vibration environments were reduced and included in
this report. Critical speeds for any test course are defined as, 1) the
speed at which the test item is at maximium response, 2) the most severe en-
vironmxent the vehicle driver can tolerate, 3) a speed just below that at
which failure of the vehicle suspension or the on-board equipment is imminent,
or 4) the maximum safe road speed with respect to vehicle stability. Critical
speeds for this test, and the limiting factors are tabulated as follows;

Course peLed Limiting Factor

Six-Inch Washboard 15 Appeared to be speed of
maximum vehicle response to
the test course profile.

Paved (Bitxainous 22 Not limited - vehicle and on-

Concrete) board gear at maximum response.

Ramp Course 11 Maximum safe speed - driver
lost control of vehicle during

impact on bumps at higher
speed.
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3. DETAILS OF TEST

3.1 Description of Material

The P~ershing Communication Package (AN/TRC-80 Communication Terminal)
is a self contained unit capable of duplex "transmission and reception" of
one voice and one teletype circuit. 208/120 volt, 3 phase, 4O0 cps power
can be supplied by an intergral gasoline engine-generator or from the "system"
primary power package. The inflatable antenna is of parabolic type, eight (8)
feet in diameter and formed of two (2) plastic fabric sections. Inflation is
achieved by an induction motor-driven centrifugal blower. The PCP weighs
4100 pounds and is transported in conjunction with a tool and spare parts
package on the XM474El Universal Carrier. For this test the weight of the
spare parts package was simulated by a rectangular sheet of armor plate.

The 3MI474El Universal Carrier is a track laying vehicle whose hull is
designed for transportation of cargo. The gross weight of the XM474El as
tested was 16,890 pounds.

3.2 Procedure

On each course, test operation was started at a low vehicle speed and
gradually increased to determine the critical speed on each course. Visual
inspections and operational checks of the PCP were conducted prior to and
after each test phase by the manufactures representatives.

3.3 Test Courses

The test courses and the road speeds at which data were recorded were
as follows:

a. Six-Inch Washboard - 7, 9 and 15 mph.

b. Bituminous Concrete (Paved) - 8 to 36 mph in 2 mph increments.

c. Ramp Course - 5 to 11 mph in 1 mph increments.

d. Braking (on Paved) - 5, 10, 15 and ?O mph.

Data were compiled for the most severe conditions only. Examination
of the emergency braking test indicated that acceleration values during
brake application were less than values measured during paved operation.
Brake test data were not reduced. Profiles of the Six-Inch Washboard, Paved
and Special Ramp Courses are shown on Sketches 61-16-1 and 61-16-2.
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3.4 Instruetation

The Instrumentation used in these tests was as follows:

a. Transducers: Stathem Laboratories, Unbonded Strain Gage Accelero-
meters, Model AJj tlg, fn a 300 cps and *25g, frn - 00 cps.

b. Recording Equipment: The outputs from all transducers were re-
corded on a Consolidated Electrodynamics Corp., Model 5-701 Magnetic Tape
Recorder installed in an instrument vehicle which, operating on smooth our-
faces alongside the courses, paced the test vehicle as it traveled over the
test courses. The transducers were coupled to the recorder using cables
approximately 100 feet long. In addition to the Model 5-701 Recorder, the
system contained Consolidated Electrodynamics Corp., Model 15-102 CM/FM
Modulators and Consolidated Electrodynamics Corp., Model 1-129 Record
Amplifiers.

o. Data-Reeuction Equipment and Procedures: Data recorded in the field
on the magnetic tape were transcribed onto magnetic tape loops. This process
required the following Consolidated Electrodynamics Equipments Model 5-752 Reel
Transports Model 15-103 CM Demodulatora; Model 1-142 Record Amplifiers; and the
Model 5-781 Loop Transport. After the loops were made they were analyzed using
the loop transport, Model 1-13A Reproduce Amplifiers and the Technical Products
Company Model TP-625 Waveform Analyzing System.

The analyzing system is capable of presenting data in a variety of
forms. The form chosen for presentation herein was average acceleration in g
vs the frequency spectrum. For the analysis of data on the level Paved Course
a lO ops bandwidth filter was selected and the' tape play-back speed was in-
creased by the ratio 4il to give the analyzer an effective filter bandwidth of
2.5 cps. For analy•sis of data on the Six-Inch Washboard Course, where response
at low frequency is present) two analysis sweeps were made as follows: 1) freq-
uencies from 1.3 to 5 cps were analyzed at a tape play-back speed ratio of 16:1
to give an effective filter bandwidth of .625 cps, 2) frequencies from 5 cps up
were analyzed using the effective 2.5 cps filter bandwidth described above.
The sweep time used allowed the filter to scan the complete loop before it
moved through its own bandvidth. A 0.1 second time constant was used in aver-
aging the acceleration. The signal output from the analyzer was recorded on a
Moseley, Model 5-0,, X-Y Plotter.

A pulse-height analyzer was also used in the analysis of data. This
instrument is used to obtain a statistical indication of the number of times
the amplitude of the eutput from a transducer exceeds any given magnitude level.
It consists of ten counter banks, each bank is sensitive to a different magni-
tude level. Each successive lover level is a 10% of the top level less than
the level above It, The 9 level is 90% of the 10 level and 8 level is 80%
of the 10 level, 7 level ts 70% of the 10 level, etc. Operationally, each
level will count each time the input signal Voltage (magnitude of transducer
output) exceeds that level, but the counter will not! reset itself to count
again until the Input signal drops below that particular level. Consequently,
the lowest level may not always display the largest number of counts. This
statistical counter responds to signals occurring within the frequency range
2to 600 eps.
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a I
Photographs of the accelerometer installations described in Paragraph

3.4, Instrumentation, are included on AFG Photographs S18-001-146-1430-55-3T/
ORD-61 thru S18-OOl-150-1h30-55-7T/O01--61.

Before the test, accelerometers were calibrated in the laboratory on
a shaker table. Before operation on each test course, a field calibration
of the entire recording system was made by introducing known resistances into
the accelerometer circuit.

4. CONCIMSION

The numerous electrical and mechanical deficiencies encountered
during the limited mileage accumulated make this equipment unsatisfactory
from a durability or reliability standpoint.

5. RECOMENDATION

A redesigned version of the communication pack should be subjected
to transportation endurance tests of severity commensurate with the life
expectancy of the unit to determine its durability and reliability.

SUBMITTED:

G. C. HIOB
Engineer

REVIEWED: APPROV i

InIZE: . JOHNlSON
Ac Chief, Dynamic Test Section Chi!5, Automotive Engineering
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SIX-INCH WASHBOARD COURSE

The profile approaches a sine wave with a double amplitude of six
inches and a complete cycle occurring every six feet for a distance of
800 feet. The course surface is concreteo

PERRYMAN STRAIGHTAWAY

" b /s'o" 4."o" 4

2.BINDER & WEAR COURSE-,
2.WEAR COURSE RESURFACE . .-

The paved straightaway is essentially a level roadp three miles in

length, with banked turn-around loops at each end. This course is used
where high speed as well as tests requiring long periods of uninterrupted
operation are desired.
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STATISTICAL DA A

VEHICLE: XM4T4 . w/PEtsHIQG CovMMyicA-TIo PACK !,EIGHT /fo POUNDS

COURSE: S/IX -.'ý,Vcy /A,/AAS -Yd AX a _ TIRE PRESSURE PSI

DATA CHAINNEL: L PLANE: _ DATA CHANNEL: & PLANE: _T_•y

LOCATION: S•ELTSR BASE LOCATION SWELTEFM BASE

ROAD SPEED: /Z MPH ROAD SPEED /_r PH

LENGTH OF RECORD: 2 SECONDS LENGTH OF RECORD j SECONDS

No. of Times No. of Times
Amplitude Level Was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 1 22-1 10 ZZ&7_L
"20 1 ? 20 172,.

30 A W3 30

40 9ý 40

50 2?--L 50

6o ZOY 6o

70 -2YY 70
80 _ • 80 _

90 0' 3 90 _

100= 0 0 100= ___o

NOTE: Plus and Minus denote polarity of accelerometer but accelerometers
were not necessarily oriented on test item with respect to plus being
up, right or forward.
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STATISTICAL DATA

VEkIlclE: )(M474 VIwPEgsHUic, COMMUJNICATION, -PAC !M IGHT ý 27aPOUNDS

COURSE: 5 / •- z yc 1Y/ WA,.5/ R OA ? b TIRE PRESSURE PSI

DATA CHANNEL: _2 PLANE: JQNk DATA CHANNEL: 4/ PLANE: VERT.

LOCATION: 5HFLTFR BASE LOCATION OUTBOARD AiR COA'7/OVfi-R

ROAD SPEED: J4JMPH ROAD SPEED j MPH

LENGTH OF RECORD: Zo. i SECONDS LENGTH OF RECORD J SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - % Plus Minus Level Plus Minus

10 J000 10 1O

20 A6.-2 /i62-a 20.IL

30 2 -f5 30 __

4o -2 / 40 ___

50 Xr 50 6

6o /0 60 _o2

70 o 70 .JL

80 / o 80

90 0 90 2

icoo= 0 100 = a.__
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STATISTICAL DATA

VEI•CIL: XMI474. /EPRSHwG CaMO uytMcATo PACK !TB'IGff ,/6, FY9 POUNDS

COURSE: Z/) - X /C d L,/AY B oA /fD TIRE1 PRESSURE PSI

DATA CNEL: E PLAN: _E mV DATA CHANNEL: L PLANE:

LOCATION: OijT~AoP.D Aig CoNvoM-gome' LOCATION OU-rO'ARO Atg C0Avoir1OAe6

ROAD SPEED: _j- MPH ROAD SPEED N MPH

lENGET OF RECORD:.7o./ SECONDS LENGTH OF RECORD •j2.l SECONDS

No. of Times No. of Times
Paplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 1117 10 /32_ b

20 20

30 3?__7 3PL 30 952

4o . V.29 4o ._ 0

50 12112zf .50 91?37

60 420z_ /6/ 60 o__ 32-

70 0 0 70 _

80 o3f0 80 Zl-

90 0 9Y 90_

loo _ _ A A 1O00
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STATISTICAL DATA

VE, LCLE: YM474 w/P- - 5 FsHNG COMmulj C,1 7-T6Md Pq 1 .'Gi'_ / '.Yf POtUIjTS

COURSE: 57/ V - Z C 1Y 1./ASYY ,f& I? T'RU, PRESSURE PSI

DATA CITAjEL: - PLAI: VEAT DATA CHANNEL: L PLANE: IL_±MS,

LOCATION: ITM/STRUM6&WT RAcV.S #44•5 LOCATION TJs-/V-,rQiA4-T '?,4CKS #4 •

ROAD SPEED: _jLjMPH ROAD SPEED ! MPH

LENGTH OF IRECORD: L SECONDS LENGTH OF RECORD • SECONDS

No. of Times No. of Times
Anplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level Plus Minus

20 / 1123 20 ZZL_

30 Tnj 30a 30

4o H*_ . 40 IL_40

50 /ý_ 7 50 Ap .__2_
6o _£__._ 0•_O

70 .2/ _ 70 __

80 o 80 /

90 00 90 a

0oo0 56 • 100o _ 0_

1(,01B3 F'orm 8130-(0), 11 Jan 61B 61-16-6



* STATISTICAL DATA

VEHIClE: XW474 w/PE-As.,v1,e CO14MCC,,T/oN Pc4.WEIGHTJ• /POUNDS

COURSE: 5,'I - Z AW C /f - ,A/•M -/ Rg oIhgR p TIRE PRESSURE PSI

DATA CHANNEL: • PLANE: _ DATA CHANNEL: /_ PLANE:

LOCATION: ,1V57"R,4weTr RACKS t40S LOCATION L-YI'SrTIOM COAx

ROAD SPEED: /If-r _H ROAD SPEED IX MPH

LENGTH OF RECORD: 2.2 SECONDS LENGTH OF RECORD ?.o,/ SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 zttj7 10 APO~ 122-

20 911 20

30 111 -J 30

40 /.1.7 -2 f 40 __ 93

50 92 R_ 50 !Y _

60 42- 3a 60 56

70 j. 70 7L

80 80 -2. _

90 0-. 903

100 _.3.4. a 100 a .
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STATISTICAL DATA

VEHICIE: MAN474 w/PZRsV/,•V CnMMUi),CATInMA 7PcAEIGHT_ /, YO POUNDS

COURSE: _/5 (- , iA/CAr q _ W4A 'q aP•A• &p TIRE PRESSURE PSI
DATA CHANNEL: / PLAE: S. DATA CHANNEL: Z. PLANE: _LOI

LOCATION: ,KLYSTIQoN COAX LOCATION KA&i-TROQ& COAX

ROAD SPEED: Zj MPH ROAD SPEED Jf MPH

LENGTH OF RECORD: 2. SECONDS LENGTH OF RECORD .20,/ SECONDS

No. of Times No. of Times
Amplitude level was Exceeded Amplitude level was Exceeded
Level Plus Minus Level-% Plus Minus

10 AV / 10 $ZL

20 a 1 20 ri' ru

30 2 ? 30 34___o

40 £.162 / 40 A-2 9

50 .£¢ ZZ2 50 .220 .2 V

60 P3 60 LU o_

70 ___ _i:_ 70 /.3_

80 -- 80 _k_

90 0 _ 90 7

100 o 3.6_ 0 = 1 _0 7
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STATISTICAL DATA

VEHICEC11 XM474 W/PIN-ASING Co,.Mew1VICAT-16N PAKWEGT/ý' ýPOUIIDS

COURSE: -5' - TAl-.V ./ASj A a •g TIRE PRESSURE PSI

DATA CHAN•NEL: /• PLANE: _& , DATA CHANNEL: /• PLANE:

LOCATION: .I'vST7UM6A'. RACK$ #. LOCATION I/'s7-auMt-Nr RAcKs-- -A'2 "3

ROAD SPEED: /Jf_ MPH ROAD SPEED MPH

LENGTH OF RECORD: 2 SECONDS LENGTH OF RECORD 2o SECONDS

No. of Times No. of Times

Amplitude Level was Exceeded Amplitude Level was Exceeded

Level - Plus Minus Level - Plus Minus

10 1/0 10 2z&LE2

2.0 ky 20 112AI

30 3.61 30 2

40j ?,141Z2 -/IM

50 al 50 A
6o 6 2 o 35
60 ___ •o 60 _..L -•

70. -. 70 7/-Z

80 /-? 80.,V_

90 _ 90-

.100 = 3. 0 100 A__ 0
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STATISTICAL DATA

VEU-ciE: )(,(1474 - -\ I/PE-ASM,w CON,.WNICr At -BAF3C i WE IGHT F6.0~ POUNDS

COURSE: ,/.x - yIC H WIA SI I •A, TIRE PRESSURE PSI

DATA CHAINEL: 1 PLANE: _Lp_ DATA CHANNEL: ,yPLANE:

LOCATION: 7-/TST4UM6-1T RAc #2 ý J03 LOCATION --- Tz PE- 7 -,4E-

ROAD SPEED: /! MPH ROAD SPEED MPH

LENGTH OF RE'CORD: , SECONDS LENGTH OF RECORD P SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 a& j 10 L -

2Q 177 9V 2 20__

30 , o 30 1/

50 PY 50 L2Z 1936o .2- 6Z o 01'Ira
60 _L •- 60 -

70 __9 _ 70 .2.2_ _L1 _ '

80 o 80 X 3

90 a 90/0

100 Z. 0 100 4.1 0
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STATISTICAL DATA

VEHICIU: YM 474 _ W1/PE9SHbN, CammumicfrV# P,4c .WEIGHT J/Aj ýo POUNDS

COURSE: N, - ,7 hL' , W hAS,q a.A g TIRE PRESSURE PSI

DATA CHAIWEL: / PLANE: 3 DATA CHANNEL: PLAlNE: I o•

LOCATION: k--VyqIE G-Nae*4r LOCATION ENSulf Ggw,'-*-

ROAD SPEED: 4LJMPH ROAD SPEED _ MPH

LENGTH OF IfCORD: 2 SECONDS LENGTH OF RECORD 2 SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level Plus Minus Level - Plus Minus

10 _10 J-aJ

20 20 L -

30 9197 30
ho _3_ __ ho __

50 7 _ 50

6o 3 _._g 60 p

70 / _ 70

80 _ 6 80 -

90 _ .1 90

100= ZT 0 0 100 = 40
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STATISTICAL DATA

MV EfU~E: XM474- w/Prast.l'No COMMUNICAriom PACK WEIGHT /6. Y;'9) POUNDS

COURSE: . PA Pi 12. TIRIE PRESSURE PSI

DATA CHANWEL: / PLANE: V& DATA CHANNEL: 2- PLANE: TRANS.

LOCATION: Si4£LTLA BASr LOCATION _SHELTER BASE

ROAD SPEED: .Z ._ MPH ROAD SPEED 2 MPH

LENGTH OF RECORD: 4o,0 SECONDS LENGTH OF RECORD -0 SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Lee- Plus Minus Level - Plus Minus

10 %_Zf ?9 10 L!" /7-__3

20 Zff 20 LELr

30 /_12 1 30 Li1

40 50 ~ j 40 __-f-

50 quz /& 50 '--77

60 -/ 60 L \ J

70 /_ 70 .

8007 / 7 80

90 0 a 90

100 f J.7aZ 0 j100 t ~ ..

NO'I~ Plus and Minus denote polarity of accelerometer but accelerometers
were not necessarily oriented on test item with respect to plus being
up, rA-t or forward.
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STATISTICAL DATA

VEFUC11: XM4Z74 .L2gRsHING COAMMLiVCATION 'PACK WETI.G11T 161 P5?O POU)NDS

COURSE: PA V E •) TIRE PRESSURE PSI

DATA CIANNEL: J PLANE: DATA CHAIWEL: ý PLANE:

ILCATION: SHELTER BASE LOCATION OUTBOARD AiR CONDITIOJIIR

ROAD SPEED: _4 MPH ROAD SPEED 2 1MPH

LENGTH OF RE CORD: . SECONDS LENGTH OF RECORD • SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus MWnus

10 //f1r 10 LIE 2o 5!2

20 3 922 20

30 L .261 30 L.W

40 211T l3 40 YL

50 30 -227 50

60 ___ ,_*'9 60 2 ,2• .

70 ..L. _L 70

80 80 70

90 . / 90 1/

100 fZ. 7a 100 0
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STATISTICAL DATA I
VEMCLE": XM474 - -- W/PrFSI1WQ COMNUNICATiON PACK WEIGHT /1, XY-O POUNDS

COURSE: PA 169 4 TIRE PRESSURE PSI

DATA CHNNEL: f' PLANE: 7 .RAN DATA CHANNEL: 6 PLANE: j

LOCATION: OUTBOARD Aim CON-ITiONER LOCATION OuTeoAsD Ao CovoyvrO,

ROAD SPEED: _g2MPH ROAD SPEED _ L MPH

IENGTH OF RECORD: 20.1 SECONDS LENGTH OF RECORD 7 SECONDS

No. of Times No. of Times
Anplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus level Plus Minus

10 /J-3/Z3 10 W

20 /_j3 /.2S 20 1

30 LZU // 30 //?±

4o &V 4 o f- '3II
50 x ~ E2 50 _e -~

60 _-_ X 60 3 / 91

70 L.M 9.1 70 za

80 80 _

90 o 90 /

100= f. 9__ 100= __r 0

B-66

,M{1flQ1 Form 8130-(0), 11 Jan 61 61-16-14



STATISTICAL DATA

VEHICLE: XM474-- W/PrRsIWmo COMMuWICAIvO• PACk I-EIGHT PO, YU NUDS

COURSE: PAJ'AD TIRE PRESSURE PSI

DATA CHANNEL: 7 PLANE: e DATA CHANNEL: E PLANE: TRANS.

ILCATION: INSTRUMENT RACKS t•{•3 LOCATION INSTRUMENT RACKS *f4f5

ROAD SPEED: 1MPH ROAD SPEED Z_ MPH

LENGTH OF RECORD: ýZ 0. / SECONDS LENGTH OF RECORD j SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level Plus Minus Level Plus Minus

10 Lt~ 10 4j

20 20 /_2-/2

30 : -Y2.4 30 Z1L1

40 /-TV 1i11 402M-oL

50 i-LC 50 Y1

6o "f 60 130

70 /_/ 70 32_

80 19 o8 .2

90 30 90 0. Z

100 j- 1 100 = . 0

B-67
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STATISTICAL DATA

VEMIfl1: (M474 -- w/PIr~sH1N, COMMUNICATION PACK 1,1EIGIHT /4 ;, o POUL4DS

COURSE: -/-?A p TIRE PRESSURE PSI

DATA CHANNEL: PLANE: DATA CHANNEL: z PLANE: VE-R

LOCATION: INSTRUMeNtr RACKS *44 *S LOCATION KLYSTRON COAX

ROAD SPEED: _"_APH ROAD SPEED ._ MPH

LENGT• OF RE CORD: _ 1 SECONDS LENGTH OF RECORD . SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level Plus Minus Level - Plus Minus

10 Z-23 /_• 10 a.•_.,k,

20 L"L 20 _L&/l

30 L / 4S9 30 k4 ___/

4o /fjJ oo 40 • _9

50 _6Y 50 _z 29

6o )-3 7 60 -. ,

70 -2 JZ 70 7...2 4

80 0.&_

90 90

l00= 0 0 100= f-2

B-68
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STATISTICAL DATA

VEHICLE: )(M474_-- /Pr[asWe,. CoMMuwIcATIo. PACK WEIGHT•Jf ?J, POUNDS

COURSE: P A ý/ e TIME PRESSURE PSI

DATA CHANNEL: // PLANE: !aWS. DATA CHkNNEL: /A PLANE:

LOCATION: KLVSrgoN COAX LOCATION KLYSTRON COAX

ROAD SPEED: _IA MPH ROAD SPEED .2 MPH

LENGTH OF RECORD: Z SECONDS LENGTH OF RECORD a./ SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 12.2 10 l2g7

20 /Jo r 20 /733

30 93 30 Y693

4o 113// 40 2X0 76z

50 LZý- / Y-r 50 YZ3 /

6o __2 31 60 .2 o

70 .26 P 70 Z

80 0 80 .-__

90 .2a 90 0-

100 = o 0 100 230

B-69
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STATISTICAL DATA

VwfftC)Z: YM474- w/PIrpSNim CommuviecAroN PAcx WE.IGHTZA•_/. P~JOUNDS

COURSE: 1, P4 k p TIRE PRESSURE PSI

DATA CHANNEL: Ll PLANE: VERT. DATA CHANNEL: /& PLANE: TRANS.

LOCATION: INSTRVMENT RACKS 2 •V3 LOCATION INSTRUMFNT RACKS 4*203

ROAD SPEED: .2.1 MPH ROAD SPEED JZZ MPH

LENGTH OF RECORD: _ SECONDS LENGTH OF RECORD _ SECONDS

No. of Times No. of Times

Amplitude Level was Exceeded Amplitude Level was Exceeded

Level- Plus Minus Level-p Plus Minus

10 J.9oj 10 /9

20 ___ 20 If.2ZL2

30 /. 1___/7.2 30 1292

40 //_f J• 40.Z .

50 2_ E 50 •o 2 £Z.

60 60 _

70 LE 70 S-7

80 /7r 30S

90 3 0 90 /.

100= 00 .00 ._._

B-70
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STATISTICAL DATA

VEBICLE: X•474.. WPL si.,IW, COMMUNICAriO, PAc- WEIGT.. P7 O RoUNDS

COURS- : Ph PI E 0 TIRE PRESSURE 1_ _PSI

DATA CHANNNEL: Lj PLANE: Loj• DATA CHANNEL: 1 PLANE: VrRT.

LOCATION: INSTRUMENT RACKS #2#30 LOCATION TELETYPE TASLer

ROAD SPEED: J.2Ld MPH ROAD SPEED Z MPH

LENGTH OF IECORD: o SECONDS LENGTH OF RECORD a2o,o SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude level was Exceeded
Level - Plus Minus Level - Plus Minus

10 Y g 3 0 10 _71

20 LW /?YI 20 I1 -

30 /±?1290V 30177kY

40 L11% ear 40 7 64 &

50 J J. 50 Y.;2 '.22

60 320. 60 .2o 131

70 . . 70 L._ 3..

80 a 80 I

90 .2- 0 90 _ -

100 -0 1000

B-.71
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STATISTICAL DATA

VEEECILE: XM474 - - WI1PERSHNGw COMM UIVI ATIo 01PACKXWEIGHT__Zg .,Vfo POUNDS

COURSE: 9Ad gf TIRE PRESSURE . PSI

DATA CHANNEL: Z2 PLANE: _V\/r DATA CHANNEL: Z PLANE: _LOAG.

LOCATION: ENGlwr GrFAArOR LOCATION t"Nr/,mr VeOeMgrolR

ROAD SPEED: _gMPH ROAD SPEED _ MPH

LENGTH OF RECORD: ._o20 SECONDS LENGTH OF RECORD a SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 zl Z 10 LY -0l

20 L...lol 20 LL6L2
30 2LO -J 30 _ 2-U

40 u.29?Z 40SI

50 _ /00 50 if 7

6o _ _• 60 9 40

70 j" /_9' 70 //

80 _ l 80 __ _

90 0 j 90 .gj

100 = 0.34a 0 100 0-339-.0

B-72
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STATISTICAL DATA

VEHICIE: XM474 w,/ PERS141.A1 CflMMUNICATION PACK WEIGHT •F7 POUNDS

COURSE: RAMP TIRE PRESSURE PSI

DATA CHANNEf L: /_ PLANE: V DATA CHANNEL: 2 PLANE: gAs.

LOCATION: SHEL'ET-, 8AS[ LOCATION SWE/TER AASF

ROAD SPEED: __Lv_MPH ROAD SPEED - 1_ NPH

LENGTH OF IRCORD: 1j4 SECONDS LENGTH OF RECORD /&fý SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level- Plus Minus

20 7 _JZ 20 7 _

30 0 7 30 _ 2
40• .f ko __I__

50 __ 50 /

6o _ 60 ___

70 _ 70 _

80 _ / 80 _ /

90 _ 1 90 _

100 _ 10 = .

NOTE: Plus and Minus denote polarity of accelerome'ter but accelerometers
were not necessarily oriented on test item with respect to plus being
up, right or forward.

B-73
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STATISTICAL DATA I
VEHICIE: XM474 ./PERq14ING C0AMUNICATIUN PACK ,E0IGHT /., POUNDS

COURSE: RAMP TIRE PRESSURE PSI

DATA CHAINEL: _ PLANE: L.ŽAI DATA CHANNEL: _ PLANE: _LT,

LOCATION: SI4FLTCR AASE LOCATION OUTMARfl AIR CbMDITIONER

ROAD SPEED: _JL_ MPH ROAD SPEED _IL MPH

LENGTH OF RECORD: 1 SECONDS LENGTH OF RECORD j SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
level Plus Minus Level - Plus Minus

10 -2A 10 _2Z d

20 53 20 2_?

30 __ z 30 21

42 4o _AL

50 3 _ 50

6o _ 6o _

70 3 70 _

80 2- 6 8o 2.

90 0 902__

100 = 100=

B-74
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STATISTICAL DATA

VEHICLE: YAM474 VI PERS/1gfV CDMMIJAICeATIpI) PA.KU, EGIIT./, •f . POuNDS

COURSE: RAAA P TIRE PRESSURE PSI

DATA CHARNE L: . PLANE: TRA S. DATA CHANNEL: - PLANE: L

LOCATION: OUTBOARD AIR CONVD/T/DNER LOCATION OUTBaAAg AIR CONDITI/MER

ROAD SPEED: _JL__PH ROAD SPEED MPH

LENGTH OF RECORD: M SECONDS LENGTH OF RECORD J SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level Plus Minus Level - Plus Minus

10 155~ 10 A

20 _7Z~ 20 -,

30 -37 _2 30 7

40 2 2l 4o _7- 9

50 /Y 2d 50 __L

6o J2_/_7_ 60 3 7

70 7 _Z2 70

80 80

90 _ 2 90 2-

100 -1 ý5 d 100=

B-75
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STATISTICAL DATA I
VEi cFUC: M474 w/ PERIMA/U4 COMP7/UN/cATION PAFCK WEIG / 1f6 POU S

COURSE: RAMIP TIRE PRESSURE 'PSI

DATA CHANNEL: 7 PLANE: DATA CHANNEL: _ PLANE: Yjg .

IDCATION: ) 1MSTRjXEA'r RACK O LOCATIONIA13TRUI1rNT RACK OY5

ROAD SPEED: MLJPH ROAD SPEED N MPH

LENGdTH OF RM:CORD: SECONDS LENGTH OF RECORD /A4 SECONDS

No. of Times No. of Times

Anplitude Level was Exceeded Amplitude Level was Exceeded
Level Plus Minus Level Plus Minus

10 10 3__ 4-4/

20 20 /74' 17.

30 30 _ -3Z

40 - - 4o 1515

50 -_ 50 _

60o __ 60oB

70 70 /

80 80 /

90 o 90I/

100 100 4.6100= 0

B-76
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STATISTICAL DATA

VEIHCIE: XM474 %/ PERSUIN& ChNMIJNICATIMN PACK IEIGHTPOUNDS

COURSE: RAM p TIRE PRESSURE PSI

DATA CHA10EL: I PLANE: DATA CHANNEL: _L PLANE: y.a.

LOCATION: INSTRUMENT RACKS "4 4 "5 LOCATION KLYSTRDAI COAX

ROAD SPEED: _JLJPH ROAD SPEED IJ MPH

LENGTH OF RECORD: /dj SECONDS LENGTH OF RECORD J1j SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 ~3 10 J7-

20 20 /2.

30 3 5 30 8 7

40 4o -5o 5
50 _ _ 50 3 2,
60 q 60 /

70 / 70 _

80 _ 8 __J _2_

90_2 __ 90 A

100 _ 100 = 10 A _

B-77
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STATISTICAL DATA I
VEHIC3.: Y.1,474 W!PERSHING ComUNoCAroMv ",.,-:.EIGH /•. Y•o POUNDS

COURSE: /? . Al P TIRE PRESSURE PSI

DATA CHANNEL: /d PLANE: _4 DATA CHANNEL: Z•t PLANE:

LOCATION: KLY-iT-RON" COA ( LOCATION KL Y$T/ON COA)(

ROAD SPEED: -LL MPH ROAD SPEED /1 MPH

LENGTH OF RECORD: . SECONDS LENGTH OF RECORD SECONDS

ho. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level Plus Minus

10 _?1 _2ý 10

20 .. 2_ .2.- 20 _7

30 IX 1 30 -Y

40o __-_ 40 3 _2_

50 Y 5 _0 /

Go Go /_.6.

70 a- 70

8O / o 80 / 0

90 _ 90 /

100 8011 100 =0

F1-78
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STATISTICAL DATA

VEHiC1E: XM474 wZ PERS141Nr COMMLUA£CATLON PAqCK E'IGHT /•, •-9O POUNDS

COURSE: AA MP TIRE PRESSURE PSI

DATA CHANNEL: j1 PLANE: V DATA CHANNEL: L4 PLAN:E:

LOCATION: JNS71TRtl4EAIT RAKCKS 2 t. L OCATION wNsTIUfRuYIT RACkS A2 *0t3
ROAD SPEED: _JL_MPH ROAD SPEED // MPH

LENGTH OF RECORD: • SECONDS LENGTH OF RECORD 9-2 SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level - Plus Minus

10 /3.2 114 10 4LLz .LIS
20 20 20 24 "2

30 / 2 30 6

4O 6 Fr 4o -*

50 ___ S 50 , 3

60 _ 4 60 _3

70 / 0 70 2.

80 / 0 80 / 2

90 _/ 0 90 1

100 7. 0 0 100= 40

B-79
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STATISTICAL DATA

VE0CL-: X.,474_ w/P&'su,,v CoMMujvc,7V-,o,, _4hlIGHT /. e POUNDS

COUR•SE: ' Am P TIRE PRESSURE PSI

DATA C HAREL: 4F PIANE:, DATA CHANNEL: / PLANE: VERT

LOCATION: T /VWA1ST-RtV-1T RAc/s•*,• •Z$ LOCATION- T -LTyE [-48LE

ROAD SPEED: J/jMPH ROAD SPEED / MPH

I.ENGTH OF RECORD: S SECONDS LENGTH OF RECORD J SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level Plus Minus Level - Plus Minus

10 17 10 _Z,

20 5? 20 _ . _,2ZL

30 3 30 /3

40 3 3 4o

50 2- 50

6o _ a 6o 7

70 2_ 0 70 _ 9

80 3 __ so 6 o
90 2- . 90 / 9

100 /6q 0 100o 8.6._

B-8O
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STATISTICAL DATA

VEHICIE: XM4 74 7 w/PiRSW/NQ C 4 N/•AT/DN k7E IGHT / _, POUNDS

COURSE: RAMP TIRE PRESSURE PSI

DATA CHANNEiL: 11 PLANE: _LV DATA CHANNEL: jb PLANE: Lj .

LOCATION: ENOINf rEA'ERATR LOCATION 'NeAINE f EWERATf)R

ROAD SPEED: _JjMPH ROAD SPEED 11 MPH

LENGTH OF RECORD: S SECONDS LENGTH OF RECORD 92 SECONDS

No. of Times No. of Times
Amplitude Level was Exceeded Amplitude Level was Exceeded
Level - Plus Minus Level -% Plus Minus

10 224 27 10

20 7 7 20

30 3 3 30 8

40 33 4077

50 I _ 50 •__

6o __ 6o__

70 _ 70 2

80 h 8o / __

90 / A 90 _

100 = __ 6 100 _7_

B-81
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s18-ool-l46-143o-55-3T/OR~D-61: Accelerometer Installation at Base of
Shelter with Arrows Indicating Position of Instrumentation on Air Conditioners.
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S18-OO1-147-1430-55-4T/ORD-61: Accelerometers Mounted on the Engine-
Generator Unit.
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IWI

sl8 001 148 1430 55-5T/ORD-6l: Accelerometers Mounted on Klystron Coaxial
Line.
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IWO,

sl8-Qoo-lP9-l430-55-6T/ORD-6l: Acceleromleters Mounted on the Receiver
Racks (Racks 4 and 5).
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S18-O0l-150 143o-55-7T/oRD-61: Acceleromieters Mounted between Synthesizer
and Control Rack (Racks 2 and 3) and on Teletypewriter Table.

B-128



sl8-ool-l61-l430-55-8T/ORD-61: Top: View of U!qF Converter Showing Damaged
Wiring as a Result of Vibration Testing. Unit Located in Rack No. 4. Bottom:
Over-All View of Damaged Unit Positioned in Rack No. 4.

B-l29



sl8-ool-186-lL43O-55-9T/ORD-61: View thirough Door Showing Damiaged Cable
Pulleys in Antenna Storage Area.

B-130



ETNDIMERI• LAORTORIES.

PHYSICAL TEST LABORATORY REPORT 1
OR=BO-WDS -LP

TEST OF: Report No. 61-T-2

Vibration Test of Sheet 1 of 6
Pershing AN/TRC-8o
Communications Pack. Dates of Test 14 Nov 60 to 6 Jan 61

OBJECT OF TEST: Conducted for Mr. R. Wiles,

To subject the Automotive Laboratory
Communications Pack to
low level vibrations and Project No. 0.127X2/160
record any component
resonances, B. A. No. 337-030-01

INTRODUCTION: Reference None

1. At the request of
the Pershing Comunications Pack Test Committee, the Physical Test Laboratory
performed vibration tests on one AN/TRC-8O Pershing Communications Pack.

2. The purpose of the tests was to subject the Communications Pack to
vibrations in the frequency range of 15 to 500 cps along each of three major
axes. At a test environment of ambient temperature, the vibration test vas
to precede a fully instrw•ented road test and its main objective was a
resonance search and not a proof test. The input levels were to be kept at
a low level in order not to damage components of the Communications Pack.
Component resonances and magnitudes vere to be noted and minor modifications
in order to attenuate resonances vero to be made. Decisions concerning
vibration input level and modifications were to be made by agreement between
Physical Test Lab, Fort Huachuca personnel and Collins Radio Company personnel
who were acting as "on the spot" representatives of other component manu-
factures. Other interested parties, such as The Martin Co., ABMA, ERDL and
Teleprinter Corp were notifie4 about progress and developments.

3. At the conclusion of testing recomendations were to be made to
Automotive Test Group concerning vibration pickup locations to be used
during the road test.

DESCRIPTION OF MATERIEL:

1. The test specimen was one (1) AN/TRC-80 Pershing Communications
Pack, Serial No. 1. The pack was a self contained communications terminal
lOOX80X66 inches in size and weighine approximately 4100 pounds.

B-13 1



UUýýALIIC~tl011 PUC ,',ood ofixtr makjor coj.._,a' Licnrto,

cc.~:~' :±I, !~ lholimL-wL1CoTtatioa uo~~''~~t, us chowa In YFigUre 1,

3 1.1T ~~ to Vielt ao 4W~w c0TPOO a Ul3AOl, CWvOr~J. aLccess
4b~IUac~o.0,: ý)vud prior to vibrat Lon ;~g 'i'1iusoc wuor the e,)-

Lorevo±tor dour:, 1)0:00o0.1l 0-In o L L 1, onu door wid. u p~..el covurinZý the

12 . 11hL tkot. rouooct callcd for tho Ifuel ta±±1: Lo be fillehd half full
with L;aw2.hijno La.n;tCLd a solutioa oZ 2&- ý',Uloii alcohol and 411 gall91ons
water, iihiuh ~''xr~tdthe opecific Lcravity of gasoliac.. was poured in
the fttol raLj rior to the vibration teot.

1. The~ ori-inal locations of the accelerometers were detelviined by
uther thuaL- thi o facility. Tb-Telve accoleromecters were instiAled in

in:oce:;ilolocatiolij on Q6~ ongine-.-onerator during- ase!ubly of the
jjutk by Tlic 1.1artin Co;,apuny. The rc~iniainlng accelerometers were Installed
'by Aber&t(Lcn Preoving, Ground peroonnel.

2. The acccleroa.iaters were secrt-rod into one inch cube matagaieiwii blocks
which vQor.e attached to the pac]: do~uapiicts with dciital couiciit. The blocks
had at .luas threoe facez &rillod eand tapped to match the threaded stud on
the 'Moo.&Lr.Te blochks that were inaccessible alfter the pack was
aoojib:lce h.?d three accelerowmutcr's iounted, i *e., one vloung ecwh major axes,
uhiilu i,ho ,e cusiblc blocks Lcnera-illy ha~d one Lieccel eraometer whAich vas rotated
-to rtauro- accelurations along, each &ufis as required. Appoindix I contains a
detailed daŽocription of the location of each accclerouieter as well as sketches
indicatingo, their approximate locations.

3. The recordina instrumenutation as originally setup consisted off 40
chLunola-ls cax~beof liliear roopoiu.se over a frequency rang!-e of 15 to 500 ops.
Thei recordling- inistramcnts consisted of 18 chsxuiels on a typ.e 1012 direct
writing vioicorcdor, 12 cluinels on a type 114 CD,' Datarite Oucillor raph and
10 C1hz4n1u1ls on a FD.-l0CA Ampex Tap~e Recorder. S3everal tost, runs were made
ufsing, the i'sill 40. chwannel recording; system. Blut for several. reasons, mainly
for euoe of monitorinZ. and to loiter the frequency respoase to 5 cps, all
recordinLg vao made on the visicorder for the majority of the test runs.
The pyotaLa vu; ia~de up off 20 CRL cathode follower-tax~plif iers and the type
1012 visicordur. Bach of tho 20 channmels was calibrated by applying a
varidble voltaCge source in place of the accelerometer and recording the
gulvaaoiaoter trace deflection. Ilie zenoltiv~ty for each clasnel was calculated
and used to determine an overall reaponse for each Lialvanoxwiter - accelerometer
combination. Ito sensitivity of each accelarometer was previously determined
by calibration on en Mi3-ClO calibrator.
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ORMDG-DPS-LP fleport No. 61-T-2
SheetJof 6

TEST PflOCEMINA AND ItFWUTS

1. Vibration along vertical axis.

r The CoMunioations Pack van initially setup for vibration along
the vertical exis. A masive welded aluminum fixture, bolted to the table
of a MB C-210 exciters Vas used as A test platform for the Comnmications
Lack. The aluminum fixture was designed to have no major resonances in the
frqnc rang* of 5 to 500 epy b mnalysias A a two deees of freed=m
vibration asystemu Only the skids of the Comunication Pack contacted the
alMinum fixture. Four 5/8 Ifch thrweaed bales and four I inch etude In
the pack were utilized to attach the pack to the fixture. Four @oil springs,
with spring rates of 700 lbs. per inch each, vere used to support the test
setup, A sketch of the test setup I shohm In Figure I and a Photogaph
is included a Figure 2, Appendix 1.

b. The test procedure called for frequency sweeps fro 15 to 500
cps at low Input levels. The test run were accoplished by lookin the
vibration exciter at a constant acceleration level and sweeping the frequeWc
range. A total of 5 runs ver* made with the input acceleration level rabg±Ug
from o93 to .7M g. During the test runs the outputs of the accelerometers
were monitored and any resonant frequencies present vere noted. Two of the
runs at 3/4 g input level were pemanently recorded over the entire frequen•
range for use In accurately measuring g levels and frequencies.

a. The results of the test runs Indicated that accelerometers
numbers 10 and 11 yielded the eny significant outputs. These accelerometers
were located qn'the rigid section of the Iclystron tube tran•mission line as
shown in Figur. 3, Appendix 11 With an input of .75 go accelerometer number
10, measuring along the vertieal axls indicated a peak acceleration of .81 g.
Acceleromete number 11 Indicated a peak acceleration of .55 g. Both peak
accelerations occurred at a frequency of 30 ops. On a subsequent test run
the Xlystron tube tranmission line ve revised as shohm In Figure 3. With
An input of .75 g accelerometers numbers 10 and 11 indicated .02 g end ,01 S
respectively.

d. The test results for tUe vertical vib yatio. tests we Included
in Table I, Appendix II. The tabular results present the exciter input level,
accelerometer levels, resonant frequencies and magnification ratios only for
accelermoeters which Indicated significant g values.

2, Vibration along lateral axis.

s. The Communications Pack. was mounted on a velded aluminum tixturo
which us designed to support the pack during the horizontal vibration tsets.
The alumainum fixture consiste" of a horizontal frame with an upright reinforced
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plate at one end. The pack ws Installed in the fixture so the one and vs
contacting the fixture upright and the pack okids were bearing on the
honrsontal frame. Four coil springs were used to suspend the fixture and
pack and the test fixture was attached to an MB C-210 exciter so vibrations
vere applied through the CO of the pack and test fixture combination. A
sketch and photograph of the test setup are presented in Figures 4 and 53
Appendi~x U'

b. The pack uas subjected to vibration test runs over a frequency
range of 10 to 500 pe vith input levels ranging from .2 e to lOgo Me
input level was measured by the accelerometer in the exciter and also ty
accelerometer No. LA-i mounted on the pack as shoen in Figure 4I, Appendix 11.
The accelerometer on the pack indicated within 10 percent of the accelerater
in the suiter over the tqet frequency range. A total of 10 test runs were
made over the 10 to 500 cps frequency range and 6 test runs ve =A over a
smeler frequenW range. A test run consisted of locking the exciter input
acceleration at a constant g level and varying the frequency over the test
range. Daring the test runs the outputs of the accelerometers were monitored
and any resonant frequencies present wore noted. Two of the test runs at
.75 a and 1.0 6 input levels were peranently recorded over the entire
frequency range for use in accurately measuring a levels and frequensies.

a. The results of the tesot runs show that aceelorometers numbers
10 and 11 yielded significant outputs wen the lystron tube transission
Line us arranged in Its original order. The peak accelemticns for
accelerometers nambers 10 and Ui vere .45 g and .36 S respectively, with an
input acceleration of .75 g. Both accelerometers peaked at 95 cpu. Vith
an input acceleration of 1.0 g and the Klystron tube transmission line revised
as shorn in Figure 3, no significant accelerations were note4 on accelerometers
10 and 11. The accelerometer indicating the maxima acceleration was number 30.
This accelerometer indicated .99 £ with an input of 1.0 g at a frequancy of
10 cpa. Accelerometers numbers 29, 31 and 32 wbich along with number 30 vera
located on the engine-generator unit also indicated maxinmm accelerations at
10 epu*

d. Table 11, Appendix XI presents the pertinent test results for
the lateral test runs.

. Vibration along longitudinal axis,

a. The longitudinal axis vibration test setup uas essentially the
same a described for vibration along the lateral axis, except the pack us
rotated 900 horizontally. Since the pack was only 80 inches wide along the
longitudinal axis the uprisht reinforced fixture plate wus 10 inches avway
frm the side of the peck when a balanced setup was made. In order to
reinforce the upright another gusseted plate vas installed. A sketch and
photograph of the test setup are presented in Figures 6 and 7# Appendix U.
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b. The pack vas'subjected to vibration tent runs over the frequency
range of 5 to5 00 cps vith input levels ranging from .25 g to .73 S. The
input level vas measured by the accelerometer in the C-210 exciter. Acceler-
ometer No. LO-l mounted on the pack as shown in Figure 6, Appendix 11,
monitored accelerations vhich could also be used as the input level. A total
or 6 test runs vere made over a frequency range of 8 - 500 cps, two were made
over a frequency range of 8 to 50 cps and tvo runs were made over a frequency
range of 5 to 8 cps. A test run consisted oa locking the exciter input
acceleration at a constant g level and varying the frequency over the test
range. During each of the test runs the outputs of the accelerometers were
monitored and any resonant frequencies present were noted. Two test rune at
constant input levels of .75 g were permanently recorded over a frequency
range of 8 to 500 cps for use in accurately measuring g levels and frequencies.

a. The results of the teat runs show that accelerometers numbers 10O
11, 29, 30, 36, 37 and 38 indicated significant accelerations when the acceler-
ometer in the exciter was reading .75 g. Accelerometers 10 and 11 shoved.
maximu• outputs of .38 g and .41 g respectively, at 20 cps. These accelerometers
vere on the Ilystron tube transmission line which was in its original condition
as shown in Figure 3, Appendix 11. Accelerometers 29 and 30, located on the
engine-generator unit# indicated .- 9 g and .53 g respectivelyi at 10 cps.
Accelerometers numbers 36, 37 and 38, located on the air conditioner condensorp
indicated .53 9g, 1.5 g and 1.2 g respectively, at 8 cps. The re'corded trace
of these accelerometers appeared to be a shock pulse at the rate of 8 pulses
per second. Based on observation an internal component in the compressor
housing appeared to be producing the shock.

d. Table III, Appendix III presents detailed test results for the

longitudinal test runs.

CONCLM91ONSt

1, Tba AN/TRC-80 Commaications Pack sustained no damage as a result of
the vibration tests.

2. During vibration along the vertical axis the accelerometers on the
Klystron tube tranmission line indicated maximum accelerations.

3. During vibration along the lateral axis the accelerometers on the
Klystron tube transmission line end on the engine-generator unit indicated
maximum accelerations.
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1. During vibration along the lonzitud•nal axis the accelerwaters on
the Mystron tube transmission line, ennine-generator unit and on the air
conditioner condensor indicated maximum accelerations.

Appendix I

Appendix II

AUBMr= P I

0. R. THOMON
Mechanical Test Section

RtEVIWD/: APPROVED:

Chief# Chief,
Me)hanioal Test Section fbysioal Test Laboratory
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Block Vibration Acoel.
No. Uni.t Direction No. Accel. Miock Location

Oeherator Vert 25 On angle at base of generator isolatOr
Losgit 26 below regulators.
Later. 27

2A oenerator Vert 28 One block on each of the two aenerators
Longit 29 mountinf brackets (generator to base
Later* 30 fixture). inn hut side of generatar,

2B Generator Vert 31
Longit -M.
Later. 32

3 Generator Vert 33 On generator mounting bract (generator
Loni t Y to base fixture). Outer hut side of
Later. g- generator

MW P•oer Vert 10 On 1 5/8 Inch rigid Jlystron transmission
amlifier Longit 11 line below paver output directional

Later. 12 coupler,

UjW Power Vert 7 On mounting base of Klyetron tube below
aqlifier Longit T isolator. One accel. rotated as required.

Later, 7

6 M Power Vert 1 On top of Klystrou tube collector
ampifie. Longit magwt.

Later. 6

T MW Power Vert I On structure of rack belov metering
suplifier Longit 2 and power control unit.

Later. 3

8 Air Vert 35 On condensor support frame at base of
Conditioner Longit - the Isolator furthest from hut corner.

Later.

9 Air Vert 36 Top coruer of condnsor directly above
Conditioner Longit 37 instrumented Isolator.
Condensor Later.

10 Air Vert 16 On rigtd structure just above the upper
Conditioner Laoneit 16 isolator for the lower unit. The
lvaporotor Later. 16 isolator is furthest from the side vall.

One accel. rotated as required.

Appendix I
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Block Vibration Aceel.

NO.. Uit Direction NO. Accel0 Block Location

11 Air Vert 19 6 n the upper corner (furthest from the
Conditioner Longit 20 side vwil) of the lower unit.
ZuorMtor Later. 21

12 lreq. Stdo, Vert 22 Approximately 30 inches above the floor
& fytthesniers Longit 22 on the structure between the control
& Controls Later 22 panels and Freq. Stda. & Synthesizer

Equipment on rack No. 3. One accel.
rotated as required,

13 Receiver Vert 23 Approxaimtely 30 inches above the
Longit 23 floor on structure between the receiver
Later. 23 racke-numbers 4k.nd 5, One accel.

rotated as required.

1i4 Pack Vert 24 In co:rner of Pack near generator. One
Longit 24 accel, rotated as required.
Later. 24

13 ECiter Vert 13 On center of Rack No. 1 structure between
Longit 13 the deviation and level monitor and
Later, 13 the UHF Converter amplifier. One acoeel.

rotated as required.

16 Teleprint Vert 17 On center of under side of Telepriat
Table Lonsit 17 Table. One aocal. rotated as required.

Later. 17

17 Receiver Vert 18 On chassis. One accel. rotated as
Longit 18 required.
Later. 18

18 Vert --
Longit . Accul. used only during one lateral
Later 39440 vibration teat run - No. 39 measured

along vertical axis and 11o. 40 measured
along lateral axis.

Appendix I
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s18-001-3834-i43o-55-7T/ORD-60: Vertical Vibration Test Setup -End View.
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sl8-oo1-386k4-143O-55-9T/ORD-6O: Lateral Vibration Test Setup -Rear View.
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sl8-OO1-37-143O-55-lT/oRD-61: Horizontal Longitudinal Vibration Test
Setup. Front End View.
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Maximm 5initficant Accelerations

Wi) (2)
Accelerometer Test Max. Exciter Ham. Remurks

No. Sensitive Unit . Freq. Accel. input Ratio
Axis aps 9 8

10 Vertical UHP Power 30 0.81 0.7-5 1.00 Ilystron Tube Trans.
amplifier Line in original Coatig.

11 Longit. 30 0.55 0.75 0.73

10 Vertical UMF' Power 37 0.02 0.75 --- "lstron Tube Trans.
Amplifier Line in Revised COcnfig.

11 Longit 37 0.015 0.7.5

(1) Exciter Input - Reading of accelerometer mounted in C-210 Exciter.

(2) Magnification Ratio - Maximum acceleration (g) -# Exciter Input (g).

Vertical Vibration Test Run Outline

No. of Runs Exciter Input Frequency Sweep Range

1 0,25 g 15 to 500 cps
1 0,5O a 15 to 500 cps
3 o.75 g 15 to 500 eps

TABLE Is Vertical Vibration Test Results

Appendix III
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Maxima Significant Accelerations
(1) (2)

Accelerometer Test Max. 'Exciter Mm. Remarks
No. Sensitive Unit Freq. Accel. Input Ratio

Axis cps 8 9

10 Vertical ULW Pover 25 0. 45 0. 75 0.60 Klystron Tube Trans.
amplifier Line in original

1. Long4t. 25 o.36 0.75 o.I48 config.

29 Longit. Generator 10 0.67 1.0 o.67
30 Later. 10 0.99 1.0 0.99
31 Vertical 10 0.53 1.0 0.53
32 Later. 10 0.73 1.0 0.73

(1) Exciter Input - Reading of accelercmeter mounted in C-210 Exciter. Accelerometer
No. LA-1, shovn in Figure 4, Appendix II, indicated within 10%
of the Exciter Input.

(2) Magnification Ratio - Maximum Acceleration (g) + Exciter input (g).

Lateral Vibration Test Run Outline

No. of Runs Exciter Input Frequency Sweep ,Rw,4e

1 0.25 8 i0 - 500 cpO
1 0.50 g 10 - 150 COs
2 0.50 9 10 - 500 cps
3 0.75 8 10 - 50 cp,
3 0.75 s i0 - 500 cpa
2 1.0g I0 - I00 cps
S1.0 g 10 - 500 cps

TABLE IIM Lateral Vibration Teat Results

Appendix III
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lmumi S Bignifioant Accelerationas

(i) (2) (3)
Accelermceter Test max, suitor W ,. Acces

"No". "eomitivew wt Freq. Acoel. Input Ratio No. LO-1
Axis cps a 9 £

1o Vertlea UW.over 20 0.38 0.75 0.51 0.614
api.lifier 0.4

1, Lnoit, 20 0.4.1 0.75 0.35

29 Lodgit. Generator 10 0 .".402
30 atral 0 . 0.75 0-530,2

36 Verical Air 8 0.53 0.75 0.71 0.20
S Longit. Coinditioner 8 1.12 0.75 1.50 0.20

Lateral COndensor 8 0.90 0,75 1..20 0.20

(i) Excite lIput -Redini of Acclerometer imounted in 04210 baiter.

(2) Magnification Ratio - Maxi Acceleration (S) ,+ . suitor . put (g).

(3) Accelerometer Soo, W-1 mount"d on tack as .hown in Fivura 6# Appendix II,

Longit. Vibration Test Run Outline

No, of Runs Solter Input Frequency Swoop Ruoo

2 0.0095" D.A. 5 - 8 cps
1 0.25 £ 0 i
1 0.50 £ .80Scps
a 0.50 6 8 -500 cps
II 0.75 6l -50i ps
3 0.75 £ 8 -O 00ops• .

TAMA XIls Longitudi'n Vibration Test Results

Appendix III
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NAME AND ADDRESS NO. COPIES

Commanding General
-,U. S. Army Ordnance Missile Command
Redstone Arsenal, Alabama
Attn: ORDXM-DS, Capt. John Dobbins 20

Co•manding Officer
Diamond Ordnance Fuze Lab
Washington .25, D. C.
Attn: ORDTL 012

Commanding Officer
U. S. Army Ordnance Test Activity
Yuma Test Station
Yuma, Arizona
Attn: ORDBG-TA-AS

Commander
British Army Staff
British Defence Staff (W)
3100 Mass. Ave., N. W.
Washington 8, D. C.
Thru: OCO-ORDGU-SE 2

Canadian Army Staff
2450 Mass. Ave., N, W.
Washington 8, D. C.
Attn: GSO-1, A&R Sec
Thru: OCO-ORDGU-SE 2

Ccmmander
Armed Services Technical Inf Agency
Arlington Hall Station
Arlington 12, Va. 10

CONARC Liaison Office
Aberdeen Proving Ground, Md. 3

Navy Liaison Office
Aberdeen Proving Ground, Md. 1

Technical Library Vellum
Aberdeen Proving Ground, Md. 1 - Reference

1 - Record
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AD Accession No.
D&PS, Aberdeen Proving Ground, Maryland
DVIRONRITAL TEST OF PERSHING COMMCICATIONS
PACK NO. 1 - R. L. Wiles

Report No. DPS-244
OMB 5210.12.127X2.03.39
Unclassified Report

The communications pack was subjected to a
wide range of environmental conditions
including climatic phases of rain, wind,
high and low temperatures, humidity and
icing; table vibration consisting of a
low-input resonance search in the three
major axes; and a road-shock and vibration
test at various road speeds over the 6-
inch washboard, level paved and ramp
courses. It was recommended that action
be taken to correct the shortcomings
encountered and that an improved version
be subjected to further testing.

AD Accession No.
D&PS, Aberdeen Proving Ground, Maryl&nd
ERVIRONMTAL TEST OF PERSHING COCMMNICATIONS
PACK NO. 1 - R. L. Wiles

Report No. DPS-244
OM 5210.12.127X2.03.39
Unclassified Report

The communications pack was subjected to a
wide range of environmental conditions
including climatic phases of rain, wind,
high and low temperatures, humidity and
icing; table vibration consisting of a
low-input resonance search in the three
major axes; and a road-shock and vibration
test at various road speeds over the 6-
inch washboard, level paved and ramp
courses. It was recommended that action
be taken to correct the .shortcomings
encountered and than an improved version
be subjected to further testing.



AD Accession No.-
D&PS, Aberdeen Proving Ground, Maryland
ENVIRONMENTAL TEST OF PERSHING COMMC•ICATIONS
PACK NO. 1 - R. L. Wiles

Report No. DPS-244

OME 5210.l2_127x2.o3.39
Unclassified Report

The communications pack was subjected to a
wide range of environmental conditions
including climatic phases of rain, wind,
high and low temperatures, humidity and
icing; table vibration consisting of a
low-input resonance search in the three
major axes; and a road-shock and vibration
test at various road speeds over the 6-
inch washboard, level paved and ramp
courses. It was recommended that action
be taken to correct the shortcomings
encountered and that an improved version
be subjected to further testing.

AD Accession No.
D&PP, Aberdeen Proving Ground, Maryland
ENVIRONMENTAL TEST OF PERSHING COMMlUNICATION&
PACK NO. 1 - R. L. Wiles

Report No. DPS-244
OMW 5410.12.127x2.03.39
Unclassified Report

The Lommunications pack was subjected to a
wide range of environmental conditions
including climatic phases of rain, wind,
high and low temperatures, humidity and
icing; table vibration consisting of a
low-input resonance search in the three
major axes; and a road-shock and vibration
test at various road speeds over the 6-
inch washboard, level paved and ramp
courses. It was recommended that action
be taken to correct the shortcomings
encountered and than an improved version
be subjected to further testing.


