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1.0
1.1

2.0

3.0

3.1

Scope

This report documents and summarizes the results of the_efforts of

Col1lins Radio Company ‘pursuant to the requirements of Contract

NAS 9-8142. This report, in conjunction with the equipments referenced

éESAgt1$1e IX, shall fulfill the requirements of Article I of Contract
8142.

Referernce Information

The necessary reference information rnqu1red for execution of this
contract was derived: from the Statement of Work, Exhibit A to KAS 9-8142,
dated 29 June 1968 and all applicable ‘documents referenced therein.

Summary of Effort

Two different types of S-Band Power Amplifiers were modified. The
Apollo Block II Engineerdng model PP-2 was modified orimarily in

the RF c1rcu1tty to determina the teasibility of forrite circuiator
switching. The S-Band Power Amplifier D-1 was modified in the nower
supply area to 1mprove efficiency and operational characterisiics.

Engineering Model PP-2, CRC P/N 5]4—001]—001

Tl r\hr‘s'\r\nnv\-:nﬂ mnr{(\'l Do_2 < D-.nnrl DA uroe mnr!--.—-:r;A hu f]nln'l--:nn ""-'\o

C'IY‘CL!["L}‘)- assomaLea with the 5 watt moge ana !”E‘.Dluclﬂq The H‘cﬂ‘bt.l)
coaxial switches with a ferrite isolator/switch assembly and its
associated control circuitry. As a result of these modifications,

it was necessary to replace the original component mounting bodrd u1th
a redesigned unit containing fewer component parts.

The fTerrite isolator/switch assembly, utilized in this modification,
contains six switchable Territe circulators and two load isolators with
integral loads. The assembly was designed to fit between the tra ve]1ng
wave tubes and to thus utilize the space previously occupied by Lne
Transco switches and their mounting bracketry.

The form factor of the ferrite assembly necessitated a redesign of the

conncotor/line filter housing and the relocation -of the RF attenuators

to provide adequate clearance between the connector/Tine filter housing
and the top of the ferrite assembly.

The PP-2 model was vebuilt and-is defined as PP-2 (modified) in this
report and so marked on’ the name plate. During pre-ATP testing an
oscillation was found to be present when all interface connectors,

Jdz, J3, Jd4 and J5 were not terminated in 50 chm loads.Further discussion
on this subject is contained in Section 6. The oscillation prqb]em was
overcome by the use of a small, lightweight, coax switch, K2, in place
of the input amplify/bypass circulator switch. This approach was
selected because of schedule and cost considerations. Testing was con-
tinued and the {inal ATP data taken is presented in Section 8.

2
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3.2

3.3

4.0

4.1

Engineering Model D-1, CRC PyN 514-1400-001

-The engineering model D-~1 S-Band PA was modified by removing all

components and. redesigning the entire Tayout. The new layout has
the RF components mounted on the top  (connector half) and the power
supplies below the heat sink mounting flange. The only Tabricated
parts reused were the top and botfom half case shells. The original
diplexer was not packaged inside allowing more room for the power
supplies.

The power supplies (one for each TWT) were redesigned utilizing
circuitry similar to the MOL S-Band power supplies which have opera-
ted satisfactorily when subjected to space qualiFication environments.
Modifications to the MOL S-Band power supbnlies were necessary to
accommodzate the higher power requirements of the D-1 $-Band Power
Amplifiers. The neiv power supplies are mirror images of each other

to simplify mechanical design.

The‘D-I model was modified as indicated above, and.is now referved
to as D~1 (modified),in this report. The ATP data taken is presented
in Section 8.

" Ferrite Switch Life Test

Eight ferrite (circulator) switches were subjected to a 6000 hour 1ife
toet st ambiant e manmantal crndiFinane Tha math AnF Anech v +tRkh 11ae
changed, Dy reversal of coil voitage -poiarity. at 6 minute intervais
throvghout the entire period of the test. The units ware driven by

a TWT amplifier which provided 20 watts of input power at S-Band
frequencies.

Electrital measuréments for insertion Toss and port-to-port isolation
were made prior to initiating the-test and at each 1000 hours during

the test period. The final data, taken at the end of the 6000 hour
life test, and the interim test data taken at the end of each 1000 hours
of testing, indicates no degradation of performance for the composite
48,000 component operating hours. Refer to Appendix A for the ferrite
1ife test report.

RF Performance

The measured RF performance is compared with predicted and typical ATP
data on similar equipment. The PP-2 (modified) is compared with an
S-Band PA production Q model Serial Number 0010 and the predicted output
power was +40 dbm for all conditions. The D-1 (modified) is compared
with the original ATP on D-1 taken 3 August 1966.

S-Band PA Model PP-2 (Modified)

Table 4.1~1 is a listing of ATP RF data taken on PP-2 (modified) and

. Apolio Q model SM 0010 using the same test equipment. The PP~2 (modified)

/



CAM b, Te LT

ATP RF Data Taken on PP-2 (Modified)
and Q Model 0010

PM Tow drive
Output mid drive
Power | high drive
(V1) T

PM Clow drive
Output | mid drive
Povier high drive
(v2) —

ian 1 Tur Jt i ve

Qutput mid drive
Power high drive
(V1) L

M | Tow drive
Qutput mid drive
Power high drive
(v2)

P Bypass Tloss

_Receive loss

Drive Levels:

PM 1ou 23.6 dbnm
mid. 24,7 dbm

high 25.6 dbm

FM

PP-2(Modified) Q Model
(dbm) SN 001C
(dbm)
40.95 a1.2
41.0 41.2
40.9 41.05
40.4 4T.4 |
40.9 " 41.5
40.95 41.4
GU.0 ai.s
40.8 41.15
40. 65 41.0
40.6 41.4
40.85 41.65
40.8 41.55
2.5 db 2.3 db
2.05 db 1.75 db
M 1ow 19.2 dbm
mid 20.3 dbm

|_high 21.2 dbm



4.2

data was taken 17 June 1969 and Q model SN 0010 data was taken 7
December 1966. The Apollc specification called for more than
+40.5 dbm output power in both FM and PM modes. The data shows that
PP-2 (modified) met the Apollo output power levels (+40.5 dbm) for
all conditions except one, (+40.4 dbm) in PM mode using V2 and low
drive. There was, however, only 0.1 db margin abeve the +40.5 dbm
on the next lower power output in FM using V1 and Tow drive. It
should be noted that Q model- 0010 measured 0.5 db above +40.5 db
output at its Towest power level. This power output level is
typical of the Aoolle Block IT power amplifiers. The ATP data was
taken at room ambient conditions.

The predicted output power was greater than +40.0 dbm under all conditions.
No environmental tests were conducted on PP-2 {modified) on this contract.
The measured 0.4 db margin in power output would allow the medified

PA to meet the +40.0 dbm requirement under environmental conditions
similar to those used in Apolic Bleck II qualification.

S-Band PA D-1 (Modified)

Table 4.2-1 1ists the pertinent ATP data taken on D-1 and D-1 (modified).
The RF circuit of D-1 was not modified but the physical layout was
changed to allow the power supplies to be placed side by side below

the heat sink center plate. All the RF components, incluaing the TWT
amplifiers, are mounted above the heat sink center plate. The RF
components are-closer together in D-1 (modified) allowing less inter-
LUDNELL Y LUGA LaUIE TE3UTLINY 111 €35 1UdD Qitd IHIUNTT PURET UuLpuL.

Power output-of D-1 was about 41.7 dbm and power cutput from D-1 {modified)
is approximately 42.8 dbm. The difference is partially accounted for

by removal of the diplexer which has a 0.55 db insertion loss. The
remainder of the improvement was achieved by a more efficient RF layout
and use of better voltage regulation to the TWT.



Table 4.2-1

ATP Data Taken on D-1 (Modified) and Original D-1

D-1 (Modified) .

{dbm)
Output Tow drive*  42.85
Pover Lmid drive. 42.9
(Amplifier 1) | high drive  42.6
DC Power(Ampjifier 1) 108.5 watts
Output “Tow drive® 42.65
Power: mid drive 42.85
(AmpTifier 2) high drive 42 .6
DC power (Amplifier 2)%% 110 watts
‘Bypass 10ss ’ 0.9 db
- *Prive levels: Tow +24.0 dbm

mid. +25.5 dbm
high +27.0 dbm
**Measured using +28.0 Vdc input at mid drive

**% Tncludes diplexer loss

7

(dbm)

41,62%%*
41,72 %%%
41.67%%*

122.8 watts

47 .67%%*
41.67%+*
41.12%%%
116.2 watts

1.68 db ***



5.0

5.1

5'2

6.0
6.1

6.1.1

Reliability

The relfability effort on this program consisted of the following:
1. Ferrite switch Tife test and test report (Anpendix A).

2. Part application tests made on both power amplifiers.

3. Participation in parts selection-and application.

Apollo PP-2 (Hodified)

The replacerient of mechanical RF switching with solid state (ferrite)
switching resulted in an inherent improvemeni in reliability althouch
this improvement is not numerically suppertable by the out-dated
failure rates for ferrite devices Tisted in MIL-HBBK-217A. The
deletion of the 5 watt mode and associated control logic resulted in
further improvement in veliability by direct reduction of the
component parts count. )

S-Band PA D-1 {Modified)

The reliability of the modified D-1 PA, if viewed only from the basis
of component part count, has a Tower reliability prediction than the
unmedified unit, However, the prediction for the ummoedified upit did

e m L [ MO R = ok - o PR | . » - . - - - -
LR LA T B L B O T N T I VI P R VTN I S R TN Py ve v e UG Y SUMITLLEUR Ly

stresses beyond their rdted Timits. A1l parts used in the modified.
unit have been derated per Apollo and WOL part derating reguirements
and the resulting improvement in relisbility bas been demonstrated by
1) the testing performed .on the pover supply developed for the NOL
program during both deveiopment and prequalification testing and 2) by
the operational testing performed on.the breadboard of the D-1 pawer

supply.

Modifications

Apollio PP-2 PA

The engineering model PP-2 was modified by replacing four mechanical

* RF switches with a single ferrite switching package and relocating

most of the electrical components. - The 5 watt wode components as well
as the control logic circuitry were removed providing the extra space
needed for the switching package.

RF Path Modification

The four Transco coax switches werz renlaczd with an tsnlzier-switch
package part number 044-0052-277. The 044-8052-277 snecification is
presented as Appendix B to this report. The isolator-switch packace
was designed by E and M Laboratories and Collins Radio Company to
electrically renlaca the Trinsco swiiches and to fit in the space
provided by removing varicus comporents and mechanical parts. The
physical form fector of the package is optimum for the Apoilo Block II



PA cenfiguration only, as the switch packave Tits between and above
the traveling wave tubes. The present form factor has the center of
gravity, CG, iocated too high for good wibration characteristics.
Refer to Appendix B for outline drawings of package. This package
contains six switchable ferrite circulators and two Toad isolators.
The ‘addition of the. load isclators to this package gives protection
to the traveling wave fubes that ‘was not provided in the original
Block II PA destan. )

During testing an oscillation at 3.3 GHz was found when no rf drive uas
present. A feedback path was found in the PM bypass rf circuit caused
by too little isolation in the output bypass switch., The isolation
problem is due to the fact that the triplexer Pl input is 50 ohms
(1.2:1°YSHR) only at the center frequency (2287.5 MHz +3 Mz}, At
other freguencies the VSHR goes up zad the in-going »T or noise is
reflected back and goes through the reverse bypass path to the TUT
input. The phase of the feedback must be correct for oscillation to
occur and is determined by the electrical length of the rf path and
the reflection coefficient of the triplexer PM input as a function

of ‘frequency.

Typical Hughes 394H TUT ampiifier has a saturated gain cf 26 db and
a maximum gain of 30 db just below saturation. The maximum gain of
30 db indicated at Teast 40 db of isolation should be provided for
safe operation. This was veritied in the lab when a variable atten-
uation was placed in the feedback path. 0scillations were present
m-?f—%g I3 ik 'ir!}'g;.:".‘:'invg‘ Byt f%ﬂ:‘\??f@ ggr--‘u‘nr: ﬁ{\ AR «;:w:,'iﬂ-{--?nv-‘\ The haet

. sofution to tne probiem would be to redesign the ferrite switch.
nackage to provide the proper isolation, however, schedule and cost
considevations _prohibited this approach. The fastest and least
costly solution to the oscillation problem was Lo incovrporate a small
Toir power coax switch in the input bypass/amplify position to replace
the input circulator switch., The coax switch selected was an Amphenol
RF Division Type 303-1017¢-11 unit. This coax switch provices greater
than 60 db isolation attall the frequencies that the THT can amplify.
The Amphonol switch was mounted inside the PA and is controtied by
the PH amplify indicating circuitry. Refer to Section 7 for Tocation
of -the added switch, K2.

6.1.2 Logic Circuit Modificatien

The control logic circuitry was vemoved along with circuiis that shut-~
down the TWT voltage when switching the various modes of operation.
The deletion of the 5 watt mode reduced the number of control components.

The control logic circwit was located on the circuit board. ﬁemovigg
the .control components -allowed space for a new board.layopt‘w1th better
accessibility to the components for wiring and testing.

The new circuit board has a current regulator to control the dc current
to the switching package at 130 ma for optimum RF characteristics.

7



6.1.3

6.2

6.2.

6.2.2

Power Supply Modification

The Block IT S-Band power amplifier uses a 400 Hz three phase source
of power. The power supply was modified by removing the components
(transformers, diodes, chokes, etc.) that were connected with the

5 walt mode. Since both trayeling wave tubes had 5 watt mode power
supplies, the space savings was large and allowed the switching pack-
age to fit inside the unit.

The high voltage series regulator was modified per the MOl S-Band
Power Amp¥ifier. The moedification changed the series regulator
transistors to a single higher voltage transistor and improved the
efficiency of the reqgulator. The 5 watt: mode components were removed
allowing a simpler circuit.

The thermal time deley relays were rémoved and replacad with solid
state timers that vequire less power and spage.. The timer-.circuit
was adapted frem the MOL power amplifier design. Transistor (23,

. time constant components, R101, €30 and SCR Q22 form the timer.

Refer to schematic in Section 7.

The Toss ggﬁphése circuitry was modified to improve performance and
reduce thg@éequired number of components. : .

The connector housing plate was redesigned to provide clesrance above
the switching package. The connector plate contains 23 fecdthru RF

Filters used for reducing conducted interference.

S-Band PA D-1

The NASA S-Band PA Engineeving model D-1 was modified with new pewer

-supplies and a different RF cireuit layout.

RF Path Modification

The-criginal PA D-1 had the RF components distributed throughout the
inside of the unit interconnected with relatively long coax cables. 1In
D-1 (modified) all the RF components, including the TWT amplifiers,. and
interface connectors are in the top half of the assembly. The RF
components are interconnected with relatively short coaxial cables

thus providing lower RF loss. The only RF component changed in D-1°

- (modified) was the load isolator. The new isolator is slightly smaller

and with -one-third the weight of the Raytheon isolator used in the
original unit. The isolator used is one that was purchased under

NAS 9-7203 and transferred to NAS 9-8142. It should be mentioned that
the diplexer is not packsged inside D-1 (modified) but is mounted on
the bench test mounting fixture. Removal of the diplexer made the
repackaging of the power supplies possible.

Power Supplies

Newt poyer supplies were required because of inefficient and sometimes’
faulty operation of the original D-1. The new power supply desidan was
adapted from the MOL S-Band PA. Two power supply assemblies are used,
one supply for V1 and the other for V2. The necessary interlocking
circuitry is provided in both assemblies to prevent both supplies

/O



operaﬁjng at the same time. The new power supply uses a pre-regulator
operating at 20 to 32 volts dc input driving a filament inverter.

The pre-regulstor is a high efficiency swtitching regulater up-converter
and is adjusted to provide +36 Vdc output under all input voltages and
output loads. The switching reautator runs at 43 kHz. Refer to

Section 7 for the D-1 (wodified) schematic diagram. The regulated vol-
tage is then used to power the.filament inverter, timer circuit and the
power inverter. The {ilament inverter is an oscillator running at 10 kHz.
One output winding provides the 5.2 Yrms filament voltage. The winding
has five taps to ‘adjust the filament voltage to within 8.1 Vrems.

The timer circuit consists of time. constant components R51, R52, €31

and (32 to provide the 90 second +30 second filament warm-up time. )
After 90 seconds Q18 conducts ‘driving G20 into saturation which switches
SCR Q27. ‘When Q27 switches, K1 "ON" coil is energized causing Ki contacts
Bt and B2 to close, connecting the base circuit of the power inverter to
the emitters. The power inverter is driven by the filsment inverter at

a 10 kHz ratevand switches the primary of T3 with 36V peak square wave:
Transformér T3 has five windings. that are used for high voitage power

and two. windings tnat provide bias for the series reguiator and TWT

Anode 1 voltage. The high voltage is devived from the.five windings after
voltage doubling and connecting the cutputs in series. This arrangemernt
provides low peak inverse voltage an the rectifier diodes and elimination
of high voltage breakdown inside the transformer.

The series requiator in the power supply sets the cathode to helix voltage
at the nroper value <1450 Ydc ang keeps 11 CONSTANT, Tovr atl neuay

loads. The series regulator is very similar to the one used in the

Block II S-Band PA and the PP=2 (modified) PA.

The foilowing is a 1ist of relays used and their functions in the power
amplifier.

Relay ) Type Function
K1 bC High Voltage ON/OFF power supply 1
Kz DC - OW/OFF Power Supply 1
K3 DC -QN/6FF Pover Suoply 2
K4 RF Input Bypass/Amplify
K5 bC High Voltage .ON/OFF Power Supply 2
K6 RF  ° Input RF Transfer
K8 RF Output RF Transfer
K10 RF Output Bypass/Am§11fy

//



6.2.3 Efficiencx

The power supply efficiency measured about 80 percent using resistive
loads in place of the TWT. ’

The overall éfffciency is calculated below:
Overall Efficiency = oWl (440

DC Input
JELE%;u (100) = 18 percent

Using the. overa]? erf1c1ency and the measured. power supply eff1c1ency
of 80 parcent; the TMT efficiency is calculsted:

0.8 (THT eff.) = 0.18

0.18
0.8~

22.5 percent (includes 1.3 db RF

TWE Efficiency -
: output less)

It should be noved that the calculations do not reflect the approximate
1.3 db Toss present from the TWT output jack to the TRC connector, J384
" on the ouisidé oF the power amplifier. The- 1.3 db’ Tnss aorresnands +o

- n -m rrinmen S an T abAan
“ \,ull\.\.-\..lul [JLE SR VLU ]

22.5

57 30.3 percent

TWT Efficiency =

The TWT specification requires a ininimum efficiency of 30 percent to
meet the 25 watt output pover.

J A



SECTION 7.0
SCHEMATICS OF POWER AMPLIFIER AFTER MODIFICATION
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REVISIONS

LTR " DESCRIPTION- DATE | APPRGVED
REV- STATUS | RE: . : : I i
g 1 - . e - 1 '
OF SHEETS T speer | 1] 23 |4 506 |7 8] 9]0 1'2111 |1 _ )
R (e it T 1 G ; N P Ny
N ‘ \“ . bﬂa \d G\H:cﬁ!z; Ll ‘a ;‘?.{ .Q-;u “w g’. Jl}:lﬁ'- n 3' i\"’ :r
. DALLAS, TEX. MEWPORT BEACH, CALIF CEDAR RAPIDS. 1A
NANE | DATE — - ”
DR e 1/ Sanel ACCEPTAIICE TEST PROCEDURE FOR
=R 4. ok ; U ODIFIED GLOCK 1T S-BAND POVER AMPLIFIER
";‘{‘P‘DD K \_:;‘; ('( . "f{; I“ i i'BS-P\ COIJTRJ}'CT ﬂO . hﬁS 9—81 42

SIZE ‘cnoi_ IDENT NO.| DWG NO.

SAIBAQG| P2 (hevirvey)

P imq'i\—- ufwlv‘
sz / SCALE ; ISHEET T Af 1R




1.0

2.0

3.0
3.1

4.0
4.1

SCOPE
HA

REFEREHCE -ENFORMATION
NA

REQUIREMENTS
Weight

Heigh the unit and record weight.

TEST REQUIREMENTS

Pewer Input and RF Power- Qutput

Prior te starting the test connect the counter as shown by the dashed
Tines on Figure 1 to wake sure the signal generators are on the correct

frequency.

CAUTICH: The drive levels should be set to the approximate drive level reguired

BTTCYE Conhedling o ihe inpul o evoid overdriving the

traveling wave tubes.

Since the RF output measurement system shown in Figure 1 has no provision
Tor separating the Fif and PM carriers, it is necessary to turn off the

rf drive on one carrier in order Lo measuie the power output in the other
carrier. When both carriers are on the output meter should read approxi-
mately 3 db higher than with either carrier individually. Both carriérs

should be on for power input measurements.
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4.2

Measure RF Power Output and power input for each of the combinations

of voitage and RF Drive levels shown on the data sheets. DC voltage

is measured on the front panel 'of the control unit and the current

is measured as a function :of voltage drop across an 0.1 ohm resistor.

Thereforeé the DC current is ten times the voltage reading in volts.

The RF Drive and RF Qutpuc measuring system twust be calibrated and
the appropriate calibration factors must. be used in order to read

povier in dbam.

Phase Stability

For the Phase Stability Tests connect the Phase Lock Receiver as shown
by the dashed 1ine on Figure 1. Connect True 84S Voltmeter to the

Cynamic Phase Error-output on the receiver. Since no filtering is oro

vided dhead of the receiver, the F¥ Carrier should be shut OFF when

measuring the phase fitter.

Set the PM drive Tevel to 24.7 dbm, the Tine.voltage to 115 volts and

‘the DC voltage to 28 volts with BM in Emp 1 and Amp 1 and 2 to OFF

measuire the phase jitter in bypass mode to establish a refersnce,

Turn on both Ampl and 2 and measure jitter after completion of the S0
second warmup. Calculate jitter added by the power amplifier as shown.

on the data sheet.
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4.3

Switch the PH to Mwp 2 and repeat the phase jitter measurement and

again calculate the added jitter as shown on the data sheet.

Warmup Time

Set PH to Amp 1. and both amplifiers to OFF. ‘Then turn Amp 1 ON and
note the time required from switch activation until the PM flag Tight

comes on. Record time. Turn Amp 1 OFF.

Set PM to Amp 2 and turn Amp 2 ON and not time until the PM flag light

turns on. Record.

Loss of Phase Protection

With Amp 1 in PM and Amp 1 Ofl, verify that switching OFF each phase of

the tihree-phase power will cause the power amplifisr to go to Dypass

-

A CHSLR L APEIULr raut piaiikd Ol Wle ddld STeR LS.

- With Amp 2 in PM and Amp 2 OM, verify that switching OFF each phase of

the three-phase power will cause the power amplifier to go to bypass -
. ! g

and check the apprepriate blanks on the data sheets.

HOTE: If a phase switch is OFF for less than one second, the amplifier
will turn back ON immediately. If it is OFF for more than ene.

second 1t will be necessary to wait S0 seconds before proceeding.

SIZE [CCGLE IDENT NO.IDWG NO.
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4.5

4.6

5.0

Receive Insertion Loss

Measure the Receive insértion Toss using the test setup shown in
Figure 2. Connect the counter as shown in the figure by dashed lines
and Set the frequency to 2106.4 NMHz before making measurement. Then
with the input and output cables connected with a THC Adapter set a
convenient reference level. Remove the adapter and connect in the
powey amplifier. Receive %nsertion toss is the difference between
tﬁé referen;e Tevel dnd the Tevéﬁ read an the matér after the pover

amplifier is connected. Record the Toss.

" Temperature Honitor Checks

A voltage is provided within the ‘control panel which allows measurement
of the thermistors in the Power Amplifier. The resistance of the

thermistor.is. Found by measuring the test point voltage on the control.

o

unit and caicuiating aécording to iiie eguation shown below.

R o= 511X (Viest point) = K ohms
20 "Utest point

ieasure and record the resistance of both thermistors.

DATA

The data sheets in this section are marked with the applicable test

paragraph numbeyr in parenthesis.
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Date of Test /& Nane /7

Tested By 4 Af,..[’./ Yk

(3.1) Weight.

. : ~er
Power Amplifier weight’ 29" H % oz, NMT 32  1bs

20

SIZE {CODE IDENT MNG.
I3

DWG NO.

ot 4 e rd! A " A
£ N IRSI L
Ay | L 3 e T
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(4.1) Power Quiput . Date of Vest Ag pe €Y
PM Amp 1 : sted B el AL
AC Line Vo]‘cage 115 Tested By _4 “”// 2k,
. PM FM AG Cone oe PM RF | FM RF :
Mode Drive | Drive | Power |-Voltaje | Current | Qutput | Output Limits
Amp 1 Amp 2 [(cbm) | {dom) | {watts) [ (volt.) (Amp) (dbm) {dbm)
-~ 1Pt Output ~ NLT 22. I~dbm
OFF FF 24.7 | OFF . 28 . on 22,2 | DC Input NHT | 2867 Amps
. a] [P, — oy :\ '
' o AC Input NMT 30 watts
Warmup | Warmup | OFF OFF G 28 o5t | DC Input . NHT.285 Amps
v ey T - : ."N -
O Ol 2.7 | OFF | >><T| 28 >\/>’7/ o | >><| Pt output  NLT40.0 cbm
on OAN OFF 20.3 ] < 28_ \\/"<\\ >< 560y | FM Qutput MLT40.0 dbm
3 . ~ 71 AC Input MMT 180 watts
o ON 24,7 20.3 | /6% 28 . 3440 < DC Input  HNMT.286 fAmps
] OH o 23.6 | OFF | ~>=T| 28 | > | dogq | o< | PH Output  NLT40.0 dbn
I, = / - .r‘/) ' *
Q‘ZBE ON OH OFF 1 19.2 | == 28 | =< | Ho, | 1 Output  NLT40.0 dbn
1o oN 23.6 | 19.2 28 | N AC Input T 180 watts
ok § Vs ' L3397 | \ />< DC Input NHT . 286 Amps
L2 Mo o 25.6 | OFF | ~—w=TT| 28 |~ |in.7 | o=~ | PH Cutput  NLT40.0 dim
ot On OFF | 21.2 j =< | 28, | =< | —>=<_ |z | W Output 174000 dim
PR . o SEAC Input MHT 180 watts
5y ON 0 25.6 | 21.2 | /7D R IES N o DC Inpub  NHT.286 Aups
NS Y oM T L OFF N 7] 22 ‘ Pt Ouiput  NLT40.0 dim
& N Y Sh | DC Input NMT . 364 Amps +
? \>/ > e M Qutput - NLT40.0 dbm
& O oN OFF 20.3 | .7 22 o7 S g | BC Input FNT L 364 Amns
0u O 24.7 OFF " 32 - . 1 ) Pit Cutput RLT 40,0 dbm
% ] >\\ _ , 30y 5/,’/,(;} >< AC Input . NMT |, 25 Amps
- oil O OFF 20.3 e -V - ~."1 FI4 Gutput  NLT40.0 dom
w P | ' cTA prd \ ‘"/0‘(/ DC Input CHMT .25 Amps

S



s

(4.1} Power Qutput Date of Test _/4 Tune 69 .

PN Amp 2 | Tested By A (2oL0 /4 oK
AC Line Voltage 115 7 7

Py | FM ARC .| . DC | PM RF'| FM RF

Current | Qutput | Output Limits

¢
Drive | Drive Poviey Yo't
i

g
{dbm) 1 {gbm} | {watis) | (w t Yyoi (Amps) | {dbm) {dbm)

Pit Output NLT22 1 dbm

-

\l.;-rv-f
Iy
|74

FIYAS

,
4
L

M

G000} 32iS

2 ¥
&

I

Mot

r:
e
-—

ey 8

W
Ele

L A -
Ao
R

¢

|

‘ON DAGTOM LNE

(£33

M

H

13

01

~——
OFF OFF 24.7 | OFF >< t8 29 lzea >\ DC Input NHT . 286 fmps
armup | Warmop OFF | OFF . :8 o / \/\/ AC Tnput . MMT 30 watrs
LD I N1 DC Tnput NIT . 266 Amps
o ol 24.7 L OFF | > 28 | e | Sew oS, | P Oulput | HLT40.0 dom
on on -l OFF 20.3 | ><T] 8 g {4l 57 | P Output LT 40.0 dbm
0!l o 24.7 [ 20.3 , ‘9 e 1 AC Tuput RHT 180 waits
s L ol 4\/‘\(\ DC Input HIT L 296 Amps
o ON 23.6 | OFF | =< | 8 >< ) >< PM Cutput  NLT 40.0 dbin
ON ON OFF | 19.2 | < | 3 T | > | 4, | FH Output HLT40.0 dum
on | o 23.6 | 19.2 | . 23 NI AT Taput NNT 180 watts
;7E ] 1 &0% ] 0C Tnput HHT . 286 Aeips
oN o 25.6 | OFF | < { 23 > /‘“f s | o< | PH Output NLT 40.0 dbm
On N OFF 1.2 | > 23 T | e | 20y, ¢+ | T Output . LT 40.0 dbm
ON On 25.6 | 21.2 23 N | AC Input HHT 180 watts
ke LOOF | N DC Input NHT |, 206 Amps
OH O 24.7 | OFF || 22 s | P Qutput LT 40.0 dom
. 7 R /A DC Input NHT . 364 Amps
i on OFF | 203 || 22 ] { FM Qutput  BLT 40.0 dbm
N Ry 44 & | DC Input HHT 364 fmps
O 24.7 | OFF L - P Output ~ HLT 40,0 dbm
7N 63T 0. & BC Input HHT .25 Amps
20.3 PEEEE ' e FM Output (T 40,0 dim

ON- QFF

7 ;é}‘f’a -~ N DC Input ~ NHT 25 Aups




Date of Test /4 Senie /- g
Tested By 4 émf—)( /,/ £ }A’ ?@

(4.2} Phase Stability .

Reference Jditier

Yo = Max. voltage {Loop Open) 57 volts ‘R4S
"gh. = Quiput voltage-{Loop Locked) e volts

v,
fp = o.?oy’—-%w 0d7&  Radians RMS

Amp 'l:Phase Jitter

Y, = HMax. vottage {Loop Open) . _g;m‘? -volEs RMS

Vi o= Dutput voltage (Loop Locked) (09  volts RMS
Voo ..

§p = 0.707 Vo O 0L Radians RHS

farp T Jitter- = @-‘2 hgf = 4007 ‘Radians RMS NMT 0L0%

Amp 2 Phase Jitter

Yo = HMax. voltage {koop Gg‘zen) .57 volts RMS
vy = QOutput voltage (Leop Locked) ang _volts Rils
aee VL C .
_@C = 0.70% 7 10fn e Radians BMS
o

Amp 2 Jitter =\ gg gf\ = +66%  Radians RHS NHT 0.05

SIZE JCOOE IDENT MO DWG MO,
A 124G =/
- L Y B A ™ H

SCALE T rev [guzEr 17

O B



Date of Test /(f- T L 7
Tested By 420, X /0 14k

(4.3) MHarmup Time

CAmp 1 G4 spc NLT 60
MMT 120
Amp 2 G/ Ssec HLT 60
NMT 720

SIZE [CODE IDENT NO.|DWG NO.

L Y ff Pl T,
EE H N i ‘\‘ HYY
;.f}\ R ST {*’.}
H LN ey gt = Tre® TS

SCALE REV | SHEET 12




Date of Test /4 Juwe 67 -

Tested By 4 (».,«L-Q-Q// %rk

{4.4) Loss of Phase Protection

Amp 1
Bypass with Phase A OFF o
Bypass with Phase B OFF __Z__/_;__OK
Bypass with Phase C OFF Vo

. Amp 2
‘Bypass with Phase A OFF __;(___O.V«
Bypass with Phase B OFF ____V_:_._O‘\
Bypass with Phase C OFF _u_._t"/_/__._OK

 SIZE |CODE IDENT RO OWG MNO. )
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(4.5) Receive - Insertion Loss

WOBD-G0Z 2y, §, b2

Date of Test /4 June 9

(

Tested By 4 /%

o b

T/ £ /‘/Qr!(

205 db NMT 2.5 db

: .
j SlzE |

1T AOO :
E -#é:’fx I Lo id ety ' :-_——-:2/
i

SCALL | rezy | sHecT 14



nate of Test A4 Jome L9
Tested By A4 G«.—&T}/L Verk

(4.6)
Temp Homd tor Amp 1 o5 ¥0 K ohms

Temp Monitor Amp 2 + 5 %n K ohms
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LTR ‘ DESCRIPTION DATE |- APPROVED
TSIZE | CODE IDENT NO.| BWG NO.

7
A 14400 . 514-1435 27
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201
2.2
2.3

[a
o

.2.5

SCOPE

This Acceptance Test Procedure abp]iﬂs to- the S-Band Pover Amplifier Equigment
Part No. 512-1400-XXX, manufacturad uy Collins Radio Company, Cedar Rapids,
Towa. The S-Band Power Amplifier tquipment is an Electronic Replaceable
Assembly Tor use in the S- Band Section of the Apollo Spacecraft Lunar Excursio
Module (LEM).

A1l dnitial adjusiments and calibration must have been performed on this
equipment prior to acceptance testing. )

REFERENCE THFOPHATION

This acceptance test procedure is based on the following documents.

SPECTFICATTONS

NAS 9-5549, Articla I, Exhibit A, Statement of liork, dated December 8, 1965,
and. applicable modifications theréto.

DRAYINGS

NASA-MSC Drawing LLO38D-00110-31

TEST EQUIRMLNT AHD ERVIPOONENTAL REIQUIREHMENTS

TEST EQUIPMENT

Tite equipiienis Tisled in Tavie I ur Uedr equivajeitis ary reyiired o ol
the acceptance testing on the S-2and Power Amplifier.

NOTE:  All test equipment shall operated in accordance with manufactures'

specified primary power for a_peried of not less tham one (1) hour
pricor to perforimance of any acceptance testing.

ERYVIROMNMENTAL REQUIREHENT$

Unless otherwise specified, all tests on the S-Band Power- Amplifier shall be
performed under the following conditions:

PRIMARY POWER SOURCE: +28 VDC _

AMBIENT TEHPERATURE: 76° + 10°F

AMBIENT HUMIDITY: . 90% max. .
AHBIENT ATHOSPHERIC PRESSURE: Mormal Factory Ambient

OPERATIONAL DUTY CYCLE:  Continuous

SIZE| CODE IDENT | DWG. NO. %
A NO. : " 514-1435 :
A 40
i\ 19448 ig;gr
SCALE HONE | WY SEE SHEET 1 {SHEET d
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3.2.6 COOLING: Maintain the following conditions:
1. Coolant inlet temperature: 80°F
2. Coolant flow rate: 25 pounds/hour.

3.2.7 WARMUP PERIOD: 90 second automatic time delay

TABLE OF TESTS

PARAGRAPH ) TEST MAME PG
4.0 Mechanical Inspection 10,
4.2 In;pection Hethods 10
4.2.1. General Assembly 10
4.2.2 Dimensions, HWeilght, and Center of Gravity Tests 10
5.0 Environmental 11
6.0 E1ec%rica1 Tests 11
6.4 Péeliminaty Tests and Inspection 12
6.5 Detailed Functional Tests 135
6.5.1 By-Pass HMode ' i3
£.5.2 Full Power Mode 13
6.5.3 Phase Stability 14
6.5.4 Input VSHR 15
6.5.5 Diplexer Receive Insertion Loss -16
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TABLE I TEST EQUIPNENT

"MODEL OR

RANGE

ITEM HANUFACTURER TYPE NO. DESCRIPTION ACCURACY
Hewlett-Packard HP-491C Mraveling Wave Minimum 30 db
Vebe Amplifier Gain at 2 to 4 gc.
Collins 879Z-1 Crystal Controlled; 2282.5 mc
4-gnal Generator
Collins 879Y-1 Prase Lock
' Weeiver
ol o Fluke 910A RS, Voltmeter 0.1 Millivolt '+ 1% of full 'scale
O e N to 3000 volts
r.. ‘ “
o Lambda LA8-08BM - Pewer Supply 75 to 330 VDC
z 2 . ' -0 to 0.8 amps
ol .8 N |
Al gf Lambda LE-110-M Pewer Supply 0 to 9 VDC
— e TG 0 to 20 Amps
= o m .
- = Harrison Labs 809A Pewer Supply 0 to 40 VDC
@ 0 to 10 Amps
[ 2] .
m E% Dymec 28017 D) gital Voltmeter | 0.007 to 1000 VOC | + 0.02%
@ : - :
m z Collins -t tercennection
A - - Be x°
- Narda 3022 D' rectionat 20 db Attenuation
) crupler ’
- Hewlett-Packard HP478-A ‘Trermistor
n W Mfunt
aI
m
0
[t




TABLE -1 TEST ECLIPMENT (Cont'd)

MODEL OR

3718

ON
LNIAL 300D

L

1
t

L] INON 3IVDS

ORd

L L33HS 33
“ON

Sepi-Pls

10 db Attenuation |

MANUFACTURER TYPE NO. [E SCRIPTION RANGE ACCURACY
Hewlett-Packard AP4318 Powér Meter 0.01 to 10 mw + 3% or full scale
Narda 77120 hMtenuator 20 db Attenuation
Bird 818 | fif Load 0 to 80 watts
Beckman 7580R Transfer dc to 12,000 @c
Pecillator '
Beckman -7360R A iversal dc *n 2 mr + 0.001% of + 1 count
EfUT and Timer "
. {(ounter)
Alfred 2177 5"otted Line
Hewlett-Packard HP415D 54 R Meter
Hewlett-Packard HP 8614 o gnal 0.8 to 2.4 kmc
: Cinerator ‘ '
General Radio GR8746-10 | A" tenuator




4.0 .

4.1
4.1.1

4.1.2

4.2
4.2.1

4.2.2

HECHANICAL THSPECTIONT -

The mechanical inspection of the completely assembled unit will be
perfornied prior to environmental cor 2lectrical. tasting. Should

any disassembly, repair of replacement be necessary during or

aTter acceptance testing of the {inal unit configuration, the aver-
all length, widih and height of the unit must be measured in accor-
dance with the applicable diuensions provided in this section. The
dimensions listed in the _inspection table may be measurad or inspecte”
in any practical order necessary.

" BIMENSION AMD FEATURE CLASSIFICATION

The mechanical inspection is catagorized into three separate classi-
fications which are defined as follows:

CLASS 1 - Major interface dimensions and featuﬁes.which will be
checked 100%.

CLASS 2 - Detail part dimensions which will not be checked by virtue
of their earlier 100% inspection at the detail part level.

CLASS 3 - Dimensions or features.which reqguire only a visual check to
verify conformance of equipment specification control drawing.

Only Class 1 and 3 dimensions and features will be checked or measured
during acceptance testing. Those dimensions and fealures not listed in
this document-are Class 2.

"INSPECTION RETHODS

General Assombly

Check visually for missing or loose screws and for damage of any kind,
such as, nicks, dents, or scratches on outside surfaces of the Assembly.

Dimensions, VYeight, and Center of Gravity Tests

Record Name, Hanufacturer, etc., of measuring equipment on TEST wQUIPHENT
LIST included in data sheets.

Remove the unit under-test from the handling adapter.
Weigh the complete S-Band PA. Record this weight on the Data Sheet.
Moasure the unit under test per the Instailation Control Drawing, Collins

part no. 514-1460, utilizing the following measuring methods as prescribed
on Lhe Data Sheets and rocord the required dimensions on tne Data Sheats.

SIZE | CODE IDENT | DWG. HO.
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4,2.2

TREV

Continued

Measuring Method:

1.

Heasure mountfng hole diameters with Go and No-Go plug gages. “Go
diamater .2122 in., "Ho-Go" diameter .2152 inch. (Piug =P-151838-5
of Gage CRC no. 117-0032-887-000.}

fieasure mounting hole locations on the Ferranti Co-ordinate Measuring
Hachine. Hount the.unit under test on the Ferranti iable per Tigure 1.
Establish a datum line thru the centers of the two end holes on one
mounting rail. Heasure all hole locations from this datum line and -
from another datum Tine established pernendicular to the first datum
line and thru the center of one of the first datum line holes. Perform
methed 13 at this time.

Heasure the case length, excluding connectors and screwheads, and case
width over flanges dimensions and the case body widifi dimension with a
vernier caliper. Average 2 readings.

Turn the unit under test upside down on a surface plate and measure
the two 4.000 iach maximum height of case dimensiens with a dial
indicator height gage and a PLA-CHEK gage.

Heasure the co-planer parallelness of the mounting flanges (per drawing
514-1460} by mouniing the unit under test on parallels. Place
the paraliels so the case bottom surface cleavs the surface plate.
Place the unit under test on the bars so that each end of one
mountind flange surface rests on the top surface of a bar, and the
centor of the cthor mounting v1ang0 Syriscn vacTe on ope ona o1 Lne
top surface of another bar. ileasure the difference in height of tre
nighest and lowest point on the mounting flange surface that is sup
ported only in the center. Hake this measurement with a dial indicator
height gage and a PLA-CHEK gage.

Check visually for correct key and keyway orientation {per drawing 514-
1460} connector. ’

Check visually for legisility, and correct numbers for J384, J385, J385.
and P383 marking. Check visuaily also ihat the connectors are located
approximately as shown on 514-1460.

Heasure case synmetry per drawing number 514-1460 as follows:

Use angie plate, spacgers, and three equal Tength bars as shown in Figurs
2. Clamp in place so mounting plane is 80° to flat plate and basic

datum line, thru first and last holes as ecstablished in method 2, is
paraliel to flat nlate. Use dimension coded A as found per mathod 2
using a dial indicator height gage and a PLA-CHEK gage detferminz the
imum 8 dimension and the maximum C dimension.

4]
L, 4

=
-t

b= C-B
A-D must _.  B+.030
2

SIZE | CODE IDEMT ' DG, NO.
NO.

A . o .
Al 13488 T 443
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4.2.2

<4
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Continued

9.

10.

11.

12.

13.

14.

Measure lhe center of gravity location in the "X", "Y®, and "Z" axes
with the balance table and a scale. Tie with light cord or thread
oulput cable so that the.connector is approximately in "mated position".
For the "Z" axis measurement, rest the unit under test on & side onm

parallels placed equidistant from the center iine of the balance

table. . Axes identified. in 514—1460.

Heasure the 7/8 inch dimension from end of flange to meunting hole by re
ing the end of the unit under test on 1.000 inch wide bars on a supiace
ptate. Use a dial 1ndacauor height gade and 2 PLA-CHEK gage for this
neasuremeant.

Measure flat area of mount1ng flanges defined by 5 1/4 max dlmens10n
using flat-scale.

Heasure the mated location of connector P383. Support the unit under :-
u1Lh -parallels on a surface plate. Locale bars totaling 2/4 incn Tass
than support parallels centered-epproximately 2 inches forward of the con
nector end:of the upit. Connector should be cﬁpab1e of being located as
defined on drawing. .
Heasure mounting flange symmetry per drawing nuaber 574-1460 as follows:

Utiijze set-up established in method 2. {leasure and record B- (mazinum;

and C{max) as defined in Flgure 1. Use A as found in method 2.
b pnct = P-I— Nnin ’

Heasure flange thickness using a micrometer. Use average of 4 valuzs

SIZE | CODE IDENT DWG, NO.
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ENVIPONMENTAL

Ho environmental tests will be performed as a part of acceptance testing.

ELECTRICAL TESTS

THIS SECTICH PROVIDES the preliminary tests and test equipment setup require
for functionaliy testing the S-Band Power Amplifier assembly.

TEST EQUIPHMENT TURM-0H

Ensure that the Primary Power Switch is OFF and that the MODE CON TkJ witcﬁ
is in BY-PASS positian.

Activate power to the test equipment and allcw one-hour warm-up period prior
to performing any detailed tests.

TEST EQUIPHENT PRELINIIARY COMTROL SETTINHG

Compiete the test equipment set-up in accordance with the following paragrep
fretiminary setup for THT amplifier.

Preset the cperating con%roTs for the TWT amplifier as follows:
(1) Set TWT Amplifier in STAIDBY wmode.

{2} GAIN control fully counterclockwise.

Preliminary setgp for Power Meter

Preset the operating controls for Power Meter as fTollows:

{1} MOUNT RES switch to 200

(2) RANGE switch to 10 mw.

Preliminary Setup for Signal Genzrator

Preset the operating controls for Signal Generator as follows:
[1)' LEVEL SET control Tully clockwise.

{2} FREQULICY dial to midscale.

(3) OUTPUT ATTEHUATOR to O.

SIZE | CODE IDENT DWG. NO.
N

A | : -
Al 13283 514-1435 fféiEE:
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6.3 IHTERCOMNMNECTION OF S-BAMD PA AND TEST‘EQUTP” 1

HARN I'H'G

ENSURE THAT TPE 28 VDC POWER SWITCH IS IN OFF POSITION AND -THEZ:MODE
SHITCH IS I BY-PASS POSITION PRIOR TO CONHECTING THE S-BAND PA TO THE
TEST, EQUIPHENT

6.3.7 ‘A1l dnterconnections.of the S-Band PA and test euqipment will be per
Figure 1, II, III, and IV as required by tne test to be performad, ~

6.4 PRELIMINIARY TESTS AND INSPECTION

6.4.1 Prior to conmnecting S-Band PA to lest equ,pnent furn MOUITOR SELECT TO -
Input Vv and adjust Primary Power Supply to +28.0 + 0.1°VBC as indicatec
on the DVH.

6.4.2 Ensure that the HODE switch is in  OFF' position prior to connecting.
power connector to S-Band PA. Check to ensure cerrect mating of -power
connector.

s1ZE | CODE IDEMT | DwG. nNO.
NO. .
A 2450 514-1425 -
EARY ? b
SCALE NONE | WT  SEE SHEET | SHEET 12
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(83 |

T
1.2

2.1

2.2

2,10
201

2,12

.2.13

.2.15

DETAILED FUMCTIONAL TESTS

BY-PASS MCDE

‘of 376 mw.

- Adjust TWT

.Connect test eq11pment per Figure 1.

Adjust THT amp]1f1er for input power level of 376 mw .and record input and
output power meter readings.

FULL-POWER HOBE

Switch MON

TOR SELECT to Input V¥

28.0 + 0.1 ¥DC indication on DVH.

voltage.

After 90 second automatic delay-aajust TWT amslifier {or input pov
f necessary, readjust Primary Power Supply for 28. 0

Record BC

Record input and output power meter readings.

Record DYil indications with MONITOR SELECT in PAT Helix I
Returit ROHITOR SELECT to Input V.

tively.

Repeat 6.5.2.4, 6.5.2.5, and 6.

amplifier for

Adjust TUT amplifier for input

) NASoe+ THT 1m;\1-§-§'-§z'\\n Frwm Snnedk

input

tepegt 6.5.2.4, 6.5.2.5, and 6.5

Pover Supp1y3for 24.8 + 0.1 YDC.

Repea 6.5
Repeat 6.5. 2 7

5.2.4, 6. 5 2.5, and &

input current and voliage.

and adjust Primary Power Supply for

5.2.6.

.2.6.

5.2.6.

Repeat 6.5.2.4, 6.5.2.5, and 6.5.2.6.

Repeat 6.5.2.9

Repaat 6.5.2.4, 6:5.2.5, and 6.5.2.6.

r-\f‘-:lu.'_\w: -E(\-un'l- -r\'F ARA e

power leve] of 250 fw.

|+ %

power level of 500 mw and adjust Primary

Adjust TWT Awplifier for input pouer level of 900 my and adjust Primary
Powar Supply for 31.5 + 0.1 V@

Place MODE CONTROL switch in PA1 position and record DC input current and

, Coll V, and Cath ¥

CODE 1DENT NO,
A NO.
f“ W LY 514-14
Al 13a8s 74
SCALE HONE WT SEE SET SHEET 13
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6.
6.
6.
6.
6.

6.
6.
6.

b.

6.
B,
6.
6.

6.

6

5.2.18
5.2.1%
5.2.20
5.2.21
5.2.22

R2.23
5.2.24

5.2.25
5.2.26

5.3
5.3.1
5.3.2

5.3.3 .

5.3.4

.5.3.5

6.5.3.6

6.

6.

b,
6.

5.3.7
5.3.8

5.3.9
5.3.10

5.5.3. 11

Repeat 6.5.2.4, 6.5.2.5, and 6.5.2.6.
Repoat 6.5.2.7 ‘

Repeat b,

o

.2.4, 6.5.2.5, and 6.5.2.6.
Repeat 6.5.2.9.
Repeat 6.5.2.4, 6.5.2.5, and 6.5.2.6.

-Place MODE COUTROL .swiich in BY-PASS position.

Adjust Primary Power Supply for 28.0 + 0.1 VDC.

Place HOD“ CONTROL switch in PA2 positien and record DC input current and

~voltage,

Reneat steps 6.5.2.3 through 6.5.2.24 except that MOMITOR SELEET is switched
to positions for PA 2 ’ as referenced in 6.5.2.6.

PHASE STABILITY .

With RODE SELECT in BY-PASS positidﬂ, Connect. test equipment ﬁef_ﬁigure 1.
Adjust TWT amplifier for input power level of 354 mw.

Set LOOP BANCKIDTH switch on Pnase Lobk Receiver to position 108 and qQ?E

.--.-.J-ni-\ C«p-. 3! C’T nnz-n I"inh

- Set TES? JTER selector switch to ?H}ﬁ%?ﬁ IF LEVEL gesi%%én,

Adjust RF LEVEL control and IF Gﬁin W/HUBF coﬂtrol'on receiver until TEST
METER pointer indicates in green N3/P{ LEVEL area.

Adjust PHM/NBFM ACQ conirol dial on receiver for maximum voltage reading on
RIS voltmeter. Record volktage (Vq). .

Botate MODE switch on receiver to PM position and TEST MEVER selector switch €

- PHASE LOCK TUNING position.

Adjust PH/NBFT ACQ CONTROL dial until TEST METER pointer aligns on orange
PHASE LOCK TUNING area.

Record voltage reading (V,) on RS voltmeter,
Set MOBE SELECT in PAT posTtion.

After the 90 second autcmatic «delay, repeat steps 6.5.3.2 through §.5.3.9 and
record voliages Vg and ¥, in Tieuw of Yy and VZ respectively.

S1ZE | CODE IDENT OWG, NO.

A NQ.

y 12400 514-1435 f§2;§;;
, _
by g 7
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6.5.3.12
6.5.3.13

6.5.3.14

6.5.3.15

6.5.4.5
6.5.4.6
6.5.4.7
§.5.4.8
6.5.4.9
6.5.4.10

6.5.4.11

SaL MODE SELECT to BY PASS p051t10n
Set MODE SELECT to PA2 p051+10n

After the 90 second autematic delay, repeaf sieps 6.5.3.2 throéghkﬁ.S-B.Q
and record voltages VS and V6 in liev of V1 and Vz respectively.

Calculate the phase jitter added by the PA as follows:

- i
Gra added _40.5/ va\% - v, \%  degrees rms.
‘V3< {1 ;.
e SNz 2
40'5\/(%& - _‘{% 'des:jrees ™ms.
: 5 N

QéPAZ added

LS

TIHPUT VSHR

Connect tesi equipmenti per Figure ITI.

fdinet <ional nnnprarnr unmodulated. foir freaguency of 2282.5+ 0.2 mc. as
IHb!Lauﬂu LJ

With TWT amplifier gain set at minimum, sw ODE CONTROL to PAT.

After 90 second automatic time delay, slowly increase gain of TWT amplifier
t pbtain maximum indication on ouipui power meter.

’ App]y square-wave modutation to- signal generator.

Measure and record input VSHR.

Switch HODE COMTROL to BY-PASS and reasove modulation.

Hith THT amplifier gain set at minimum, switch MODE CONTROL to PAZ.
Repeat steps 6.5.4.4 through 6.5.4:7 for PAZ,

Rdiust Signal Generator, unmodulated For freauency of 2290.0 + 0.2 MC as
indicated by counter.

Pepeat steps 6.5.4.3 through 6 5.4. 9

SIZE | CODE IDENT DYG, NG,

NO.
A 15456 514-1435 %7

i
SCALE NOME | WT SR SHEET 1 ’SHEET 15


http:6.5.4.11
http:6.5-.4.10
http:6.5.3.15
http:6.5.3.13
http:6.5.3.12

73-6057.53] SPECIFICATION-CONTI A FIOH T 70T

REV

6.5.4.12 Adjust Signal Generator, umodulated for -ruqutncy of 2275.0 +0.2 mc
as indicated by counter.

6.5.4.13 Repeat steps 6.5.4.3 through 6.5.4.9.

SIZE{ CGDE IDENT DVWG. MO.
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DETASLED FUNCTTON

AL TESTS

BY—PHS%_HODE

Inpul Povier Meter

reading

. hdd test equipment Ines

input Power

Cutput Power

6.5.2
6.5.2.2

[ A s T
B LI SN A
v

—————

Meter reading

At test equipment loss

Qutput Power

FULL. POHER 1ODE

BU Input Yoltage (Wanaup-PA1) &G, =z Yolts vac
Tnput Power (Warmup-PA1) P s Yatts <15.0 watts
| a Yol SO f‘,' [ S ™oAY ‘_' -
L 1D PUG Ui et (WaTTHuD-PAL | P Bips
CC Input Voltage (Marmup-PA2) =i Volts +28.0 + 0.1
Input Power (Warmup-PA2) D 5 & watts < 15.0 watis
MZG CODE IDENT NG, NG,
; NO.
£y W RN - -
Finl 1348 514-1436 6’”7
. L S
- ~ N— L
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DATE

vy

£ A‘—)_‘l )Lr;" éf: '()

TESTED BV (e .f;(?// AR

6.5.2.4 BC Input Current
BC Input VYoltage

D€ Input Power

6.5.2.5 Input Power Meter Reading
dd test equipment loss
RF input Power - -- -
futput Power Meter Roading
"Add test equipment loss
{If Qutout Powe
R s I ot dman ol o ol e HAY3-- T
A RN R !I\."Hih\)!‘ LATETVE TUD L LI LA T
{write appropriate Coll V
position in space pro- .
vided) Cath V

HOTE #1. 28.0 0.1, 24.8 +0.1, or 31.5 +0.7 VDC as applicable.

HOTE #3.
drive,

Volts

/..{’25:: -"}J ’.&’at’ts
Z7 dbm

Ze:f  db
25. 47 dbm
<. dbm
25 ) db
- dbm

/6.2 YOG

YA

. G
Temp Honitor /75 ¥9C

27.0 dbm for 500 mw drive, 25.5.

for 354 mw drive, and 24

LIMITS
See Molte #7

120 Watts

See Hote #3

for

250 s

CODE 1DENT
NO.

514-1436

HAGDE ARV 9.61) SPECIFICATION. " DHTINUATION SHIET

S ——————




Yoy

ey

SN
DRTE /7 Wome (&5
TESTED BY_4 .. CF / 4
5.5.2 FULL POMER HODE (CONT'D)
TEST TO PARAGRAPH MO. 65, 2.5
HEASURED LIMITS
6.5.2.4 DC Input Current . 3.9¢0 _bmps
BC Input Voltage f__g:;_f{_—_yo?tg' See Hote #1
9C Input Power fﬁ"’"f 2. Watts < 120 Watts
$.5.2.5 Input Power Meter Reading 3 gw dbm
Add test equipment loss >e, 1 db
EF Input Poa-:ér , dbm Sae Note #3
Outpu%: Power Mei‘:e Reading. _ zyadbm
Add test.eqfifpﬁsen; loss =) db
gF Qutput %‘;awer 7, g o dbm ==ayn dbm
£.5.2.5 Yonitor Sdiect Pusition Helix I 8705 Y6
furite appropriate ‘ CoTl ¥ lé.a e
position in space pro- .
vided) Cath ¥ L4k - DC
Temp-Fonitor L.00  YBC
HOTE #1. 28.0 #0.1, 24.8 +0.1. or 31.5 +0.1 VDG as applicable.
HOTE #9. €70 dbm For 500 mw drive, 25.5. for 354 rw drive, and 24 for 250 mu
drive, '
’E— i CODE IDENT WG, MO,
A | - e © '514-1436
AL 13403 = 7
) qm;. MOME | w1 ST SHEET 1 S "3'3: i3 )
LOATION SHENT

FA-TH (PEV 9.44) SPECIFILA TION-L0 T



DATE 77 TVime 9
55780 01__A) (Lo COL L ik

&.5.2 FULL POWER MODE {CONT'D)

TEST TO PARAGRAPH HO. . 4£.5.2... .10

‘ MEASURED LIMITS

6.5.2.4 0C Input Current 2.9/ Awps

e Input Voldage jﬂio? ts See Mote #%

£ Input Power J0g. 3 Watls < 120 ¥atts
5.5.2.5 Input Power Meter Reading - %G dbm

Add test equipment loss 2o db

®F Iﬁput Power - 2%, dom See tlote #3

putput Power Meter Reading 2,4 dbm

add test equipment 1oss 2%, db

Bf Qutput Power ’ 2 {,  dom Z=81.0 dbm
n.n o0 panitor Select Pogition Helix } NS I [

{write appropriate coll V . [é_{,,_:L{;g»___‘e’DC

position in space pro-

vided) Cath. V RN A G v

Jemp Monitor Lo/ YOC

R

AOTE #1. 28.0 £0.1, 24.8 #0.1, or 31.5 #0.1 VOC as sppiicable.

HOTE #3. 7.0 dbm for 500 mw drive, 25.5. for 354 mw drive, and 24 for 250 i
drive.

E SIZE | CCDE IDENT WG. NO.
: NO. .
1A AN 514-1436
- El X
z &y {3483 { Y,
| SCALEMONE | W7 - SEE SHEET I PeHEET 102

£25.45 (REY 9.5 SPECITICATIGM.CONT LA 1 ON SHEET 4



BATE /7 o (o9 oo
TESTED BY_ ) el 2L L. 3G K

mmnm)
AN Vo

R 'ﬁmi.PeuFR'Mons

(A}
-

TLST 10 PARAGRAPH NO.

6.5.2.4 ' DC Input Current
BC faput Vostage
.'Ué.fn?ut Power
6.5.2.5 Tnolit Power Meter Reading

734 test equipment 1oss

Rf- Input Power -

‘utt.ut Pouvr,ﬁeter.Reading
ﬁﬁi. test equ1pment loss

BE Guiput’ Pover

LY T S A ¥ i'lUl! LA S w o FOSALINN ;'lt!-l 1A 1
{write appropriate Colt V
4£0s1tion in space pro-
vided) Cath V

MEASURED

f34?¢ Amps

gggﬁg, Yolts

-~ Matts

4L s dby

Y LI M
Smard NP 4 R

e R
4 45 YBC

Temp Monitor _Aad . VOC

HOYE #1. 28,0 :0.1,

-
381
L,

25.5 .

[%

.27.0 dbm for 500 mw drive,
frivo,

24.8 +0.1, or 31.5+0.1 vOg

as applicable.

Tfor 354 mw drive, and 24

—— e e

See flote #T

< 120 Hatts

far

21,0 dba

250 nig

?S!EE CODE IDENT

‘ NO.
A 18800
Ak 134489

DWG, NO

514-1436

TSCALE NONE | wT

LS {RLY ¢-64) SPECITICATION.CONTRIGATION SHEE T



PEFRE [
BATE_ 7 Tung &9

TesTED 8Y_ A £/ L K
. ' 4

FULL POMER MODE (COHT'D)

§.5.2
TEST TO PARAGRAPH HO. 4.5z M
6.5.2.4 oe Iﬁput Current ‘jigg;g;ﬂﬁmps._
BC Tnput Yoltage | 24 8 . Yol ts
Bﬁ Input Power iz, 2 Hatts
5.5.2.5 input Power Meter Reading i;;jiﬁL_ﬂﬁbm‘
*ﬁagwﬁb

Add test equipment Toss

- >4 amgibm‘

&,/ _dbm

. -f':f@ u.‘! _ db

< ohm

RF lnput Power -

- Gutput Power Meter Reading

dd test equipment loss

S G

RF Qutput Power

P Ly T e Thamm E R I a. FEm TS g dd .
n_owZb Maniter Soicet Position V&K O6HED YNG
For
Coll V¥ Lo Yot

Lo YBC

(write appropriate
—#idﬂ-hm

position in space pro-
Cath~¥Y

LIHITS

Seg toté #1

< 120 Hatts

e
L3

Sep Hote #

24} N oAkm

vided)
Teip Honitor .ol VOO
HOTE #1. 28.0 0.1, 24.8 #0.1, or 3.5 30,1 VOC as applicable.
HOTE £3. 27.0 dbm for 500 mw drive, 25.5 for 354 mw drive, and 24 for 220
drive,
517 | CODE IDENY UG, NO.
/ R  514-1436
i 13493
SCALE MOME | WT  SEE SHEET | 5L




BATE__ |7 Tae {33

TESTED B1_A el /2 yick
5.5.2 FULL POHER HODE (£0MT'D) h
- TEST TO.PARAGRAPH NO. 6o 2.
KEASURED ™ LIMITS .
6.5.'2.-4 DC Input Current :{_,j_%;_ﬁmps '
DC. Frput Voltage 28 Volts  See Hote .
oC Input Power /7% 7 Hatts -i 120 Vatts
6.5.2.5 i-nput‘Pawer Meter Reading _____,g_,_ ‘ dbm,
;ldt.:i test equipment loss _gﬁ_{*_ah
RF Input Power - R0, dbm See fote #3
Butput Power.Meter Reading 2,55 dbm
. Rdd. test equipment loss o, [ db
RF Output Power . #2455 dbm =410 dbu
£.8,2.8 Monitor Select Position. eIk I . . g, 7s0 WG
{x.ﬁte appropriate coll v A
zosition in space pro- )
vided) Cath V . = o6 NDC

Temp Honitor J.f  VOC
ECOTE #1. 28.0 +0.1, 24.8 +0:1, or 31.5 +0.7 YDC as annlieahle

WOTE £3. 27.0 dbm Tor 500 mw drive, 25.5 for 354 mw drive, and 24 for 250 my
drive. )

OEMT DG, MO,




S/H oA

QIR\TE 1'1 f"':, T{__{ 510 ( Cf'

FESTED BY A /.07 // }/fuk _

6.5.2- FULL POWER MODE (CCNT'D)

TEST TO PARAGRAPH #0. 4. 5. 2 /8

MEASURED LIMITS.

6.5.2.4 DC Input Current 3.4to  Amps

< Input Voltage 31,5 Ydlts See Hote #1

[ Input Péwgf 07 Hatts f_]éb Watts
5.5.2.5 Input Powar Meter Reading 4Tl ﬁﬁﬁ

Add test equipment loss Zod _db

BF Input Power - Q?éff? cdbm Sea ﬂoté £3

Output Power Meter Reading _&75  dbm

Add test equipment loss gég.i db

RF Dutput Power 2,85 dom =410 dtm
6.5.2.6  Monitor Sslect Position Helix I 57,2 VDG

{write appropriate Coll v _ﬁi_[ﬁ VDC

rus*tion in space pro-

vided) Cath ¥ WA (L

Temp Honitor _4a2 -VOC
HOTE #1. 28.0 #0.1, 24.8 +0.1, or 31.5 +0.1 VOC as applicable.

HOTE #3. - 27.0 dbm for 500 mw drive, 25.5 for 354 mw drive, and 24 for 250 ru
erive.
: .
HEE; CO0E IDENT Y3, NO.
, .

A "o " 514-1436 é
M 13488 o
SCALE MONE | WT  SEE SHEET | - PsuzeT 12



6.5.2

S/H
DATE
TESTED BY 4 4£..00 / / Vi.k

V4 f .

-FULL POWER MODE (CONT'D)

TEST TO PARAGRAPH. NO. G52, 20

6.5.2

16.5.2

REV
oy

/7 Saae ALY

4 DC Input Current
DC Input Voltage —
QC Input Powér

.5 Inpht Power Miter Reé&inj _
Add .test equipment loss
RF Iﬁpu£;quep-
Output Power Meter Reading
Add test equipment loss

RF OQutput Power

6.5.2.6 Monitor Select Position Helix I
{write appropriate Coll V
position in space pro-
vided) Cath V

NOTE

InoTE

MEASURED LIMITS

;?_, 3% . Amps
.3#.55 . Volts See Note #1
06, Z Wé_fts < 120 Watts
g.éz dsm
24 L db
RY. o _dbm See HNote #3
if;éﬁ_ dsm
0./ db
#z.2__dbm | =410 dbm

O.647 VDG
/4.0 VDC
5 44 -NDC

Temp Monitor ¢ 2 .YDC
#1. 28.0 £0.1, 24.8 0.1, or 31.5 0.1 VDC as applicable.

#3. ~ 27.0 dbm for 500 mw drive, 25.5
drive.

for 354 mw drive, and 24 for 250 mu

1ZE | CODE IDENT DWG. NO.
A 13'2099 514-1436 ; J
SCALE NONE | WT  SEE SHEET 1 TSHFET 11



[e]

0502

TEST 10

5.5.2.4

.5.2.5

6.5.2.6

HOTE A1

HOTE

I

50

3.

PARAGRAPH MO.

cULL PO

GMER HODE (COMT'D)

=1

121

"DATE |77

-
Yaoln e

TESTED BY__ 4 £, L0 /4

6.5.2. 22

D€ Input Current
9C Input Voltage

BC Input Power

Tnput Power Meter Reading

Add test equipment loss

RF 1nput Power -

Gutput Power Meter Reading

“gd test eqh|pw°nt loss

]F Gutput Power

#onitor Select Position Helix .

{write cppropriate
position in space pro-
yided)

28.0 0.1,

27.0 ¢ha f
drive.

ar 500 mw drive,

o8 Vot

Coll v 4Lv ALY
Cath Y Sonh VDG

Teap Sonitor 4 ¢ VOC:

24.8 0.7, or 31.5 +0.1 VDC as aiplicable,

25.5 Teor

354 mf drive, and 24

[ #43
N
(A

e,

CODE IDENT

DWG. NO.
NO. '

3 4'1 ;'1

VK
Ve

See Hote #1

< 123 Hatts

See Hote #3

for 250 e

STALF RO i A



DATE /7 Tune L7
TESTED BY a J’C/ / //m

6.5.2 FULL POWER MODE (CONT'D)

TEST 7O PARAGRAPH NO. /& 2,/ — 257 = 2,

FEASURED LIHITS
6.5.2.4 DC Input Current 2.9¢ amps
B0 Input Voltage . Yolis . See Mote #7
bC Input Power _ZSn  Hatts < 120 Hatts
6.5.2.5. Input Power Meter Reading < oL dhi
Add test equipment loss 0. c'!b
RF Input Power Sar " dbm See flote #3
.. Butput Power Meter Reading _ 2245 dbm
Add test equipment loss $0,]  db
RF Qutput Power /254" dbm ==31.0 dbm
0.5.2.5 ronitor Select Position helix I _,g#_ vOC
(um‘to appropriate Coll v _'4/2_5.____‘;”130
position in space. pyro- ‘
vidad) Cath Vv~ _47 > YBC
Temp ?Ec.)na'to}* £ Y00

ROTE #1. 28.0 0.1, 24.8 0.1, or 31.5 +0.1 VDC as applicable,

NOGTE #3, 27.0 dbm for 500 mw drive, 25.5 ° for 354 mw drive, and 24 - for 250 mu
drive. ‘ ’

S5iZE CODE IDE NT DWG. 0.
NO,

="
fa7
A,

Let
o
sy
(' o
N -.}
L
| F—
>
—
S
Wt
I
A
<
&
i

141}
| %]
X
-y
v
-4
vy
=
i
m
.‘.{
4

L3
BCALE mEI;T 3

in



6.L.2

_ii"bi

6.5.2.4

6.5.2.5

™
L
P~
Ll

ch

-
~
13

HOTE #1.

e
e
ot
rei

i1
[#8
1

[0 PARAGRAPH NO.

ﬁﬁTEﬂm
"ESTED DY

TULL POWER MODE {COHT'D)

6.5, 2.8 — &S5, 2

L7

"};‘f/?;) (’/"‘5‘:}‘

BC Input Current

8o input-Velitage

e Input Power
Input Power Meter Feading
Add test equipment loss
RE- Inoul Power -

_ ﬁntpué-PQwer vieter Reading
Add test gquépment toss

RF Ouiput Power

Howilur Seiect Position Heiix I

furite appropriate Coll ¥
position dn space pro-
vided) Cath V

Temp HMonitor, /(3

28.0 0.1, 24.8 +0.1, or 31

jg;fglﬁj%nps
o
7 dbm

é?%!{} dbm

—y

=545 dbm

A
$Togs ViC
¥DC

L5 +0,T1 YOL as annliraiia

Yoits

Watis

v/z&ﬁ:nf{?‘/ﬂ/'{ ‘/’;""-!‘i
rd /’

See Hote #3

e, <
~&1.0 dbm.

2720 dbm for 500 mw drive, 25.5. for 354 mw drive, and 24 for 250 m
drive, :
HHZE CODE IDZNT DWG. HO.
- MO, -
z& . 514~1436
. RA00
I \5 %43 T t.;
CALE MOME | WT  5TE SHEET 1 Pepiper 13




-

e,

e

1‘.»\ 2

LR )

¥ ger
;

lf_

ULL POUER HODE (CONT'D)

&

TPST TO PARAGRAPH N0, _ £, 57> 14 82 ZL

“{IEASURED

©.5.2.4 - 'vQC Inbut Current ;J’ Amps
_Qf'lqput Yoltage V“jiéi;;_?OTtS‘
vC Input Power L7 2 Matts
§;§.2.5 _Input Powey Meter Reading M;nge“ gbm'
Ao test eguipment Toss 2o,/ db
RF" Taput Power - 22 o dbm

{iutpul Power Meter Reading -

2 dbm
Rdd test equipment Toss 4%, { db
g Gutpul Power £,/ dbm
85,26 toriter Selert Position relix I A TN [
{sirite. appropriate Coll ¥ AL VDC
pusthion in space pro- ’
yided) Cath V S 7. Nt
Temp Monitor 2 43 VOC
NOTE #1. 28.0 #0.%, 24.8 +0.1, or 31.5 +0.1 VDC as applicable

#3, 27.0 dbin for 500 mw drive. 25.5 for 354 mw drive,

and 24

“NLSTER wY_ 4 L (1 / LV
-y .

See Note #7

< 120 Wa

tts

See fote #3

:334

.0 dbm

LSIYE I CODE IDENT | pwe. HO.

[ .. MO, .

Lo _ 514-1436

b 19,94

'z FL EoA T

8 T T - wo————
| SCALE NOME | w7 STE SHEET | SHECEY 13



6.8.2

FULL PO

¥R

DAT

L

1]

/’7 :j‘:—lr’l(’,

LY

-2

TESTED BY x?gi,ﬁil’///ﬁij{,,ﬁ

i0DE (COHT'D)

£5T TO PARAGRAPH KO,

' 5.5.2.4 DC Input Current

DC input Yoltage

2C Input Power

§.5.2.5

Input Power Meter Reading

#idd test eguipment Toss

RF Input Power -

. Dutput Power Meter Reading

Add test eguipment loss

RF Quiput Power

.5.2.6

Lo

{write appropriate

Monitor Select Position raiix i

Coll V¥

position in space pro-

vided)

HOTE #1. 28,0 +0.1, 21.8 +0.1, or 31.5 ¥0.1 VDC as applicable.

OTE #3.
dirive.

27.0 dbm for 500 mw drive,

Cath V

4.5.2. 12 — g2 =k

HEASURED

X432 Amps

=y ¢ Volts
/7Y G Matts

_giff_dbm

=p. /- db

24,45 dbm
2.7 - dbm

Lyg? VDG

Lb. 3 VDG
5.79voc

Temp Monitor __ /a3 ¥OC

25.5

for 354 mw drive, and 24

See Mote #3

231,10 dbm

]
Tor

CODE IDENT
MNO.

00

14 2

e

13

DwG. NO.

-]
H

250 o

AT OMMRET l VT

Cre GLEET G



DATE /% Tiine 6O

TESTED BY 4 .00 ,/ & Lok
6.5.2 FULL POWER MODE (CONT'O)
TEST TO PARAGRAPH 0. __ £ 5.7 WY — fo = o7

o

£.5.2.4

6.5.2.5

U.0.2.5

' HOTE

S
[

DC TInput Current

OC Input Voftage

¢ Input Power

Input Power Meter Readﬁng
Add test equipment less

RF Input Pover -

- Butput Power Meter Reading

Aad test equipment loss

RE ﬂut;Lt Power

Monitor Select Position Helix |

{write anpronriate Coll

position in space pro-
vided)

KEASURED

Cath v

LS Pmps
EHE Volts
Lt d  Yatts

U ey e :
L 2,9 dbm

2o.]__db

Z¢. 4 dbm

5 dbm

‘i::{z: {.; dhm
Jijﬁi VhC

,é[ ‘g UDC .

£.79__yoe

Temp fionitor /22 7% ___VOC

28.0 0.1,

27.0 dbm for

drive,

24.8 +0.1, or 31.5 0.

500 mw drive, for

YOC as applicable.

354 mw drive, and 24

LIMITS

—41.D Gom

for 250 oy

CODriDgET

WG, HMO.

514-1436

17
-

et}

—
a3



DATE "7 TV an

ol

i

.605.2 FULL PGWER MODE (TQUT'D)

TEST TO PARAGRAPH 0. s &4 = 1/ — 45 Z 20,

MEASURED
6.5.2.4 DC Input Current LT Baps
BC Inpui VoTtage 22 Yolts
DC Input Power L] Yatts
§.5.2.5  Input Power Meter Reading 4,5 _dbm
Add test equipment.loss <ol T db -
RF Input Power - 27 dbm
Cutput Power Meter Reading 25 dbm
- Add test equipment loss .l __db
RF Outgut Power @2 & dbm
6.5.2.6-  Menitor Select Position Helix [ AT VAR
{m‘}:tf; appropriate. Coll ¥ __/4_,/:_;_:’_‘:_3_____::’{)6
position in space pro-
vided) Cath ¥ ' 42.3.79 ¥0C

Temp Honitor /.9 3 _vne

KOTE #1. 28,0 40.1, 24.8 +0.1, or 31.5 #0.1 VDC as applicable.

See Hote £7

< 120 Yatts

See Hote #3

==41.0 dbm

iOTE #3. 27.0 dbm Tor 500 mw drive, 25.5 for 334 mw drive, and 24 for

tond
ave.

SiZe | CODE IDENTY WG, NO.
M, : s -
S ' 514~1435
-:f"‘:r 13"?5

SCALE NOME | T SEE SHEET |



6.5.2

TEST TO PARAGRAPH NO.

5.5.2.5

BOTE #1.

vQTE #3.

w1y [V
BME____ /7 Dune -5

FESTED BY_ 4 Lgrff /£ L

FULL POUER MODE (COHT'D)
b2 L7 =~ 652 26

BC Input Curvent Z.4{ - -Rmps
BC Input VoTtage 2/:57 Volis
DC Input Power Lo Hatis
Input‘Power Meter Reading ;Eiifg dbm
Add test eguipment Toss 201 db
RF Input Power - - - 2+, % dbm

- Qutput Power Meter Reading =227+ dbm

Add test equipment loss.

RF Qutput Power

Mon1Tor Seloct Position

{write appropriate .
position in space pro-

vaﬂed)

28.0 0.1,

27.0 dom for 500
drive,

-

.
drive

{e 11X

Coll V¥
Cath ¥

Temp H

24.8 0.1, or 31.5 48.

s 25,

#

#2,47 dbm

1 87572 Vhe
LEe 2 VDG
S:79 unc
fonitor /g4 YOC

5. for 354 mw drive,

-"z ’(

1 YDC as applicable.

and 24

See Mote #1

< 120 Matts

ge MNote #3

[

=000 dbm

For 250 mu

?sui;i CODE IDENT |- DWG. NO.

{4 :",_OM. 4-1436 -
g_, i ’ faldl :

[ SCALENONE | WT  SEF SHEET 1 | sHEET 1=



2 $HLL POUER MODE (COHT'D)

~
.(.J‘
\)

TFSY TO PARAGRAPH KO. _ £ 2 25— /<2 =y

5.5.2.4  DC Inpul Current -’ 243 pmps
BT input Voltage 34, f;"“_}fo]'ts' .See Hote #1
'f'«C\I_npu-t Povier - . ’_,_.f_g_g‘:____h{«z'a‘tts < 120 Yatts
715.2.5  Input Power Meter Re eading ;Q;fj_:__dbm

- #dd. test equipment loss A0 db

RF Input Power- -~ - - Z;’;?_{,_Q___._ébm See Hote 73
botput Powor Meter Reading _._,:?_u"é:,._dbm
Add test equipment loss St ;ﬂ;}b
IF Qutnut Pover 407, £ dbm =41.1 dbm
IR sionilor Sefecy Fosition, Aelix- I IAICIRA I
rite hpmﬂbpmate Coll ¥ ~ _4,;_:.5,’_3_____*!5(5 '

{2
pasition in space pro- .
vided) Cath V. s.79 yoc

Temp; i*‘m”'or L4647 NDC

WTE #1. 28.0.40.1, 24.8 +0.1, or 31.5 0.1 VDC as applicable.

fE #3. . 27,0 dbwm for 590 mw drive, 25.5 for 354 ms drive, and 24 - for 20°

5128 ] CODE iDENY DG, NO.
ND. 5

A ) 61436 ’
‘.. SO AGD . ‘ ;
cj-‘ ll gt."{‘:‘:.-'-j

SCALE HOME | wT

i

{n
n
m
[ ]
a2
0
I
-
s
o
el
(gl
]
—

X




£.5.2 - PULL POWER

w4 — 1AL

D "E‘ g '
L" 4 i 7 J o ¢ (r_‘)
TESTE

MODE (CONTDY

TEST TO PARAGRAPH NO.. gﬁ,

P T -

5.2 26

'6.5;2.q vt Input Current.
DC Input Voltage-
OC Input Powed

§.5.2.5

- Input Power Meter Reading

Add test equipment Toss

R Input‘PGWer-

Cutput Powsr Meteor

Reading

Add test esuipment Toss

RF Dutput Power

L2
i
]
£

{urite eppropriate

bosition in space
s?ded)

OTE #1. 28.0 40.1,

ME #3.

23.8 0.1,

Fosition deiix I .

Coll” \f»
pra- )
Cath V

Temp Hondtor /.0

‘or 31.5 +0.1 VBC as applicable.

7.0 dbm for 500 mw drive, 25.5

4

for 354 mw drive,

’ _:)rf?‘é‘ :

HEASURED

o

Fis &3 Amps

e

2/ 5 o?ts
5&&* fatts
uz"? bm

. éb

Z22.0 dbm
= 5 dbm

ol db

Ty, dbm

L2 ¥OC

6.3 VDC

T -

¥DC
5 VOg

and 24

LIMITS
See Hote #1
< 120 Hatlts

See Hote #3

=470 dbm

DB 2.C0 S Nk

For 250 g

¥ 542} SEECIFICA TIOH.CONTINUATION SHE . *

1
SIZE | CODE 1OUNT OWG. NO.
A NO. S14-1436
L3 YT A " T
4 kA HEY R0 B
3 THONE | wT SEE SHEET SHEFT 13
+ .
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9.0

9.1

9.2

9.3

Conclusions and Recommendations

The equipment, delivered on this contract has exhibited tlie following
def1c1enc1es

A. Apollo PP-2 (modified)

.,

DC steady state paver.
(Spec1f1c=u1on 1imit 8 watts max:, un1t measured 19.1 watts
at 28 V).

2. Use of a coaxial switch to correct the poor bypass isolation.

B. MASA S-Band PA, D-1 (modified)

1. Ho deficiencie$ noted.

Avollo PP-2 (Modified) Power Amplifier

The increase in dc pover was due to the.ferrite switcning package. The
additional power was vequirad to meet the RF electrical characteristics.
The switching package could be redesigned and the magnetic paths.re-
Tocated to p“OV?dﬂ a more efficient un1t 1t was felt that the RF
characteristics were primary and the dc,power secondary. The object was
to sze what could he done in the space provided keeping the schedule -and
cost in wmind. - :

Tem mrr e i saln pieneeti e e s m e b e §omeiieas e m— 4 o — e = —. A e

1npuL 1mdegunre variations witn Tragque WCJ oy adding or rn!ocarwna a
load isolator in the PH input Tine to the triplexer. _ This charge along
with the coil power veduction should be studied and--cost estimates
made. It should be noted that the Apollo Block II PA is very crowded
and Considerable laycut effort will be reguired for any changes.

HASA S-Rand PA D-1 (Modified)

The D-1 {(modfied) unit perfoimed as oredicted at ]aJQFEaOPJ ambient
conditions. The power awplifier should be testdd under environmzntal
conditions to further ver1fy tne cverall reliability and perforiance

under iE'ED@%“E’.tUY‘e extrames.

1

errite Life Test1qg

The ferrite life testing, parformed under this contract, provided for

a demonstration of reliability, at roowm ambient conditions, for a total
of 48,000 component operaiing hours. This does not suffice as a

quali Fication of the device vor space application in that there is no
consideration of environmental extremes. A 1001ba] caakinuation of_the
effort, performed to date, woulid be the Tife tcsting of representalive
devices under environnantal extremes, i.e., temperature and vibravion.

77
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APPENDIX A -
LIFE TEST REPORT
FERRITE CIRCULATORS .

1.0 General

The purpose of this test was to gather data for use in evaluating the
re?iability of switchable ferrite circulators. Sufficient data of
th?s nafure is not presently available to establish a reljability
figure in which confidence can be held.

2.0 Test Plan
2.1 Test Setup

A11 necessary test equipment including power supplies were mounted

in one 6 foot high 19 inch rack. The circulator-switches were mounted’
-behind a 8 inch high front panel for ease of removing units for Toss
measurements in the siandards lab.

2.1.17 Test ‘Signal BGeneration
Two scurces .of S-Band vf energy are available in the test rack. .Cne
sourca 1$ the Collins built MOL MGE TTCY Tost Transmitter. The other
source employs the HP 497C TWT power ampiifier excited by an approoric.
signal generator: Either source drives a TWT amplifier whose output pro. i
LIter £} WALEL pesi R ESLI 8 o -

The TWT amplifier was built for this test using spare TWT's from previous
PA development projects. The amplifier power supply is basicaliy the
same circuit used in the Block II S-Band Power Amplifier except for

the addition of circuitry for control and monitoring and protection
against transients on the pover linfds. )

2.1.2 Test Pane}

The test panel assembly contains the circulators to be tasted along
with their conipol. Circuitry. Each circulator has its ports Urought
out to the panel THC connectors. This arvangement provides convenience
in perferming periodic perameter weasurements and aiso in selecting

the desived test configuration.

2.1.3 Test Control.Panel

he test control sanel contains the circuitry for automatically

switching the civculators (ab a rate of 10 times per hour) and the

tast configuration terminations for moniioring lhe power being dissipated
in the termination. The tesi control panel also counts the number of
switching operations perforned and totals the accumulated zest hours.

In addition, the test control panel will interface with the THT amplifier
such that an ampiifier failure will turn off the nour meter and

switching control circuitry. i?7
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RE Inpuz-——3{, |} ‘3ﬁjr &Q 5?}\\Wd)”f””—"“ﬁ \5ﬁ)f\b£ ™ %
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FIGURL 1. TYPICAL TEST CONFIGURATION
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2.1.4 Powver Meter

2.2

2.2

™a

A HP power meter is also included in the test rack for monitoring the
pewer out of the test configuration. Certain failures, in the test
signal gene ating equipment and in the switches themselves,:can be
detecnpd by observing a change in the Tevel ¢f power being dissipated
in the termination. A directional coupler in the test control panel
connecis the power meter to the iest ‘configuration output through a
connector available at the test control panels

Test Procedure

The general test procedure was to apply 20 watts of rf energy to the
input port of the test configuration. Feriodica]]; at every 250
hiours the.circulator test configuration is modified according t0 a
pre- ~established plan st ch that the power level exposure of each
circuiator port is the same at the end of the test.

Every 1,000 hours, paramater measurements were taken on each circulator.
A total of 48,000 hours of operation were logged on 8 civculators
at the rate of 6,000 hours each..

Svittell Conficuecation

A typical tecs confiouration is shown in Figure 1. A1l 8 circvlators

are connected in a chain which is ferminated in a 50 ohm Toad. This

.chain is made up of four groups of two units each, with the feur grou

np"snn CONNRCTAMN TN Yo RS BRI T A Y Lruuu‘; 1 IR TURE TR VSR T U TR TS 1= PRRVR

in a specific manner as 1nd1cabcd by a four symbol des1gnator

ZABC
The letter Z is me¥raly a groun designator. - Letters A ,, and C identify
number positions whi ich define thc 1nterc0“ﬂucb1on of ports within the
group.

I

Dafines the input and output ports
= Defines which circulator switch provides T
Defines which circulator switch- provlqts th

I

he input port
e output port

The .unnamed ports .of the group are conrected fogether such hat power
flows from input to outout.

Switch Configuratisn Variétions

To insuve that all c1“cu1uuor junctions are uniformly tested, the
switch configuration 4111 be chanaad periodicaliy. By sy stcmifa11y
attering the configuration & eﬁrv 250 hours, all 8 junctions will
receive identical exposure, in terms of a time-power product {Time X
Watis), in 6,000 hours of.tsst operau1on.

7/
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2.2.3 ‘Parameter Measurements

3.0

4.0

At 1,600 hour intervals paramcter measurements of insertion loss and
isolation were taken by the standards 1ab on each of .the eight switch-
able circulators. To perform the measurements, the test panei was
removed from the test rack and taken to the standards Tab for the -
measuraments. It was necessary to provide a 28 VDC power supply and
a measurements control box to the standards lab for pevrforming the
measuremants. ) ’

Test Results

Testing commenced on 19 July 1968 after initial measurements of VSWR,
insertion loss® and isolation were made. Testing was continued until
60714 hours were accumulated on 28 May 1969. Final data measurement
was made in the standards Tab.

Both the standard 1ab- data sheets and graphs are included in this
report To document the life test. The graphs show no )
pattern of degradation of performance. They do show measurement
variations. The mean insertion loss was 0.65 db including internal
panal coax cable and the isolation was greater thaa 20 db Tov each
switch. :

Conclusion

“Thalajaht ~ivenlater cwitchead were suhiected to 6,000 hours of operaiis. .

-
“ PR e o1 - " TE e demA ke Gl cem Faq e e
grving 45,000 COMPONEnL nuwrs vl - 1758 TE5w Wien w3 failurag oy donnsa

perforimance.



WEASUREINENTS
3 EASUREI B} TS DATA Da[e 7. 13 60 ‘(\;P;F”L Hﬂ. 2'2‘?‘—
fETRGLOGY STANDARDS LABORATORY P4 Labovratories, Circulator - Stitoss
i 14/ 3¢ . .
M-S 10824 Lat 281473903 P/ 040~ 2731—130 FOR: Duare lHemphill.
COLLINS RADIQO €O, CCDAR RAPIDS, IA. EXT. 3815, E_p, 39-7486
YSHRE
PORT #1 PORT #2 PORT #3
CULATCORE FREQ. GHz 1-2 -3 . 2-3. 2-1 3-1 "3-2
1 2 1.08/1 1.09/1 .1.15/] 1.15/1 1.18/1 1.18/1
1 2 1.16/1  1.16/1 - 1.23/1 1.23/1 1.24/1 1.24/1
2 2.2. 1.22/1 1.22/1 1.1471 1.14/1 1.07/71 1.07/1
1.32/1 1.22/71 1.06/1 1.06/1 1.11/1 1.11/1
. 1.27/1 1.27/i 1.29/1 1.29/1 1.10/1 1.70/1
2.3 P10/ F90/1 0 101871 Y1471 1.2171 1.21/1
4 2.2 1.26/1 1.26/1 1.16/1 1.15/1 1.09A1 1.09/1
2.3 11977 119/ 1.18/1  1.02/1 1.27/1 1.27/1
y .z T.Cort 1.2371 1.5/ V.éEsn ].ué;:_ :.yé:u
3 1.27/17 1.27/17 1.22/1 1.22/1 1.19/1 1.20/1
L1/ Y. 01 /1 .32/ 1.12/1 1,177 1.16/1
1.17/1 1.76/1 1.18/1 1.18/1 1.06/1  1.06/1
7 2.2 1.177/1  1.17/7 11571 1.18/1 1.08/1 1.66/1
3 1.18/1° 1.18/1 1.22/% 1.22/1 1.20/1 1.23/1
8 2 1.36/1 1.30/1 1.29/1 1.29/1 1.39/1 1.40/1
8 3 1.36/1 1.35/1 1.25/1 1.25/1 1.14/1 1.14/1

ROTES: 1. A1l measurements were wade at the front panel and include the
cabies between the F.P. and circulator ports.

2. Circulator number as designated on the Tront panel. <§;7;E;



MEASURLMENTS DATA

METROLOGY STALIDARDS LABORATORY
M S, 106-24  Exll 281473403

Dale

7-18~

68

WPMte Mo

009

E & M laboratories, Circulator - Swilores

P/ 0&4-2731-130

FOR:

Duanno Hemnhill,

COLLINS RADIO CO., CEDAR RAPIDS, IA. EXT. 3315, E.P. 39-7486.
IT. THRY LOSS ANB ISOLA!IONl
: THRU LOSS BETWELH PORT: TISOLATIOH BETWEEN PORT:
ZCIRCULATOR # FREQ. GHz - 1T and 2 1 and 3 T and 25 71 and 3%
2.2 0.6(6) d3  0.6{1) ¢8 19.4 dB 19.0 dB
2.3 0.6 (9) 0.5(6) 19.0 19.6
2 6(3) 5(9) 30. 23.0
8(0) (1) 25, 29.5
5(9) 0.6(0) 32. 17.9
0.6(2) .5{9) 20. 22.6
4 2 5(9) 0.5(8) 29.0 24.6
4 : J6(1) 0.6(4) 18.8 27.8
z 2.2 c.on .00 200 N
5 0.6(4) 0.606) . 20.9 19.5
2.2 6.5(%) 5(7) 23, 23.2
2.3 5(5) 5{47 31 20.0
0.5(7 0.5(5) 29.9 21.7
3 0.6(2) 0.6(2) 20.3 20.0
8 .5(3} .5{8) 16.2 18.5
8 0.6(3) 6(5) 21.7 18.2
HOTES 1. All measurements were made at the front panel and include
the csbles betwzen the F.P. and circulator ports.
2. Circulator number as designaled on the front panel.
3. Thru path between ports 1 and 3.
4, Thru path between ports 1 and 2.

Y



FEASURLIAEMTS DATA

i LTROLOGY STAMCARDS LABORATORY
Ext. 2814/3903

M.S. 106-24

COLLINS RADIO CO. CEDAR RAPIDS, IA.

Date  9-3-683

WP/File Mo 229

Addn.

Lo raaort dalad 7-182-63

carl Laborawories, ¢qpculator - Switchos

For:

Duane Hempht11, EXT. 35i5, EP 39-74

1.

Thru Loss and Isclation

1 2.2
1 2.3
2 2.2
2 2.3
3 2.2
3 2.3
& 2.2
4 2.3
5 2.2
5 2.3
6 Z2.
6 Z.
"7 2 0
7 .3
8 2.2
S 2.3

[FS TR

T A

o O oo o O oo

s e

oo

e

.73
.81

v
.63.

.64-
.63

—a
.6¢&

50
Y

hg

e

O

.62

.67

.63 1B
.68

75

THRU LOSS BETWEEI] PORT:
D 3

T Al

[y e}

[ons an} O S OO o0

[le Ren

‘oo

0.59 d*
0.64
.63
.74

.59
.51

ISOLATION BETWEEN PORT:

1T AND 2 .

23.
25.

29

> 35

20,

29.
19.

>35

20.

23.
>3

“og!

b ad

[ LV N

16.
22.

[

dB

8 -

9
25.3

o

(o}

A 3

22
25

23.
28.

18.
24,
24.
29.

19.
28.

3o

5

Mo Ly Y

= 00

ra NS
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TRIEASUREMENTS DATA

FETROLOGY STAKDARDS LABORATORY
.S 106-24

E<t. 281473903

COLLINS RADIO CO. CEDAR RAPIDS, IA.

I. Thru Loss and Isolation
CIRCULATOR FREQ. 6Hz 1AD2

1 2.2 0.63 dB

1 2.3 0.63

P 2.2 0.68

2 2.3 0.72

3 2.2 0,73

3 2.3 0.55

4 2.2 0.61

4 2.3 .56

5 2.2 0.5

5 2.3 0.59

) 2.2 G.51

6 . 2.3 0.52 -

7 2.2 .67

7 2.3 0.62

8 2.2 0.58

8 2.3 0.5

1 Date

10-22-68 .

WP SFile [,

Addn. tn reports dated 7-18-81 and 9-3-7

E & Libaratorizs, Circulators -

Qur3

-

£

~
Lo -

4

FOR: Duane Hemphiil, Ext. 3315, EP 39-7

ISOLATICH BETHEEN FORT:

THRU LOSS RETHEEH PORT:
1 AND .3

0.59 dB
0.59

.59
.66

.82
.58
.61
.01

.02
.65

oo Lo ¥ ww] <O OO

.52
.49

.57
.64

QO o v

. 60
.54

oo

1 AND 2

.5 dB
0

22
21

29.

26,
>30

21.

29.
19.

>30
22,

23.
>30

28.
21.

17.
21.

2
5

cY

oo

T & 3

22.
21.

24.
30.

18.

23.

26.

>30

19.
21.
20.
22.

22.
26,

19.

T

3 dB
1

7
/

5
0

0y [ e ] (SN S8

— Oy



MEASURESNEHTS DATA

TETRCLOGY STANDARDS LABORATORY

M.S 106-24  Ext. 281§/35032

CATIRC DANRIN AA AESRAD DADIN™C SR

LW

I3 N BN N N

=

<

[seRoel ~J =~

Thry Loss and Isotation

WP - 2 2.9

Dale (2462
}
¥

LR LD PRLATLS GEUES s ldetae, LweosLU, &
s L4 AR ¥ 4 . ey d P . -~ - .
1G-75- £ 4 M Laboraiories, Circulators-

- - o e
eitches rur: Duane dernhill, Dxor 280~

WEEN PCRT: ISOLATION BETHEEN

THRU LOSS. BETWEERN
FREN. GHz T AdD 2 T AW 3

.64 dg

DO

.2
.3

[pv R el

PO PO
™
QO
o
[te)

NS (R ™™o
LN W W
oo oo o2
o) )
) o

NCICIE U CRE ST
WA W W
co oo oc
o o U1 :
— S o

oo oo Ooc

G
65 . g.
0
0

oD oo

.60 dB

61

.58
.65

0.59
0.55

.57

.58

.60
.63

LU

.52

56
.60

.63
.61

57

Paul J. Wright ol cam... HFE/Microwave

L.

22,

22.
20.

19.
19.

o oo

O e S et B N —d -t 0O

G ~~d




MEASURENMENTYS DATA X
Dala 1-29-03 | WP /Rz1e. 2.2.9
METROLOGY STAMDARDS LABORATORY Addn. to renorts dored 12-4-83, 10-72.59,
5.5, 1056-24 [zt 281473993 . i
9-3-63, & 7-18-68. {21 Laboratories, Cir
COLLINS RADIO CO. CEDAR RAPIDS, 1A, -switehos for: Cuane Hemphill. ext 2315
E.p. 39-7474 ’
."'\ﬂ::
a7 -
) ALV
Thru Loss And Isolation ’g g}’J
Thru Loss Between Port: Isolation Betwesn P¢
Circulator Freg. GHz fand 2 . 1 and 3 1 and 2 1 and
1 2.2 0.62dB 0.50dB 22.1dB 22.2dB
1 2.3 - 0.63 0.59 20.5 . 20.2
2 2.2 0.69 0.59 29.1 26.5
2 2.3 0.73 0.64 25.6 29.6
3 2.2 0.63 0.53 >30 - 18.6
3 2.3 (.58 0.55 214 23.0
4 2.2 0.59 0.57 28.2 25.9
4 2.3 0.56 0.69 i9.7 530
5 2.2 0.51 0.51 21.8 20.9
6 2.3 0.49 0.53 23.8 26.1
6 2.3 0.50 0.54 >30 22.5
7 2.2 0.58 0.57 27.3 21.8
7 2.3 0.59 0.60 21.2 20.3
8 2.2 0.57 0.62 17.1 19.6
8 2.3 0.53 0.55 21.4 19.1

23



MEASURLIENTS DATA - -
Date 2-.2)--50 W.P/File No. 2, .0

METROLOGY STAKDARDS LABORATORY A

in, Lo rererbs oo ted et Vb
§.S. 106-24  Ext 281473903 ’

15 2P=E8, O % AR, P ZL1PWAS, TRV odvrads

COLLINS RADIO CO., CEDAR RAPIDS, IA. r

siroulstoredeiteles  FOD: Duers Hamphil)

. - - X3 ~ Lo Wl
BXUe 381G, P 2G-754485

’§[fﬁféi/@'

I. Thru-Loss 2nd Isolation

THRO LOS5 BEIWIEER BCRT  ISCL-ATIGH RBITJZEN PORT

CIRCULATOR FRE}. GHz * 1l.and 2 1 and 3 1 and 2 1 and 2
1 . 2.2 dB 0.634d3 0.594d38 22.74dB - 21.14dB
1 2.3 0.64 0.60 19.8 2C.2
2 2.2 0.70 0.61 29,8 ok, 5
2 2.% 0.75 - 0.67 25.9 29.7
3 2.2 0.67 0.57 »30 18.8
3 2.3 0.62 0.56 2.2 23.0
L 2.2 0.59 0.55 28.7 25.8
L 2.3 0.60 0.58 19.6 >30
5 2.2 0.63 0.60 >30 18.6
5 p.3- D.64 0.6R PR p0.2
§ 2.2 0.45 0.51 23.7 25.8
5 3 0.50 0.53 %30 22.4
? 202 0.51* 0051{ 2?05 2108
7 2.3 0.57 C.58 . 21.3 20,3
8 2.2 0.49 0.57 17.0 19.5

. 8 ao3 Qo60 0062 + 2107 1905

J7



MEASUREMENTS DA’[A‘

METROLOGY STANDARDS LABORATORY

M.S. 106-24

Ext; 2814/3303

COLLINS RADIO CO. CEDAR RAPINS. IA.

A. Thru Loss and Isolation

CIRCULATOR
L

D0~ ~ T O IO B e W W R R —

Date 5-29-69

WP/File No 2.2.9

Addn. to reports dated 3-21-69, 1-29-69,

112-4-68, 10-22-68, 9-3-68, & 7-18-68.

lEgi Laboratories., Circulator-Switches

For: D. Hemphi11, X3815, EP 39-7/485

THRU LOSS BETWEEN PORTS ISOLATION. BETWEEN PORTS

" FREQ, GHz ~ 1 - 2
2.2 0.63dB
5.3 0.68
2.2 0.72
2.3 0.78
2.2 0.75
2.3 0.64
2.2 0.63
2.3 0:60
2.2 0.68
o % nan
2.2° 0.52
2.3 0.54
2.2 0.56
2.3 0.60
2.2 0.63
2.3 0.60

1

- 3

O O O O o O ¢

0
0
0
0
0.
0
0
0
0
n

.59dB
.63

). 66

.69
61
.60
.60
.64
.62
)
.56 -
.54
.57
.60
.69
.63

70

1 -

2

21.
20.
28.
26.

>30

1dB
3
7
4

21.2
28.5
19.6

>30

on,

24.

>30

27,
21.
17.
21.

~ MY B s

1 -

3

22

30

18.

20

25.
22.
22.
20.
19.
9.

.0dB
19.
22.
22.
18.
23.
25,

-~ 2 W O W W

—

p~

Gl oy o o~ O, Oh

6 0o /ﬁ.\.-
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APPENDIX B
ISOLATOR SWITCH SPECIFICATION
{044-0052-277)



PPG-pn 5T A7

NOTICE: SIONS
T INTERPRET DRAWING IN AC- REVISIONS
CORDANCE WiTH STANDARDS | LTR DESCRIPTION DATE | APPROVED |
2. THE CLASS DESIGNATION AND A |TeFRED T TAELEZ 4 3 (i) ,; Ed
THE SYMBOLS CAL, TA — T a— .
RA, SSA AND NSR WHICH WAY K wgf ot oot tyopec o BLT ne ) "o
APPEAR ON THIS DRAWING G B b, #F 2 oimiid] F ES
ORLY BY THE COLLINS RADIG N4des. Y fei b adf Tt g
Ty o
COMPANY AND ARE NOT RE. | C ii/ f,,gf; f)é f) “ ; ?/,) Ve 67 go A
EOETO MR ARG | © | o il o |
3. THE SYMBOL — IN THE REV | D |Sp a¥ 3582 Fooiore Lo ITANE A
STATUS BLOCK DENOTES OR)-
GINAL ISSUE.
VG )5 AN LS
T.oofTonn TaIc f?:"’ff‘”.'f""?f NEFTMEe TUC mEoRTRIRINTS o N oW TORT
CUAXIAL FERRITE 1SOLATOR-SWITCH IN ACCORDANCE WITH AND SUB-
JECTED TO THE CONDITIONS OF THIS SPECIFICATION. THIS
COMPONENT PART IS FOR USE IN SPACE ELECTRONIC EQUIPMENT.
SUGGESTED SOURCES OF SUPPLY - CODE TDENT VERGOR PN
REVSTATUS L REY D1 B DTl T T T T Bl BT B =TT eT2
OF SHEETS [SHEETT 11213141 5161 71819 110 T i I3 a5 96 171181191 2012112212374
CLASS CAL CHANGE SPECIFICATION CONTROL DRAYING | BNORC 544 ooty 9y
UNLESS OTHERWISE :
SPECIFIED DIHENSIONS COLLINS QAD @ COMPANY
ANCED ON R JOLER- NAME DATE CEDAR_RAPIDS, 10WA
DECINALS: ANGLES: | pREP /. A2iR BT |2 _
_ At ISOLATOR-SWITCH
PROJ 4, EAUDHIN 222
SIZE | CODE IDENT NO.| DWG NO.
Al 13488 Off- o057 -2.07
SCALE WT SHEET 1 OF 18

074.5057-100 SPECIFICATION CORPONEHT



|Rev p
2.0 APPLICABLE DOCUMENTS: THE FOLLOWING DOCUMENTS OF THE :

1SSUE IN EFFECT ON THE DATE OF INVITATION FOR BID, FORM
‘A PART OF THIS SPECIFICATION, TO THE EXTENT SPECIFIED HEREIN.

MIL-STD-202  TEST METHODS FOR ELECTRONIC AND
ELECTRICAL COMPONENT PARTS

.QAP-100 COLLINS RADIO COMPANY, QUALITY ASSURANCE
REQUIREMENTS FOR VENDORS.

074-0011-0C COLLINS RADIO COMPANY, QUALITY STANDARDS MANHﬁL.‘

3.0 REQUIREMENTS:
ELECTRICAL REQUIREMENTS:

[3.1.1 GENERAL: THE ISOLATOR-SWITCH SHALL BE A TEN PORT COAXIAL
DEVICE AS SHOWN SCHEMATICALLY IN FIGURE 2, PORTS 1,3,5,8 AND
9 WILL BE INPUT PORTS. PORTS 2,4,6,7, AND 10 WILL BE OUTPUT
PORTS. JUNCTIONS (1), {2). (3). (4)., (6}, (8) SHALL BE
SEMI-LATCHED CIRCULATOR SWITCHES DESIGNED TO PASS RF POWER IN
ONE DIRECTION WHEN THE JUNCTION IS BIASED WITH A PERMANENT
MAGNET AND TO PASS RF POWER IN THF OTHFR DIRECTION WHERN
JUNCTION BIASED WITH AN FLECTROMAGNET CIRCHIT. REMOVAL OF
THE ELECTROMAGNETIC ENERGY SHALL CAUSE RF POWER TO PASS IN
THE ORIGINAL DIRECTION. JUNCTIONS (5), (7) .SHALL BE CIR-

AT ATAR TOAT ATANSC MAQ/I CAMRIATTR A At An

- n [ - naa e R AL L A W N AR W

3.1.2. FREQUENCY: THE ISOLATOR-SWITCH SHALL COPERATE OVER A FREQUENCY
RANGE FROM 2100 MHz 70 2400 MHz. o
3.1.3. INPUT POWER (RF)}: PORTS 5. 8 AND O SHALL BE TESTED WITH A CW

INPUT POWER OF 20 WATTS MINIMUM 30 WATTS MAXIMUM. PORTS 1 AND
3 SHALL BE TESTED WITH A CW INPUT POWER OF 2 WATTS MAXIMUM.

3.1.4, LOADS: THE LOADS SHALL BE 50 OHM INTERNAL LOADS CAPABLE OF
HANDLING 25 WATTS OF REFLECTED RF POMWER.

3.1.5. SHITCHING:
5.1. JUNCTIONS {1}, (2), (3), {4), (6) AND (8) OF THE ISOLATOR~SHITCH

SHALL BE CAPABLE OF PASSING RF POWER AND BEING SWITCHED BY
THE APPLICATION OF DC CURRENT AS QUTLINED IN TABLE 2.

Si7ZE CODE IDENT DWG. NO. .
NO. Y PSR
gl - LW o~ /
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SCALE NONE | WT  SEE SHEET | | SHEET 2



http:rrk.r.rr

3.1.5.1.1. JUNCTION (1) SHALL PASS POWER FROM PORT 1 TO PORT 2 WITHOUT
" -THE APPLICATION OF DC CURRENT TO<THE SWITCHING COIL. JUNCTION
(1) SHALL BE CAPABLE OF BEING SWITCHED BY THE APPLICATION OF DC
CURRENT TO PINS 1 AND 2. THE RF PATH WILL THEN BE FROM :
PORT 1 TO JUNCTION (2). UPON THE REMOVAL OF DC CURRENT FROM
PINS 1 AND 2 JUNCTION (1) SHALL BE BIASED TO PASS RF POWER
FROM PORT 1-TO PORT 2.

3.1.5.1.2. JUNCTIONS {2}, (3}, (4
SWITCHING CHARACTERIST
DUTLINED IN TABLE 2.

3,7.5.2. COIL:

N {6) AND (8} SHALL HAVE SIMILAR
CS TO THOSF OF JMINCTTAN (Y)Y &%

)
I

3.1.5.2.1. NOMIMAL COIL VOLTAGE: THE NOMENAL CNIL VOLTAGE REQUIRED
.FOR PROPER OPEZRATION AT 25°C SHALL BE 7 VOLTS BC. .

3.1.5.2.2. COIL POWER: THE COTL SHALL NOT REQUIRE MORE THAN 800 MILLI
WATTS OF DC POWER, OVER.THE TEMPERATURE RANGE SPECIFIED IN
3.3.1 WHEN OPERATED FROM A CONSTANT CURRENT SOURCE WITH
CURRENT REGULATION OF +1 MILLIAMPERE 'FROM THE NOMINAL
CURRENT DEFINED BY THE SUBCONTRACTORS DESIGHN.

3.1.6. VSWR:

3.1.6 PORT 1: WITH PORTS 2, 3 AND 4 TERMINATED IN A VSWR LOAD OF
> 1.3:1, THE VSWR pagsgmrza BY THE ISOLATOR SHITCH SHALL NOT

E'Vt"i:r_'h '! 'Jn 1 ‘rvu "rnr' nrnTan r-nru "o nn‘ - o A e
- ANt Wy W [ ™ L) oW [N IR AL L l'llI

SHALL HU! txuttv 1. 55 H AMY%HERE IN THE REGION FROM 2.1 GH:z
TO 2.4 GHz. THE SUITCH SHALL BE ENERGIZED PER TABLE 2.

3.1.6.2. VSHR MEASUREMENTS AND REQUIREMENTS FOR PORTS 3,5,8 AND 9 ARE
‘ PRESENTED IN TABLE 3. THE SWITCH SHALL BE ENERGIZED -PER
TABLE 2. ’
3.1.7. . INSERTION LOSS: .
3.1.7.1. PORT 1 TO PORT 2: THE TOTAL INSERTION LOSS, INCLUDING VOSWR,

BETWEEN PORTS 1 AND 2, SHALL NOT EXCEED 0.3 db ANYWHERE IN
THE REGION BETWEEN 2.2 AND 2.3 GHz AND SHALL NOT EXCEED
0.35 db ANYWHERE IN THE REGION FROM 2.1 TO 2.4 GHz. THE
SWITCH SHALL BE ENERGIZED PER TABLE 2.

3.1.7.2. INSERTION LOSS MEASUREMENTS AND REQUIREMENTS FOR THE OTHER

RF PATHS ARE PRESENTED IN TABLE 4. THE SWITCH SHALL BE
ENERGIZED PER TABLE 2.

oy,

td
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REV
ISOLATION:

PDRT 1 TO PORT 4: THE TOTAL ISOLATION BETWEEN PORT 1 AND
PORT 4 SHALL BE NOT LESS THAN 36 db ANYWHERE IN THE -REGION -
2.1 T0. 2.4 GHz. PORTS 2 AND 3 SHALL BE TERMINATED IN 1.3:1
VSWR LOAD. THE SWITCH SHALL BE ENERGIZED AS IN TABLE 2.

ISOLATION MEASUREMENTS AND REQUIREMENTS FOR THE OTHER RF
PATHS ARE PRESENTED IN TABLE 5. THE SWITCH SHALL BE
ENERGIZED PER TABLE 2.

RF IMPEDANCE:  THE NOMINAL IMPEDANCE OF ALL PORTS SHALL BE
50 OHMS. T

MECHANICAL REQUIREMENTS:

DIMENSTONS: DIMENSIONS ARE SHOWN IN FIGURE 4. ALL CHANGES
IN DIMENSIONS, CONNECTOR LOCATIONS, OR MOUNTING SHALL, BE
COORDINATED WITH AND SUBJECT TO THE APPROVAL OF COLLINS
RADIO COMPARNY.

.NEIGHT THE TOTAL NEIGHT OF THE ISOLATOR-SWITCH SHALL NOT
EXCEED 64 OUNCES.

MATERIAL AMD FINISHES: THE MANUFACTURER SHALL BE RESPONSIBLE
FOR THE SELECTION OF MATERIALS AND- FINISHES COMPATIBLE WITH

ThHE KI‘IH]IK[:I"IC,N]D Ur 181> Dl“’tL.lI‘.lLrHllUN

CONNECTORS: CONNECTORS SHALL BE- GREMAR RED- LINE SERIES
FEMALE OR- EQUIVALENT. .

MARKING: AS A MINIMUM, EACH UNIT SHALL BE LEGIBLY AND
PERMANENTLY MARKED WITH MANUFACTURER'S NAME OR "SYMBOL,
COLLINS PART NUMBER, SERIAL NUMBER, PORT AND D-C CURRENT
PIN IDENTIFICATION. THESE MARKINGS SHALL BE LEGIBLE
FOLLOWING ALL TESTS. -

PORT LOCATION: SEE FIGURE 2 AMD FIGURE 3 FOR PORT LOCATIOHN.
ADJUSTMENTS: THE-REQUIREMENTS OF THIS SPECIFICATION SHALL
BE FULFILLED AND MAINTAINED WITHOUT AN EXTERNALLY ACCESSIBLE
ADJUSTMENT.

" WORKMANSHIP: WORKMANSHIP SHALL CONFORM TO THE REQUIREMENTS
OF COLLINS .QUALITY STANDARDS MANUAL-,. 074-0011-00.

SIZE | CODE IDENT DWG. NO.
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ENVIRONMENTAL REQUIREMENTS:

RF BREAKDOWHN: THE ISOLATOR-SWITCH SHALL OPERATE AT FULL INPUT
POWER "IN AN ENVIRONMENT OF 760 MILLIMETERS OF HG AND SHALL BE
FREE OF BREAKDOWN.

PHASE MODULATION: THE ISOLATOR-SWITCH SHALL NOT INTRODUCE
MORE THAN 0.005 DEGREES RMS RESIDUAL PHASE MODULATICN UNDER
ANY OR ALL ENVIRONMENTAL CONDITIONS CR COMBINATION OF
CONDITIONS SPECIFIED UNPER SECTION 3.3 OF THIS SPECIFICATION.

RADIATION INTERFERENCE: WITH 30 WATTS RF DRIVE POWER IN THE
REGION QF 2200 TO 2300 MHz APPLIED TO THE ISOLATOR-SWITCH,
THE RADIATED LEAKAGE FROM THE ISOLATOR SHALL NOT EXCEED

30 DB BELOW 1 WATT (-60 DBM).

MAGNETIC FIELDS: AS A DESIGN GOAL MAGNETIC FIELDS FROM PERMANENT
OR ELECTRO MAGNETS SHALL BE CONFINED WITHIN THE PHYSICAL
DIMENSIONS OF THE ISOLATOR-SWITCH.

OPERATING LIFE: THE ISOLATOR-SWITCH SHALL BE CAPABLE OF
GPERATING FOR 10,000 HOURS.

SHELF LIFE: THE MINIMUM SHELF LIFE SHALL BE 5 YEARS.
TEMPERATURE RANGE:

ADCDATTMA TOCMPCDATIODE BAMAE . TN0r TR £NOr fAMDTIEMT 4 MAHNTIMA

- PLATE TEMPERATURE)

NON-OPERATING (STORAGE TEMPERATURE RANGE)}: -40°C TQ +85°C
OPERATING PRESSURE CONDITION: 760 MILLIMETERS OF Hg

VIBRATION: THE UNIT SHALL MEET THE REQUIREMENTS OF PARAGRAPH
3.1 AND SHALL SHOW NO EVIDENCE OF PHYSICAL OR MECHANICAL
DAMAGE DURING AND FOLLOWING SUBJECTION TO VIBRATION TESTS.

RANDOM VIBRATION: THE TEST SPECIMAN SHALL BE MOUNTED TO
BRACKETS AS SHOWN IN FIGS. NO. 5 AND 6 AND THIS ASSEMBLY
SHALL BE MOUNTED TO A 2 INCH THICK ALUMINUM FLAT PLATE.
THE TEST SPECIMAN SHALL BE.SUBJECTED TO RANDOM VIBRATION
FOR A MINIMUM OF SIX MINUTES ALONG EACH OF THE THREE
ORTHOGONAL AXES AS FOLLOWS:

SIZE | CODE IDENT DWG. NO.
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RANGE POWER SPECTRAL DENSITY LEVEL

10 TO 70 CPS LINEAR INCREASE FROM .072g /CPS T0 0992/(3
(LINEAR REFERS TO A STRAIGHT LINE ON
LOG-LOG PAPER)

70 TO 2000 CPS CONSTANT AT .09g2/CPS
™
-
%
D
Yy 10
Q 09
~ i
0 o /
%?Q. 2£ﬂ'
".\.j J L/.‘_)-l rd
Luc\’\ .04
e X
02-
Q— .
LU .
X .0/ — | T—
Eg /0 S0 70 /00 500 1000 2000

FREQUENCY (cpos)
.A’ANOOM V/ERLATION 7‘657' LEVEL
TOLERANCES: +30B ON SPECTRAL DENSITY AT ANY FREQUENCY
OVERALL g LEVEL: 13. 59 +10%

rms
(NOTE: VIBRATION TESTING TO ‘BE DONE BY CRC IN CEDAR RAPIDS)

/27

4

SIZE | CODE {DENT DWG. NO.
NO. ‘f.{}ﬁ;; S

Al 13499

SCALE NONE | WT  SEE SHEET 1 | SHEET 6



REV
SHOCK: NOT APPLICABLE.

TEMPERATURE CYCLING: THE UNIT SHALL MFET THE REQUIREMENTS OF
PARAGRAPH 3.1 AND THERE SHALL BE NO EVIDENCE OF PHYSICAL OR
MECHANICAL DAMAGE .FOLLOWING SUBJECTION TO TEMPERATURE CYCLING
PER MIL-STD-202 METHOD 102 EXCEPT TEMPERATURE LIMITS oF

PARA. 3.3.7.2.

TOXIC FUMES OR VAPORS: NO TOXIC FUMES OR VAPOR SHALL BE
PRODUCED UNDER ANY COMBINATION OF TEST CONDITIONS SPECIFIED
HEREIN.

HUMIDITY: THE UNIT SHALL MEET THE REQUIREMENTS OF PARAGRAPH
3.1 AND THERE SHALL BE NO EVIDENCE OF PHYSICAL OR MECHANICAL
DAMAGE FOLLOWING SUBJECTION 70O HUMIDITY PER MIL-STD-202
METHOD 103 TEST CONDITION B. POLARIZATION VOLTAGE IS NOT
APPLICABLE.

QUALTTY ASSURANCE:
ACCEPTANCE INSPECTION:

SCREENING ACCEPTANCE: PRIOR TO SHIPMENT, EACH UNIT SHALL BE.
SCREENED BY SUBJECTING EACH UNIT TO THE TESTS AND CONDITIONING
SPECIFIED IN :ABLE 1. UNITS NOT CONFORMING SHALL BE REJECTED.
TEST DATA WITH PART IDENTIFICATION SHALL BE INCLUDED WITH THE
SHIPMENT OF THE UNTT. TFST NATA SHAIT RF TN THF FORM OF

ROTHIAT Hﬁi!!\:‘c HDBCINUrT: AN DosABRKen
[T IR Bewd VWL VY R MUITLF DLWV L .

TABLE 1
ACCEPTANCE INSPECTION
TEST

TEST OR_CONDITIONING REF., PARA, REQUIREMENTS
VISUAL AND MECHANICAL 3.2

SWITCHING 3.1.5 A& B
VSHR 3.1.6 A& B
INSERTION LOSS 3.1.7 A & B
ISOLATION 3.1.8 A& B

220
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TEST REQUIREMENTS

A: ACCEPTANCE INSPECTION MAY BE PERFORMED OVER THE RANGE -
2.2 TO 2.3 GHz ONLY. SUFFICIENT DATA TO INSURE COM-
PLIANCE TO THESE REQUIREMENTS MUST BE- PROVIDED.

B: THE SEQUENCE OF THE ELECTRICAL TESTING MAY BE DETERMINED
BY THE SUPPLIER. HOWEVER, AN ACCEPTANCE TEST PROCEDURE
SHALL DICTATE THE TEST SEQUENCE.

C: THE TESTS, LISTED IN TABLE 1 ABOVE, ARE THE MINIMUM
REQUIREMENTS FOR VERIFICATION OF COMPLIANCE TO THIS
SPECIFICATION. HOWEVER, REQUIREMENTS NOT SPECIFICALLY
CALLED OUT ARE NOT TO BE CONSTRUED AS WAIVERED, AND THE
SUBCONTRAGTOR SHALL BE RESPCNSIBLE FOR-COMPLIANCE TO ALL
REQUIREMENTS FOR, SECTION 3 OF THIS SPECIFICATIOCN.

D: CULLINS RADIO CO. RESERVES THE RIGHT TO PERFORM ANY AND
ALL TESTS TO CONFIRM COMPLIANCE WITH THIS SPECIFICATION
AND WITH THE VENDOR HAVING THE PRIVILEGE TO WITNESS SUCH
TESTS. DATA RECEIVED FROM THESE TESTS SHALL BE SUPPLIED
TO THE VENDOR.

PREPARATION FOR DELIVERY:
PACKAGING: . THE UNITS Sﬁﬁtt EE INQIVIQURLLY PACKAGED IN SUCH

i MAMMI_'!‘I '?‘lln."f' -r‘nr-\: AT 2 £ mv e e o e sk rm o e —
Mt M I R TLUELW uul‘\ll‘lﬂ JALITIENE AL
HANDLING.

PACKING: UNITS, PACKAGED AS SPECIFIED, SHALL BE PACKED IHN
CONTAINERS OF THE TYPE, SIZE AND KIND COMMONLY USED FOR
THE PURPOSE, AND A MAHNER THAT WILL ENSURE ACCEPTANCE BY
‘COMMON CARRIER AND SAFE DELIVERY AT DESTINATION. :

NOTES: THIS SECTION IS NG% APPLICABLE TO THIS SPECIFICATION.
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TABLE ¢
RF_POWER SWI1CHING

DC Voltage
Switch Mode RF Power on pins
Directicar + -
1 Port 1 to Part 2 flone
2 Port 1 to Pﬁjt 4 ;:i
3 Port 3 to Port 4 None
g 1-2
Port 3 to P?jt 2 3.4
5 Port 5 to Pmrt'7 None
6 Port 5 to Part 6 5-6
7 Port 8 to Port 7 7-8
8 Port 8 . 9-10
pr to Port.TD 11-12 .
. 7-8
9 Port 9 to Port 7 - 9-10
_ _ ]1—12
10 Port 9 to Port 10 Hone

A3Y]
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VSHR MEAS J IEMENTS

S'; tch

s/

Port VSWR Reguirement Mile - Terminatjons
2.2 - 2.3 @GRz 2.1 - 2.4 GHZ Tarle 2 Port VSWR Load
1 1.20:1 1.25:1 2,3,4 1.3
3 i 1,2,4
1 2,3,4
P @ . 2.4
8 s N 3 - 1,2,
[ - 5 ! 6,7,8,9,10
Sl= 3 5 - 6,7,8,9,10
% g — M B s/ 30,47, \P
— @25 3 | 15,6,9,7,10 1 1.317
= “w T - e e Short Variable
' - 9 i 0 5,6,7,8,10 . all phase
@ g 8 | S 5,6,9,7,10 -
m i
© i (
@ 2|1 9 Y V . , 5,6,7,8,10!
il S
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TABLIE 4
INSERTION LOSS

v

EFAI

INON ITIVDS

'ON

6BFE1
1N3al 300D

LM

‘ON "OMd

1 L33HS 335"

Insertion Loss lequirement Switch

RF Path Mode
(Port to Port) 2.2 - 2.3 GHz 2.1 - 2.4 GHz (Table 2)

1 toe 2 NMT 0.3 db ) MMT 0.35 db 1

3 to 4 : 0.3 0.35 3

1 to 4 0.6 : 0.7 2

3 to 2 0.6 0.7 ‘ 4 .

5 to 7 0.6 i 0.7

5 to 6 0.3 , : 0.35

8 to 7 0.7 | 1.05 7

§ to 10 0.6 E 0.7 10

8 to 10 0.7 I 1.05 g
.9 to7 1.0 Y 9

G- irin - e

LA3HS

4
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TABLE !

ISGLAT: (1
" Isolation i Switch Terminations
RF Path Isolation Path * Requiremen: Mode
(Port to Port) {Port to Port} 2.1-2.4 Ghiz (Table 2) Port VSWR Load

1 to 2 1 to 4 LT 36 db 1 2,3 1.3:1
3tod 3 to 2 6 3 1,4
1 to 4 1to 2 18 : 2 3,4
3to2 3 to 4 18 4 1,.2
5 to 7 5 t0 6 18 5 7,8,9,10
5 to 6 5 to 7 36 : 6 6,8,9,10
8 to 7 8 to 10 NLT 36 db 7 5,6,7,9
8 to 7 8 to 9 36 7 5,6,7,10
8 to 7 8 to 6 % 7 5,7,9,10
8 to 7 8 to 5 18 7 6,7,9,10
9 to 10 9 to 7 HLT 36 db 10 5,6,8,10‘

i 9to10 9 to 8 36 : 10 5,6,7,10 "

E 8 to 10 8 to 7 HLT 18 db 8 5,6,9,10

. 8to10 8 to 9 36 8 5,6,7,10

9t 9 to 10 NLT 18 db 9 5,6,7,8
9 to 7 9 to 8 % 9 5,6.7,10 \4

=1

g9 A3y



REV

SOLID ARROW INDICATES DIRECTION OF RF PATH WHEN COIL IS DE-ENERGIZED.
DASHED ARRGW INDICATED DIRECTION OF RF PATH WHEN COIL IS ENERGIZED.

POLARITY OF DC POWER TO BE APPLIED TO THE SWITCH INDICATED BY THE (+)
AND (-) DESIGNATORS ON THE SCHEMATIC.

Port 8

Port 9.

- +11

: -12
Port 10

FIGURE I

SCHEMATIC DIAGRAM
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