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ROCKET BORNE
20 kV ELECTRON ACCELERATOR

The accelerator system is a preprogrammed multi-voltage system
capable of operating at a current level of 1/2 ampere at the 20 kilovolt level.
The system is a self-contained, gas insulated unit designed to be flown on a
Strypi IV rocket. There are five (5) major functional areas which comprise

this system which are as follows:

(1) Silver Zinc Battery Packs

(2) The Electrbn Gun Assembly

(3)  Gun Control and Opening Circuits

(4) The Telemetry Conditioning Section

(5) The Power Conversion Section

Most of these areas can be seen in the photo shown in Figure 1-1. -
Briefly, the silver zinc batteries are located at the bottom of the package, con-
tained in their own stainless steel boxes.

The electron gun assembly which consists of guns, sockets and
~ vacuum feedthroughs is the top most deck. Just below the electron gun assembly,
in the middle of the package, are the gun control circuits. The modular high
'voltage converters are located on the outer edge of the deck just below the elec-

tron gun assembly, with transistor bridge drivers one deck below.
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Borne Electron Accelerator.,

Figure 1-1. 20 Kilovolt Half Ampere Rocket




SECTION 1
SILVER ZINC BATTERY PACKS

Power at 28V, for the complete system, with the exception of
100 - 200 mA, provided by the NASA instrumentation section for interface com-
mands, was supplied by two silver zinc batteries contained in pressure-vacuum
tight boxes. Each battery was assembled from 39 cells, internally connected to
provide either a positive or negative output. In addition to the total series cell
voltages selected inter-cell taps provided other voltage levels. _

The schematics of the Batteries D 1055-123 and D 1055-124 indicate

other features such as blanket heaters and pressure sensors.,
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SECTION 2
ELECTRON GUN ASSEMBLY

The Electron Gun Assembly is constructed on an aluminum deck
which serves as a vacuum-pressure interface. The deck and outside skin were
designed to withstand the force of the nose cone eject spring mechanism which
provides an axial force on the geometric center of the deck.

The electron guns, six in all, are mounted around the outside edge
of the deck in bored holes and insulated from the deck in order to measure
intercepted electrons.

The gun connection sockets are mounted concentrically around each
hole on the inside of the package. The sockets are fabricated frbm standard
"Jettron" electron tube connection fixtures set into carefully radiused electrodes
supported by polypropylene insulating spacers. All H.V. electron gun cabling.
was clamped to the cathode filament connection electrode for each gun. The
inner area of this electrode also provided a convenient point to mount limiting
resistors and suppression capacitors.

The deck was also bored in three places to permit the mounting of a
vacuum feed-thru flange. Each of the three feed-thru flanges provided high
current connections for two electron gun opening bands as well as the anode and ‘
cap current monitor connections. This flange is shown in Figure 2-0,

) The electron guns used for the conjugate experiment was an evolu-
tionary extension of the guns from the first experiment. In order to upgrade
the EE65 to meet the new requirements, Machlett Laboratories increased the
length of the gun and replaced the second control grid with an anode.

The modification to the gun structure made it necessary to investi-
gate the effects of the physical changes on electron optics of the gun. (See
Reference Appendix F.)

Figure 2-1 and 2-2 show the EE65 and the modified EE65, designated
EE65-1 respectively. |
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The EE65-1 remained unchanged in the area of the gun opening. The
same EE65 electrically induced thermal shock method would be employed. The
cleanliness and reliability of this method had been adequately demonstrated.

Figure 2-3 shows the internal EE65-1 gun structure. This gun is
basically the same as the EE-65 design, however, changes have been made in
order to use an . 8cm2 cathode rather than the .38 cm2 . It was also necessary
to enlarge the pre-accelerator assembly as a result of this large cathode.

Alsb the spacing between the pre-accelerator and the cylindrical
anode was increased to .200" (inches) for increased electrical holdoff strength
in order to operate at 20 kV. ‘

One of the major reasons for the selection of a "triode' type gun was
the beam divergence over a wide range of operating voltages.

As part of the program, an extensive beam optics study was per-
formed. Figures 2-4 and 2-5 summarizes this study.

Figure 2-4 is the transfer characteristics for a typical gun and
Figure 2-5 indicates the average angle of divergence for three operating voltages
versus pre-accelerator voltages.

The electron guns are operated in a cathode follower mode. This
mode of operation is inherently stable from parasitic oscillators and provides a
convenient method of current selection, i.e., that of changing the cathode re-

sistor value.
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Figure 2-0, Vacuum Feedthrough.

2-3



R —
A
{-I
o
T T
D I 1
| 1
c l ! !

g

fe——— G ———————

0.266

FR——

:DIMENSIONAL SPECS.

DIM. MIN. MAX.
A 1.652 1.695
8 1.082 1.139
c 632 -
] .328 -
E 1.660 1.668
F 1.015 1.035
G - .795
H .655 665
| .210 .220
J .310 .325
K 125 . 140
L 1-1.8 -
M .065 075
N . 128 B 140
P .67 .69
R .060 075
s 172 -
T 5/16 -
U 3’8 -
A\ 9716 -

SHIELD
RING
} E
-~ o
1 |
1
K [‘—‘L—-" I
+
Vo4
N
L3 |
L —
1 B
T
sy

Figure 2-1, Machlett EE-65 Electron Gun Configuration.

2-4




Heater __x

Cothode ————;

Grid

Focusing element [, j CEP

Arode —— ¢ )
5 Sve— R S—
Connecting tobs for heat — Y 1 —l}
fracture filament
: |

End cap —— 1T®

3/8"-16 unc-24 % )

Heater
__Cathode
Grid

Focusing

i
.
-s...a:
' Pt
-
[ <

C'DC‘L) Q)
r

"Dimension¢ in inches /

Minimum Nominal  Maximum
A .59z 612 L632
B .833 848 LR63
c 1.085 1.100 1. 118 I
D |.425 I.440 I. 455 ‘0)
E 1,784 |.804 I.824 _
F .049 ,050 .055
G .660 .677 .690 T
H .10 .140 145 (P
! — - | .300
J .210 .218 .2:0 :
K .310 IV .325 l
L .655 .660 665 Q)
M 1. 194 . 200 1 .206
N | .660 |.661 1.668
0 — - .010 TIR
P - - 015 TiR
Q - — .025 TIR
R . 250 .300 .325

Figure 2-2, EE-65-1 Electron Gun Outline.

2-5



I W . W W W ¢

Figure 2-3.

EE-65-1 Internal Structure Qutline.

2-6



Ecz Eb
— 250V | 5KV
— — — 500V | IOKV
* <+ <+« +|O00V | 20KV 100, /
0. /
. /
/
’ 75¥
[
/ |Ima
[
, /
. 50/
0 /
[
. / 5.
’ /
o /
-ls -'4 2 o 6
E., (voLTS)

Figure 2-4. Gun #4 Transfer Characteristics.

2-7



Angle of Divergence (FWHM)

16

14

12

10

(@) 5 KV

O kv
A 20KV
, T Wity
7
- AVE
1

25 ‘
NI

Q)
‘h
| i ] 1 1 ]
250 500 750 1000 1250 1500

EcZ (Volts)

Figure 2-5. Average Optics.

2-8



SECTION 3
GUN CONTROL CIRCUITS

The electron guns are controlled by an electro-mechanical prégram
mer which reproduces the specified flight program.

The flight program is listed in Table I. The programmer is designed
to repeat the sequence of 44 pulses continuously. The interaction of the pro-
grammer with the other portions of the system can best be seen in Figure 3-1.

’ Basically, the flight performance is initiated by two Goddard Space
Flight Center (GSFC) commands. The first being the filament "'On" command,
the second being the experiment "On'' command. The experiment ''On' command
starts the flight programmer,

.Once started the programmer will cycle through the gun opening
sequence after which the program of gun voltage and current shown in Table I
begins.

The filament power is supplied from the positive main battery pack
via a drive oscillator and an isolation transformer. The filament voltage is
controlled by regulation of the battery voltage to the filament converter unit.

The resulting filament voltage remained constant as the filament
represents a constant load. The schematic of the filament current converter is
shown in Figure 3-2.

Power for the grid bias is also supplied via the filament converter.

In the event one or more electron guns would not open during the
opening sequence, it was important to keep that gun(s) from operating. This was
accomplished by the circuit shown in Figure 3-3. The cap of each gun was
attached to a spring which served not only to remove the cap after the gun was
opened but also as a switch which would keep the unopened gun cut-off.

The Programmer Schematic is shown in Figure 3-4. The unit was
designed to be immune to RFI and EMI generated within the accelerator by high

voltage breakdowns.
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TABLE I

Start of Each Pulse with

P;I‘i)s.e V‘ﬁ{t\*}?e C‘(‘r;’:f)“t D ‘ggzl)m Reference to Start of
Pulse 1 in (sec)
1A 20 500 .01 0.00
2 A 20 500 1.0 1.73
3A 20 500 1.0 3.95
4 A 20 200-500 2.0 5.96
5 A 20 500 1.0 9.99
6 A .20 200 1.0 12.00
7A 20 500 6.0 14.03
8 A 20 500 .01 22.19
9A 20 500 1.0 24.10
10 A 20 500" 1.0 26.12
11 A 20 200-500 2.0 28,13
12 A 20 500 1.0 32.18
13 A 20 200 1.0 34.20
14 A 20 500 .01 36.31
15 A 20 200 .150 38.24
16 A 20 200 1.0 39.24
17 A 20 500 1.0 41.30
18 A - 20 200 .01 43.38
19 A 20 500 .150 44.30
20 A 20 500 1.0 46.32
21 A 20 500 1.0 48.33
22 A 20 500 1.0 50.34
23 A 20 200-500 2.0 52.36
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TABLE I (Concluded)

Pulse -Voltage Current Duration Start of Each Pulse with
No. kV) (mA) (sec) Reference ?o Start of
: Pulse 1 in (sec)
24 A 20 500 | 1.0 56.32
25 A 20 200 1.0 58,42
26A [ 10 500 .01 60.52
27 A 10 | 200 15 62.45
28 A 10 200 1.0 63.48
20 A 10 500 1.0 66.50
30 A 10 200 .01 ~ 67.60
31 A 10 500 | .15 68.52
32 A 20 500 1.0 ' 70.54
33 A 20 | 500 1.0 72.56
34 A 20 500 1.0 74.60
35 A 20 200-500 2.0 76.62
36 A 20 500 1.0 80.64
37 A 20 200 1.0 82.66
38 A *5 500 .01 84.80
39 A *5 200 .15 86.70
40 A *5 | 200 1.0 | ' 87.71
41 A *5 500 1.0 89.72
42 A %5 200 .01 91.84
43 A *5 500 .15 92.76
44 A 20 500 1.0 94.78
1B S - - 96.90

*actual 6 kV due to switching
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3.1 Gun-Opening (Break-Seal) Circuits

The gun opening band requires about 15V at 60 amperes for 2 - 3
seconds. In the system this power is supplied from a voltage tap on the main
batteries. Switching is accomplished with transistor switches which are turned
on in sequence by a Ledex rotary solenoid switch, The circuits are shown
schematically in Figure 3-5. High power germanium transistors are used
throughout. The circuit design is predicated on several major criteria, deter-
mined during the development phase of the program. The first is the necessity
to keep voltages appearing in the vacuum environment (and on the bands con-
sequently) as low as possible with respect to the structure voltage. The second
is the requirement that the vacuum environment, particularly at the power
feedthrough headers do not see at any time voltage differences greater than
15 volts.
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SECTION 4

TELEMETRY, TELEMETRY CONDITIONS
AND CALIBRATION

Figure 4-1 is a block diagram of the telemetry conditioning section,
all control system functions were sensed with two independent monitors.

Table II is a list of the parameters monitored, how they were
handled by the data link, which of the three links carried the parameter and on
which subcarrier.

Figures 4-2 to 4-10 are the schematics of the monitor circuit shown
in the block diagram of Figure 4-1,

For testing purposes prior to launch the positive battery, negative
battery and cap current parameters were transmitted on a full time data link,
during the flight, when the accelerator received a start command these param-
eters were switched by S1, S2 and S3, shown on Figure 4-1 to a commutated
channel. - |

Figures 4-11 through 4-24 are the calibration curves for the

! / .
accelerator/collector screen monitors.,
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SECTION 5
POWER CONVERSION

The accelerating voltage required for system operation is provided
by twenty 1 kilovolt converter modules connected in series.

5.1 Subsystem General Characteristics

The basic subsystem power supply is designed to provide from 0 to °
500 mA current at 5 kV, 10 kV and 20 kV nominal voltage, depending upon the
logic signal from the programmer. ‘

The power producing elements are housed in a separate section of
the payload. Battery inputs, turn-on signals and certain T/M functions are
passed through a massive aluminum bulkhead on the side of the payload which
serves as a ground bus. The converter is mounted into the lower half of the
‘pressurized cannister as can be seen in Figure 1~1.

The basic electrical design consists of 20 individually driven bridge
converter modules, each capable of supplying 1.0 kV at 500 mA. Isolation on
the high voltagé sections of each converter for half of the modules was tested to
| '30 kV. The outputs of all 20 converters are connected in series. Turn-on of
each module is controlled by a small relay in the drive oscillator stage of each
module.

5.2 Circuit Operation

Circuit operation is quite straightforward. The gating signals come _
from the experiment programmer where they turn on the appropriate number of
high voltage modules by means of the relays positioned in the oscillator modules.
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The main power circuit is in the form of a driven bridge inverter
feeding the h.v. transformer. Adequate drive power is provided to the bridge
Q3 - QG' There are two transistors per arm of the bridge. To further protect
against h,v. breakdowns and other transients, the h.v. transformer is (;arefully
electrostatically shielded between primary and secondary. In addition zeners
CR 15-18 directly protec't bridge transistors against surges which pass the
transformers. The power transformer is operated unsaturated.

Typical load regulation of a module is given in Figure 5-3. Line
regulation is equal to battery regulation over the useable range of battery voltage
- and current loadings. It can be seen in Figure 5-3 that the short circuit protection
operates effectively above about 550 mA output, dropping the output voltage to a
low value below 100 volts. This type of protection, however, does not turn the
unit off, | | I

At plus and minus 50 V input and no load the unit input draws about -
0.5 amp. Fully loaded to 500 mA, the overall power- efficiency 1nc1ud1ng oscil-

lator and driver stages is 71%.
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SECTION 6
VACUUM INTEGRATION TESTING

The philosphy of testing the system to actual levels and conditions
was continued up to the point of a simulated flight operating test, i.e., a
"vacuum integration test''.

During this test the payload is operated at flight levels for the speci-
fied length of the flight.

Figure 6-1 shows the test configuration. Briefly, the payload was
mounted with the guns in place onto the end of our 6 x 10 foot vacuum chamber
(Appendix E describes the chamber.)

The payload was connected to the ground checkout console via the
umbilical cable. (Figure 6-2 shows the checkout console.)

Although the console was primarily designed to check the condition
of the payload on the launcher, it had additional functions buiit in for the vacuum
integration test at Ion Physics. These functions also made it possible to perform
independent payload tests in the field.

Basically the additional functions simulated the Goddard Space Flight
Center's instrumentation section which provided experiment '"On'' commands and
telemetry channels for the data. _

During the vacuum integration test at IPC we did not radiate data
over a telemetry channel. We simply hard-wired the conditioned telemetry
channel inputs into recorders. (Appendix A shows the test plan used and the
data recorded during the test.)

It was necessary to simulate the collector screen during the vacuum-
integrator test. This was accomplished quite nicely by inserting in the vacuum
chamber 3 Faraday cups. These cups were biased positive and the current re-
ceived by each was returned to the payload. |

The current from each cup was returned to the skin through the
actual current monitoring circuits to be used duﬁng the flight. One monitor

for each cup and one monitor for the total current of all cups.
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In order to facilitate the vacuum integration test a dummy load was
constructed. The dummy load permitted checkout of the power conversion por-
tion of the system and most telemetry conditioning circuits at flight levels before
a set of flight qualified guns or battery were committed to the tests. (The pay-
load could be completely checked out before opening the flight type guns in the
vacuum chamber at much lower power levels.) The intent of the dummy load
tests was the production of equivalent heat loads on the complete flight programs.
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Figure 6-2. Check-out Console.
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APPENDIX A

VACUUM INTEGRATION TEST DATA

Test Objective:

To completely test all critical functions of the 20 keV electron
accelerator, designed and built under NASA contract number NASA 9-10399,

under as closely simulated space conditions as possible.

Test Method:

The 20 kV accelerator will be mounted on the IPC vacuum chamber.

The unit will be given simulated control commands which will cycle
the payload through a complete flight program of output pulses. |

A copy of the flight program is included in Appendix I.

The test will be condgcted according to the following check list.



VACUUM INTEGRATION TEST CHECK LIST

Item Personnel Time
Fill +Batt C. Salisbury t-72 hrs.
Set up Camera's P. Thomas t-4 hrs.
+ Batt Heaters on C. Salisbury t-60 min.
Faraday's Connected-Ground Check Program R. Harrison t-30 min.
Viscorder Cal. C. Salisbury t-15 min.
Viscorder Paper Check C. Salisbury t-15 min,
Scope Film Check P. Thomas t-15 min.
Gate Valve Open - Vacuum Chamber Press A. Lambert t-14 min,
+B.S. Armed R. Harrison t-10 min.
- B.S. Armed R. Harrison t-10 min,
T/M "on" R. Harrison t-10 min.
Positive Battery Voltage C. Salisbury t-9 min.
Negative Battery Voltage C. Salisbury t-9 min.
Convertor Temperature t-8 min.
T /M Temperature t-8 min.
#1 Battery Pressure t-8 min,
#2 Battery Pressure t-8 min,
#1 Battery Temperature t-8 min.
#2 Battery Temperature t-5 min.
Dummy Load (Out) t-5 min.
Tuner '"on'" - Fil "on" t-40 sec.
Viscorder '"'on'' slow t-15 sec.
Viscorder "on' fast t-5 sec.
Exp. 'on" t=0
Scope Pictures fromt =0

tot + 5 min.

Photos

t=0to
t +5 min.




VACUUM INTEGRATION TEST CHECK LIST (Continued)

Item

Personnel

Time

Vacuum Chamber Pressure Readings

t + 4 sec. to

t + 15 sec.
Vacuum Chamber Pressure t+1 mm
Vacuum Chamber Pressure ) t + 2 min.
Vacuum Chamber Pressure t + 3 min,.
Vacuum Chamber Pressure t + 4 min.
Vacuum Chamber Pressure t +5 min,




MONITOR LIST FOR VACUUM TEST OF 12.0.8 (20 kV Accelerator)

Function Type of Instrument Remarks | Sensitivity | Sweep
Beam Voltage #1 Viscorder (IPC) Critical
Beam Voltage #2 Viscorder + Scope (IPC) | Critical
Anode Current Viscorder (IPC) Critical
Collector Current Total | Viscorder (IPC) Critical
Faraday #1 (Near) Viscorder Ret A Critical
Faraday #2 (Far) Scope Viscorder Ret Critical
Faraday #3 (End) Scope Viscorder Ret Critical
Breakseal Monitor Scope Viscorder (IPC) Critical
Negative Battery Voltage! Scope Viscorder (IPC) Critical
Positive Battery Voltage | Scope Viscorder (IPC) Critical
Beam Voltage #2 Viscorder Optional
Beam Voltage Directly | Scope Optional
Beam Current #1 Viscorder + Scope Optional
Collector (CRI) Viscorder (IPC) Optional

Collector (CRO)

Viscorder (IPC)

Collector (CFI)

Viscorder (IPC)

Collector (CFO)

Viscorder (IPC)

Package Temperature

ret Viscorder

Fil Current RO

ret Viscorder

Exp ''on'' Monitor Console
10 kV Comm. Monitor Console
20 kV Comm. Monitor Console
500 mA Comm. Monitor | Console
Fil "on'" Comm. Monitor| Console
T /M Temperature Voltmeter

Battery #2 Pressure

ret Voltmeter

Battery #1 Pressure

ret Voltmeter

Package Pressure Voltmeter
Battery #1 Temperature | Voltmeter
Battery #2 Temperature | Voltmeter
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APPENDIX B

ENVIRONMENTAL TESTING

In order to produce a payload with a high probability of success a
methodical program of environmental testing was instituted. The program was
designed to test subsystems which were developed as part of payload as they

became available.
In addition to subsystem testing, a non-operated test of the entire

system was performed.
Basically the subsystems tested on a qualification bases were:

(1) Electron Guns
(2) Batteries
(3) Payload Structure

Once the subsystems had been qualified, the entire payload was
tested to flight levels. Figure B-1 shows the payload on the shake table during

a resonant search.
The testing performed prior to payload shipment was intended to

uncover any potential problems.
The final environmental tests would be conducted at Goddard Space

Flight Center in the final flight configuration.



Figure B-1. Payload Testing.
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Administrative Data

1.0 Purpose of Test:

To evaluate the performance of the Rocket Payload when subjected
to Vibration Testing in accordance with the referenced Specifi-
cation and Procedures of this Test Report.

2.0 Manutacturer: Ion Physics Corporation
South Bedford Street
Burlington, Massachusetts 01803

3.0 Manufacturer’s Type or Model No.: NASA Payload

o

4.0 Drawing, Specification or Exhibit: Vibration Test Specifications for
Rocket Payload.

5.0 Quantity of Items Tested:

One (1)
6.0 Security Classification of tems: Unclassified
7.0 Date Test Completed:. April 24, 1972

8.0 TestConducted By: Associated Testing Laboratories, Inc.

9.0 Disposition of Specimens:  Returned to Ion Physics Corporation.

10.0 Abstrcct:‘

The submitted Rocket Payload was subjected to Sinusoidal Vibration
over the frequency range of 10 to 2000 Hz at levels up to *6g's peak.
The unit was vibrated in three mutually perpendicular axes, - There- -
was one sweep up from 10 to 2000 Hz in each axis. There was no
visible damage incurred to the unit as a result of the Sinusoidal
Vibration Test. The unit performed satisfactorily as reported by

Ion Physics Corporation.

NT-8839-11

Report No. Poge_.}” e

Associated Testing Laboratories, inc.

Wayne, New Jersey 07470
Burlington, Massachusetts 01803




TEST PROCEDURE

The submitted Rocket Payload was subjected to a Sinusoidal Vibra-
tion Test in accordance with Vibration Test Specifications for
Rocket Payload. The following is a description of the test as it
was performed. '

The unit was securely attached to its Vibration Test fixture which,
in turn, was attached to the table of the Vibrator. The unit was
then subjected to Sinusoidal Vibration over the frequency range

of 10 to 2000 Hz at the levels given below:

Table 1
Frequency (Hz) Amplitude
10 - 500 3
500 - 2000 t6g's

The frequency range from 10 to 500 Hz was swept up in approximately
30 seconds and the frequency range from 500 to 2000 Hz was swept
up in approximately 30 seconds. There was no return sweep,

The above Procedure was performed in each of the unit's three
mutually perpendicular axes. The Rocket Payload was examined for
damage after vibration in each axis. The unit was in an opera-
tional mode during each sweep.

The unit was also subjected to a resonance search in the thrust
axis only. The resonance search was performed at an input vibra-
tion level of 0.5g over the frequency range of 10 to 2000 Hz.

Four Accelerometers were mounted inside the unit at locations
specified by Ion Physics Corporation. The outputs of these accel-
erometers were recorded on an Oscillograph.

Report No. NT-8839-11 PogeM"mgA_w

Associated Testing Laboratories, Inc.
Wayne, New Jersey 07470
Burlington, Massachusetts 01803



@81 03 I071g V/N 4906

?sq 03 10T1g V/N 19906

V/N V/N V/N STT

L/L/9 TL/Lle y ¥4 ER

cL/t/y L/1T/1 213 SORTT

zL/L/9 L/Ll/e p{ vILZT
cL/el/t TL/el/y 1S+

L/elt TL/E/Y 26+ 06222

L/el/s TL/el/ 26% 9722

L/e/s zL/ele y{ 3 9227
ZS+ " Tduy

L/e/9 L/ele - 4rFtbeay GEE

ang a3jeq 2a3eg Aoeandoy °ON T3POH

uofleIqITE)  UOTIBAQITED

T19afauoy

T12m4A3u0H

*0) Bujanideynuel gW
S0FU0I3IDATY €K

aT13%21Q-z3ToYun

uoyiexodion odaapuym

uoyieiodio)y odaapuyg
uotiviocdion osaapumy
uoileiodio) ooaapul

SoTu0I13IDATY 3Buyq]

XsInjoeJnuey

SAIVYVAdVY 40 LSI1

Page..__.-

'

n&wuwoﬁﬁﬁumo
ydex801T1¥980
dn-y214 uworIRIqIA
I13339 UOTIBAQIA

1213 ¥1duy
231ey) [ouUUEY) 9

1232WOITIOIY
13319MOXITIDIY
1233WOIBT2IIY
2339WOIITIDOY

X332WOIITIIIY

W3184AS UOFILIQTA

wall

NT-8839~-11

Report No.

|
|
|
L

-Associated Testing Laboratories, Inc.

Wayne, New Jersey 07470

Burlington, Massachusetts 01803



TEST RESULTS

There was no visible damage incurred to the Rocket Payload as
a result of the Sinusoidal Vibration Test. The Oscillograph
recordings of the resonance search in the thrust axis were
retained by lon Physics Corporation. The unit operated satis-
factorily as reported by Ion Physics Corporation.

Report No..___ NT-8839-11 Page _. 4

Associated Testing Laboratories, Inc.

Wayne, New Jersey 07470
Burlington, Massachusetts 01803
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QTR-118

Qualification Test Report
for
Eagle-Picher Battery MAR 4428 & MAR 4428-3

Original.

1 April 1971

EACLE-PICHER INDUSTRIES, INC.
Electronics Division
Couples Department
Joplin, Missouri
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SUMMARY

On March 10-12, 1971 one MAR 4428-3 battery S/N 1 was subjected to electrical

performance testing per QTP-151, Rev. A. The unit met all voltage and capacity

requirements. The capacity provided after preload-was 12.77 A1,

After completion of the discharge test the unit was vibrated to the following
levels to verify the cover seal.

Frequency - 20-2,000 Hz

Test Duration - 10 sec/axis

PSD Level - 0.05 gz/cps

Acceleration - 10.0 grﬁs
There was no physical degradation of the containe; or seal visible during

or after completion of the test,

-{i-




QTR-118

1.0 Scope
1.1 Purpose

This document presents Lhe results of the Qualification Test Program,
on a wet secondary battery, Eagle-Picher part number MAR 4428 or

MAR 4428-3.

1.1.1 Qualification Testing

One (1) battery was subjected to qualification testing.

1.1.1.1 Requirements

During qualification testing one battery was subjected to bench
test for capacity and voltage.

2 Definitions

1.2.1 Ion Physics

Ion Physics is Ion.Physics Corporation, Burlington, Massachusetts,

a subsidiary of High Voltage Engineering Corporation.

1.2.2 FEagle-Picher

Eagle-Picher is Eagle-Picher Industries, Inc., Electronics Division,

Couples Department, Joplin, Missouri.

1.2.3 Test Specimen

Test specimen was the MAR 4428-3 battery.

1.3 GCeneral Notes

1.3.1 A record of all pertinent voltages, currents, times, temperatures,

and pressures was recorded during the test, These records are

included in this test report. .

1.4 Applicable Documents

A. ACT-151, Activation and Operating Instructions for Battery, Silver-
Zinc, MAR 4428 and MAR 4428-3

B. ATP-248, Acceptance Test Procedure



1.5

QTR-118

Test Conditions

1.5.1

Fnvironmental Conditions

1.5.2

Unless otherwise specified, all tests required by this procedure were
made at local ambient atmospheric conditions.

Measurement Error

The maximum allowable error over the range required for measurement
systems used for tests in this report were as follows:
Temperature; *2°F Pressure: +27

Voltage: *0.5% Amperage: *0.,57%

1.6 Electrical Requirements

1.6.1

1.6.2

1.6.3

Activation

The specimén waslaéfivated and conditioned in.accordance with Eagle-
Picher Procedure ACT-151. The time activatioﬁ.was started and
completed was recorded. (Thc>unactivat§d and activated weight of the
specimen was also recordea. The open circuit voltagg.met the réquiré-
ments ofIACT-lSl.

Electrical Loads

The specimen was discharged through the following loads as specified:

Circuit * Load Nominal Load Voltage
Tapped Circuit 185 amperes 15 vDC
Full Circuit 50 amperes 50 VDC

100 amperes
150 amperes

Capacity
The specimen was required to deliver a minimum capacity in excess of

7 ampere-hours when discharged to the loads of paragraph 1.6.2.



1.6.

1.6,

Fiy

QTR-118

Locad Aoplication

The steady state load application was made using a variable resistor.

Application of pulse loads were made through a preset resistive load.

5 Temperature Sensor

During the test described herein the resistance of the temperature
sensor was measured. The temperature corresponding to the resistance
value was detcrmined from the temperature vs, re;istance curve of
Figure 1 and the temperature recorded on the data sheet. Thermistor

measurements were made through pins W and V of J2 connector.

1.6.6 Pressure Transducei

2.0

3.0

3.1

3.2

During the test descfibed herein the output voltage of thé pressure
transducer was measured. The pressure corresponding tg the voltage
value was determined from the pressure vs, voltage curve of Figure 2,
and the pressure recorded on the Qata sheet, Pressure ffansducér
measurements were made through pins U and T of J2 connector,

Examination of Product

The specimen was subjected to and passed the tests and inspections of
ATP-248 before start of the test described herein.

Performance Test

Requirements

The specimen was discharged to demonstrate compliance with the require-

ments of paragraphs 1.6.2 and 1.6.3.

Procedure ) ' o ’ ’ ’ ) -

The activated specimen was discharged as follows:
Prior to beginning discharge a vacuum line was connected to the
pressurizing port of the battery and the internal pressure evacuated

to 5.0 Ib/in2 absolute. After evacuation the pressurizing port was



3.2

3.3

Procedure (Continued)

QTR-118

closced off and the vacuum line disconnected., The activated specimen

was then discharged as follows:

Conncctor Pins ) Discharge Rate
Jl - v, W, X, J2 -A,B,C, D, E, F, G, H, 185 amperes for 4 seconds
K, L, to J1 - A, B, C, D, E, F, G, H, J
Jl - A, B,C, D, E, F, G, H J, to
1 - K, L, M, N, P, R, S, T, U

1) 100 amps 1. sec.* followed by OCV approximately 2 seconds then

100 amps for 6 seconds

2) Place battery in 113 * 5°F chamber and immediately begin

discharge as follows:

a) 50 amps for 1 sec. followed by OCV approxlmately

2 sec: then 50 amps for 6 sec.

‘b) 150 amps for 1 sec. followed by .OCV approximately

2 sec. then 150 amps for 6 sec.

c) 100 amps for 1 sec.* followed by OCV. approximately

2 sec. then 100 amps for 6 sec.

d) 100 amps for 6 sec. on, 6 sec. off, continue unfii

voltage drops to 40.0 VDC

During the discharge the internal battery temperature and pressure were

measured and recorded as specified in paragraph 1.6.5 and 1.6.6. During

the discharge the battery terminal voltage and output current were

recorded continuously.

List of Equipment

Item Manufacturer
Voltmeter -~ Weston
Ammeter Weston
Resistance Bridge | Leeds-Northrup
Recorder C.E.C.

Timer : Standard
Discharge.Panel EPI

*Obtain a scope picture of voltage drop this .surge.

.

-

Model
931
931
4282
5-124
SM-60

N/A



QTR-118

4.0 Tege Sequence

4.1 Examination - Ref, Para, 2. ¢
4.2 Activatiopn - Ref, Para. 1,6,;
4.3 Performance Test - Ref, Para, 3.¢

[N
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APPENDIX A

SUMMARY OF TEST RESULTS
ON A BATTERY OF SIMILAR DESIGN

The following summary gives the environments imposed on E-P cell number
004569 which utilizes the same construction as the Ton Physics cell but

is slightly smaller in size., 1In addition to this test data, one prototype
battery MAR 4428 was fabricated and.tesfea to the expected dynamic levels
with no damage or degradation of performance. These test results are
presented in_E-P letter report 25 September 1970, Hailey to Weinschenk
and IPC meﬁéfandum, 21 chober'lQ?O, ﬁeinschenk»to Hansen.

§22£E : .

Twenty-one of‘thé 004569 éellsiwere éséembled in a stéinle;s steelvébntainer _'
fabricated in fhe'same mannér”as'the 4428 Battery'and éubjeéted to a compie# :
wave excitatidn'shdpk'of 2400 g peak. The units werg'shoqked'three times in
each direction of.the three Q?thogonal axes for é total of 18 shocks. Thefe
was no evidence of damage from thisftest;

Vibration

The above battery assembly was subjected to 23.7 grms (.45 gz/cps) vibration
for 180 seconds iﬁ each of three orthogonal axes. There was no evidenée of
damage from .this test. 1In additioﬁ the bench test battery (MAR 4428-3, S/N 1)
was vibrated to the required spectrum with no damage. |

Temperature Shock

The 004569 cell design was subjected to 35 days stand at 90°F. A total of - -
300 cells were tested with no failures. Approximately half of fhese cells

were assembled in 21 cell batteries and half were tested in 5 cell groups.



Pressure

The above batteries were tested with a pressure drop from ambient to 200,000
fcet in 7-10 minutes and maintained.at this altitude for 10 minutes., A
large number of other battery designs with the same cell sealing and'venting
and the same container sealing and venting design have passed altitudé tests

of up to one week at 10-6 mm Hg and havefopérated for several weeks in space, .
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1.0 ScoEe

This procedure defines the acceptance tests to be performed on the
Electron Guns, Electron Accelerator Package, in order to verify the operating

condition and quality of performance

20 . Applicable Documents

The follow-in'g documents are applicable to the equipment for which the -

tests described in this procedure are intended-:

IPC Drawix'\g Numbers
C -1055-002 (sheets one and two) o

3.0 Test Requirements
3.1 General

These units will provide a 100 milliampere electron beam at'?‘_a méXimﬁm
energy of 20 KeV operating at a 33% duty cycle in output power for a minim‘urﬁ
lifetime of 10 minutes. The ensuing tests will not involve testing units to these -

limits as destructive testing would be necessary to achieve this information .

3.2 Test Equipment
The following test equipment is required for the tests described in thi.é
procedure: A |
(1) Oscilloscope, Tektronix Model 536 with 2 IAI's or
IA2's plugin units, or Tektronix Model 502A used X-Y. -
(2) Camera, Tektronix Model C-19 or Tektronix Model C-27
with 3000 speed Polaroid Film (black & white) .
(3) Power supply, Kepco Model ABC, 0-10 volts, 0-3 amps
(4) Power supply, Sorenson Model QRB 40-.75, 0-40 volts,
' 0-750 mA ' ' S )
. (5) Picoammetcr, Keithley Model 414
(6) " Simpson Multimeter, Model 260-5M,or RCA model WV98C VT VM
(7) Hartman and Braun Wheatstone Bridge _ |
(8) High voltz;gc power supply, Del Electronics Model 25-200-1,

| 0-25KV, 0 - 200 mA  or Dcl 25-50-1
(9) . Power supply, Kepeo Model ABC 0-1500V, 0-10 mA..



(10) 30V Ramp-generator B 1055-042 |
(11) High voltage power supbly, Spellxlnan Modecl

- - - _ —_.. _RHR 50PNI50, 90 to 60 KV ,0to 5 mA
(12) EE-65-1 Test Fixture
13) | Fan for end cap aircooling
(14) Binocular Microscope or 3X magnifier

' This equipment must be maintained on a calibration cycle of once

every six months or oftener.

3.3 Test Conditions

3.3.1 Environmental Coenditions

Perform all inspection in semi-clean room when possible. In trans-

porting tube to and from clean room, keep in a clean plastic bag and cardboard

box to prevent exposure to general plant atmosphere. Handle only with lint free ..

silk gloves or talc-free rubber finger cots.
‘Tests outlined in sections 6.0 and 7.0 shall be performed with the
test unit mounted in item 10 of section 3.2 with the f1xture contained 1n one- (1)

atmosphere of dry sulphur hexaflouride gas (SF ).

3.3.2 Power Requirements

The following power sources are required for the ‘te.sts described fn

this procedure: " |
(1) 115 Vac, £10%, 60 Hz, 0.5 KVA
(2) 208 Vac, 3¢, £10%, 60 Hz, 5 KVA

3.3.3 Test Sequence

All tests must be performed in the order in which they are given in

this procedure.

4.0 Visual Inspection

Inspect each unit visually for defects in workmanship and handling. If
there is any defect, enter the letter "R' (rejected) in the appropriate space below:

if no defect, enter the letter ""A' (accepted), In cither case, the inspector must

;

Y A
A

sign off the test record. Is the package sealed? (Yes or No) «,; 4
(date)  (initial)




4.4

4.6

4.9

ITEM

TEST DATA

>
~
ol
)
&
(]

Breakseal Tabs-Inspect Brazing
for any pull-away of tabs. Reject
if tabs are not tight. Do not pull

on tabs this is visual insp. only.

Breakseal Metalized Bahd-ln'spect
for pits, holes, or cracks with a
binocular microscope .* Reject if
,any-.

Anode two tc; cap ceramic. Inspect.
for cleanliness. ‘Reject if dirty.
Anode two flange. Inspect sealing
surface for scratches and nicks with
a binocular microscope & Reject if
any. - |

Anode one to Anode two ceramic.

’Z ' gl / "/

Inspect for cleanliness . Reject if
dirty or contains markings of aﬁy
kind.

Anode one contact flange. Inspect
for sharp edges or protrusions.

Reject if any.

Grid one to anode one cex_-.amic.
Inspect for cleanliness. Reject if
dirty. o

Grid one contact flange. Inspect for _ s VA /’."./
presence of serial numbers or any .
visual dents. Reject if missing or

dented. . ‘
Filament to cathode annular space. i/ ;2/,,';.»'/7/

Inspect for cleanliness. Reject if dirty.

* 3X magnificr may also be used.

Initial

7
e /

L L.

AN
S
.




.10

A1

CcH U E®PTYTOZZERS=IZIOHMBEUOLUWDH>

Filament and cathode contacts. _L/__ e
Visually inspect for roundness
‘: and concentricity. Reject if obviously
-out-of-round or dented.
Measure and record dimensions "A" . (.
thru "X" per drawing IPC-C-1055-002
sheet number one. Check i't:'out of
tolerance and reject.""' ,
DIMENSIONS IN INCHES
Minimum Actual Maximum \/ A/R Initial
.592 ol 0 .632 4
.833 377,863 ~ A
1. 105 LE2 1,135 - A
1. 425 e 1.455 A
1. 784 0. 1,824 ao A
049 oS0 .055 L
660 £TY 690 g
110 S JA45 - L
. Lenf 1300 e
.210 L7220 " E
.310 21 S .325 -
655 .o 665 - i
1. 194 L&z 1.206 ST
1. 660 leoo P 1.668 v £
--- a/3 .010 TIR B
- » D 2 .015 TIR
- oan .025TIR ___ _ji
250,204 .325 — o
©.045 <o) 28 L
J20 0 L2+ .130 e
.031 OSs 24 _k




>
=

Initial

\'% .062 547 125 — A ﬁ,ﬁ?/{,«‘
W 1.015  ; r.o  1.035 LA 22
X - 1.323 ) | _,/(d_)/l_’

5.0 + Static Electrical Tests

5.1 Measure cold resistance of the breakseal band with a Hartman and
Braun Wheatstone Bridge. Value ,{‘?fohms .

Reject if greater than .5 ohms or less than .lohms.

5.2 Measure cold resistance between cathode and filament with a
Hartman and Braun Wheatstone Bridge. Value ,4¢ ohms.

Reject if greater than 1.0 ohm or less than o.1 ohm.

5.3 Measure resistance between the cathode and grid one ‘with a Simpson

‘Multimeter Model 260 on the 10,000 ohm scale. *

Value o ohms.
Reject if less than 10 megohms. ' T
- Qbefr
5.4 Measure resistance between grid one and anode on€ with a Simpson
Multimeter Model 260 on the 10, 000 ohm scale. * |
Value 2 ohms.
Reject if less than 10 megohms . _L M/ ' _é/\__/__
5.5 Measure resistance between anode one afd anode two with a Simpson
Multimeter Model 260 on the 10,000 ohm scale . *
Value < ohms. " :
Reject if less than 10 meéohms . A M - LiJ
5.6 Measure resistance between anode two and the cap \"vi'tlil a Simpson
.Multimeter Model 260 on the 10,000 ohm scale. *
- Value oA ohms.
* Reject if less than 10 megohms. - _ﬁ__ Y/ : __g{’_
6.0 Hipot DC Testing
6.1 Test Configurations

The configurations for thesc tests are shown in figu'rcs 6.2 and 6.3.

* RCA model WV98C VTVM on the onc megohm scale may also be used.



The unit being tested shall be mounted in test fixturc EE65-1, and contained
in one atmosphere of dry sulphur hexaflouride gas (SF6) .

6.2 Anode Two to Anode One Hipot Testing

Test configuration in Figure 6.2. Test Procedure:

Hipot in dry SF6 environment at 1 atmosphere pressure

Increase voltage slowly to 20 kv then proceed in 2 kv steps

Hold voltage for 30 seconds without breakdown at each step from
20 - 28 kv. o |

At 30 kv hold voltage for 5 minutes. ;‘\fter this period if a gun will
not hold 30 kv for at least 30 seconds, it will be rejected.

During 5 minute run record voltage and current every 1 minute and
note the number of breakdowns, if any. ' ' | .

During 30 second run record voltage é.nd current at the end of .~ -

'period. Also record the number of breakdowns at each level.

Voltage (KV) Current(y amps) No. of Breakdowns
20 | ' ' |
22
24
26 S
28 S
30

Minute (5 min.run) Current (uamps) No. of Breakdowns

0 {

O I -G T S

: Final 30 second test:

No. of breakdowns

Reject if any

A/R - Date Initial




Heater

Cathode

Grid :

Anode 1l ———

Anode 2-—___ |

Y v 1
A4

0.1uf
. @ 200 VDC

NE -2

Breaks eal—L

End cap -—— [

0 - 30KV
Spellman
RHR 50PNI150

&—o——

100 KQY
1 watt

Keithley 414
Picoammeter

Anode Two / Anode One Hipot Configuration

FIG. 6.2



6.3 Anode One to Grid One Hipot Testing

Test configuration in Figure 6.3. Test Procedure:

Hipot in dry SF

6

environment at 1 atmosphere pressure.

Increase voltage slowly to 1 kv then proceed'in 200v steps

Hold voltage for 30 seconds without breakdown at each step from 1 to

2 kv, *

At 2 kv hold voltage for 5 minutes. After this period if a gun will

not hold 2 kv for at least 30 seéoﬁds, it will be rejected.

During 5 minute run record voltage and current every 1 minute and

note the number of breakdowns .

During 30 secand run record voltage and current at the end of

period. Also record the number of breakdowns at each level.

No. of Breakdowns

Voltage (KV) Current (nA)
1.0 ./
1.2 . 0§
1.4 e/
1.6 . |
1.8 i
/2

2.0

Minute (5 Min. Run) Current (nA)

7
0
_Jd_

o
—_

S

No. of Breakdowns

0
1
2
3
4

5

. /2
S _L05

—of
ps
,0¢

Y. VA

- Final 30 second test:

‘No . of breakdowns 6? .

Reject if any A

A/R

0

cio e o e

7 26/5

Date

&)

Initial
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Heatér

17,

Cathode : S A
Ll } o &—
Grid—+ | .
: i 0.1 uf
Anode 1 @200VDGC—— CO
i
Anode 2—— e &
Breakseal-L Mo } ?3; Iy —
End Cap — L 4 |
~eP . = 2.0 megohn
: 25 watts
+
0-2 KV
Spellman

RHR 50PN 150

©

Keithley 414
Picoammeter

*

Anode One / Grid Onc Hipot Configuration

FIG. 6.3
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100 KQ

1 watt



7.0 Gun Transfer Charactecristic Mcasurements

7.1 Test Configurations

The configuration for these tests is shown 4n figure.7.1. The unit
being tested shall be mounted in test fixture EE 65-1, and contained in one

atmosphere of dry sulphur hexaflouride gas (SF6). \

7.2 Filament Current Tests

Energize filament and determine filament current at 7.5 volts. Accept
if current falls between 1.425-1.575 amps. Reject if current is less than 1.40
or more than 1.60 amps. Reject and hold if current is 1.4-1.425 or 1.575-1.6

for review by engineering and Q.C.

Current | Arﬁps.
; A/R . date initial

7.3 Gria One Characteristic Measurement

.Obtain os'c:illoisc_:ope record of plate-éurrent-grid voltage characteristics

for the following conditions with filament at 7.5 volts.

.a) . Anode two- cathode voltage 5.0KV % 10%.
Anode one - cathode voltage 250 V £5%.
b) Anode two - cathode voltage 10. OKV % 10%.

Anode one - cathode voltage 500V 5%,

cathodé voltage 20. OKV £10%.
cathode voltage 1000V 5%,

c) . Anode two
Anode one

Test performed by manually triggering the 30 volt ramp generator.
Do not exceed 10 sweeps on the gun in 1 minute. Be sure that the end cap is
properly heat sinked as indicated in figure 7.1.
NOTE: For grid control characteristics to be acceptable at 20KV:
A. The grid bias required to obtain 100 ma return current must
fali between -2.5 volts and +.5 wvolts. - = Volts @ 100 mA
B. At 100 ma the mutué.l conductance (gm) of thvel fube must fall _be.twcen
18,200 and 24,600micromhos. This number is derived by taking
from the 20 KV photograph the grid voltage at 80mA (V8o) and the
grid voltage at 100 mA (V
e '= 20, 000 = % umhos

m
V100 - Vso

100) and inscrting in the following formula:




KEPCO

ABC .
- —— -~ 500 o Sorensen
Heater \ - - 7 G G| QrB 40-0. 75
= %L ' H 7] 40. 0 volts
Cathode : ' }
. ] . B-1055-042
Grid \/\/\' ) Ramp Gen.
100 ohms

Anode 1 L ! o

Anode 2—___

Breakseal — L

End cap —

Aluminum -~
heat sink

Air
Flow
Tektronix
502A
or

536
2 v/em

.02 v/ecm

4+| KEPCO ABC
0-1500 volts

G

10 K Q%
200 w

+i

DEL 25-200-1

0-20 KV or 25-50-1

2

*

22.5
volts

> Grid

ZOV

10X probes may be used

B

@‘-.

Gun. Transfer Charateristic Test Sctup

FIG. 7.1

1 ohm

1%



©10.0KV




X  V/em
. Y mA/cm
L ]
20 .0KV
A/R date initial
7.4 Grid One Cut-off Test

Test performed by switching B-1055-042 ramp generator to cut-off
position. Also remove shorting clip from 100 g amp meter.
Record leakage current under conditions described in section 7.3 (c). Reject

if greatcr than 5 pA.

Current A

A/R date initial

Return switch on B-1055-042 ramp generator to ramp position and

shorting clip across 100 paump meter. Initial aftcr complction.

date initial




8.0 Final Inspection

8.1 Remove from bench checkout unit and inspect for any changes in

appearance - cracks, chips, tracks, evidence of overheating, etc., using a

binocular microscope.*

Final Acceptance

Inspector ! A/R
" Quality A/R
& Program A/R
8.2 Replace guns in their original boxes and mark the package accepted, or

rejected. If rejected explain reasons in a few words. Inspector should sign

and date each box upon completion of the above.

* 3X magnifier may also be used.




TEST SHEET FOR SPECTAL EISCTRON GUN TYPE FL-65-1

I /
DATE 91' [z ;7
TUBE # > o
TeST CONDITION SYMEOL MIN. ACTUAL | MAX: UNIT
/ ¢ 3
Heater Current Ef =7.5 I¢ 1.25 r, <] 1.50 Amps
Insulaticn of Ef =0
Electrodes Epp = Ex = Eb; = 0 R 50 e Meg
30 kVde Hipot Ef =0 o
Test Eb) = E, = Ey /N
Ebp = 30 kVdc
5 Min. Minimunm Hold
2 kVdc Hipot Test| Lf =0
Epy = Epy = 2 kVde .
Ec =Ex=0 S
5 Min. Minimum Hold
Cut-off Voltage Ef =7.5 / ¢
Epp = 20 kVdc -Ec - /'( -15 vde
Ep1 = 800 Vdc
Iy = 10 pAde
Pulse Test Ef =7.5
Ebz = 2@ kVdc €c =
Ep1 = 800 Vdc ic -
Ec = -10 Vdc to -30 Vdc
ec/ib = 100 ma
tp = 3 ms .5ms ¢
prr =/@ pps

FIGU"E




NOTE:

OUTLL:E DIMENSIONS FOR EE65-1

(Refer to ?igufe 7)

™~

Tube Serial Number il
Inspector f" / ' \‘ ¢ el
D IMENS ION MIN UM MAX TMUM
A «592 | .63é
B .833 .863
c 1.085 .15
D 1.425 . 1.455
E 1.784 1.824
F 049 .055
G « 660 .690
H .110 . 145
I -- 1.200
J «210 .220
K .310 «325
L «655 . 065
M 1.194% 1.206
N 1.660 1.668
0 -- .010 TIR
P pejse .015 TIR
Q oL .025 TIR
R 250 .325
S .045 «125
T «120 .130
U .050 .124
v .062 . 125
W 1.015 1.035
X .168 192

X dimension to be frec of solder.

Dat

_APR 21971

“ASUREMENT

/"/

=

e Lo 2
’ -
-’ -
L4
c—
= 7




APPENDIX E

VACUUM CHAMBER




APPENDIX E

VACUUM TEST CHAMBER

The main chamber has a 6 foot door on one end, a 32-inch square
gate valve at the other and is liberally sprinkled with test and viewing ports.
Pumping is achieved with a 50, 000 liter/second oil diffusion pump topped with a
high thru-put LN2 cooled optical baffle. A 16 square meter LN2 cryoliner is
available for pumping condensibles or for thermal control. Ultimate vacuum
without the cryoliner is 2 x 10_7 torr. With the liner in place, vacuums to
5 x 10”3 torr are possible.

A 4 foot by 4 foot auxiliary chamber which quickly mates to the gate
valve is available as needed. This chamber is pumped separately and is also
loaded with test and viewing ports. Complete cycling to full vacuum and back to
one atmosphere can be accomplished in less than 30 minutes. If this is not fast
enough a 400 CFM mechanical pump can pull the chamber to approximately
130, 000 foot altitude (1500 p) in just 60 seconds. Opening the gate valve allows
the system to reach 430,000 feet (10-5 torr) in another 60 seconds and into the

low six range in another minute or so.



Vacuum Test Chamber.

Figure E-1.
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Statement of Work:

The I;urpose of this investigation was to determine the electron-optical
properties of Machlett Laboratories Model EE 65-1 20 KeV electron gun. Also
included in the program were tests to prove the design capabilities of the gun, as
well as 11fet1me studies .

Cost and time considerations limited the extent of this investigation to

two prototype electron guns .

Expe rimental P rocedure

 The experimental prooram involved three distinct phases:

A, Development and applicationof an inspection test plan.
B. | - Shock and vibration proof tests.
C. Open-gun studies.

Initial development of the inspection test plan was begun in August, 1970
before delivery- of the prototypes. r The plan was designed around an earlier pro-
N ceaure utilized in testing Machlett Labs type EE 65 10 KeV guns used on a pre-.
vious program The test procedure included complete mechamcal 1nspect10n
1nc1ud1ng a dlmen51ona1 check of all critical parts. Electrical 1nspect10n involved
‘ tests for dlelectrle stxjengths, cutoff, emission, andh element to element leakage
resistance. - All test circuits and equipment for each test was 'épecified in the
test plan The final version of the 1nspect10n procedure is contained in appendix
A (I/ML EE65-1.Rev. 3). ' |
| Shock and vxbratlon testing was performed accordmg to the schedule
shown in Table A. This schedule is the result of the requ1rements of the STRYPI

IV launch vehlcle requirement:

i . TABLE A - SHOCK & VIBRATION TEST SCHEDULE

Smusmdal Vlbratlon

1lg 20 to 500 H; .

‘6g 500 to 2000 Hz e L.
for 30 seconds all axis

Random Vibration

Frequency 20 to 2000 Hz
PSD Level 0.05 g2/Hz . . . o ]



Acceleration 10 g rms
Duration 10 seconds each axis
Shock
15 g half sine, 15 milliseconds duration in

both directions all a.xés

The procédure for shock and vibration testing was as follows:

1L Inspect gun to I/ML-EE65-1 test plan.
2. Shock and vibration to schedule in Table A.
3. - Reinspect to I/ML-EE65-1.

Only one gun was tested in this manner at one time in é.nticipation cof possible
failure. The first prototype was also fully tested in the open-gun mode before
the second was lput through shock and vibration. Breakseal tabs were tied
down acéordihg to the flight mounting configuration for purposes of the above’
test. '
Open-gun tests were performed with the test circuit shown in Figure 1

. after the breakseals were opened with the circuit indicated in Figure 2. The
tests were conducted in a two-foot cube vacuum. chamber utilizing a 6! oil
diffusion pumpmg system with freon cooled baffle at -20°F and liquid nitrogen
baffle.. Base pressure in the aluminum chamber was about 1x10 -6 torr for

all tests. Tests conducted in the open-gun mode were those outlined in Table B.

. TABLE B - OPEN GUN TESTS:

Test Conditions:

1. E_=1. 5-volts DCiS%

F
2. (B1as gl to negatlve HV ) + 40 volts DC +

- 3. Ecz variable 250 - 1500 VDC. - _’ .' G
4. E, 5.0,10.0, and 20.0 KVDC 10%. s

‘ 5. The gun and socket will be contained in one atmosphere

of d of dry SF6 . |
6. The first gun tested will be done in a modified EE 65 socket

contained in one atm’. SF-6 . The secgnd gunlwill te mounted in

2



socket C-1055-031 in a configuration referenced by C-1055-003
excluding the spinning with the second anode insulated from

.ground as in the f-light pkg.

Tests Performed:

At each anode two voltages of 5, 10 and 20 KV
and each cathode cur.rex.1t of 40 mA and 90 mA
" and each anode one voltage of 250, 500, 750, 1000, 1250 and
| 1500 -v.' ' -
l. Beam angle via Visicorder .
2. Pulse shape for 1 sec and 6i‘selc via sc.o.pe p'hotograpih
3. Long term test (at least 1 hr) at 20 kv, 100 mA, 50% duty
cycle (ch = 1KV) with 6 second pﬁlses to determine lifetime

‘characteristics.
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;FB reakseal

.-;_ . Band
»)
4 - 2N1536
. B Fire o 47¢Q
—o o—NW . YAYAYA —
: Recorder(v) Recorder (I)
| 50 mV
/]
1| | |
Shunt
16v Y"car" ‘
Recorder
battery

common

Figure 2 - Breakseal Firing Circuit

Special sensing equipm.ent had to be designed and constructed to

_ determine the shape’of the beam and 'di'ssipaﬁte the 2000 joule pulse emerging

~ from the gun. A be‘am ccanning system was constructed. .T‘his-consisted of a
"16 .67 RPM synchronous motor ari\fing a 1/2-inch diameter Wilson rotary
seal. .Cn the inside of the vacuunm chamber were mour{ted:two 41/_18” diameter
tungsten rods_orf a_'12"'c-1iamete.r disk tied to the rotary seal. Thé rods v;zere

~

located 2 inches and 6 inches from the axis of rbtation. (see Fig. 3)



Rotating Disc Probes

Figure 3 - Beam Scanner

This system allows position sampling of the beam in the vertical
plane at distances of 6, 16, 14'and 18 inches from the gun mounting flange.
Assuming axial symmetry, the beam shape and size can be determined from
this;systerh . Any significant radial accelerations from space charge can also
be detected . ‘ | ‘ _

Angles of beam d1vergence are calculated from the readouts by the
following method.  Given that the scanner is rotating at 16 .67 RPM, the velocity
of the scanner prohe at a radius of 6 inches i.s:<l ' |

V, =16.67 RPM x 1/60x 27 x 6 =3.337=10.5 in/sec

‘which 1s als‘o’lo_OC> /sec
For smauall angles, ('<'1'OQ ) the size of the beam is simply:
= 10.5t, where t is the measured quantity (on chart recorder)
as sumlng the beam 11es on a line between the center of the gun and the axis of
scanner rotation. For larger angles, i. e. >10 , corrections must be made

for the circular travel of the scanning probe.



Looking at Figure 4,

$=0 (wertesry REF. )

—E’Lb 4 ol —= AXS OF ROTATISN
¥
D
¢

100t > 0st<3.6

(o lE
o

-t )

= 2.6 sin (¢2 - ¢1 ) =12 sin 68/2 = 1? sin (50‘c2 !

2

let to =t2 - 1:1

D =12 sin 50 t 0
Again, assuming the beam lies on the line through the axis of rotation,
- and that it is expanding un1form1y ( no space charge ) we can take the measure-

ments at two points and determine the exact angle of divergence.

. Going to Figure 5.

L REAM ENVELOPE
\f |

. e |
\ — — :cll , —_
Do- . - R — _ X — Dl
: ) M_'— _— BAWS oFJé_o'rr:uoN [
. ‘ S a—— — M \ .
\\‘\L 4

d) (angle of beam d1vergence) is: = ’ 'l’/,
o = 57 3 g - | c
now DO = 12 sin 50t0
D, = 12 sin 59_1:1



L = 6cos 50 to +6 cos 50t

1

then — L
O = 57.3 2 sin 501;1 - 2 sin 50 to
: cos 50 to + cos. 501:1
b o= 114.6 sin SOtl - 2 sin 50 to
cos 5.Ot0-+ cos 50.t1<
= 114.6tan1/2[ 50t - 50¢]
: v = 114.6 tan [25t1 - 25t2]
If we assume a uniform divergence of the beam,
D Ream EnvELRE ——
‘ K —
. _i ¥ (L?b/_ : .o
Cenwone | — — - %-/\ D=tz dz
(YN v Ave L -
d Roo'ti-uou ~
. [
’ e ooz ——vl
Figure 6
... D-d . 12in ¢/2 - 4
P =573 —/—— 57.
v 12 + 6 cos ¢/2 7.3 12 + 6 cos ¢/2
again ¢ = 100t
12 insot - d ~
) sin - '
b =57.3 12 + 6 cos 50t .
_ 12 sin 50t - d .
or ¥ =9.55 2 + cos 50t —~—————




A simple solution would be

CRUONR - ' ’ e ——
s ofF
3 TRoTATIoA /
d| —
e is" : 4
R 'Figui'e 7
Y = 57.3 Du; d . 57.3 —1-9'15;—"4, = 57.3 (.584t-.022).= 33.4t - 1.27

It c.a.n be. shown that the simple solution is adequate in this case up to
P = 15 -With less than 10% error. _
. F'or situ;tions where the axis of the beam'is'.locatea sigﬁificéntly :
away from the center of scanner rotation, 'cémplex corrections are required.

See Figure 8.

I

~
LN

T - i
- Figure 8
- As can be seen, thé' 5canne'r_'j\v'ill give a size, 'D which is .greater'than the desired-
number d. ‘Corrections of this nature were not expected to b’e:‘ required and in-
deed did not occur in the e;cperimental data, - _ ' ‘\‘: o
. The beam target consisted of a 12'' square stainless steel plate with
water cooling. The plate was biased at + 22.5 volts for purposes of secondary-

electron suppression so the target could be utilized to measure pulse shape and
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amplitude for beams of less than 28° full cone angle. Of specific interest was
the shape of the leading edge of the pulse where certain discontinuities were

found to occur with the older EE 65 gun.

Results *
Before presenting the results of this investigation, it is useful to list

the specifications of the electron gun as supplied by the manufacturer.

Spécifications - EE 65-1
Breakseal
\' 15%1V .RMS
I 60 Amps Max inrush
t 3+1/2 sec to break in air
General .
Filament voltage : 7.5v RMS
~Filament current 1.5A RMS
Grid #1 bias for cutoff -15 VDC max .
Anode #1 bias + 800 VDC nominal
Anode #2 bias. ' + 20,000 VDC
Beam current - 100 mA min.
‘Beam size 10% half-cone max
Lifetime ' ‘ ..'10 min @ 33% duty cycle

in open mode_a
Preliminary inspection: =~
Ijuring the first phase of expefiméntatipn, some basic problems were’
‘discovered with the inspection test plan. The initial form of the plan called for
" the inspector to perform certain grid characteristic tests by manually sweeping
the grid one bias. This parﬁcular imethod would allow large amounts-of ene rg'y
input to the end cap of the sealed gun.

Even though the gun cap was properly heat-sinked for large energy

pulses, the vacuum pinch-off was not. This problem resulted in a vacuum

10



failure of the serial #1 gﬁn during first inspection at IPC. A complete failure
analysis report is contained in Appendix B. This failure brought about a
change in the inspection plan to incorporate automatic grid bias sweeping of a
maximum duration of 10 msec with fail-safe protection occurring at 15 msec.
A schematic of the special sweep circuit is shown in Appendix C. This system
allows only about 10 joules per sweep being applied to the endcap vs over 1000
joules in the carlier version of the test.

‘ After the failure of the first gun, another protctype was
obtained, so we still had two acceptable units for analysis. Pre-vibration

inSpectioﬂ was then completed with the results tabulated in Table D.

Table D

Summary of Inspection Data

!Gun . Mechanical & Filament : Transconductance]!

Dimensional Check P 1@7.5VRMS | umhos ]
A —_——e T R | ) _ , :
. |3 , oK - = . : 1.55 A . 20,000
4 OK . o . 1.50A | 22,500
Grid Bias - . .. Leakage
' : =1 = OO A : = ‘.'= 4 = =
(};b~ Z.OKV)Ecz Ik 100mA) IF Oij 30KV 5 ECI ECZ 0
3 0.8v N 200 pA




Table D con't.

Gun Transfer Characteristics

ECZ E:'b
250V 5 KV
..... 500V 10 KV
..... 1000V 20 Kv
[ 4
[ Y
.
‘e
..
®
8
| . i . 1 1y L
-6 -4 -2 0 4 6
Gun #4
[ 4
o
»
'
0
[ 4
{ 1 1 1 o bacn,
-6 -4 -2 0 4 6
Ecl (Volts).



Shock and Vibration

| The shock and vibration tests scheduled in Table A were performed
at Associated Testing Laboratories in Bdrlingt on, Mass. on Sept. 16 and Oct.l13
respectively for'gun serial numbers 3 and 4. Serial #3 was tested first and then
returned to IPC for reinspection and open-mode analysis. This procedure was
interided to insure viability of the first prototype before vibration testing of the
second, in case difficulties caused by such tesj:ing were not detected by norfnal
inSpectibn procedures. . » |

__'_I‘he test reports from shock and vibration analysis are found in Appendix

D in total. Post shock and vibration inspection at IPC was completed without
dif_ﬁculty. and no significant deviations from the results in Table D were noted

in either prototype gun.

Breakseal Testing:
| Because the breakseal system was by design, the same as that used on.

the EE 65 gun, it was determined that only simple p‘roof testing of a number of
breakseals would be required. Considerable effort by the quality assurance
section insured that not only the design was exactly as before, but that the
materials and production processes were identical. Therefore only three break--
se‘als have been activated at IPC (the 2 pi'o.totypes plus serial #i gun), and three
at Ma;ﬁlett Labs under the auépices of the government source inspector. _V

_ | The. s‘irr.lpl'e testing at IPC involved firing the breakseal at_.15 t 1volt
~ to show that it did work ahd that the time to break would be less than 3.5 seconds
(the Specifiqd upper. limit). The tests' at'-Machlett_were to the specification of
- 3% 0.5 seconds. . . ' o

‘ The current and voltagglrecordings of the three Breatk,é‘éals openéd at'
IPC are shown in F'igures' 9a, b, & c with.the tirﬁe scale as indik_:ated.

IS . 7
. J

N

~

e g



Current

Voltage

Gun #1 Breakseal

igure 9a

F

Current

Voltage

Gun #3 Breakseal

igure 9b

F
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Current

i{ (47 A peak)
5
1{ Voltage

Figure 9(c) Gun #4 Breakseal

Three breakseals were opened in air on 12/16 /70 at Machlett Laboratories
as proof of performance. All three opened within 3 * 0.5 seconds with 15 v RMS
60 Hz AC applied. _

The firs_t two breakseals were opened witﬁ a simplified version of the
circuit in Figure 2, as shown in Fig. 10. The last gun (serial #4) was opened
with the full circuit of Figure 2 as this represented the system to be used on the
flight payload, with the exception of the ﬁsé,pf lead-acid ';car '"" batteries m place

of the not ;yet-available silver - zinc flight cells.

Breakseal Band

Knife .- DR 12 | SN
Switch : "car"battery 50mV

————o° alllz

Recorder (v) Recorder (I) ' Recorder commp’n
Figure 10 - Simple Breakseal Firing Circuit
15



Electron Optical Studies: 4

The tests outlined in Table B were utilized during these experiments
and the data compiled in a series of graphs and photographs. The first gun to
be tested (in the circuit of Fig. 1) was found to have no emission when first turned
on. This ~was traced to a leak of sulfur hexaflouride gas being used around the gun
for insulation ’, resulting ih a poisoning of the cathode. The cathode was reactiv-

ated per Machlett Labs' procedure as outlined in Table E.

Table E - Reactivation Procedure for Cathode
. _ , . .

¢ = 1.4 ampe
I (mA) | I_,(mA) E_,(mA) . Ib(mA) Eb(volts)  Time(min)
30 5
40 } 40 . 225 | 5
30 - _1o 250 - 35 400 5
30 - o_u_ .. _325 50 800 10
30 1 : 350 . 60 - _1000 10

. ‘The first gun was 'mounted"in a fnodified EE 65 socket, as the new .
Sockets were not yet available‘. The second gun (serial 4) however, was mounted .
in a fixture with demensmns 1dent1ca1 to the intended flight package to test |
VOltage holding ab111ty The socket used in the second case is a spee1a1 design
' resultmg from a cooperation between IPC and Jettron Products,.lnc . of Hanover,
New Jersey. A picture of the socket, test. plate, "and gun is shown in Figure 11.
Also included was an insulating coating underneath tne gun mountmg
" flange (Martin hardeoat_ anodmmg) as was intended on the flight pac.{age zor purposes -
of monitoring the second ano;ie_'current. The results of this test were .\inconclusive :
as short oc.curred between anode 2 and ground after a few pulses. The short's
origin was not traced as after the test plate was removed from the vacuum system,

e

no evidence of a short remained. -

16



Figure 11 - Gun Test Fixture

A typic'él'data rzadout from the Visiéqrder is shown in Figure 12
with the various signals identified. Certain types of data could not be handled
V by the Visicarder because of their origin being at the cathode potential ( in this
case the anode i‘s at ground, the cathode at -20Kv) and had to be recorded by
hand. | Pulse shape data ¢aken from the Beafp target was done with a.Tektronix
storage CRT and Photographed. .

Reduction of the data taken as shown in Figure 12 was accomplished
by fneasuring the FULL WIDTH AT HALF' MAXIMU_M (FWHM) in time on the 18"
~ probe and reducing this to a number corresponding to the angle at half maximum
by the techniques outhned earher. The total data was' first lanalyzed to see if
- indeed the beam did pass thro ;.gh the axis of scanner rotation and that space charge
effects were negiligible (i.e. no 1~ad1a.1 acceleration). As these conditions were
found to be true, a simple reduction was allowable. Analysis of the ;canner traceé' '
also indicated that the base widths of the scanner data were about 2 x FWHM in
time. Individual gun results as a function of output current and energy plotted against
the first anode bias shown in figures 13 and 14 with co.mposite data displayed in .,',

.Figure 15.
17
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Data was taken at cathode currents of 40 and 90 mA as these
were points corresponding to slightly greater than the intended flight operating
currents of 33 and 83 mA.

Pulse shape data taken with oscilloscope photographs is shown

for representative 1 and 6 second pulse lengths in Figures 16 through 21.

2 .2 sec/cm

J 20 mA/cm
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Figure 21 - 20 KV Pulse, 6 Second

Also of interest was the response during the rise of the pulse

.

and a typical fast trace is shown in Figure 22.

-
5
]
HB

Figure 22 - Pulse Rise Shape
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This photo indicates a considerable distrubance on the rise of the
pulse, but this was determined to be traceable to contact noisbe on the relay used
to program the gun on and off. Both prototypes displayed the- same phenomena.

Calibration of the average target current as recorded on the photo-
graphs indicated that only about 75% of the H. V. power supply return current
was being received on the target plate. An investigation showed that eventhough
the primary beam was small enough to be completely on the target, about 25%
of the return current was on the rest of ‘the 'va'cuui'n chamber.

 An inveétigation, both theoretical and experimental, indicated
that.a large émount of secondary electrons with energies greater than 22.5 eV
\;vould be produced with primary electrons greater than 5 KeV and also reflected
prima'.ry‘électrolns at full energy would result. An experiment involving determining
the collection efficiency of the target vs bias voltage up to 600V was conducted

with the results shown in Figure 23.

1001 - - :' C ' ' .

Collection Efficiency (%)

40 ¢
N, ‘/’
i ' 1 L { - " i o
0 . 100 200 300 . 400 5G0

Target Bias (Volts)

Figure 23 - Target Efficiency

-

e
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The curve found experimentally agrees with the literature, not only with respect
to true secondaries, but also to the expected number of reflected primary electrons
as only about 95% c llection efficiency is obtainable at 600 V bias. The number

of expected reflected primary electrons is ~5%.

First Anode Characteristics

Since during the original inspection of the first gun (serial #1) it
was discovered that the first anode behaved like a negative impedance under.
certain bpe'réting conditions, s‘pecial care was taken during the open gun tests
to determi‘ne\the actual operating characteristics of the first anode. The re-

sulting data is shown in Figure 24'.,

-1-
g
-2
<
N
o
"‘ “3F .
. O 5KV 40maA
m: n_'. 90mA
A 10KV 40mA
-4 Y 20KV 40 mA
f_ Z " 90mA .
i "
'
-5 s 1 T L ' L U
0o 250 500 . - 750 11000 1250 1500

Ec2 (Volts) |
Figure 24 - First Anode Characteristics
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Although we did not get good data on the second anode current, it was noted
that it was normally less than ImA except when the first anode was highly into
the negative current region, where the second anode would increase to the

‘order of 10 mA. - ’ '

Other experiments:

It was necessary to determine the feasibility of operating the
heater from a 10 KHz square wave. Since the héater was construcied from a'
helix, it was thought that the 1nductance might be too high. ‘Time constant
measurements with a GR impedance bridge, however, indicated that one might
expect the order of 2 Usec time con.stant when the heater was warm: ( R~ 50,
L~10 pH)‘. The heater was tested with a waveshape similar to the expected
waveform to be used on the flight package. The resulting current waveshape

is shown in Figure 25,

-

™ 10 v/cfn

—s 10 psec/cm -
Ag@ﬂ' i - ~

e VU L IO £ j
; 3@aamu
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l E‘EJJ

WW"

T T T I

Figure 25 - 10 KHz Heater Drive

Lifetime studies :

Both prototype guns were tested for lifetime capabilities, the

28



- tests were performed at an accelerator voltage of 20 KV and a cathode current
of approximately 90 mA. The guns were pulsed at 50% duty cycle with about
a 5 second pulse length. . »

After a period of about 30 minutes, the guns would begin to decay
in output amplitude down to almost no oﬁtput after one hour. During this time
the base vacuum pressure was noted to rise from 1 x 10_6 torr to as high as
5 x 10-6torr. Bo-th guns displayed the ability to recover their output after a

period of pumping with the filament on at reduced power. (Usually overnight.)

Conclusions:

A number of areas of concern are evident in the foregoing results.
The first of these is the apparent weakness of the vacuum pinch-off with respect
to power density, as compared v the rest of the endcap. Since the normal
- routine of operation calls for the electron guns to be checked out on the payload
by a '"ground-check program', one must be concerned with the maximum energy
that can be imparted to the endcap under any condition, including system fault,
in the closed mode.

Based on analysis of the most probable areas of failure, it is
. deduced that up to'a 6 second pulse at full power might occur (corresponding
‘to 10 KJ on the endcap). Discussions with the manufacturer point out that the
end-cap will reach 250° C with only 0.25 watt airerage power and that temper-
‘atures greater than 600°C are serious. It is gseful to indicate that these dis-
cussions are relevant to operation of the endcap in vacuum as would exist when
the. payload anosecone is in place, with little or no conductive heat sinking avail—
able. Obv1ously extreme care is necessary to prevent such a fault from occur-
ing. Assummg that the system programming can be accompllshed with satxs- .
facfory protectlon then the only concern will be the reliability of the pinch-off
to handle low average power ( the order of 1 watt total on the endcap assembly)

There are two 51mp1e solutions to the problem wh1ch involve
-minor changes in the endcap design. Flgure 26a shows the existing design and

Figures 26b and 26c show possible alterations.
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Since changes in design at this particular point in time will possibly-cause
delays in future deliveries as well as cost increases, an effort to determine
the necessity of any change is in o.rder. »

. A possible method of arriving at a decision on this situation
would be to determine the uniformity of construction of the pinch-off from
gun- to gun as compared to the failed unit by X-ray analysis. If it can be shown
tﬁat other units have greater material thicknesses in the critical area, then
a change in.construction is probably not necessary. However, if a good degree
of uniformity ‘exisfs between units, then a recommendation to change the design
will certainly be necessary to insure reliability.

In order to insure that a ''no chaﬁge” decision is correct,
hoWever, an investigation involving accurate measurements of thermal stress
levels on all areas of the endcap assembly will be necessary. Such work would
bé beyond the scope of the present -investigation.

The second area of iméortance is the electron-optical
characteristics of the gun. There are two' distinct modes of‘gun operation
suggested by Figure 15. The first is a constant bias on the firstAanode and the
second is a constant ratio .between the first anode ‘oiés and the second anode bias.
Figure 27 shows how these modes affect the electron -optics of the gun. It can-
be seen easily that the constant ratio mode yields almost a constant output beam

~angle. A decision as to which mode of o.pef,a_xtion'best fits‘the needs of the ex-
berirﬁentef must be wieghed égainsfg the methods of bias in which the first ahode
behaves in general like a negative' impedance.

o ~ Before attempting to anaI)}ze‘the operational use of the gun as
. a "‘black box'' device (in.t_erms of the optics- of the output beam), it is useful to .
hypothesizei about the reasons behind the negative behévior of the first anode,
thus" the third and pe r'hap's ‘mps:t important, area of concern arises.

The most probﬁble cause for electron emission at the first

énode is. secondary emission. Sinc;e most metals have peak secondary-electron

‘emission coefficients which are not much greater than unity, it is suspected that high

’
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secondary emission yields would have to be derived from some oxide being
present on the surface. This is not neceséarily true, however if one takes

into account the flancing incidence of the primary beam. (see Figure 28).
Bruining* shows that as the angle of incidence goes from 0° (at normal incidence)
to 90° , the emission coefficient increases exponentially. Therefore values
much greater than unit)} can be easily achieved without the presence of oxides

of things like rarium or strontium (from the cathode). The ‘presence of barium
alone (not i_n'-oxid»e form) §vou1d be insufficient to yield coefficients greater than .

unity (~ .83 max).

Primary &
R rizzerc s e es R——— N Secondaries ’
. . / TTTT——
Diverging : (N>1)
Beam - T - T o .
from Cathode ‘“‘“-'j-\‘.__. " 'Point of Glancing Incidence
: - - i e 4 itk .

‘Small ‘ } \ C :
. : Angle "\ Ist Anode Structure

Figure 28 - Secondary Emission at Arzode.l. '

Observatlon of the surface of the first anode with a2 micorscope
ylelded information about the surface as to whether or not the presence of a
-rough surface would nullify the h1gh yield gained from lancing incidence.
- Although severe togl marks were fouha most of the surface was relatively
smooth, thus substantlatmg the probab111ty that metal alone could bg, respon51b1e
for the obs erved results . . ‘ .
Since an intuitive dislike of having to operate Wiﬂ’} a 'xegatlve im-

pedance generates the need to further analyze and correct the causzs of same,

more studies should be performed to prove or disprove the foregoing hypothesis.

o

* Secondary Electron Emission, Brummg, H McGraw H111 L 50 PP 100-109
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Lack of time, agc;a.in, does not permit this. Therefore, provided that the negative
impedance can be handled satisfactorily, the use of the gun as a ""black box'' with
certain inputs to obtain the required output is in order.

This leads to the final aspect of the third problem - how to supply
the first anode bias. There are three distinct possibilities:

1. Separate Converter

2. Tapped High Voltage Bleeder

3'.‘ Zeqer Stabilized H. V. Bleeder
‘The use of a converter puts complications pﬁ the flight packa;ge design because
of increased parts count, but provides the flexability of being programmable,
thus ailowing either mode of operation (fixed voltage or fixed ratio). The tapped
high voltage bleeder is the simplest approach, but allows a problem to develop-
that of runaway on the first anode. This is true since the negative impedance
will cause the anode bias to increase a’s the current increases, which in turn
causes a further increase in the bias and so on. This is evident fromthe curves
in Figure 24. The advantage of the tapped bleeder is fixed ratio operation, at
-the sacrifice of the heavyvbleeder current necessary to stabilize the runaway -
- condition. The third approach satisfies the condition of simplicity and fully
- stabilizes the first anode bias at the sacrifice of being festricted to"fixed voltage
operation. Figure 29a shows how the zener/stabilized bleeder would be imple;mented'.
Figure 29b shows an alternate ap_pfeach to the ﬁethod in Figur-e 29a which alllo,WSH
| some degree of programébility with minimum parts increase. . |

Obviously the choice of fixed voltage or fixed ratio operation is
.quite inferrelatéd between the demanas of the'eﬁperiment and the method of
-obtainir;g the first anode bias. The fixed voltage method may be the s1mp1est to
provide stab1hzat10n on the f1rst anode whereas the tapped bleeder would be more
reliable, due to possxble zener lede fa11ure from high voltage surges. Assumlng
‘that adequate protection of zeners can be implemented, then the zener- bleeder
combination is favored due to its ability to hold stable voltages under the negative
impedance condition. If fixed ratio (constant angle) is determined to be important,
then the circuit of figure 29b may be used.

A further area of concern is lifetime and cathode poisoning. Guns
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Figure 29 - Methods of Anode One Biasing

of this type are ihtended to be opelrated'in a “clean” vacuurn Ho‘wever once .
they are opened to thelr operatmg envxronment ‘a '"clean'' vacuum is usually
-not ava11ab1e because of outgas sing and attltude control systems. This means . N
that the cathode must be re51stant to po1son1ng over the length of the mission.

- Controlled tests were not performed durlng the experlments outlined in this

' " report to’ deterrrune the exact character151t1cs of the- cathode being presentlv“
‘used Appendl.x E contains a pubhshed report by the Machlett Laborator1es
concern1ng ‘the’ phormat cathode being used and indicates greater 11fet1me ex-~
pectancy under normal (closed tu_be) conditions than _that ach1evab1e orrearher .
. models (1e EE- 65) . . - . ’ AA |
Further results in favor of adequate l1fet1rne capab111t1es are:

Gun #3 was recovered from poisoning W1th SF, by reactivation. Both guns tested

6
-ran for 3O'm1nute_s‘_p.cont1nuous pulsing. before deterioration in an unclean vacuum
with recoverability. .

The mention of an unclean vacuum system is difficult to sub-

stantiate with proven fact except that (1) the system pressure was never better
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than 1 x 10-6 torr with LN2 in a system that should easily reach 10-7 torr with-
out LN2 and (2) the test systembriginally contained amercury pump which has |
proven back streaming difficulties as evidenced by visible Hg in the main chamber.
These two points are felt necessary enough to indicate that the test vacuum
chamber was not ''clean' at all and did provide high level of contaminates including
at least some Hg. Other céntaminates which may have been present are unknown
as to their constituents ..
More work in the area of cathodes is clearly necessary from these
s.k_etchy results and should be performed in an ultraclean vacuum system (Vac
Ion or similar) with possibility of full bakeout considered. This would allow con-
trol of poisonability tests without being affected by unknown system contaminates.
It is concluded however, that although the experimental program
is obviously lacking in detail concerning certain areas, that the gun will be satis-l

factofy for flight use with some future-changes in design being probably necessary

for continued reliable use.
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1.0 ScoRe

This procedure defines the acceptance tests to be performed on the
Electron Guns, Electron Accelerator Package, in order to verify the operating

cendition and quality of performance

2 0 Applicable Documents

‘The following documents are applicable to the equipment for which the

tests described in this p,focedure are intended-':

. IPC Drawing Numbers
C - 1055—002 (sheets one and two)

3.0 -. Test Réquirements

3.1 Geﬁeral

- R These units will provide a 100 milliampere electron beam at a maximurﬁ
energy of 20 KeV operating at a 33% duty cycle in output power for a minimum
hli‘fetime‘ of 10 minutes. The ensuing testé will not involve testing units to these

limits as destructive testing would be necessary to achieve this information.

- 3.2 Test Equipment

The following test equipment is.r"equi'red.for the 'testé described in this
procedure: | N _ | S |
().~ Oscilloscope, Tektronix Model 536 with 2 IAT's or
| “IA2's plugin units, or Tekfronix Model 502A used X-Y..
(2) o . _Cé.mera, Tekt1.'.o.nix. Model C-19 or Tektronixz Model C-27
- with 3000 speed Polaroid Film (black & white) .
(3) - Power supply, VK.epcc'; Model ABC, 0-10 volts, 0-3 amps
(4) - Power. supply, Sorenson Model QRB 40- 75, 0-40 volts R
. 0-750mA S TR
(5)- o Picoammeter, Keithley Model 414 _ /
- (6) - Simpson Multimeter, Model 260-5M,0or RCA model WV98C VIVM
(7) Hartman and Braun Wheatstone Bridge
(8) ' High voltage power supply, Del Electronics Madel 25-200-1,

_ . 0-25KV, 0 - 200 mA  or Del 25-50-1 -
'(9). ' Power supply, Kepco Model ABC 0-1500V, 0-10 mA.

———



(10) 30V Ramp-generator B 1055-042

(11) High voltage power supply, Spellman Model
RHR 50PN150, 9 to 60 KV,0to 5 mA

(12) < EE-65-1 Test Fixture

(13) o Fan for end cap aircooling

(14) Binocular Microscope or 3X magnifier

This equipment must be maintained on a calibration cycle of once

* every six months or oftener.

"3 3 Test Conditions A

3.3.1 Environmental Conditions

Perform all inspection in semi-clean room when possible'. In trans-
po'rtin'g tube to and from clean room, keep in a clean plastic bag and cardboard
box to prex)ent exposure to general plant atmosphere. Handle only with lint free.
'siik- gloves or talc-free rubber finger éots . .

Tests outlined in sections 6.0 aﬁd 7.0 shall be performed with the
-test ﬁnit mounted in item 10 of séction 3.2 with the fixture contained in one (1)

atmosphere of dry sulphur hexaflouride gas (SF()') .

3.3.2. Power Requirements

'I“he‘fgllowing power sources are req'ui_f_‘ec:l f>or4 the tests described ir_1-
this procedure: | _ ) ' .' ' | |

'('1) .- 115 v_ac; £10%, 60 Hz, 0.5 KVA

(2) 208.Vac, 3¢, £10%, 60 Hz, 5 KVA

3.3.3- .Test Sequence ‘
All tests must be pe rformed in the order in which the'y-afe given in
this procedure. ‘ -

4.0 Visual inspectioh |

Inspect each unit visu’aily for defects in workmanship and handling. If
there is anf defect, enter the letter '"R" (rejected) in the appropriate'_‘space below:
if no defect, enter thé letter "A" (aéceptéd) . In either case, the inspector mus t

sign off the test record. Is the package sealed? (Yes or No)

(date) (initial)



4.1

4.5- -

4.9

TEST DATA

ITEM

Breakseal Tabs-Inspect Brauing
for any pull-away of tabs . Reject
if tabs are not tight. Do nof pﬁll
‘oﬁ tabs this is visual insp. only.
Break.seal Me_talized Band-Inspect
for pits, holes, or ;r'acks-with a
binocular microscope . Reject if

any.

Anode two to cap ceramic. Inspect

for cleanliness. Reject if dirty.

Anode two flange. Inspect sealing

surface for scratches and nicks with

a binocular microscope # Reject if

any.

Anode one to Anode two ceramic.
" Inspect for cleanliness. Reject if

dirty or contains markings of any .

kind.

Anode one contact flange. Inspect .
_for éhai’p eages or protrusions
'Ré,ject if any. |

| Grici’ one to anode ong'ceramicb.

.Inspect for cleanliness. Reject if .

dirty.

. Grid one contact flange. - Inspect.for

presence-of serial numbers or aﬂy
visual dents. Reject if missing or
dented.

Filament to cathode annular space.

Inspect for cleanliness. Reject if dirty.

o 3X magnifier may also be used.” .

Date

Initial
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Filament and cathode contacts.

Visually inspect for roundness

and concentricity. Reject if obviously

out-of-round or dented.

Measure and record dimensions ""A'' .

thru "X" per drawing IPC-C-1055-002

sheet number one. Check if out of

 tolerance and réject.

DIMENSIONS IN INCHES

-

Minimum Actual Maximum V/ A /.R.
.592 632 L
.833 - .863 o

1. 105 . 1a3s L

1. 425 _ 1.455 L

1. 784 _ l.824 L
049 ____ .055 |
G660 690
110 e .145
— ————- | 1.300
.210 - .220 o
310 o .325_ .

655 . 665

1. 194 . 1206

1. 660" o 1..668 L
- .7 L0l0TIR .
--- . .015 TIR L
- . 025TIR .
250 . .325 L
.045 - 125 L
120 - 130 L
.031 . 124 .

Date



A/R Date Initial

v .062 125

w 1 .015 1.035

X ' o . 1.323

5.0 Static Electrical Tests

5.1 Measure cold resistance of the breakseal band with a Hartman and
Bi'aun Wheatstone Bridge. Value ohms. - '

Reject if greater than.5 ohms or less than .lohms.

5.2 Measure cold resistance between cathocile.and filament with a
- Hartman and Braun Wheatstone Bridge. Value ohms . -

Reject if greater than 1.0 ohm or less than 0.1 ohm.

5.3 Measure resistance between the cathode and grid one with a Simpson
Multimeter Model 260 on the 10,000 ohm scale.
Value ohms.

Reject if less than 10 megohms.

5.4  Measure resistance between_grid one and anode one with a Simpson . - -
Multimeter Model 260 on the 10,000 ohm scale.
Value | . ohms.

Reject if less thau 10 l‘ne gohms .

5.5 Measure res1stance between anode one and anode two with a Slmpson
'Mult1meter Model 260 on the. 10,000 ohm scale S

Value ’ ohms

ReJect if less than 10 megohms

5.6 Measure re51stance between anode two and the cap w1th a S1mpson

Multimeter Model 260 on the-lO, 000 ohm scale.

Value ’ " ohms.

Reject if less than 10 megohms . ' o
6.0 Hipot DC Testing
6.1 Test Configurations _ :

The conflguratmns for these tests are shown in figures 6.2 and 6.3.

RCA model WV98C VTVM on the one megOhm scale may also be used



The unit being tested shall be mounted in test fixture EE65-1, and contained
in one atmosphere of dry sulphur hexaflouride gas (SFé) .

6.2 . - Anode Two to Anode One Hipot Testing

Test configuration in Figure 6.2. Test Procedure:
Hipot in dry SF6 environment af; 1 atmosphere pressure
Increase voltage slowly to ZOV kv then proceed in 2 kv steps
. Hoid voltage for 30 seconds without breakdown at each step frorn
20 - 28 kv. . o T

: At 30 kv hold voltage for 5 minutes . Afi:"er this period if a gﬁn will’
not hold 30 kv for at least 30 seconds, it will beiljejected. a |

During 5 minute run record voltage afnd'current évery 1 minute and

note the number of breakdowns, if any. |

| During 30 second run record voltage and étix;rent at the end of

period. Also record the number of breakdowns at each level.

letage (KV) Current(u arﬁps) No. of Breakdowns
o ; — -
22
2
26
28
30

Minut:e (5 min.run) .Current Quarhps) No. of Breakdowns

.0 .

L T N VO S
i

Final 30 second test:

No. of breakdowns

Reject if any

. A/R_~  Date -  Initial
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__@___.
e 1— | [ R N
@ 200 vDC—T— .. \Q -

Anode 2- . . L f , T '
Breakseal-— [.— :li } J ' ' ®
End cap - ——- [ : T . 2.0 megohms
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.2 kv.

Anode One to Grid One Hipot Testing

Test éonﬁguration in Figure 6.3. Test Procedure:
Hipot in dry SF6 environment at 1 atmosphere pressure.
Increase voltage slowly to 1 kv then proceed in 200v steps

Hold voltage for 30 seconds without breakdown at each step from 1 to

At 2 kv hold voltage for 5 minutes. After this period if a gun will

not hold 2 kv for at least 30 seconds, it will be rejected.

During 5 minute run record voltage and current every | minute and

note the number of breakdowns .

period.

- During 30 second run record voltage and current af the end of

Also record the number of breakdowns at each level.

Voltage (KV) . Current (nA) No. of Breakdowns
1.0 -
1.2
1.4
1.6
1:8
2.0

Minute (5 Min. Run) Current (nA) .. No. of Breakdowns
) :

T I IO RS

Final 30 second test: ' ‘ A\_\
No . of breakdowns

Reject if any

A/R N Date Initial

]
]



T
Heater“\ -
‘Cathode Y
i L + ——
Grid————-— ‘ )
. o 0.1 puf
Anode 1——| | @200VDG——
A ; .
_ Anode 2— — — o
Breakseal-l . § &
End Cap —— -
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7.0 Gun Transfer Characteristic Measurements

7.1 Test Configurations

The configuration for these tests is shown in figure 7.1. The unit
being tested shall be mounted in test fixture EE 65-1, and contained in one

atmosphere of dry sulphur hexaflouride gas (SF6) .

7.2 : Filarne'nt Current Tests

Energize filament and determine filament current at 7.5 volts. Accept
if current falls between 1.425-1.575 amps . Reject if current is less than 1.40
or more than 1.60 amps. Reject and hold if current is 1.4—1.425 or 1.575-1.6

for review by engineering and Q.C.

Current | Amps.

A/R date initial

-7 .3 Grid One Characteristic Measurement

Obtain oscilloscope record of plate-current-grid voltage characteristics
for the following conditions wth filament at 7.5 volts. |

a) ' Anode two- cathode voltage 5.0KV = lOl%.
- " Anode one - cathode voltage 250 V £5%.

b) Anode two - cathode voltage 10. 0KV % 10%.
-« Anode one - cathode voltage 500V +5%.

¢) - Anode two - cathode voltage 20. 0KV 10%.
Anode one - cathode voltage 1000V £5%.

Test performed by manually- trlggermg the 30 volt ramp generator.
; Do not exceed 10 sweeps on the gun in 1 minute. Be sure that the endbcap is
properly heat s1nked as 1nd1cated in figure 7.1. | '

NOTE: For gr1d control characteristics to be acceptable at 20KV:

A. .. The grld b1as requlred to obtain lOO ma return current must
| fall between Z2. 5 volts and +.5 volts e Volts @ 100 ma
B At 100 ma the mutual conductance (gm) of the tube must fall between

-~

18 200 and 24 600.micromhos, This number is derived by taking
from the 20 KV photograph the grid voltage at 80mA (VSO) andthe
grid voltage at 100 mA (Vloo) and inserting in the following formula:

20,000 '
g = = pmhos
- Vioo Yso




10X probes may be used

Gun Transfer Charateristic Test Setup
FIG. 7.1 ‘

4 KEPCO
ABC .
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Heater — 0 l.Ov G ' G| QRB 40-0. 75
T1 1 5 40. 0 volts
Cathode K }
Grid —_— A B-1055-042 -
rid £
, 100 ohms Ramp Gen.. '
Anode 1 - F )
+| KEPCO ABC |~ 2
‘ 0-1500 volts f
Anode 2. - _ :
. 1 1
Breakseal — L [ . " & ?:
: | | .
End cap — | ~ :
: 10 K Q ;
200 w 3 —© .
'DEL 25-200-1 | | g | 30 MG
0-20 KV or 25-90-1 25K 100 wi
Aluminum -
heat sink o : 470\ohms é
/A(= . .' ‘ .. \ ‘
Ry : .
Air /'/ L . R
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" Tektronix B é
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°2 00600 o
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X V/em
Y mA/cm

5.0 KV,

X V/em: .

mA /cm

10.0KV . ' .



X - V/em
Y mA/cm

20.0KV -

A/R date initial

7.4 - Grid One Cut- off Test RSN
| Test performed by sw1tcn1ng B-1055-042 ramp generator to cut- off

posit‘ion Also remove shorting clip from 100 g amp meter

Record 1eakage cur rent under conditions descr1bed in section 7 3 (c). Reject

‘ if greater than 5 uA.

Current " . A

TA/R date - . initial

Return switch on B-1055-042 ramp generator to ramp positicn and

shorting clip across 100 pamp meter.  Initial after completion.

‘date initial



8.0 Final Inspection

8.1 Remove from bench checkout unit and inspect for any changes in

appearance - cracks, chips, tracks, evidence of overheating, etc., using a

binocular microscope.*

Final Acceptanc e

Inspector ~_A/R
Quality - ’ : A/R
" Program . : -~ A[R
8.2 Replace guns in fheir'original boxes and mark the ‘package acceptéd , Or

rejected. If rejected explain reasons in a few words_; Inspector should sign

and date each box upon completion of the above. '

als

. % 3X magnifier may also be used.
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“FAILED COMPONENT PART ANALYSIS REPORT

(COMPLETEC THIS FORM IN BLOCK LETTERS)

3. REFPORT NUMBER

11084B

. DATL 2, REFLRUILNCE

8-31-70 . Contract NAS 9 - 10399 W /A 89107

OMPONICNT PART NAME

Electron Gun Model ML-EE65-1 Serial #1

REPORTED REMOVAL CAUSE

Grid-cathode short, increase in filament current to 2 amps

. FAILURE ANALYSIS METHOD EMPLOYED

Gun was opened by activation of the breakseal after a telephbne conversation with
W . .H. Merritt of Machlett Laboratories for visual observation at the suggestion
of Mr. Merritt. : '

. FAII;URE ANALYSIS RE;SULTS At IPC on 8_31_70

1. Holes in grid structure just inside cathode perimeter.
2. Melted grid wires shorted to cathode surface.

3. Cathode surface darktgﬁfgciﬁggg%% ?o,%nal white.
Silver plating missing from end of pinch-off on the evacuation tubing.

. comPONENT PART FalLure causg/ ¢.Hole Tound in the pinch-olf visible wiin The unalded eye.

Failure caused by overheating of the pinch-off due to excessive energy dissapation a
result of the test procedure levels. Temperatures greater than 800°C were present
at the pinch-off as evidenced by the complete lack of silver plating. The developmen
of an air leak resulted in the symptoms indicated in item 5, above.

WAS COMPONENT PART FAILURE CAUSE CONSISTENT WITH MODULE OR SYSTEM FAILURE/MALFUNCTION SYMPTOM!

'YE_S‘[:]F . NO D NEOF D (No Evidence of Failure) Not appl_icéble,

10,

PRIMARY OR SECONDARY COMPONENT PART FAILURE?

PRIMARY @ ) sécounARv.D NEOF D '

COMPONENT PART FAILURE RESPONSIBILITY

"DESIGN __ D - * TEST ERROR o ___ _— b_ﬂ

WORKMANSHIP _ _ _ _ _ _____ D . UNKNOWN e e D :
HANDLING e D NONE e B
OTHER

12,

CORR! CTIVE ACTION RECOMMENDE

1. Test procedure I/ML EE65-1 section 7.3 be changed to reduce energy d1551pat1
by at least one hundred to levels attained by Machlett Labs during pulse testing (the
order of 10 joules per test not to exceed 1000 joules per minute heat sinked). 2. Cai

to be taken in dcsig’n of test and check circuits and procedures to insure safe operati
scaled with 100% confidcnce. .

13.

REMARKS,

Failurc occurred during testing under section 7.3 of inspection plan I/ML-EE 65-1

-

L

14,
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FAILED COMPONENT PART ANALYSIS REPORT

Operational Considerations .

Ref: Failed Component Part Analysis Report 11084B

A . A Critical design review was held 3 September 1970 to ascertain
whether the component (electron gun EE 65-1 prototype) test failure could affect
the operation of deliverable payload during ground check-out and launch.

Attendees: Harisen, James; Svtark's,A Weinschenk, Macklin
Items of Discussion:

1. A modification of the gun cap configuration was discussed
to prevent the beam frorn 1mp1ng1ng on the pinch off tube wall
thin section.

1.1 The impact of a change would not prevent thermal
failure of the gun as the total thermal heat sink capability
of the gun cap is not great enough to dissipate the energy
present in full power test erroneously exceeding the 10 joule
maxir'num energy level. ' ‘

2. Actlon taken to prevent ooeratmnal failure durmg ground
- ctheck out. '

2.1 Desugn of a fail -safe ground check out program is bemg
investigated.

2.2 Implementation of the fa11 safe measure 1nto ex1st1ng
program to be accomphshed

2.3. No;design change to gun cap i'.s recommended or
forthcoming at this time. : '
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ATTACHMENT #4

-

The Machlett Laboratories, Inc. .

1063 Hope Street
Stamford, Conn. 06907 « Tel. 203-348-7511 « TWX 710-474-1744

ISSUED 10-68

il

Application Notes
URF Triodes
Extended Life

AL Series Tubes

for Airline Operation

GHCHED

General

The Machlett AL series of planar-triodes for low-mainte-
nance, low down-time airline operation are produced and
tested to premium standards to insure extended life perfor-
mance. This long life operation is a result of a combination
of many factors including: stringent application of newly
defined quality control standards; the use of the Machlet
Phormat cathode employing improved cathode material; ap-
plication of a testing schedule going well beyond military
specifications; use of anti-corrosion plating (gold) to ensurc
excellent contact life and performance. Covered by an ex-
. tended life warranty, these tubes are mechanically and elec-
trically superior to the standard types, . . . in addition they will
outperform the standard types under long-life conditions
(i.e., reduced heater voltage) by a wide margin. -

Filament Voltage: 5.7 V Operation

Any tube that will pass MIL-E specifications will operate at
heater voltages in excess of 6.0 volis. Only those tbes with
excellent cathode activity will operdte ac rated power for ex-

-tended periods at less than 6.0 voles. The Machlete AL series
tubes operate at 5.7 volts, nominal. It is imperative that this

voltage level be maintained to insure that cathode tempera-’

tures are held at the level for whith the heater design has been

optimized. Only by operating the AL series tubes at 5.7 volts,
-nominal, will the extended life capability be realized. Factors
- defining the performance of AL series cathodes are described
in the paragraph entitled "Phormart Cathode™.

Anti-Corrosion Plating

To minimize contact loss and substantially eliminate arcing
due to corrosion cffects the Machlett AL series planar triodes

are gold plated. Both tube and contact life will be enhanced,
particularly where conditions favorable to corrosion exist.

Phormat Cathode

The Machlett Phormar cathode (a matrix cathode) em-
ploys a potous coating which provides an arc-resistant sur-
face. Its high voltage stability, therefore, is excellent and its
ability to maintain a clean tube interior is correspondingly
good. Field gradients of 135 kV/cm and higher have been

. impressed between the grid and anode of the ML-7815 and

ML-7815/AL and also to comparable tubes not using the
Phormat cathode. While the standard cathodes were almost
completely destroyed the Phormat cathode showed only a few
arc marks — and yec still maintained irs operating capability.

. (Medulator tubes such as the planar triode ML-8533 carry °

an 8 kVdc.plate volage rating. )

' Deﬁosited vs Sprayed Cathodes

The Phormat cathode has been in use in UHF planar cube
types since its development by Machlete Laboratories in 1960.
The high reliability of this cathode under extreme voltage
conditions has made possible its use in grid pulsed applica-
tions. The usc of this cathode type at high frequencies, where
cransic cime increases the back-bombardment of che cathode,
gives the Phormar cathode great advantage as compared with
the standard sprayed cachode.

The structure of the cathode consists of a meral base on
which a porous layer of nickel is deposited by electrolytic and
cataphorctic deposition*. This cathode is sprayed as a regular
emitter, bue it presents a rough surface where the riple car;
bonate coating (BaSrCa) CO, can more easily obtain the

¢



APPLICATION NOTES .
UHF TUBES

Page 2

required donors increasing the uniformity of emission of the
layer, thereby avoiding the “patchy™ emission characteristic
of standard emitters. This nickel “sponge™ provides at the
same time a very fast heat transfer, reducing the cffects of the
backbombardment on the cathode at high frequencics:
Another major advantage of the Phormat cathode in pulsed
applications is its ability o reduce the adverse effects of arc-

ing within the tube. When arcing occurs in a standard -

sprayed cathode, large segments of the cathode layer tend to
lift from the metal base resulting in catastrophic failure
whereas in the Phormart structure only a localized area is
affected and tube life is unimpaired.

Quoliif Control and Tube Testing

The Quality Control operation associated with the Small
Power Tube Product Line—which produces the Airline
Quality planar triodes — opetates more as a continuous pro-
cess control than a check and inspect procedure. Under a con-
tinuous feedback control system are, for example; the cathode
components (the nickel matrix, which is deposited on the
emitcer surface); the carbonates, (which are sprayed on the
nickel base and later converted to the emitting surface); and
the final cathode processing. The nickel of the nickel matrix
powder is analyzed and certified to be of the high purity level
required. Carbonates are spectrographically analyzed and
certified for highest purity levels. In addition, the associated
solvents and binders are specifically formulated and con-
trolled to meet the Phormat cathode requirements. Final
processing of the cathode is extremely critical, and must take

35
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Figure 1 — Grid Pulsed RF Amplifier Output vs Heater Voltage.

place in a non-reactive atmosphere. In addition, bake and ex-
haust schedules (tube outgassing) must be precisely per-
formed to assure internal cleanliness of the tube.

Tube testing of the Airline Quality planar triodes has been
set up as a separate program, itsclf a result of field life history
and a comprehensive appraisal of the actual conditions under
which tubes operate. To this end a series of definitive tests
were scheduled for each AL tube to reflect environmental
conditions and be predictive with regard to tube life under
these conditions. Since failure mode analysis had indicated
that cathode depletion was the typical cause for tube removal,
test emphasis lies in the direction of assuring long term
cathode activity. Grid-pulsed rf amplifier output vs variation
in heater voltage and short and long pulse duration at reduced
heater voltage provide two critical tests for cathode perfor-
mance. Figure 1 describes a plot of a typical MIL-E specifica-
tion 7815 and an ML-7815/AL tube showing the extended
performance characteristics of the latter. Figure 2- shows
comparable oscilloscope traces of the 4500 usec pulse deter-
mining cathode activity under extremely high loading. As is
evident, the ML-7815/AL pulse shows negligible current
droop. Static tests to tightened amplification (mu) and trans-
conductance (gm) specifications are performed as well as
tests for plate current cut-off, interelectrode capacity and grid
characteristics. Mechanical and high g shock testing are done
on a sampling basis.

*"Simultaneous Cataphoretic and Electrolytic Deposition of Nickel
for Cathode Bases of Reliable Electron Tubes”, by P. F. Varadi and

K. Ettre, Journal of the Electrochemical Sociery, Vol. 109, No. 4,
April 1962.

Figure 2 — Long Pulse Performance of Standard ML-7815 vs ML-7815/AL
Tube. - R .
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Administrative Data

1.0 Purpose of Test:
To evaluate the performance of the Electron Gun when sub jected
to Environmental Testing in accordance with the referenced Spec-
ification and Procedures of this Test Report.
‘2.0 Manvufacturer: .Ion Physics Corporation
South Bedford Street S
. Burlington, Massachusetts 01803
3.0 Manufacturer’s Type or Model No.:  gges-1
4.0 Drawing, Specification or Exhibit: In accordance with written and
' verbal instructions from Ion
Physics Corporation.
5.0 Quantity of Items Tested: . - One (1) (S/N 3)
. 6.0 Security Classification of ltems: .y classified
7.0° Date Test Complefed: ' 3 September 14, 1970
8.0 ,Testconducfed By -Associated Testing Laboratories, Inc.
. NEW ENGLAND DIVISION S
9.0 Disp.osiﬁon of Specimens: Returned to Ion Physics Corporatmn
10.0 "Abstract:
The submitted Electron Gun was subjected to Sinusoidal Vibration
" over the frequency range of 20 to 2000- Hz at levels up to 16g's -
peak. 'The unit was vibrated in three mutually perpendicular axes.
There was one sweep up from 20 to 2000 Hz in each axis. There was
no visible damage incurred to the Electron Gun as a result of the
Sinusoidal Vibration Test. .
Report No.__NT-7523-11 ,' - _ . Poge 1

Associated Testing Laboratories, Ias.

- Wayne, New Jersey 07470
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10.0 Abstract (continued)

—

The Electron Gun was subjected to Random Frequency Vibration
Testing over the range of 20 - 2000 Hz at 'a PSD Level of 0.05g2/Hz
and an overall level of 10g's rms. The unit was subjected to the
Random Vibration for a period of 10 seconds in each of its 3
mutually perpendicular axes. At the conclusion of the Random

Vibration Test, there was no visible damage incurred to the Electron
Gun. ’

The Electron Gun was subjected to a Shock Test in each of its 3
mutually perpendicular axes. A total of 6 blows was delivered to
the unit, 1 in each direction of each axis. Each shock pulse
approximated a half sipne wave with a peak amplitude of 15g's and
"15 millisecond time duration. There was no visible damage incurred
to the Electron Gun as a result of the Shock Test.

Report No. NT-7523-11 ' Puge__2

Associated Testing Lahoratories, Inc.
Wayne, New Jersey 07470
Burlington, Massachusetts 01803




SINUSOIDAL VIBRATION TEST

TEST PROCEDURE"

The submitted Electron Gun was subjected to a Sinusoidal Vibration Test

in accordance with written and verbal instructions from a Representative

~ of Ion Physics Corporation. The following is a description of the test
as it was performed. :

The Electron Gun was securely attached to its Vibration Test fixture,
which was then attached to the table of the Vibrator. The Electron
.Gun was then subjected to Sinusoidal Vibration over the frequency range
of 20 to 2000 Hz at the levels given below:

TABLE 1
Frequency (Hz) Amplitude
20 - 500 - +1g
500 - 2000 | +6g's

The frequency range from 20 to 500 Hz was swept up in approximately 30
" seconds and- the frequency range from 500 - 2000 Hz was swept up in
approximately 30 seconds. There was no return sweep.

The above procedure was performed in each of the unit's 3 mutually
perpendicular axes. The Electron Gun was examlned for ddmaOC after
v1brat10n in each axis. : .

TEST RESULTS'

. There was no visible damage incurred to the Electron Gun as a result
of the Sinusoidal V1brat10n test. :

3

Report No._NT-7523-11 g Page

<~ Associated Testing Lakaratories, Inc.
" Wayne, New Jersey 37470 ‘
Burlington, Massachusstis 31803




RANDOM VIBRATION TEST

TEST PROCEDURE

The Electron Gun was subjected to Random Frequency Vibration Testing
in accordance with written and verbal instructions from an Engineer-
ing Representative of Ion'PhysiCS<Corpora£ion. The following is a '
description of the ‘test as it was performed. '

The Electron Gun was secured to the Vibrator as previously described
in the Sinusoidal Vibration Test Procedure. The unit was then sub-
jected to the following Random Vibration Test:

Test Level

- Frequency (Hz) ' PSD Level (g?LHz)
20 - 2000 B . 0.05

Ovérall Level = 10g rms

'The -above Random Vibration Test Levels were épplied in each of three
mutually perpendicular axes. '

Prior to mounting the specimen.to the Vibration Test fixture, equa1— 
ization of the Random System was accomplished by means of a System
containing 85 parallel band-pass filters with individual attenuators
for spectrum shaping. Each filter had a maximum bandwidth of 25 Hz.
The System also contained Monitoring Circuits with power spectral
density meters which read directly .in g2/Hz. The System was first’
set-up in the closed loop mode. After programming in the specified
test levels, the test spectrum was applied to the Shaker System. .
Where necessary, resetting of equalization controls was performed .
at those frequencies where the applied test level had deviated from
that specified.. The output of the Control Accelerometer with its )
agsociated normalizing filters was applied to.the input of a Spectral
" Density Analyzer/Tracking Filter. The recorded power spectral density
was displayed on an X-Y Plot. The tolerance of the displayed power’

Report No.__NI-7523-11 . ' ' : Page___ 4

Associated Testing Laboratories, Inc.
Wayne, New Jersey 07470 _
e Burlington, Massachusetts 01803




TEST PROCEDURE
(continued)

spectral density level was *3db. The filters used for analyziﬁg the
random frequency test spectrum was as follows:

A. 20 Hz - from 20 to 100 Hz.

B. 50 Hz - from 100 to 2000 Hz.
After having assured that the test levels were within the stated’
tolerances, the System was shut-down and the Electron Gun was mounted

to the test fixture.

" The unit was subjected to the Test Levels for a period of 10 seconds
in each of three mutually perpendicular axes.

The Electron Gun was examined for evidence of phys1ca1 damage upon comple/
tion of each Random Vibration Exposure.

B

TEST RESULTS

There was no v131b1e damage incurred to the Electron Gun as a result
of the Random Vlbratlon Test. :

Report No._NT-7523-11 , ‘ Poge__ 5

. - Associated Testing Laboratories, Inc.
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—

SHOCK TEST

TEST PROCEDURE

-The Electron Gun was subjected to a Shock Test in accordance with
written and verbal instructions from Ion Physics Corporation. The
following is a description of the test as it was performed.

The Electron Gun was securely mounted to its fixture which, in
turn, was mounted to the carriage of the Shock Machine. The unit

" was then subjected to a total of 6 blows, 1 in each direction of
three mutually perpendicular axes. The magnitude of the shock pulse

. was 15g's, the time duration was 15 milliseconds, and the wave form was
half sine wave. At the end of the test the unit was examined for ex-
ternal mechanical damage. '

TEST RESULTS

"There was no visible damage incurred to the Electron Gun as a result
of the Shock Test. ' : :

Report No. NI-7523-11 Page_ 6
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SINUSOIDAL VIBRATION ANALYSIS
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RANDOM VIBRATION ANALYSIS
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Administrative Data

1.0 Purpose of Test:
To evaluate the performance of the Electron Gun when subjected
to Envirommental Testing in accordance with the referenced Spec-
1fication and Procedures of this Test Report. '
2.0 Manufacturer: Ion Physics Corporation |
South Bedford Street
Burlington, Massachusetts 01803 -
3.0 Manufacturer’s Type or Model No.:  gggs-1
4.0 Drawing, Specification or Exhibit: In accordance with written and
verbal instructioms from Ion
Physics_Corporation.
5.0 Quantity of ltems Tested: " One (1) (S/N &)
6.0 " Security Classification of ltems: - {nclassified
7.0 Date Tesf Completed: . 'OCwBe“r 8, 1970
8.0 »Testonducfed By Associated Testing Laboratories, Inc. |
: . ‘NEW ENGLAND DIVISION L
90 Disposition of SPeCimens“ Returned ‘to Ion Physics Corporation
10.0 Abstract:

The suﬁmit;ed ﬁléc;rdn Gun was subjected to.Sinusoidal Vibration .
over the frequency range of 20 to.2000 Hz at levels up to *6g's

- peak. The unit was vibrated in three mutually perpendicular axes.

Report No.___NT-7614-11

'There was one sweep up from 20 to 2000 Hz in each axis. There was

no visible damage incurred to the Electron Gun as a result of the
Sinusoidal Vibration Test. ~
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10.0 Abstract (continued)

The Electron Gun was subjected to Random Frequency Vibration
Testing over the range of 20 _to 2000 Hz at a PSD Level of 0.0ng/Hz
-and an overall level of 10g's rms. The unit was subjected to the
Random Vibration for a period of 10 seconds in each of its 3
mutually perpendicular axes. At the conclusion of the Random

Vibration Test, there was no visible damage incurred to the Electron
Gun. ‘ ' '

The Electron Gun was subjected to a Shock Test in each of its

three mutually perpendicular axes.” A total of 6 blows was delivered
to the unit, 1 in each direction of each axis. Each shock pulse
approximated a half sine wave with a peak amplitude of 15g's and

15 millisecond time duration. There was no visible damage incurred
to the Electron Gun as a result of the Shock Test.

NT-7614-11 : s ‘ 2
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SINUSOIDAL VIBRATION TEST

TEST PROCEDURE

The submitted Electron Gun was subjected to a Sinusoidal Vibration Test
in accordance with written and verbal instructions from a Representative
of Ion Physics Corporation. The following is a description of the test
as it was performed. '

The Electron Gun was securely attached to its Vibration Test fixture,
which was then attached to the table of the Vibrator. The Electron
Gun was then subjected to Sinusoidal Vibration over the frequency range
of 20 to 2000 Hz at the levels given below:

TABLE 1
Frequency (Hz) . "~ Amplitude
20 - 500 ' : tlg
500 - 2000 . i6g's

- The frequency range from 20 to 500 Hz was swept up in approximately 30
seconds and the frequency range from 500 to 2000 Hz was swept up in
approximately 30 seconds. There was no return sweep. '

The above procedure was performed in each of the units' three mutually

perpendicular axes. The Electron Gun-was examined for damage after
vibration in each axis. ' ' '

TEST RESULTS

There was no visible damage incurred to the Electron Gun as a result
of the Sinusoidal Vibration Test. '
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jected to the following Random Vibration Test:

RANDOM VIBRATION TEST

TEST PROCEDURE

The Electron Gun was subjected to Random Frequency Vibrat{bn'féSCihg

in accordance with written and verbal imstructions from. an: Engineer- -

ing Representative of Ion Physics Corporation. The followxng 1s_a_:

description of the test as it was performed.

The Electron Gun was secured to the Vibrator as prev10us1y described7i" ”

in the Sinusoidal Vibration Test Procedure. The unit was. then sub-,_f

TEST LEVEL

4

R

Frequency (Hz) PSD Level (g?/Hz) . -
20 - 2000 0.05

Overall Level = 10g rums

" The above Random Vibration Test levels were applied in eac&:oF:threqt

mutually perpendlcular axes.,

Prior to mounting the specimen to the Vibration Test fiktdré, equal-
ization of the Random System was accomplished by means of a System

containing 85 parallel band-pass filters with individual atteruators
for. spectrum shaping. Each filter had a maximum bandwidth of 25 Hz.

. The System also contained Monitoring c1rcuits with power spectral

density meters which read directly in g 2/Hz. .The System was first
set-up in the closed loop mode. After programming in the °p9pifled
test levels, the test spectrum was applied to the shaker systew.
Where necessary, resetting of equalization controls was performed

‘at those frequencies where .the applied test level had deviated from

that specified. The output of the Control Accelerometer with its

associated normalizing. filters was applied to the input of a Spectral

Density Analyzer/Tracking Filter. The recorded power .spectral density'

_was displayed on an- X-Y Plot. The tolerance of the.displayed power
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RANDOM VIBRATION TEST

TEST PROCEDURE (continued)

spectral dehsity level was *3db. The filters used for analyzxng the
xandom frequency test spectrmnwereas follows s

- A. 20 Hz - from 20 to 50 Hz.
B. 50 Hz - from 50 to 2000 Hz.
After having assured that the test levels were within the stated
tolerances, the System was shut-down and the Electron Gun was wmounted

to the test fixture.

»The unit was subjected to the Test Levels for a period of 10 seconds
in each of three mutually perpendicular axes.

The Electron Gun was examined for evidence of physxcal damage upon
_completion of each Random Vibration Exposure.

TEST RESULTS

There were no visible damage incurred to the Electron Gun as.a result .

- 'of the Random Vibration Test.
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. SHOCK TEST

TEST PROCEDURE

The Electron Gun was subjected to a Shock Test in accordance with
written and verbal instructions from Ion Physics Corporation. The
following is a description of the test as it was performed.

The Electron Gun was securely mounted to its fixture which. in turn, -
was mounted to the carriage of the Shock Machine. The unit was then
subjected to a total of 6 blows, 1 in each direction of three mutually
perpendicular axes. The wagnitude of the shock pulse was 15g's, the

" time duration was 12 milliseconds, and the wave form was half sine wave.

At the end of the test the unit was examined for external mechanical

~ damage.

TEST RESULTS

There was no visible damage incurred to the Electron Gun as a result
of the Shock Test. - '
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RANDOM VIBRATION ARALYSIS
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RANDOM VIBRATION ANALYSIS
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SINUSOIDAL VIBRATION AHALYSIS
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SINUSOIDAL VIERATION ANALYSIS
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SINUSOIDAL VIBRATION ANALYSIS
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