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~ FOREWARD

While the priﬁéry aim of the Kempster program was to
ascertain the extent of the radar cross-section reduction attainable
by an electron cloud, a retrospective examination of the program

clearly showed that the development of the specialized equipment to

prove the concept in flight required by far the larger portion of the

contract effort. During the preparation of the final report, then,

it was not surprising to find that there was sufficient material to
be documented on the equipment effort alone to warrant an entirely
~ separate volume on that subject. The order of the chapters is
generally chronological, beginning with theory and experiments for
electron-~beam~transmitting ﬁinﬁows, following into the window tube
work and its mdré successful successor, the dynamically pumped gun,
and concluding with a description of the operation of the equipment

in the field. ‘

Every attempt ‘has been made to make the report complete.

However, the length of the program and the absence of any formal
reporting requirement during its first 80 percent make it entiréiy
possible that those preparing the final report have overlooked import-
ant contributions by others, some of whanare no longer even associated
with this organization. Where such omissions come to light, the‘ ~
editor will app;eciate being.so informed, in order that he might

arrange for the necessary revisions in the document.
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 CHAPTER 1
ELECTRON BEAM WINDOWS

1.0l. Introduction

The design of a window device for transmitting electron beams

into an atmésphere having pressures from several torr to atmospheric
pressure depends on several technical factors. The thin foil which
constitutes the window should not present an excessive absorption

cross-section to the beam. It must be capable of dissipating the

‘power lost by the beam as it traverses the material without excessive

thermal gradients and, most important, must be able to withstand the

mechanical fbrées produced by thermal stresses and the pressure of the

external atmosphere.

The problem of theoretically computing whether a given window
configuration will stand up when transmitting the desired amount of
power requires determining the energy losses within the window as a
function of the transmitted pover, calculating the thermal gradients
and mechanical stresses associated with this loading and with the

pressure differential across the window and comparing the result with

data on mechanical strength of the window material at the temperature

in question. ,
In the sections which follow, the losses associlated with the T

" 'passage of high’ speed electrons through different materials will be

discussed, the thermal gradients associated with-different configura-
tions will be computed, the mechanical stresses discussed, and a

comparison made with experimental data.

'
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- 1.02. Assessment of Power Lost by Beam in Al Foil
Bethe(l) has given the following expression for the average

energy loss per unit path length for a charged particle traversing

matter:
b2 ‘9- "
_GE _ £(x) = L Ne In mv-V 2 (ergs/cm) (1.02.01)
ST & S 271 .
where N = number of- electrons per cm3 of matter

¢ » € = charge of electron
~ m = mass of electron

v = velocity of incident electron
e.= 2.718

I = average excitation energy of the atoms being traversed.

-

The energy lost by a given particle in traversing a thin section
of window material in which electron scattering may be considered neg-
ligible can be obtained by integrating Eq. 1.02.01.

- (E ‘ o E
o- _dE o . _GE
- j E) ._j ax = f T/ - (2.02.02)
E X E : ; '

where E0 is the energy of the incident particle and E is its energy at
a distance x within the material. The (dEl
itself to graphical integration methods, so that a convenient solution

is available once the dE/dx function has been ‘determined.

dx) function easily lends

1. Bethe, H.A., Handbuch der Physik (Julius Meyer, Berlin, 19663)
VOl. 2""0 - :

i

!
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2)

Ilane and Zaffarano( have evaluated Eq. 1.02.01 for electrons

traversing aluminu foil and obtained the following equation:

= (.307) ( ) 5 [1n (51.1 a 2) + 3.66] kev/ms/cm (1.02.03)
B .

where Z is atomic number, A is atomic weight, and B = v/c is the ratio

of the particle velocity to the velocity of light.
In evaluating Eq. 1.02.01 for Al, they employ the value of 150

ev for I, and have solved for N as follows: - oy

N = l‘% (102704

where n is Avogadro's number, and p is the density of the material.

Fig. 1.02.01 gives a plot of Eﬁ%ﬁi vs. kv as derived from

~ EBgq. 1.02.03. The upper curve represents the actual curve obtained

directly from Eq. 1.02.03. The lower curve incorporates a 1.45 factor

'reduction obtained by observing the departure of theory from experiment

a8 plotted for Al foil in Figure 19 of Reference 2. Part of the dis-
crepancy between thedry and experiment was due to the fact that the
electron energy losses determined from the Bethe equation are taken
along the actual path of the electrons in their zig-zag course through

the material, whereas the desired result relates to the attenuation of

" beam power with thickness in a given direction through the material.

In section l.Oh/a more sophisticated theory which takes electron
scattering inté consideration will be discussed. - Use of the corrected
curve to obtain the energy loss from the beam~asfa function of window
thickness is exemplified by the cross-hatched area. Determihation of
this area, of course, represents the integration of Eq. 1.02.02

‘referred to previously. The area of the cross-hatched section thus

2. R. O. Iane and D. J. Zaffarano, Transmission of O to_SO kv
Electrons by Thin Films with Applications to Betsa Ray
Spectroscopy, (U.S. Atomic Energy Commission ISC-439, Dec. 1953.)
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represents the mg/cm2 of Al foil which will reduce by 10 kev the
average energy of electrons which are incident at 110 kv. From the
curve we see that this area turns out to a close approximation to be
(.22)(20) = 2.2 mg/cmz, which corresponds to a thickness of 8.2 or
.32 mil. Thus a 110 kv beam will lose approximately 10 kev in -
traversing a .32 mil thickness of Al foil. The calculations in
section 1.04 on the heat dissipation problem are based on a 10 kev
loss in a 1/3 mil foil, corresponding to an 8.5p thickness. A 110
kv primary voltage is assumed. ’
On a more formal basis, it is evident that the cross sectioned
area of Fig. 1.02.01 represents the window height per unit area M
necesgsary to produce an average energy loss El per eléctron in a given
electron beam. It is given approximately by the product Eﬁ%&i at the
appropriate location of the curve and E1 the energy loss per electron.

Thus the average energy loss per electron can be expressed by the

~
</! following equation:

M3 . pdE
L= Mg = oD 55 (1.02.05)

where D is the thickness of window material and dE/dx is the energy
loss per unit weight per unit area. For beam current I, the energy

E

per second expended by the electron beam in traversing the window is

given by the following equation:
: W=1IE = Mg = IoD g (1.02.06)

It is apparent that electron rangé, which is defined as the
amount of material neceséary to reduce the energy of the incident
particles to zero, is obtained by integrating Fig. 1.02.01 over the
whole area from the desired incident energy to zero energy.

As a means of obtaining the order of magnitude of the energy
losses involved when an eiectron.beam traverses a material, the mg/cm2

. required to achieve a given energy loss in Al foll is plotted in

Declassified and Approved For Release 2013/08/21 : 'CIA-RDP67BOO341 R000800050001-7
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Fig. 1.02.02 for 100 kv, 125 kv and 150 kv electron beams. These data
are obtained using the corrected curve of Fig. 1.02.0l assuming

it-is linear in the region of iﬁterest. The thickness of Al foil
necessary to produce a 10 kev energy loss in Al foil is thus 2. l, 2.4

-and 2.75 mg/cm , corresponding to thicknesses of 7. 8, 8.9 and lO 1
~microns for lOO, 125 and 125 kev.electrons respectively.

It is important t0 note that the loss in the window increases .

as voltage is decreased. The maximum loading of the window will be

determined by the ‘maximum allowable temperature gradient required to

‘dissipate the window heat losses incurred by the beam to an assumed

heat sink adjacent to the window. In section 1l.05 this maximum
loading is assumed to be 30 ma for a primary beam of the order of
110 kv. TFor 8.5 micron Al foil, the loss per electron is about

10 kev. The heat loss in the window is thus approximately (10,000)

'(.030) = 300 watts. Iable.l.OE.Ol, below, shows how the kev energy loss

‘varies with primary beam voltage, as well as how beam loading must

be varied to keep the energy losses at the window constant.

Table 1.02.01 - Energy Ioss in 8.5 Micron Al Window, Also Tube

Maximum Allowable Current for 300 Watt Loss

Primary ' Anticipated Energy Loss Maximum Allowable Current
kv in Window in kev ‘ in Tube in ma
149 P 7.9 38
110 10 | 30
81.5 13 T 23
58.3 = 16.6 - _ 18
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1.03. Figure of Merits of Different Materials as Electron Beam Windows

Theoretical values of dE/dx and range for a number of different

(3)

of the incident electrons. Using these data, curves similar to

materials have been determined by Nelms as a function of the energy

O

© Figs. 1.02.01 and 1.02.02 can be plotted and the energy loss determined
as a function of the thickness of the material employed. Theoretical
data obtained in this fashion may be subject to the same order of
correction which has been made for Al foil in section 1.02. From
Fig. 1.02.02, particularly for higher energies, it is evident’ that
the energy loss in traversing a given material can, to a reasonable
approximation, be assumed to be linear with the thickness of the
material. .

The thermal figure of merit can be derived from the following
considerations if we neglect all heat losses from the window except
thermal conductivity losses. TFrom heat theory the temperature

.(::: o gradient across a window having thermal conductivity kK, separated
"by a distance A from a heat sink, can be expressed by the following
equation:

_ WA
~ kLD

where W is the energy/sec absorped in the window, L is the length of
the beam and D is the thickness of the window.
Substituting Eq. 1.02.06 in Eq. 1.03.01, we obtain

e

AT (1.03.01)

AID (é—‘i—) P

A = e T (1.03.02)

The thickness of the window D, which is present in both denomi-
‘nation and numerator of Eq. 1.03.02, cancels out. Thus the temperature
of the window is substantially independent of window thickmess.
Essentially, this means that the improved thermal conductivity obtained
by increasing the thickness of a given window is cancelled out by
,proportionate increase in the energy losses experienced by the beam
<:‘\ as. it traverses the thicker window.

3. ‘A. T. Nelms, "Energy Loss and Range of Electron and Position,"
NBS Circular 577 (1952) .
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If the thermal figure of merit is taken as being proportional
to l/AT, then for a given beam size, current and window geometry,
we can define an electron beam window thermal figure of merit F by
the following equation: '
- k
o(%%)

whére k is thérmal-conductivity,fb_ié the density of the material and

F

(1.03.03)

dE/dx is the energy loss per unit weight per unit area incurred by

"'the beam in traversing a given window material.

The relevant physical parameters of a number of window materials‘

are listed in Table 1.03;01 including the thermal figure of merit F
.forleOIkv electrons as defined by Eq. 1.03.03. Since F is proportional
to l/AT, a knoWléééé of F permits ready assessment of the maximum

. temperature associated with different window materials once the tempera-

ture gradients associated with one given material have been determined.,
The values listed in Table 1.03.01 represent uncorrected

values of the electron beam energy loss parameters. For this reason

the energy losses associated with aluminum are somewhat lower on

.this table than the corrected values determined from Fig. 1.02.01.

. For very thin windows it is believed that the use of Table 1.03.01

to compare the theoretical performance of different materials with
thevtheoretical performance of Al will give reasonably accurate
answers when referred to thermal data for Al for which corrected values
have been obtained. Since the calculations of section 1.0k are based
on corrected values of Al, comparisons of different materials using
temperature data taken from section 1.04 will give “corrected" thermal
numbers for other materials.

Comparing, for example, the figure of merits of Al vs. Ag, we
obtain a ratio of 5.9/3.9 = 1,52 in favor of Al. Thus, if, as discussed

. in section 1.04, the window has been designed to limit the window

, temperature gradient to 150°C for aluminum with a 300 watt heat input

-

- Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341 ROOO800050001-7
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Table 1.03.01 - Figures of Merit for Metal Windows for 100 kev Electrons

1o .

T 2 3 ¥ 5 6 7 8 .9 11
| o L o - T ' Window
o ' F) ;
Plax Thickness
! Figure of in microns
_ k Merit for AT Gradient to Equal Range Range
Material - T am Absorption for Window OQutput at at
and k p(ﬁx_ losses for Compared to of 8.5 100 kv: 100 kv
Atomic cal/cm?/ dE/dxein Thermal Figure Equal, AT = 150°C micron Al in in
Number. ‘gmjcm3 en/°C/sec  kfp kev em®/mg of Merit Thicknesses for Al Window mg/cm  microns
Bek | . 1.85 385 .21 3.4 6 x 1072 .16 148°¢ 12.4 17.3 9l
c6 2.2 .57 .006 3.71 6.9 x 1073 12 1280°Cxx 9.3 15.9 72
AL 13 2.7 .52 .19 3.2h 5.9 x 1072 a1 150°% 8.5 18.3 68
T 22 b5 .04 .0089 2.9% 3.1 x 10 3% LOTT* 2860°Cx* 5.95 — —
Fe 26  7.87 .19 . .02k 2.83 8.6 x 1073 .O45 1030°c** . 3.48 212 ' 27
M 28 8.9 .k .06 2.8 5.6 x 107 3% .Ox 1580°+ . 3.1 - -
w29  8.9h 923 .10 2.72 3.8 x 1072 .o 233°%c 3.7 21 25
Mo b2 10.2 .35 .03k4 2.46 1.4 x 1072 .04 632°¢c Co3a oL.6 ol
Ag 47 10.5 oTh 093 2.k0 3.9 x 1072 .04 227°¢ 3.1 25.3 ol
W 19.3 476 .025 . 2.05 1.2 x 1072 .025 740°¢ 1.93 30.1 16
Pt 78 21.45 166 L0780 2.01 3.9 x 1073 .023 2270°C** 1.78 - 30.7 1k
AT 19.3 707 .037 2.01 1.8 x 1072 .026 492°¢ 2.0 30.6 16
. .
‘By interpolation
**Appreciable radiation loss is neglected i -
i ! o
&
1
w
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to the window, then an Ag target would operate with a temperature
gradient of (150)(1.52) = 227°C under the same beam and window

geometry conditions. As indicated previously, the temperature condi-

. tions derivable from the thermal figure of merit are 1ndependent of

window thickness. For thlcker foils with fractlonal ranges in excess
of 0.2 or 0.3, Spencer's theory (section 1.04) showed give more
accurate results. ’ '

It is evident that the maximum temperature experienced by

' a'window is only one of several parameters which must be evaluated

in selecting.the window for an electron beam tube. One of the major
factors which must be considered relates to the window thickness
required to withstand the pressure differentials.across the window
at the temperatures associated with operation of the tube under
maximum loadings. Still another important parameter relates to

the output power which is transmitted through the window at the

thickness in question, which is, of course, the total beam power

- minus the energy losses incurred in the window, An even more'import-

ant factor are the thermal stresses incurred as related to the physical .
properties of the window at the temperatures in question.

Taking subscript 1 to apply to Al, and subscript 2 to apply
to Ag, the ratio of the window absorption losses in Al to those in
Ag from Equation (S) are as follows:

. /dE
‘ (E)); °1D1 (G 03.0k
- (.03.09

1’2 - p,D, (62)2

It is evident that we can define still another electron beam

. window figure of merit which will permit direct comparison of the

absorption losses incurred by the beam in traversing equal thicknesses
of different materials. From Eq. 1.03.04 for a given value of D, this

. figure of merit which applied only for very thin parts is given by

, the following eqpatlon'

Declassified and Approved For Release 2013/08/21 - CIA-RDP67B00341R000800050001-7
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1 (1.03.05)

Ezo('d—}Ei
dx
Values of this figure of merit are also listed in Table 1.03.01.
It is important to bear in mind in using E to compare the electron
absorption losses of given materials that window thickness must be
'taken into consideration, whereas, the use of the F figure of merit
for thermal gradient comparisons is independent of window thickness.
Returning to the comparison of Al and Ag, we observe El/E2 =
.ll/.Oh = 2,75. Thus, if a 10 kev loss is incurred by a 110 kv electron
‘beam in traversing an 8.5u thickness of Al, a 27.5 kev loss will be
experienced by the beam'in traversing an equal thickness of Ag for
thicknesses where scattering is not excessive. In order to obtain
. the same power output through the Ag window as is obtained through
the 8.5@ Al window, the Ag window thickness according to the simple
theory must be reduced by a 2.75 factor to 8.5/2.75 = 3,1n., The 3.1lu
window must be able to withstand the required pressure differentials
at 2270C compared to similar requirements on the 8.5u Al window at
150°¢.
‘ Column 8 of Table 1.03.01 lists the relative temperature
gradients computed for different window materials'on the basis of the
thermal factors F assuming that the beam and window geometry will
produce a'ISOOC temperature gradient for Al foil. This column is
independent of window thickness for the range of thickness for which
the linear approximation holds. Column 9 gives the window thickness
of different materials required to produce electron beam power out-
puts equivalent to that obtained for 8.5 micron Al foil for which a
10% power loss has been calculated. '
' Materials having low figure of merits F will have temperature
~ gradients which are so high that other means of heat dissipation such
as radiation cooling can no longer be considered negligible. The
!total area of the window bombarded by the beam is .3 cm2 on the basis-
'#of.assumptions made later. A black body having this area at

Declaséified and Approved For Release 2013/08/21 :1CIA-RDP67BOO341 R0O00800050001-7
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~1000°C will radiate 4.5 watts. At 2000°C a black body having this ares
. will radiate 45 watts. Thus, hedt dissipation by radiation does not

get to be a very major'fééfor for window inputs of the order of 300

watts. 7
'AVColumn'lO’éives the total 100 kv range of different window
(3) and column 11 gives these range data
in microns. . ’
While data iﬁ this report are restricted to metal foils, pro-v
mising materials are by no means limited to metals. A major problem

associated with non-metallic materials relates to the low thermal

. conductivities frequently associated with them. However, some such

“materials have relatively high thermal condﬁétivities. For example,

the thermal conductivity of BeO at room temperature is comparable
with Be. Unfortunately, the thermal conductivity of BeO drops from
.63 at 20°C to .07 at 800°C making it more difficult to capitalize
on the superior high-temperature properties of this material.

Data of the type shown in Table 1.03.01 can be used to make
a direct comparison of materials for thin fdil windows. Column 9
of the table represents the approximate thickness of a given material
which will produce a 10% loss in an electron beam operating in the
100 to 110 kv range. Column 8 indicates the temperature gradient
from the center pf the window to its edge which the window will
assume under operating conditions. As noted previously, this tempera-
ture is substantially independent of window thickness.

Columns 8 and 9 in a sense may be con31dered as deflnlng the
requirements on the material imposed by the conditions of service.
It is then only nedessary to consider the strength of the materisl
as a function of its thickness at the required operating temperature

for the thermal loading stresses produced in order to compare different

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7
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window materials. An extra premium results if a material will meet
the operational conditions in a thickness which is less than the 10%
loss thickness defined by column 9 of the table., Thus, if 1.5 microns
of silver will meet operating conditions, then it is evident that

the power loss to the window will be reduced by a factor of 2 from
10% to 5% of the total beam power.

. //._\\
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1.04 lSpencer Thick Target Theory

Spencer(h)(S) has developed & theory from which energy
losses incurred by high speed electrons as they traverse a plane
perpendicular target of infinite thickness can be calculated as a
function of their fractional range. It was felt that computations
based on his data could be used with a fair degree of confidence
/ ¥ for thicker targets (in excess of 0.2 to 0.3 fractional range)

since fairly good correlation with experimental results were
obtained. A brief review of the calculations based on Spencef's
data follows using the following definitions:

Iet I(z) dz be the energy dissipated per square centimeter
'in & plane layer between z and z + dz. 1(z) dz represents the

average energy per electron dissipated in the plene layer between

'z and z + dz, r,=rT (Eo) is the residual range of the electromns, =~ - -

plas measured along their path.

(g._E_:) = the stopping power of electrone at the initial
dr :

(o]
energy of the source Eo'

X = %— the fractional range or thickness z transversed
o o]
- through mate’rial divided by residual range for initial enei‘gy Eo' .

J(x) = IQ;)/(%%)E_ is the de-dimensionalized energy
_ o
"~ distribution for the plane perpendicular case. o
N To obtain the energy loss (&7 ), incurred in penetrating
- & given material to a thickness zy) it is necessary to integrate

.:?fj"; " 1(z) dz

L, L. V. Spencer, "Energy Dissipation by Fast Electrons,"
‘ NBS Monogram No. 1, Sept. 10, 1959.

_[/ﬂ\ 5. L. V. Spencer, Pays. Rev., 98, 1597 (1955).

AN . .

[ : -
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(AV)L =fo I1(z) daz

1 Ll i

By substitution, recognizing that dz = r, dx, we obtain:

° dE
(av), = J(x)(=) r_ax.
L dr o
X E
1 . o
For & given r_ and (%%) are constants. The curves
Eo
of AE versus fractional range for Pb, Sn, Cu, Al, C and Au shown on
Fig. 1.04.01 were obtained from the tabulated values for J(x)
published in Spencer's report using Simpson's rule for accomplishing
the integration. Spencer gives his data as a function of increments

&¢ of .025. Some loss in accuracy was incurred in the interest of

- saving time by making the calculation using Ax = .05 as the basic

increment for the integrations. When (%%) is expressed in mg/cma,

'(AN)L is determined directly in kv. E,

The concept of fractional range is used to eliminate beam

voltage as a parameter on the graphs. For vcltages of present inter-

~ est, say 50 to 200 kv, there is little change in the data represented

in Fig. 1.04.01 with change in beam energy. The decrease in the
fraction of beam energy absorbed with increase in voltage is deter-
mined by the decrease in fractionél range whiéh occurs for a given
thickness material as the voltage is increased due to the increase
in range with voltage. The dashed lines in Fig. 1.04.0l represent
the fraction of the total energy reflected at high values of fractional
range. '

In interpreting Fig. 1.04.01 it is important to keep in
mind that Spencer's "thick" target assumption gives larger values
of AE for a given value of X than would be expected for a foil of
comparative thickness. For example, the 31% of electron beam energy

absorbed in traversingrzo%_of the range is based‘on the assumption

4
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CURVE 567591-8

-AE and RE versus fractional range x for thick materials
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Fig. 1.04.01
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that the actual material is thicker than the fractional range thick-
ness under consideration. Thus the 31% absorption figure includes
some backscatter from sections of the material which are thicker “than
the 0.2 fractional range for which AE is determined. A foil having a
thickness corresponding to fractional range of 0.2 would lose less

energy than would be expected on the basis of Spencer's thick target

..theory since it does not have thicknesses beyond 0.2 of the frac-

tional range to cause scattering back into the thickness of interest.
Berger has'applied a Monte Carle method in the application

of the transport of fast charged particles to compute reflection

and transmission characteristics of thin aluminum foils.' His data

which has fairly good agreement with experiment, include quantitative

‘information on electron beam energy changes as will numerical infor-

mation on changes in numbers of electrons as a function of the direction
of the incident electron beam and its initial energy. Fig. 1.04.02°
gives a direct comparison of Berger's results for electrons have a

909 angle of incidence with Spencer's results which also assumes

‘ _vnormal incidence. ' /.

.- The following definitions are used in Fig. 1.0#;02:
AE = fraction of beam energy absorbed ‘
AN = fraction of total number of electrons absorbed
RE = fraction of beam energy reflected

RN = fraction of total number of electrons reflected

TE
Ty = _
As would be expected, the fraction of energy absorbed, AE,

fraction of beam energy transmitted

= fraction of total number of electrons transmitted

predicted by Berger for thin foils is significantly less than is
obtained by Spencer on the assumption of electrons impinging as a
material of infinite thickness. The fractional aﬁsorption loss for a
foil baving a fractional range thickness of 0.2 is only about 22%

"7 'as compared to the 31% obtained from Spencer's thick target theory.

[
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From Berger's data in Fig. 1.04.02 about 90% of the
electrons are transmitted through a thin foil having & thickness
of 0.2 of the fractional range, but only about 72.5% of the energy
is transmitted. About 8% of the electrons are reflected. These
reflected electrons take with them about 5% of the total incident
energy. Two percent of the electrons are neither accounted for by
transmission or reflection and thus are assumed to be captured
within the boundries of the Toil. R

In Fig. 1.04.03 the fraction of beam energy absorbed, Ag,
is plotted as a function of atomic number for different values of
fractional range for a target of infinite thickness. The fractional
reflected energies corresponding to large values of fractional range
are shown at the top of the figure. As shown in Berger's data in
Fig. 1.04.02, full reflection takes place once the thickness of a
given material approaches about 30% of the fractional range.

In order to simplify obtaining data for different materials,
range date obtained by Nelm's e plotted in Fig. 1.04.04 as a

" function of atomic number for different values of kv. Nelm's data

on range translated in thickness of foil in mils as a function of
kv in the voltage range of interesbfare shovn in Fig. 1.04.05. '

Spencer's dataare applied to foils of different materials
to give the sum of Ay as & function of foil thickness for the 125vkv;f'

---electrons plotted on Fig. 1.04.,06, .Since the ranges of different ~ ~ 7

materials have roughly the same variation with change in kv, the thick-
" ness of foils corresponding to the AE values shown in the curves can
be estimated for 150 kv and 100 kv by multiplying the thickness of
foil as’given in the absence of Fig. 1.04.06 by 1.3 for the 100 kv
- case and by .7 for the case of 150 electrons.
| Fig. 1.04.06 can be used for comparing absorption- raises
.for Al foil with those obtained in the earlier discussion. The com=.
parison tabulated below for .32 mil Al indicates that the estimate?

first obtained for Al was reasonasble.
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CURVE 567593~
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Fig. 1.04.03
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1,04 =11
Source of Information KV Ag
Fig. 1.02.01 110 .091
Spencer 125 116
Spencer - 100 .150”,
Berger ) 125 .08
Berger 100 .102 S

In this report unless specified otherwise, Berger's data

”will be used for Al. Data for all other materials will be based on
~ Spencer's thick target theory. For low atomic number materials
. where back reflection is minimal, excessive loss of accuracy would

not be entailed. However, for high atomic materials such as Cu and

"Ag, serious errors may be incurred for thickness corresponding to

low values of fractional range. For very thin materials at high

atomic number it is possible that more accurate estimates can be made

from eq. 1.02.06.

In order to apply the consideration on losses just discussed

‘ usefully, it is desirable to have available the constant of propor-

tionality between the power lost in a given window, Q, and the useful
transmitted power U. This constant of proportionalities is derived
as follows:

The total input of the beam WB =Q+ U+ WR where WR is
the power reflected from the window and Q is the power lost in the
window proper. From consideration of Fig. 1.04.01 and 1.04.03 the
absorbed energy'bécomes prohibitively high as atomic number is in-
creased. For lower atomic number to which our attention is restricted,
the fraction of electrons reflected. is less than 10% and is neglected

in these considerations.
W.=Q+U | 1.04.01

\..l . - 7 Q = AE WB 1.014-.02
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By substitution for W_ in eq. 1.04.OLl

B

U=Q —(}—;—Ef—E—Z = Q(f) . 1.04.03
(1 - Ap)

where f = —__KE__— “is the constant of proportionality between

useful and absorbed power.

In applying the data derived in this section and practical
windows it is important to make sure that electrons scattered in
traversing a givenvwindow are transmitted as a result of the .
particular window configuration employed. 4 -

Values of f as a function of kv are plotted in Fig. l.Oﬁ:é?
for different thicknesses of Be and Al foil. It is interesting to
note that the péwer transmitted through a 0.5 mil Be foil at 150 kv
is 19 times the power absorbed. Thus a window design baving 0.5 mil

) .~ Be which will dissipate 200 watts should transmit almost 4 kw of
o 721\ ..~ power. A half mil Al window will transmit about half this power for

S the same gbsorbed power.
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1.05. Estimated Thermal Gradients for Thin Foil Windows
Assumption of Negligible Thermal Gradient Across Beam:

S
el !
' D = 8,5 xllo_ cnm

Y

Assume 0.3 mm wide beam landing on the Al foil window shown.

The bower absorbed in window will dissipate to the wall according to the

) equationi
( : WA |
AT = 3 175 (1.05.01)
T where W is power in calories/sec absorbed in window, k is thermal con-

ductivity, AT is the thermal gradiéﬁt'across window, L is the length’of
spot and D is thickness of window. " Substituting in Eq. %.05.01 on the
assumption”that 300 watts = 72"¢glb:ies per second is absorbed in the -
. window, A = .0l cm;'b = 8;5 x“loik“Cm, k = Q;s'éal/cm?/sec, and solving
for L for AT = 150°C, we obtain L = 5.6 cm = 2.2". The assumption of 300
watts diébipatibn'iéifof course, equivalent to a tube loading of 30 ma for
a 10 kev energy losé per electron. In the previous sections, it was
determined that a 10 kev loss i& reasonable for the assumed thickness of
foll for ﬁrimary beams of the order of 110 kev. -
The power dissipated by radiation and other mechanisms for
removing energy from the window have been neglected in these calcula-
tions. '

O
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Determination of Thermal Gradient From Center to Edge of Beam for the Condition
Above: :

Beam

<= C —><$—C
/

‘ . L
x> kx E§§§;QGT=&Sxm“cm

Let Q = 5%5 = power density in calories/sec/cmz, assumed uniform, being

absorbed. by window in the region of direct beam landing, where C = .015 cm
is the 1/2 width of beam, and Q = xQ L is the absorbed power which is
-+ ‘flowing through differential element dx at distance x from center of beam

/’-\
;
J

e toward the edge of window. From heat conduction theory:

a9 - -
dx kLD (lfos.oz)
and )
l T fo @ Lxdx o o xax ¢
. AT ='l;.1 4T = "/; kLD -=.7,._ j(; D - %D (;.05.03)

where Tm and T are steady state temperatures at x = o and x = C respec-

H;’tively. For the example cited first, Q = (5.6)2?615)(2) _=Ical/cm?/sec;
Substituting in Eq. 1.05.03, we obtain AT = 114°C.
-Total Thermal Gradient From Center of Beam to Edge of Window:
7 From the resulﬁs above, the total temperature gradient AT
from the center of window to edge of spot is equal to 150°C + 114°C =
- </”\ : 264°C. for a beam that is .03 cm by 5.6 cm long which impinges on an Al
e “window 8.5 x lO-.i‘+ cm thick. ‘To-drop AT from 264°C to 150°C requires
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lengthening the beam from 5.6 cm to 9.9 cm or 3.9". For a 10 cm beam,
the thermal gradient from the center to edge of beam will be 65°C, and
the gradient from edge of spot to edge of window will be 85°C or 150°C
“total temberature gradient. Tt will be observed that temperature gradient
from center of beam to edge is about h3%Aof the total gradient from center
to edge of window, and thus the temperéture gradient across area of '
window irradiated by beam is by no means negligible;
Effect of Thermal Heat Capacity on Window Loading:
Assume that the bombarded area of an Al window, which is 10 cm
long by .03 cm wide by 8.5 microné“in thickness, has negligible heat
dissipation, what exposure time at 300 watt loading will bring the window
to 100°C? The heat capacity of Al is taken as .225 célories/grmn.»
The volume of window affected by this assumption is
(10)(.03)(8.5 x 10"?‘) = 2.55 x 10'1‘_ cm3, and weighs (2.7)(2.55 x 10‘“,) =
6.9 x 10°* grams. Heat input is 300/4.18 = 72 calories/sec. |
The calories required to heat the window to 100°C are given by
(.225)(6.9 x 10'“)(100) = 1.55 x 1072 calories. The time in seconds
required to equal 1.55 x lO"2 calories at an input of 72 calories/sec is
1.55 x 1072/72 = 2.16 x‘10~5 seconds = .22 milliseconds = 220 microseconds.
Thus, significant increases in loading are possible for exﬁosures
in the microsecond region. A 3000 watt heat input to the window should ‘
be permissible for exposures of 22 microsecond duration having a 10% duty . .
cycle., /,'
Temperature Gradiehts Across Different Window Configuretions:
(a) -Slotted.Configuration:
, Iet QB be the power absorped by a given beam width_ecnimpinging
on a window of width w. As shown in Fig. 1.05.0la the clearance between
: beam.and window islgiven,by dimension A. The beam‘density in watts/cm2
is assumed to be uniform over the cross sectional area of the line

focus and is defined as Qo. As outlined aboﬁe{ the total temperature

i
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gradient (AT)Tfrom the center of the window of length L to its edge is

given by
- | o,
oh <%
. 0 . 1
(8T)p = 555 * 255D . (1.05.04)
Stnce =,-29—glﬁ By substitution using Eq.
Sy c. b(asc/2 o
&)y = 55p A+ 3) = Rawo (1.05.05)

where K is the thermal conductivity in cal/cm2/°C/sec/cm* and the

power is expressed in cal/sec, and D is window thickness. All dimensions
" are in cms. The first term in the asbove equations represents the
,'temperature gradient from the edge of beam to the window; the second

term the gradient from the center of beam to edge.

(b) Circular Windows _

' Referring to Fig. 1.05.0lb let us assume a beam which loses a
fotal powef of Qrb calories in traversing a thin foil having a circularv
cross section area of diameter“?Ro. The tital diameter of the window is
2R

1t _
window. The temperature gradient in the area directly loaded by the

A heat sink is assumed to be attached to the fperiphéry of the

beam is derived as follows: The temperature drop across a circular -

strip dr located at a .distance r from the ceﬁter\is given by

- | 3

T = 2nrkD

" where Q is total loading in a circle of radius r .-

but Q = nraQo,

* | ‘
Note that k is in general a function of T.
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where Qo again represents the power density in calories/cme,,assumed
uniform, Substituting for § and integrating, one obtains for the

temperature gradient from the center of the beam impingement location

to its periphery.

(AT)l = (1.05.06)

LkD = LakD

It is interesting to note that the temperature gradient from

~the center of the beam to iﬁs periphery is independent of beam diameter.

Thus the temperature gradient across a circular window assumed to have
the same size as the beam depends only on the total loading, the thick-
ness of thé‘window,‘and its thermal conductivity, and not on the window
diameter. This provides an opportunity for obtaining a high total
loading by using many small diameter windows at relatively high_loading.
If the beam diameter is smaller than the diameter of the window,
we must also compute the temperature grédient (Am)albetween the periphery
of the beam and the edge of the window. We assume that the area being
loaded corresponds to a circle of diameter 2Ro for a windqw diameter
2R

1
r R, I -
1 QB dr QB ! , B
P (AT)Q °£ 2nrkD ~ 2nkD -ln(ﬁ';) o (.1._‘.105»,._07.)‘-:‘”_
’ o - T ' . :
2
r. Q R C ’ .
e M 1 . : :
“wmo=E) - (1.05.08).

Thus the total thermal gradient (AT)T is given by (AT)T =

.

(am)y + (am),. . s
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.(e) The Registration Problem:
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or® | R, |
(AT)T = 55 (-2- + 1n ﬁ-—) (1.05.09)
’ o
Q,B R,
= 553 ( + ln 0) - (1.05.10)

Terms involving power in any of the above equations can be

converted to watts: by substituting the loadlng in watts and multiplylng

e - —

the value of watts by h—@ = 0. 2l+

S "

Eq. 1.05.05 and Eq. l.OS.lO,demonstrate the nature of the

'm-registration problem. ~If the beam is made significantly smaller than

the window, thq»extra—(Am)é‘term in these equations must be used to

' compute the additional gradient associated with the fact that the -

window is iarger than the beam. If the window is diminished in size

" until it coincides with fhe window, this additional temperature gradient

goes to zero. Exact coincidence between the window and the beam
cross-sectional areas represents the ideal case. It is also possible
to make the beam larger than the window to make the registration problem

less critical. This of course is accomplished at the expense of

-requirlng additional power, which serves no useful purpose, except to .

”81mp11fy the problem of registry between beam and window,

The registration problem must be considered not only in the

light of accompliéhing registration at the beginnihg of service, but

“also of malntaining registration under condltions of useful life.

(d) Multihole Configurations: L

Referring to Fig. 1.05.0lc, let us assume & line focus from

having uniform power density impressed into a single line of holes.

In the initial quessment of temperature gradients we assume the main

- heat sink 'is relatively thick and ignore temperature gradients due to
“the width of the web t between individual holes. We also assume that

a beam of width d and length L is impressed on this series of holes

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341 R000800050001-7
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in exact registration with them. An exactly registered configuration
in which the beam exactly matches each hole is of course much more
efficient and more difficult to realize in practice.
The fraction of the beam which impinges directly on the windows
will define the "optical" transmission, T of the window geometry which

"is given by:

T =9 dH_') = .785 (d+t ‘ » (1.05.11)

Strictly speaking this value of transmission assumes that the
beam is equal to L + t. Since t is << L, it is ignored compared to L.
The cSrresponding "opticai" transmission T, of the window
for the line of square holes defined by Fig. 1.05.01d is about 25 percent
more efficient and is given by

T =+ (1.05.12)

The length L of a given. number of holes or square apertures N

may be expressed as follows: = -~ _ - - —
= (N-1)(a+t) + d © (1.05.13)
or -
e e L= S
PR Ne=gz+l (1.05.1k)

Table 1.05.01 gives pertinent characteristic data for a
series of N round 1 mil Bé windows per inch of total window lengths
separated by 2 and 5 mil webs. The corresponding "optical” trans-
missions factor T is given for a squaré aperture foil as a matter of

interest. Temperature gradients are calculated using Eq. 1.05.06.°
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TABIE 1.05.01

?Cha:racteristic Data for Window Configuratioﬁ Consisting of N Round Hole Per ILinear
+Inch. (U is Power Transmitter, Wp is Total Input, AT is Temperature Gradient from
_Center of Window, d is Diameter of Holes, t is Thickness of Web Between Holes.)

Assuming 1 Mil
Round Be Window

N T T
t Per, © Round Square . U/Inch Wy/Inch
(Mils) Inch  Hole Hole (ar) (Watts) (Watts) U/WB
2 k3. .56 .T15 19.5°C 1215 2k30 5
5 100.5 .39 .500 19.59¢C 85k 2430 +35
5 67. .52 67 19.50¢ 569 1220 166
‘ 2 83.5 .65 .83 19.5°¢ 710 1220 .682
L5 50.0 .59 5 19.5°¢C Las 810 .525
2 58.5 .69 .88 19.5°C Lot 810 b1k
5 4o, .63 .8 19.5°% 3ho 610 .557
2 46. .715 .91 19.50¢" 390 610 640
5 33.5  .655 .83 19.5% 285 485 .587
2 37. .13 .93 19.5°¢ 31k 485 646
5 28. 67 .86 19.5°C 238 4oo .595
2 ¢ 3. .35 N 19.59¢C 264 oo .660
5 ‘25, .685 875 19.50C 212 350 .605
5 j 22, .700 19.5°C 187 300 624

Declassified and Approved For Release 2013/08721 : CIA-RDP67BO‘0341R000800050001-7 S
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. Temperature gradients for the square apertures would be

..slightly higher. 1In ordefutbfopﬁein the useful power per individual

V’winddwfﬁe need only to:khew f, ﬁhe proportionality constant between

. trenemitted useful power and absorbed power. From Fig. 1.04.07 this

- is taken as 8.6 for 1 mil Be at 150 kv based on A, of .10k end 10.0

~for 0.5 mil Al at 150 kv, based on AE of .091. The useful power per
individual, multiplied by the number of holes gives the total useful
power U trensmitted through the window configurations and is shown in

! v

the appropriate column.

- The figure for W_, the total watts beam input per inch of

B)
window is obtained by observing that U is related to WB for the

- -.assumed geometry by the equation:
U =Wy T (1-Ag) o (1.05:15)

\\.\ .
(j_ = The values shown for W_, the total. 1mpressed power to the

- . window is obtained, by use of va?ues of T listed for the round -
windows and the values of AE glven above. ‘
It is- 1nterest1ng to note that substantial power is transmitted
. .in the case of small holes (order of lOOO watts) for rather modest
;temperature gradients (19.5 C). The power transmltted for this tempera-~
tgfe'gradient is substantially greater for the instance of 143 5 mils
holes than for the other extreme:in Table 1.05.01 of 22 40-mil holes,
even. though the ratio of useful transmittedquwer to input power
: U/WBvisahigher for the case of the larger’&iametef windows.
“In the calculations above the assumption of perfect registra-

tion between a line focus beam of uniform density and the line of circular

windows is assumed. In addition, temperature gradients along the web
between the windows are neglected. Obviously transmitted power can be
increased by use of a sufficient number of inches of window of a multi-

hole configuration, and by increasing the allowable temperature gradient

/" Declassified and Approved For Release 2013/08/21 : CIA-R[5P67BOO341 R000800050001-7
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across the window. Because this approach looked very promising it

was considered desirable to make more rigorous calculations on the

temperature gradients to be expected.

(e) Calculation of Temperature Gradients in a Single Row of
Rectangular Slots o

Consider the structure shown in Fig. 1.05.0le consisting of
a row of slots of length L, width 2¢, web width t, having a length of
individual slot p, along the axis. Let the thickness of web and>its

thermal conductivity be D, and Kl and the corresponding quantities

1
for the window be D2 and K2 respectively. ‘Assume perfect registration
of beam with slots. To a close approximation the optical or windowless

beam transmission is given by

T = ng i (1.05.16)
Assume total beamvpower is WB’ bean power density is Wo’ and that the
reflection of electron beam power from the window and web are negligible.

In order to estimate the temperature gradients, we assume
that all power_absorbéd.in the wihdow, which is given by TAEWB,_is .
dissipated laterally to web. Negligible dissipation to the side of the
row of slots is assumed. This assumption not only simplifies the
calculation but should make the results conservative. The accuracy
should iﬁcreaée as 2¢ beéomes large compared to p. In the next section,
a comparison“is’made with results based on a more rigorous approach,

It turns out that good agreement is achieved.-

The total temperature gradient is taken as the sum of the
gradient to the center of web (AT)WB plus the temperature gradient to
the center of the w1ndow (AT)

The power going to the web from the window by this assumption
must be added to the loading the web assumes by direct beam impingement,

.which is given by Wy (1-T). Thus the total loading, Q , which must
‘be dissipated by the web is given by

- . SRR - - P
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| + -
; . Q = TAWS WB(l-T) = wB(TAE + 1-T) (1.05.17)
’ By direct substitution for WB uusing the following equation:
|
i U= WBT(l-AE), : (1.05.;8)

we obtain
U(TAE + 1-T) - ’
Q, = TiA) (1.05.19)

The effective density of power on the web, (Qw)o may be
obtained by dividing Q by the area of the web: |

Q‘W U(TAE + l-T)
= . (@y)s = Fe(iTy = T TT2K

(1.05.20)

From equation 1.05.04 we obtain the formulation for the '
- temperature gradient for the web under the condition of uniform density
(Qw)o' {The first term in this equation is zero since perfect ‘registra-

"tion is assumed)

C2(Qw)o CU(TAE + 1-T)

WB © “2K D, = hKlDlLT(leAE)(l-?)

o (az)

‘ . The temperature gradient from the center of window to the web
is obtained in a similar manner using a computed value of uniform
‘ density of absorbed power. As indicated‘ previously the power dissipated

“to the edge of the row of slots is neglected. The density. of power

being absorbed by ﬁindow (QWN)O is given by

Declassified and Approved For Release 2013/08/21 - CIA-RDP67B00341 R00080005000;I-7
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Tishs  YphE

(Q)o = 2T = 310 (1.05.22)
Substituting in Eq. 1.05.04 we obtain:
2 2
P (Qp) P A, U
(aT). o = 2 = (1.05.23)
WN 8 KD, - 16 KQDELCT(l-AE) .

As indicated previously the total temperature gradient is conserva-
| tively assumed to be equal to the sum of the web gradient plus the
‘ window gradient, or
| .

(ar)y = () + (a1) (2.05.24)

. To simplify the resulting equation, we lump a.lllgeometrical
( ’ variables except C, D, and L together into two new constants:

, . (TA;E + 1-T)
_ .T(l-AE)(l-T)

(1.05.25)

- and o
Agp”
X = ﬂ-i_—A-E—y B . (1.05.26) K

Thus eq. 1.05.2l becomes:

f/(

cuzZ WX

(aT),, = + (1.05.27)
T hKlnlL 16K2D2LC

Equation 1.05.27 was used to determine tempefat_ure gradients for a series
_of different window configurations using a computer program. The
,temperature gradients plotted in Figs. 1.05.02 through 1.05.05 as a

. ' Declassified and Approved For Release 2013/08/21 : CIA-RDP67BOO341 R000800050001-7
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function of total slot width 2¢ are based on thé use of a copper web
of width t = 5 mil, an 0.5 mil aluminum window and a 1000 watt of the
curves are based on obtaining useful output power U for a length of ’
slot L = 1/3 inch. (The length L was selected to correspond to 1/3"
because the 1" long filament used in the experimental tube program
to be described later consisted for all practical purposes of two
filament sections in series, each having a 1/3" length of effective
electron emission). ' '

Each of the graphs consists of a series of individual curves
giving the temperature gradient from the center of window to web
for fixed values of p and for different values of Dl’ the thickness of

the web. As ingdicated previously the window configuration must be

designed so that electrons scattered from the window are not intercepted

by the walls of the web. Unlimited thickness of web is not possible .
both because of such scattering limitations and because of practical
limitations in fabrication of the configuration. - At large values- of

_thickness Dl’ the temperature gradieﬁt through the thickness of web

must be taken into considefqtipn_also, As can be observed from the-

‘curves, large'values ofﬂwebrthiCkness are.véry desirable. In order

to avoid interception of the scattered beam some tapering of the web -

- geometry is desirable. (In actual practice it is difficult to

fabricate the web without some tapering).
From the graphs it is evident that a temperature minimum
exists for each value of p and Dl at ‘a given value of total slot width

2c. Thus en optimum width exists for each fixed value of Pl’ Dl’ t, and

window materials, which we define as (2c) ... The optimum width turns
out to be given by the following expression:

- = K DjAgD (1-T)
- l.,_/(gc)om: ;J:ena(TAE + 1-T) - ‘ (1.05.28)“
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By substituting (2C)OPT in eq. 1.05.27 we obtain for (AT)MIN,
i.e. the minimum temperature on curves like those plotted in Figs. 10-13:

‘ | (TA, + 1-T)
UP J A (1.05.29)

A(A¢)MIN'= LIT(1-A5) K D, KD, (1-T) .

A (AT)ypes (AT = (AT)g

The optimum value of slot width (2C)OPT for given values of
Dl and particular values of P the individual slot width is plotted in
Fig. 1.05.06 for a window configuration consisting of 0.5 mil Al and a
copper web. The corresponding minimum temperature gradients are plotted
in the same figure for 1000 watt useful output power U and the previously
mentioned condition of 3000 watts per linear inch of slotted window

dOnfiguration. The transmission T
U

1 and the efficiency of power trans-

‘mission (E)F = == (l-AE)T are also indicated on the curves.

W
From tge graphs it is evident that the temperature gradient

drops markedly as p decreases, and that the efficiency of transmission
of power also decreases with decreasing p. , _
As an example of data which can be read off Fig. 1.05.06 the

optimum total width of slot (2C) corresponds to a 60 mil copper web

OPT

turns out to be 60 mil for an individual slot width p of 15 mil. The

corresponding temperature gradient from the center of window to the
edge of the multislot configuration is 140°C, -a temperature gradient

which is very reasonable for the 0.5 mil Al window.

Thus 3" of this multiaperture window should be capable of

transmitting of the order of 9 kw useful power continuously..

The computations associated with obtaining the thermal
gradients plotted in Figs 1.05.02 to 1.05.05 were based on the
assumption of perfect registration which is difficult to achieve in

practice. Since it was considered desirable to allow.some leeway
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for registration, a series of computations were made with the beam'30

mil smaller in width than the window, thus increasing the thermal

gradients associated with transferring absorbed power from the window
- and web by the temperature gradient across a 15 mil extent of web.

' Referring to Fig. 1.05.01f, the-temperature gradient across
.width B of web due to the above stipulated registration requirement

”:is given by
(TAE + 1—T)w B
(82)g = 30 % T * (1.05.30)
(TA, + 1-T)UB .
= s - (1.05.31)

2K, D L(l-T)T(l-AE)
<jﬁ“ Eq. 27 must now be rewritten and becomes:
R ey = )y (e ¢ ey (1.05.32)

| . | ‘The total gradient based on eg. 1.05.32 is plotted for a -
e i eopper web and 1/2 mil AL window, in Fig. 1. os 07. The values. of .
(2C) PT'p].otted in Fig.. l 05.07 do " not include 15 mil value of
B used ‘in determining the total thermal gradients. Thus total slot
width corresponding to the temperature gradients shown in these
' figures is equal. to (W '+ 30) mils.
- (f) Cross-Check on Computations for a Single Row of Rectangular Slots
The problem of obtaining a rigorous calculation on a rectangular
window having width 20 in one direction and p in the other direction mounted
on web of width t and thickness Dl is very similar to the problem of
determining the equipotential plot of a given electrode configuration .

“once the boundary conditions have been determined For the equilibrium
lcondition it amounts to solving the following differential equations

\
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due to Fourier in 2 dimensions for the case of a geometry with an internal

heat source:

2 2
el,el-.8 (1.05.33)
9x2 ay2 X ¢

whefe Q is the power released per unit volume, and K is the thermal con-.
| ' ductivity.

In this laboratory a relaxation technique for solviﬂé IaPlace's
equation for a 2 dimension cross-section of cylindrically symmetrical
geometry has been set up as a computer program. A similar technique in
rectangular coordinates has been applied to a simple slot configuration
such as one considered previously, consisting of a 1/2 mil Al window, a
Cu web 200 mil thick having width t = 5 mil. ILoading conditions were

~ fixed to correspond to 3000 watts useful power per inch. Under these
(/_ | conditions, the maximum temperature gradient in the window corresponding
to p = 15 mil, and 2C = 40 mil was 120.500. This temperature gradient
can be checked with those of the previdus section by réferring to Fig. 1.05.03
for the same geometrical condition. For 2C = 40 mils and Dl = 200 mil, the:
temperature corresponding to the assumed window configuration is 121°c
which is in excellent agreement with the temperature gradient of 120.500
derived by the more accurate relaxation technique using eq. 1.05.33.
(g) Multiaperture-Configuration Consisting of N rows of Slots
' - Consider N rows of square slots of length L and width p

separated by uniform web width t from adjacent slots as shown in

Fig. 1.05.01g. All of the power absorbed by the windows and the web dis- - ... _ _

- assumed to be dissipated laterally to the edge of the configuration via- oo

 the single hatched section of the web; Since the length of the configura=-
tion is assumed significantly larger than the width 2¢ of the configuration,
negligible dissipation of power is assumed along the length L of each

Declassified and Apbroved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7
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individual longitudinal web. This assvmption should help make thé
calculated temperature gradients obtaihed more conservative since
appreciable power is lost.longitudinally in practice, :

Assume perfect registration of the beam with the slot array.
The total beam pbwer is WB, Beam density is assumed uniform over the
window configuration and the reflection of beam power from the web and
window are considered negligible. The power absorbed in the windows of
the array is WBTAE; the beam pbwef absorbed directly by the web configura-
tion is WB (1-T). The total power which must be dissipated by the
single~hatched section of the web to the side of the configuration by
reason of the assumptions made above is WB (TAE + 1=T).

Assume there are Nv slots in the vertical direction in

Fig. 1.05.01g. B& inspection of the figure:

N =Ry | (1.05. 3k

v p+t .

- fe—

- The directly loaded area.of the web corresponds to the

single-batched sections of the figure and is equal in area to (Nv~l).2ct.

The loading density on the w@b”(QWB)o'aééumed uniform is this:

G T  WB(TA_ + 1-T)

Jp— (Q’w:B)o = (Nv Vot (1.05-35).

Substituting for N, in eq. 1.,05.34, and using eq. 1.05.15 for Wy

U(TA, + 1-T)(p +'t) , )
(Qp), = ey .(1.05.36)

CQ(QWB)DI’ CﬁZ" A
(aT)yp = 2K D, = K D, (L-p)

(1.05.37
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w.here . , ('ZEAE + 1-T) (ptt)

(1-AE)(Tt) (1.05.38)

‘ The maximum temperature gradient is'taken as the sum-of the
‘ gradient to the center of the web plus the gradient to the center of
| , the window. To obtain the gradient from the web to the center of a
""""""""" "7 given window we assume circular win%ows of diameter P. The density of
‘ , loadlng on the w1ndows is equal to 2]30 ‘The density of loading absorbed
"in the window is glven by

WoAL U A
() = 2?0 = (1-A;)T2IC

(1.05f39)

, e From eq. 1. 05 06 the temperature gradient across a circular
N . window of diameter p is

st

(AT) = T, (1-AE)TK2D T (32) (1.05.k0)

s
" PKDIC

Where
2

x';_éA—;\-E)-T- o (1.05.51)

In comgutlng the above, the area of the window was assumed
to be given by T instead of p2 the actual area of the square hole.
Maklng this P correction to compensate for the greater area of the
square hole and the consequent greater absorption of power we obtain
in place of eq. 1.05.L40:

i

-
~ .
.
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<j»f | 1.05 - 26
(AT) = g;%é%;ig (1.05.k2)
<AT)T = (AT)WN + (AT)WB - hK;]ngL-p) + 811(11:1')21[1 (1.05.)4_3)

where Z!' and X' are defined by eq. 1.05.38 and 1.05.41 respectively.
The geometrical transmission of a window configuration
consisting of N rows of square slots of width p separated by a distance

t is given to a close approximation of the following equation:

2
T = 2 (1.05.4k)

(p+t)[p+imﬁal'q

Plots of the temperature gradients for'1/2 mil Al windows and
O a copper web as obtained on the basis of a computer program using
Kx B eg. 1.05.43 aré given in Figs. 1.05.08 to 1.05.12 as a function of the
number of rows N for p = 5, 10, 20, 30 and 40 mil and web thickness
t = 5 mil and different values of web thickness Dl. The curve marked
Dl==°°corresponds to the temperature gradient across the windows only,
i.e. the web here corresponds to an infinite heat sink. Since the
temperature gradients listed are based on adding the temperature
gradient of the window to the temperature gradient of the center of the
web the results afé slightly off for even number of rows. The transmission
values,corfesponding to the different number of rows is indicated at the
top of the graphs. Temperature gradients through the thickness of the
web are neglected. _

The curves have the same type minima which were“charactéri6£icfuf':‘
of the single row configuration previously discussed when the temperature
gradients are plotted as a function of row width 2c. For low values of

web thickness the minimum temperature gradients usually occur at 1 row.

N
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1.05 - 32

For higher thicknesses the minima occur at several rows, corresponding
roughly to the configuration which might be expected from the value of
‘f\(zc)OPT for the single row case.

It is interesting to compare results of calculations of the
multirow configuration with the single row calculations in the previous
section. A comparison is given in Table 1.05.02 for a 1/2 mil Al window, *
5 mil width copper web, 50 and 100 mil in thickness. It is evident

TOWS at‘optimum values of row width have temperature gradients which

are lower than the minimum temperature gradients occurring for the —
mﬁltiplerow case. It is reasondblé to believe that the multiple arrays
would exhibit lower temperature gradients if the dissipation of power
"in'the,ibhgitudihalmdirection were taken into consideration in the
.calculations{ These structures, however, are more difficult to
machine and it is considerably more difficult to make vacuum seals to
them, For this reason most of the later work on window design was
concerned with fabricating and testing single slot window configuration )

arrays.
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TABLE 1.05.02

1.05 - 33

Comparison of Temperature Gradients for Single Rows of Rectangular Slots
" Versus Multiple Rows of Square Slots -for 1/2 mil Al Window, Copper Web
5 mil Thick, 3000 Watts Transmitted Output per Inch, '°C

Temperature Gradients

for Single Rows At -

Optimum Value of Slot| Max. Temperature Gradients for Different

Width Numbers of Rows N )
p | D (0T)opp | (BC)pp | N=1|N=2{N=3|N=14|N=>5 N=6
10| 50 115 38 153 133 161 202 oL 296
|10 100 81 5l 16 | 101 | 10k | 118 | 138 | 159
20| 50 206 .70.2. 261 217 252 306 | 369 435
20| 100 146 99 246 166 164 182 208 237
jbo| 50| 420 12k ko1 | ko2 boh | 600 | T20 | 38LB
4o | 100 297 176 453 | 315 | 316 | 352 | ko2 | 458
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1.06. Mechanical Stresses

Introduction:
JIn the following section an analyses is made of the mechanical

stresses to which the window of a beta ray tube is subjected. Of neces=-

sity, many simplifying assumptions are made in this analysis in view of
the complexity of the stress situation. The conclusions in some cases
do not jibe with the observed facts. For example, the conclusion is

reached in the analysis that Si should be superior to Be or Al as a

 window foil. In actual practice all of the silicon windows which were

fabricated proved to be extremely fragile and tended to shatter at
nominal loadings. However, many of the conclusions of the analySié:of
mechanical stresses have.been verified. For example, the conclusion is
reached that narrow slots are not only subject to lower temperature
gradients but have significantly lower mechanical stresses. Narrow

slots in practice, as will be noted in a later section, have appeared

to be a very promising approach.

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7
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The three basic stresses in the window are:

1. Brazing stress - caused by differential expansion between window .
and anode (supporting structure) on-cooling from the freezing temperature 6f’
the braze to room temperature. |

2. Pressure stress - caused by pressure difference between external
environment and high vacuum inside tube (maximum of one atmosphere),

3. Thermal stress - caused by thermal absorption of portion of incident
radlant beam in the window which induces differential expansion between various
parts of the window (and the anode). _

The analyses assume that stresses and strains are perfectly elastic
(Hooke's Law) and that superposition applies. (The sign convention used is
pesitive values for ‘tension and negative for compression). The analyses
further assume in general that the anode or window supporting structure is
perfectly rigid, i.e. all strains are taken up by the window. However, the
effect of a flexible structure is coﬁéiaéfed for a specific case of a_rectangular
beryllium window in the section discussing thermal stresses.

Two w1ndow geometrles are considered in this report: the flat

‘rectangular plate and the flat cirqg}gr disk. The possibilities of other

geometries 6btainab1e'by'dishing and corrugating have been considered but

comparative analysis indicates that only minor thermal and brazing stress

reduction is obtainabIENQélative to the flat case. Some reduction in pressure

stress is obtainable, however, as the pure membrane condition is approached,
PRESSURE STRESSES

Considering the rectangular window as a flat plate clamped along -

all edges, the stress due to a uniform pressure P across the window can be

M0

expressed as:

N . ~

(7) Don Hartag, "Advanced Strength of Materials" p. 134

- A
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)) 2
J = + 6 P SZCZ
P - 12

where J = ,0833 (for a long narrow plate);

P = external pressure (psi)

¢ = half-width of window (in.)

h = thickness of window (in.). ,

The maximum stress for an evacuated tube would occur when P {is

one atmosphere, Therefore,

-

e

. Since the stress occurs as a bending stress, the maximum value will occur

at the outer fibers and will be tension on the one side of the window and

- in compession on the other.

Considering the case of the round window, the stress for a circular

plate with clamped edges is given by (reference 7., page 128)

dp = & ™3

1/~

where b = radius of the window e e

h = thickness of the window

and for one -atmosphere

_122
Cfp = + 11.3 (h) .

The stress for one atmosphere pressure loading as a function of "

window width for several window thickness are plotted in Figs.1.06.01 and

1.06.02 for the rectangular and circular cases.
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Pressure stress in rectangular window -
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CURVE 568737-A
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Pressure stress in circular window

Figo 1.06-02
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N

In the case where the windows are preformed so that they fulfill
the conditions for membrane analysis (a section of a cylinder for the plate
and a section of a hemisphere for the disk, where the thickness of the window
is very much less than its other dimensions) we have for both cases the

purely tensile stress (reference 7, page 75),

d = <+ _P_C_ Oi' 'PE ' 2
2h 2h’
In this instance (for the nominal dimensions practical from con- o
siderations of thermal stress and absorption) we have stresses less than
1,000 psi (since b is in tens of mils and h is in mils) and they may be

neglected, -

© B

( BEAM LOADING TEMPERATURES

Rectangular Window

Assuming the beam to be uniformly distributed and centrally located
-on the window, the temperature distributors across the beam width (y - direction)'

is parabollically symetrical for conductive cooling, .i.e.,

, . _o 2 2
Ty Tedge 2kh (c ¥
and _ ; -
) ’ q CZ -
., s N7 o 20
Teenter ~ Tedge - Ty 2Kh

where q_ = thermal absorption of beam (watts/inz)

thermal conductivity of window material (watts/in-C°)

~
[

Zﬁ'ry = maximum temperature difference in yudirection °c).
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This, of course, further assumes that the window width is equal
to the beam width, If the beam is narrower than the anode slot, a further
temperature drop must be included to allow for conduction between the beam
edge and the side of the slot. Since the thermal stress calculations are
relatively insensitive to the exact shape of temperature distribution but
are mainly affected by the total temperature difference, the drop to be used
in the actual calculations should be the sum of the two individual drops.
When the beam is wider than the slot, the slot half-width should, of course,

be used in the temperature equation. -- v

Circular Window

In the case of a round window the temperature distribution is given.

by .
q
s 2 2
Tr N Tedge = 4Kn - ®" - )
RN
<T and -
_ 2
T T - Z& T = q9,° - Qtotal
center edge r 4Kh 477 Kh'

The same comments concerning overlap and underlap apply in this
case. An interesting fact with this geometry is the independence of 'l‘r

on the radius for fixed total heat inputs.

e :

THERMAL STRESSES

Rectangular . Window

. The maximum stress caused by a uniform temperature difference between
a rectangular window (with all edges bu11t in) and its rigid Supportlng

(®

structure is given by:

_::_:(yx“ =- CI§~“E 'iﬁffffiT

</“\ where LL= Poissons ratio for the window material
E = modulus of elasticity (psi)

(X= coefficient of thermal expansion (in/in-C°),

(8) Boley and Weiner ﬁTheory of Thermal Stresses, " p. 386.
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It should be emphasized that this expression covers the case when

the entire window area is raised a given AT above the supporting structure,

¢

In the actual case there is, of course, a thermal gradient in the y - direction
(i.e. across the narrow portion of the window). In the x - direction; the
gradient is essentially zero except for end effects. In the case where the
window is only built in at the ends and there is a symmetrical gradient in the

(9)

y = direction the maximum stress is given by
dx = "(X EATy.
' ,
Therefore, we may bracket the value of the maximum stress: -

Xel\T
-2 = ] x (max) = -O(EAT .
1 ~LL : y
< | :

(/ For most metallic materials, '/,L= 0.3 (beryllium being one extreme
exception with a value of 0,05) so that the difference between the stresses
in these two cases is at most, one-third. However, since the expression on
the left most closely approximates the actual conditions and gives a conser-
vative value, it is used in the calculations throughout this memorandum.

Expressing this value of stress in terms of the thermal input, we

have (dropping the subscript AT)V,,

- O(EAT - (KE q0c2 = (XE Qtotal(c)
Oxmax) = 1-[[ ~ 70 (4D .- .2 &g (-[D).

Thus, it is apparent that the stress in the ‘rectangular window varies directly
as the slot width for a given total heat input and inversely as the thickness
and length. A '

| Table 1 gives stress values which would occur in a flat rectangular
beryllium window as a function of thermal flux demsity. To obtain a total )

wattage input value, a one-inch long slot was chosen. Both thermal and pressure

( (9) - Gatewood, '"Thermsl Stresses,." page 9
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TABLE 1.06.01
' CALCULATED STRESSES (psi) RECTANGULAR BERYLLIUM WINLOW
=r Window l Heat || y \-\—'——_‘E : | ’

Thickness § Flux "1‘020 in. Jf{i!‘S’S’W.,.‘.'.’}E‘.F}!;,_T__ cofboo 230 in, Ei‘.‘i‘l‘{" dth _ e nn2040 in. Window Width :
i ! i ; - < ¢ < e ~ Y
h (inches) i 9% (watt/in a th' ,----~~q . _O’_t_htcp _Witf.i* _,-.._gt.h._____,__,."“"_.P-._.-. Gt (,’D ]Watts" U e O’D Ten* ’J/D Irlatts;"f‘r
. .0005 i 1000 -13,800. +12,000 | -25,800 | 20 || - 31,100 | +27,000 { - 58,100 | 30 | - 55,200 . +48,000 |-103,200 | 40 !
- .0095 i 2000 : ~27,600¢| +12,000 | -39,600 40 |1 - 62,200 527,000 i - 89,200 60 -110,400 ., +48,000 |-158,400 | 8C !

, .0005 | i 4000 i -55,200 | +12,000 | -67,200 80 | -124,000 | +27,000 | -151,000 E120 -220,800 | +48,000 -268,800 {160
: L a - | | - s . |
i .001 . 1000 N - 6,900 | + 3,000 [ - 9,900 20 - 15,500 | + 7,800 : - 23,300 ! 30 % - 27,600 ; +12,000 |- 39,600 | 40 !

. i 001 i 2000 -13,800 { '+ 3,000 | -16,800 40 - 31,100 | + 7,800 ; - 38,900 : 60 !! - 55,200 : +12,000 - 67,200 | 80
.001 i 4000 -27,600 | + 3,000 } -30,600 i 80 - 62,200 | + 7,800 { - 70,000 ;120 -110,400 i- +12,000 |-122,400 {160 ;
: i - i ) i , :

- .002 © 1000 - 3,500 | + 800 | - 4,200 ; 20 - 7,800 | + 1,700 | - 9,500 : 30 - 13,800 | + 3,000 - 16,800 | 40
| .002 ¢ 2000 - 6,900 { ¥ 800 | - 7,700 | 40 |- 15,500 ;% 1,700 { - 17,200 ! 60 || - 27,600 | ¥ 3,000 :- 30,600 | 80 |
i .002 ¢ 4000 - -13,800 | + 800 | -14,600'} 80 |l - 3§,100 | ¥ 1,700 { - 32,800 {120 i} - 55,200 ! ¥ 3,000 - 58,200 {160 |
l ; . 1 i : 1 ‘ 7_'_4__ : i |

Formulae Used in Calculatioﬁs: ’
2 2
: '« XE 9° 9,¢
=y ) = -69 ¢ )
B th 2K (1-L1) ho h
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- C

J stresses are given as well as their total, Assuming an allowable maximum
stress for beryllium between 30,000 and 40,000 psi, an estimate of allowable

7 wattages may bej?%%ccﬁyr the various slot widths and window thicknesses-,

Fig 1.06.03 to are plots of the results of the calculated values given

in Table 1.
n table 1.06.02  1.06.06
Table and Fig *- {» present the results of similar calculations

for Si. Tablel’oéé%%es the materials properties used in these and the other
"calculations in this report.
. - The effectiveness of flexibility introduced into the supporting
| structure to reduce these stresses is hampered by the thermal conductance and
strength requirements of any such supporting structure. In the limit, a
totally unrestrained plate with a temperature distribution of this type (about

i the x-axis) would have a stress given by (reference 9, page 9).

2
g - ~XE q
X 6Kh *
C e e
' Comparison of this expression with the value used previously shows that a

factor of three to four between the completely restrained and completely
- unrestrained case., However, rough calculations show that even in the case of
‘supporting structures with cross sections only several times the window thickness

that reductions of only 10 to 15 per cent appear feasible with the geometries

acceptable for brazing and forming., Consequently, such structres would probably
introduce more difficulties, problems, and thermal impedence than the slight
obtainable reductions in stress would warrant. )

Another problem which must be considered in determining the effects
of thermal loading is the possibility of buckling of the window under thermal
stresses, The critical temperature differerce is givén»by (refercnce 9, page

175):

cr 4CX<: §V 3 X <

where k = radius of gyration.
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TABLE 1.06.02 - .
CALCULATED STRESSES (psi) IN SILICON WINDOW

Window | Heat ! .020 In. Width : .030 In. Width . .040 In. Width

Thickness Flux ' ) Wt - F" o5t e Wper
joGnches)| 9 || o | o Pt oy wmll en | o |76t Tplimdowll T b | Tp |7 Ten" T luindou |
L 0005 | 1000 - 2,060 | +12.0 | -14,060 20| - 4,650 | +27,000 | -31,650 | 30 || - 8300 | +48,000 | -56,300 { 40
10005 2000 - 4240 | +12.0 | -16,240 40|, - 9,300 | ¥27,000 | -36,300| 60  -16,600 +48,000 | -64,600 80
©0005 4000 - 8,480 | +12.0 | -20,480 80| -18,600 | 327,000 | -45,600 | 120 [i-33,200 $48,000 | -81,200 | 160
10005 6000 | -12,720 | #12.0 | -24,720 | 120 -27,900 | ¥27,000 | 54,900 | 180 |} -49,800 +48,000 | -97,800 | 240
001 - 1000 . - 1,030 | + 3.0 | -14,030 200i -2,30| +6,750 | -9,070 | 30 |l-4,150 | _+12,000 | -16,150 | 40
‘001 2000 - 2’050 ! ¥ 3.0 - 5,060 40 i - 4,640 + 6,750 | -11,390 60 i - 8,300 +12,000 -20, 300 60
‘0oL 4000 4120 P+ 3.0 | -7,120 80 - 9,280 | I 6,750 | -16,030 | 120 li-16,600 ¥12,000 | -28,600 | 160
‘001 {6000 |' - 6,180 | * 3.0 | - 9,180 120 -13,920 | * 6,750 | -20,670 | 180 il -24,900 ¥12,000 | -36,900 | 240
) | i - i ,
002 " 1000 1 515 ¢+ .75 ! -1,265 | 20 - 1,160 + 1,700 | - 2,860 30 {i- 2,070 + 3,000 - 5,070 40
1002 2000 |. -1,0%0 | ¥ .75 -1,780 40 |} - 2,320 + 1,700 | - 4,020 60 i~ 4,140 + 3,000 - 7,140 80
‘002 4000 | - 2,060 ' ¥ .75 i=2,810 | B0 - 4,640 | ¥ 1,700 |- 6,340 | 120 | - 8,280 | * 3,000 | -11,280 120
[002 6000 | - 3,00 % .75 |- 3860 120} - 6,960 | % 1,700 | - 8,660 | 180 -12,420 | % 3,000 | -15,420 | 240
Equations Used
q.c qc
d_/ - XE (° ) = :10.3 (__01_)
th K (I-[) ' = h
2

o = 230 ' .

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

H#T = 90°'T



Declassified and Approved For Release 2013/08/21 :

CIA-RDP67B00341R000800050001-7 )6 - 15

) i
40 Mils Wide

30 Mils Wide

'-20 W
001 Thk.
. —O0— 002 Th.
o— )
0 r""‘o_—c’—fo e O — —o I | L
0 40 80 120 160 - 200 ~ 240
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‘Rectangular silicon window (1 inch long)

Fig. 1006006
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TABLE 1:06.03

Properties of Possible Windéw Materials

' : R

x10"6 psi Thermal Stréss gm/ce -
@o°c. x10-3 In.°C R . Figure of Merit

SR Ay

22 3 313 .95 . 4 80 o 18s
2.2 "4‘5 o 212 .82 16.3 ; o 8720 2

S
b

s 80 348 68 4 2980  10.2

23.6 40 3.63 .67 - 100 1650 - - 2.70

9.4 18 1.0 .63 103 2500 . 10.5
¥ M (Thermal Merit Factor) = 4R(1 u al-low_.

1. Eng. Mat. Handbook ‘ f 5. ‘Sylvania Brochure

2. Reynolds' Aluminum Data Book * 6. Metals Handbook ]
3.  Am. Inst. of Phys, Handbook 7. J.A.P, 31, 211, Jan., 1960

4, Data from Brush Bey Corp. 8. -Phys. Rev. 83, 1080 (1951) -
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This is based on the classical Euler relationship for critical

buckling which is seen when solving for the critical stress.

: , 2Tl 9
E h
dcrit =O(EA.Tcr = L - c ) .

The critical stresses. for “the geometries and materials under

consideration are far in excess of the ultimate strengths of the materials

. indicating that yieidiﬁgﬂand/or fracture should occur long before buckling

can take place, This is analogous to a column with low slenderness ratio

which would yield or fail from compressive stress before it would buckle.
However, windows operating at excessively high thermal fluxes will exhibit
buckling and they may be so operated through a number of thermal cycles

without fracture if they are sufficiently ductile, Such operation is extremely
difficult to analyze since the geometries become exceedlngly complex and

the results are extremely dependent on the past history (rolling, heating

and cooling rates durlng braz1ng,'etc ) of the material, Furthermore, ‘the

normal mechanical properties have very little meaning or use under such

‘conditions énd specific bend and flexure data would be needed. If such

operation (thermal loading above the elastlc 11mit) 1s contemplated the best

approach would be an experimental one using actual w1ndows. However, the

brittleness of most of the materials presently being considered for this

application appear to be much too high to withstand such flexing.

r/‘

Circular Window

The stress in a circular window with built-in edges with a thermal

gradient as described previously is given by (reference 10).

XEq o2 2 2
Jy (radial) = - 55 1 ] 3

OE q [l [L2 2 2
. , o ~ o 1- 4L 2 b~ _ 3
| C& (tangential) 8 Kn ——I:zz——' b+ 5 =5

.(10) Temoshenko "Strength of Materials, Vol. II, p. 263 ff.
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The Cfr in this case is approximately 1,5 times as great as in
the unrestrained case. However, Cft goes into tension at the outer edge in
the unrestrained case; this is undesirable for most of the materials being
considered, 1In addition, the number of such windows required.to provide the
desired output precludes the possibility of using flexible supports for the
circular geometry. Consequently, only the restrained case is given further
attention. The maximum stress for the restrained case occurs in the middle -

and is given by

frd 2 ‘
d - 30(1‘- qi =’~3QE Q . .
th © 16 Kh 1677 Kh t
1.06.0k 1.06.05
Table and Figure show the results of calculations for round

Beryllium windows. One interesting result which was not tabulated in the
calculations on the rectangular geometry is the low temperature rises required
_to introduce excessive stresses in the window materials.,

The critical buckling stress” 18 given by (reference 11)

_ __4E b .
cr 3b2(1-/12)

As in the rectangular case, tbe stresses computed for the geometries being
considered give values in excess of the maximum allowable stress and similar
comments apply.

A direct comparison of the two'geometrieé may be obtained by
reference to'Tablethﬁiggh shows the number of baryllium windows required to
obtain a 6 KW output. Rough efficiency estimates were used to allow for the

increased absorption in the thicker windows.

BRAZING STRESSES

The brazing stress isﬂa_locked-in stress due to the difference in

expansion between the window material and the anode.  As the two metals cool

from the solidus of the brazing material, the higher expansion member will

(11) Temoshenko"Theory of Plates and Shells", p. 323 .
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TABLE 1.06.04
i .
CALCULATED STRESSES (psi) IN ROUND BERYLLIUM WINDOWS
Window | Heat |} T -
Thick- Input .010 In., Window Dia, 4020 In, Window Dia, 4030. In. Window Dia. _ _ |
hnaea T | At 7w | o5 Pator || Ar | o 75 lowmtos || O | o o3 Tﬁ‘aﬁ 7
L0005 | 1 42 | -15,400| +1,200 | -16,600 42 | -15,400 | -4,800 | -20,000 || 42 -15, 400 -10,800 | 26,200 |
L0005 | 2 85 | -30,8001 ¥1,200 | -32,000 85 | -30,800 | -4,800 | -35,600 | 85 -30,800 -10,800 |  -41,600 !
-0005 | 3 || 127 | -44,200 1¥1,200 | -45,400 127 | -44,200 | -4,800 | -49,000 [ 127 -44,200 -10,800 | -
-0005 | 4 W 170 | -61,600| ; ¥1,200 170 | -61,600 | -4,800 - i 170 -61,600 -10,800 ! -
i ; P !
001 L {21y -7,7000 + 300 | - 8,000 21 | -7,700 { 1,200 | - 9,000 |: 21 - 7,700 +2,700 ; -10,400 |
.001 2 42 | -15,400 | % 300 | -15,700 42 ; -15,400 | ¥1,200 | -16,600 | 42 -15,400 ¥ 2,700 -18,100 §
001 | 3 63 | -22,100i 3 300 | -22,400 63 | -22,100 | $1,200 | -23,300 | 63 -22,100 ¥ 2,700 -24,800 |
.001 4 84 | -30,800| % 300 | -31,000 84 : -30,800 | 31,200 | -32,000 | 84 -30, 800 + 2,700 :, -33,500
i i ! i i - : L
.002 1 1L | -3,900] + 100 | - 4,000 11 -3,900 | + 300 | - 4,200 0 11 - 3,900 ;| + 700 - 4,600
.002 2 21 ; -7,700 % 100 | -:7,800 2L 0 - 7,700 ; © 300 | - 8,000 | 21 -7,700 | % 700 - 8,400
.002 3 32 ' -11,100, + 100. | -11,200 32 -11,100 i & 300 | -11,400 i 32 -11,100 ° i 700 -11,800
.002 4 42 -15,400J ¥ 100 | -15,500 42 -15,400 | & 300 | -15,700 i 42 -15,400 | ¥ 700 -16,100
S S e e T u iz - ————
- , 30t 7.74
B - Q z - Q
j th 6/7Kh 1 h T
. e 3p :
/ b, 2 b
P @ =t B2
Q Q
T T.
e < 00212 &9

!

ar =
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CURVE 568749-8

: | ey | N
C

8

o

~ Total Stres!s - Pressure + Thermal, psi x 10
‘ N
(=)

8

20

0 1.0 2.0 3.0 4.0 .. 50 6.0
Watts Per Window . .

-Circular Be window

Fig. 1.06.07
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(> X . IR Tl .
‘ TABLE 1 06 05
COMPARISON OF RECTANGULAR Vs. CIRCULAR Be . WINDOWS FOR CONSTANT OUTPUT (am)
T (Allowable Stress Level of 35 ooo psi)
- W¥ndow' * 'Assumed*  Watts _ .i} D Rectangﬁlar Slot Width R Circular Window Dia,
Thickness Eff. Absorbed | : o e _
h (in) : @ L. 0200 .03 040 . .010 020 030
.0005 .90 | 667 watts/window 39 10 0 - 2.2 2.0 1.6
- , - . I N no,»needed 17 o 67 - ) ) 303 333 417
001 .80 1500  watts/window 106 52 34 4 43 4
. . S ; no. needed: 14 - 29 44 333 350 375
.002 1,60 4000 'waccs/wmdow 240 . 130 95 L 9.0 9.0 8.9

no. needgd 17 31 42 . 445 445 450

*For these calculations absorptlon was assumed to vary
linearly with window thickness. In some of the later
calculations account is taken of the non-linearity.

i

i

< e s e ~ = E)eclaséified and Approved For Release 2013/08/21 . CIA-RDP67B00341R000800050001-7 '
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~
Z

contract more and cause a stress to be developed. This stress.will vary with
temperature as both the expansion and modulus vary. On reaching room temperature,

the strain (expansion difference) induced in the window can be expressed as

i

where € and €y are the difference in expansion per unit length. Since the
rectangular window is clamped at all edges; a symmetrical two-dinensional
stress situation exists in which the stresses and strains in the x and y
direétions are equal,

Therefore, in the x and y directions

e CTB = (L+) €E (Rectangular Case)

(f“\ where the subscript B indicates brazing.
S For the circular window the maximum brazing in both the radial and
tangential directions is given by '

i

(j£ = %%%L (Circular Case)
This stress is comparable to that in the rectangular window and no further
differentiation is made between the two cases in the remainder of this section.
It should be noted h;re that both these analyses:assuﬁed‘a completely rigid
anode which does not deform due to the thermal stress-and all of the strain is
transmitted to the w1ndow. |

Figuresl‘ogn% 0 s%gwp%he expansion ;f various péssiblé_anode material
that might be used with beryllium and silicon windows over the temperature

. range in question. In calculating the braz1ng stress for beryllium, the curve
for wrought sheet was used. 1.06.10

An examination of Figure will show that the induced brazing
strain for the beryllium to copper combination results in an extremely high stress

(/ ) situation which would normally indicate failure of the window member. The fact

Declassified and Approved For Releasg72013’/‘08/21 : CIA-RDP67B00341R000800050001-7 . ..
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CURVE 568735-A

14 | | l l l
12 |- | /—/4
-Copper /'
10 |- ’
K 7
g K-Monel———‘f'f";}"
é 8 — ’/ // ]
o -/ ,2A4~—Beryllium
2 Berylium L Axis / o,/ Wrought
= o Sheet _|
gt S
E 7
5 S /s Beryllium Il Axis B
[ 4 o . /, 9, .
e
L4 / ‘
v
/ /
2 [ Pl // O -
//
7, .
=
b | | l | |
0 100 200 40 500 600

Temperature, °C

" Thermal expansion of beryllium and possible anode materials

Fig. 1.06.08
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0L _o# | | [ I 1

;
: _ CURVE 568753-8
4.0 T I T T | |
(L Maissel, J. of Appl. Phys. 31, 211 Ja. '60 0 Thermal Expansion
(2) Climax Moly. - Mo - 0.5 Ti - (1955) O ~
(3) Inter. Nickel Co., Inc. - Iron Nickel and Related Alloys ¢ S ,
{4) KOVAR 'A' - Carborundum Co. ® &/ @0
(5) H. Scott W Report &/
(6) W-annealed - Am Inst. of Phys. D . S /
3.0 . ]

0 100 200 300 . 400 500
- Temperature;. °C :

Fig.1.06.09Thermal expansion of silicon and possible anode materials
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: !}razing Stress, psi X 103 Compression ——-

. ——— Tension

| Monel and Nickel

10

12

CURVE 568738-A
200

— 180
— 160 **

200 © 400 600 800
Temperature, °C |

v Brazing stress for rectangular beryllium window

assumes 650 °C brazing temperature

Fig. 1.06.10
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that this combination has been successfully brazed would indicate that a purely

elastic analysis is not adequate to explain the stress picture. It is therefore

theorlzed that some yielding is taking place in the berylllum window at the
higher temperatures after the joint is formed. Since: berylllum does exhibit
some elongation at the higher temperature, the actual thermally induced strain
may be at a lower level than elastic analysis indicates. 1If elongation OCcers,
the locked-in stress would equal the yleld stress at the temperature level where
an equllibrlum is reached between the thermal strain and yield strength In
addition to yielding, buckl1ng of the window could absorb or alleviate the
| induced strain. This situation would induce further buckling on thermal loading
of the window and result in premature fallure. A comblnatlon of the two modes’
of stress relief is‘most likely occurring in the actual situation aﬁd may be
the cause of some of the scatter in the actual testing of beryllium windows. S
L The silicon- molybdeﬁgm e??tlnatlon has a similar problem but to a |
N (’"‘x much lesser degree, Figure .. shows that Kovar would be a likely choice of |
e anode mate:ial with tungsten gsomewhat more desirable, For low brazing temperetures |
(400°C) Kbvatrls accepf&ble; however, being of the low expansion iron-nickel
‘family, it exhibits an inflection temperature at approximately 410°C where
its thermal expansion increases very rapidly. For brazing temperatures above
400°C, tungsten (or molybdenum) is a much better choice of materials, Invar

‘would, of course, be undesirable except for soft solders because of its very

low inflection point.

-

MAXIMUM POWER OUTPUT

’>_ Rectangular Windows
If a safe, allowable total compressive stress level, Cf , chosen
‘ based on the mechanical propertles of a given window material, then a maximum

allowable thermal stress level is determined by -

o

Oen’ = OI:'dp "O/B

witﬁithe prime superscript indicating "magimum allowable."
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Brazing stress for rectangular silicon window assume
| ' 400 °C brazing temperature |

Figo 100601_1 :
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Once CT’p and Cf are computed for a given geometry ‘and material
combination, the allowable heat absorption in the window corresponding to the
maximum allowable thermal stress level may be determined from the following
relation:

_ . Q(Eq cz

O = Tl

th 2Kh(1-u)

The power absorbed in the window (watts) is given by: .

1

Wise = (2a,c

abs
Thus, _ \
h ek -l L g ’ | - . |
(\ . Wabs = ( “XE - ) (c) dth ' . L

If the beam transmitting properties of the window are known, we

may write the transm1381on absorption ratio, R as

R = -/ = s

=

where € = fraction transmitted through the window, being a function of incident

energy level of beam,  the window material (density, atomic number, etc.) and-

window thickness, (In the sense used here, the fraction transmitted means the .
ratio of that portion of the total beam inbut which is not converted into heat
to the total beam input).

Then
W <" xa-thdy Lo o, ()
out X E ag'’ c /7 M€
. The first term in this expression is dependent only'on materials
( e properties and essentially is a thermal stress merit factor. Values of the

thermal stress merit factor for various materials are given in Table 1.06.03.
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These are computed using room temperature values since allowable stress levels
only permit attaining a mathnnZXT across the windows in the range of 50
to 100°C. ’ |

The second factor in the expression for the power output indicates
the percentage reduction in the maximum allowable stress caused by the presence -
of pressure and brazing stresses.

The last term is the ratio of energy absorbed to energy transmitted,
Transmission curves for various'métefialé at 125 KV are given in Figure 1.06.12.
The curve for aluminum is taken from data in a NBS report, and the, curves for
silicon and beryllium are based on the aluminum curve using a density ratio
correction. However, the curves for molybdenum and silver are probably too
high since their higher atomic numbers would reduce their transmission character-
istics more than the.simple use of density ratios would indicate. Corresponding
transmission-absérption ratios are given in Figure 1'96é%§siderab1e error may
exist for very thin windows because the values were determined by differences using
Figure 1.06.12. ' [, L ‘

A plot of allowable power ou%?uts for beryllium as a function of

—

window thickness is given in Figure _for slot widths of 20 and 30 mils neglecting =~

any brazing stress. The reductlon in ‘power output for the thin windows is due

to the increase 1mportance of pressure stress in thlS region. The obtainable
power outputs fpr,the-case of zero pressure stress (i.e. vacuum on both sides
of the window) is indicated by the dashed curves. It is apparent that for

window thickness less than one mil, the effect of compressive pressure stress

becomes more and more pronounced.

1.06.15

Figure - 1is a similar plot for a rectangular silicon window. Here,
the dashed lines indicate the reduced allowable power output when an 8,000 psi
brazing stress.(silicon to tungsten at 600°C) is taken into account, The max-
imum allowable power output is calculated to be several times that of beryllium
for comparable geometries, B

Figure li.'06gi]§r6es the corresponding values of allowable power output
of an aluminum window. The properties of a heat treatable low alloy aluminum,
6061-T6, were used in these calculations (see Tablel'gélgéé can be considered

typical of what might be used. The value of maximum allowable stress used was

Declassified and Approved For Release 2013/08/21 : VCIA-RDP67BOO341 R0O00800050001-7
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Fig. 1.06.12 Transmission curves of various possible window materials
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CURVE 568752-8
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" | Fig. 1.06.1k
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CURVE 568742-A
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Rectangular silicon window (1 inch long)

Fig. 1.06.15
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Fig. 1.06.16
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C—

the yield point of the material but considering the value of elongation
(12 per cent) and corresponding ductility of this material, considerably
higher therma1>inputs could be. used,~The problem then becomes one of buckling

and fatigue as described previously. The most straight forward way of

‘evaluating operation égwﬁuch levels is experimentation with actual aluminum

windows.  Pure aluminum or some other alloy than the 6061 may be preferable
for such thermal inputs becadse.ductility, elongation, cold working, and
fatiguevbecomé increasingly more important. ,

Figures . through - . are plots of the allowable power absorbed

for the three window materials discussed.

Circular Windows

Similarly, a formula may be developed for the maximum allowable power

output for a round window:

167TkJ", . Tent €

wout = (

This equation differs from the rectangular case in that the power

output is affected by the diameter only, as this linear dimension determines

" the pressure stress; otherwise, the output is a function of the window thickness

alone; The change in geometry also modifies the thermal stress merit factor
in that the effect of Poisson's ratio is reduced to the point where it may be
neglected in these calculations.

Plots of allowable power ou%?uts of circular windows using silicon

1.06.20 1.06.21

and beryllium are given in Figures . and It can be seen that for thicker
windows the magnitude of the pressure stresses are reduced to the point where
the allowable power outputs are essentially independent of diameter, as is to

be expected.

CONCLUSIONS
Based on the stress calculations, it would appear that silicon is the
best window material to use to obtain the desired 6KW output. This could be

done with two windows one inch x .020 inches x .00075 inches. The next best

' Declassified and Approved For Release 2013/08/21 : 'CIA-RDP67BOO341 R0O00800050001-7
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material of those considered would be aluminum. No estimate can be made
from this limited analysis as to how much more output could be obtained safely
if the aluminum were run at an absorption level in excess of the yield point,

Beryllium is definitely the least desirable of the three. Because
of its brittleness, it cannot be operated much in excess of its yield point
or calculated values of power input without a good chance of fracture.

The rectangular geometry appears to be satisfactory from the stress
point of view as far as obtaining the desired output with a practical number:
of slots. The circular geometry would require a large number of windows
(thirty in the case of 0.5 mil thick silicon with a 20 mil diameter)., Such a
decision is basically determined by the feasibility of the electron-optics
involved,

~ The use of ‘geometries other than the flat are not recommended as

very little stress advantage can be obtained from ahy of those suggested and

the forming and brazing complications are increased,
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1.07. Be as a Window Material

Be Foil:
In the original survey on window materials, Be turned out
to have most promiéing properties;\tit pas a low atomic number, a.
high ratio of thermal conductivity to density, excellent mechanical
“'strength, a high recrystallizatidn'temperature, and low vapor pressure
- at high temperatures.’ A_Qﬁétﬁiliﬁﬁiékness of aluminum window has 2.5 '
times gfeatér absorptioﬁ losses to a 125 kv électron beam thén a one
mil thickness of Be foil. For s given power lost in the window, one
‘mil of Be window will trensmit sbout 3.5 times more power than the
- same thickness of Al window. Correcting for the higher thermal conduct®
ivity of Al, a one mil Be window configuration at a given temperature
will transmit about 2.5 times as much power as an Al window of the same
thickness and operating with the same temperature gradient.
Most of the material tested in this program was purchased
. . from Brush Beryllium. At the beginning of this program Brush Beryllium
<i ’vrrappeaféd to be the only company that could supply thin Be foil that
was Vacuum tight. Later in the program it- developed that rolled Be foil
was available from other suppliers as well, notably the Beryllium
Corporation of America and Pechiney Company. The types of Brush material

O

which were available in increasing order of purity were 5200, S100 and
N50. According to Brush specifications,”as confirmed by our own analysis,
these range in minimum Be assay from 98.5% to 99.0%, the remsinder of A
the compositions being mainly BeO.
The original brazing experiments started with 0.5 mil and 1.0

mil S100 Be foil made from a powder compact. Because of excessive alloy-
ing in the brazing materials experienced with the thin Be foil, the
expérimental program on brazing was diverted temporarily to developing
brazing techniques for 5 mil Be. The thin 2 mil sections of Be required
for electron beam transmission were EDM'd (electric discharge machined)
. after the brazes were completed. These windows cracked during electrical
,operational tests. The cracking fallures were attributed to the forma-
</ﬁ\‘ | ‘tion of stress raisers in the edge between the two thicknesses and to

.
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“the nétural poor ductility of the beryllium employed. After some
experimentation, described in later sections, techniques were developed
for vacuum brazing 2-mil Be both in the flat configuration and in the

"V" shapes described in more detail in a later section. V-shape struc-

¢

tures were employed to minimize expansion problems as the Be was heated.
The first "V" shaped structures were prdduced at the Brush Beryllium
Co. Later window structures were produced in these laboratories. It
vas necessary to design special dies so that the hot forming of the
windows could be accomplished at temperatures of the order of 1100°F
"in order to prevent cracking of the beryllium. With better Brazing
techniques, improved mechanical configurations, and possibly as the
result of going to a purer Be material ( NSO instead of S100), the
mechanical bregkage situation improved.

Pinhole Leaks:
Around this time considerably morevdifficulty was noted with
-, very tiny leaks appearing in the windows. Instead of cracking at tests,
<j failures now were largely due to pinhole leaks developing through the
windows. These pinholes were first noticed when the brazed assemblies
were leak checked. A technique tor determining the location ot pin-
hole leaks using a penetrant dye was developed. Previously it had
proved very difficult to leak-check the window foil itself unit it had
been sealed to its support. Even then it was quite difficult to dis-
tinguish between leaks in the brazed joint and leaks in the window
proper due to the small sizes of the ports. The dye penetrant test not
only aided in determining the exact location of the leak in a given '
wiﬁdow assembly, but also permitted testing the foil as received and in
all stages of our processing prior to brazing.

' Pinhole leaks now showed up at various stages of processing
when the penetrant dye test was applied. Some showed up as the material:
came in from the supplier or when it was cupped into the "V" shape;

. other pinhole leaks showed up when the Be was cleaned for brazing, still )

, others occurred later in the processing or at test.

{
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There was some evidence that later shipments of Be (after the
supplier had experienced a strike of hourly vorkers) were inferior in
quality to material obtained earlier when the brazing techniques were

first being developed. Unfortunately, in the earlier period it had not

¢}

proven feasible to mass-spectrometer-leak-éheck the individual windows

as received from the supplier, and the dye penetrant test was not avail-
able at that time. ‘

Extensive metallographic studies at these laboratories, includ=-
ing sectioning and radiography, as well as discussions with Brush,
Beryllium Corp. of America, Goddard Space Flight Center, Pecﬁiney
(General Astrometals), Franklin Institudé, Lawrence Radiation Laboratory,
Navy Bureay of Weapons, Temescal Metallurgical Co., WADC and Nuclear
Metals ultimately led to the conclusion that inclusions in the Be, which
are characteristic of the povder fabricated variety, exercise a major role
in the troubles experienced.
(/”\\ These inclusions appear to be largely oxides of beryllium and
R intermetallics. It is not clear whether microeracks are formed around

the inclusions due to differences of expansion with the parent metal or
vwhether they represent temporarily plugged leak paths which open up as
the result of processing. The formation of oxides or other compounds
may play significant roles in the leaks which develop during processing.
From the observation made in our experimental work and from data in the
literature, it appeared that best results could be obtained with very
pure beryllium, vacuum cast to avoid oxides. The material should be
rolled to size in inert-gas-filled, tightly closed cans. It appears

that additional ductility of the powder product may be obtained by re-
crystallization at high temperatures, 1000-1100°C, but attaining this
" without further oxidation may be difficult because of the inherent affinity

of beryllium for oxygen.

Improved Materials: )
In our efforts to obtain better quality Be we contacted the
' Pechiney Beryllium Company through their distributer in this country, the
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General Astrometals Corp. Their quotes for Pechiney products were high

~ and they could not guarantee foils of thickness less than .010" to be

vacuum tight. _ —

The Beryllium Corporation of America were much more receptive.
Early shipments from them had an excessive percentage of leakers. How-
ever, there was some evidence that later vacuum cast materials in which
processing was tightened up were better in vacuum tightness, ability to
take loading, and in improved ductility. The curtailment of the window
program did not permit evaluation of some of the later shipments, in
which the supplier modified his processing in order to improﬁé the
material, nor was there an opportunity to look into the feasibility of
using ultra-purity materials such as zone refined metals, which have
higher ductilities than the material available heretofore. While the
higher purity materials have lower mechanical strength, the indications
are that their mechanical strength should be adequate to the application.

' The strike at Brush Beryllium continued for the duration of the remainder

_of the program, so that an opportunity was not afforded to evaluate

regular production Be, i.e., material made by their‘regular operators.
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1.08. The Be Joining Program

The methods considered for making vacuum tight seals between
Be foils and the window support were brazing, soldering, arc welding,
diffusion bonding, spot welding, electron beam welding and ultrasonic
welding. It is important to appreciate that it was not only necessary

to obtain a vacuum tight seal to the window at the time of Joining but

 that good thermal contact was mandatory between the edge of the window

”>and the main body of the window support to avoid excessive thermal

gradients. The brazing approach had promising results from 1ts incep-

. tion and thus proved to be the area in which most effort was.invested.

It did prove feasible as a result of the development effort to develop. .
techniques for fabricating reasonably reliable vacuum seals for the

5 atmosphere. Ag_indicated
previously the major problem at the termination of the program were the -
pinhole leaks in Be propef which showed up in various stageslof Pro-

cessing, including in the completed tubes. -

- Welding:

_ As a result of the promising results obtained with brazing
this phase of the project did not reach the experimental stage. It
appeared particularly difficult to effect a good thermal'seél between
the window to the supporting member using this technique.

Spot Welding:
It bhas been found possible to spot weld copper-plated

" beryllium to copper. In this experiment, a 0.0005" thick piece of

Incusil 15 brazing alloy was-placed between the copper and beryllium

“and the spot weld was made with a capacitor discharge welder; bare

beryllium was not exposed during welding.

Electron Beam Welding:
Some preliminary work was done at Hamilton Standard on the

electron beam welding of one mil beryllium foil to copper. A complete

. leak~tight weld was not achieved. Best results were obtained by welding
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through a 7-mil thick copper mask, on top of the beryllium, through
the beryllium into the base metal. In some areas the beryllium was
melted but it 4id not Jjoin to the weld pool. Power levels, welding

- speeds, and other parameters were varied but leak-tight welds could

"~ not be produced. The major problem with this technique was the main-

taining good contact between the beryllium and copper so that a weld

could be fb:med between the two matrices. It was difficult to maintain

" this contact. When.it was not maintained the molten beads of copper

and beryllium did not coalesce. Even when the beryllium was tightly

sandwiched between two pieces of copper; complete bonding between the

. two metals was not achieved.in 100% of the required area.

Diffusion Bonding:

Diffusion bonding was used for making several leak-tight
joints in test specimens consisting og a 1/4" square of 0.0005" thick
beryllium mounted between two pieces of solver-plated copper 3/8" in
diemeter by 1/2" high with a 1/8" hole through the longitudinal axis.
The parts were joinéd in a pressure bonding apparatus. Parts were
assembled beneath a hydraulic ram, loaded to 200 1bs, heated to T90°C,
and held at temperature for one minute. The silver-copper eutectic
formed and caused the parts to braze together. When micrographs were made,
it was found that beryllium had also been dissolved and probably formed
‘a ternary eutectic. The beryllium foil dissolved right up to the edge of
the brazed joint. However, two of the three experimental assemblies
were vacuum tight. '

On the_basié of these experiments, an experimental window
assembly was joined using the same technique. In this assembly a 1-1/4"
square of 0.0005" thick beryllium was joined to a silver-plated copper
'support about 1/2" thick and 4" in diameter. The beryllium was placed so
as to cover the slits which were centrally located on the copper piece.

Results were poor. The foil buckled and cracked. Better results were

. obtained on a similar assembly in which individual pieces of beryllium

,were cut to just cover the holes, but the joints were not leak tight.
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Several attempts weré made to diffusion bond beryllium foil
directly to the copper without the use of the intermedeary silver layer..
This was not completely successful. One small specimen was leak tight, .
but in larger units buckling of the foil was encountered.

In summary, the diffusion bonding was promising but needed
considerably more work, including better pressure bonding equipment
than was employed in the tests. Accurate fit up of parts was a major
consideration. However, formation of a liquid phase during this process

may help to minimize tolerance problems.

Brazing of Beryllium!

Brazing trials were made originally in vacuum to obtain
wetting. Three brazing alloys, 80% copper-15% silver-5% phosphor (1185-
1300°F); T2% silver-28% copper (;h§§°F); and 62% silver-23% copper-15% .

“indium (127h-l320°F), i.e., Incusil«15, were tried. In the experiments,
~ the brazing alloy, usually 0.0005 to 0.002" thick was preplaced between
. the beryllium and copper'ﬁo preclude the necessity of alloy flow. All

three alloys wet the beryllium but also dissolved it.

To obtaii better control of the time the beryllium was in

" contact with the molten brazing alloy, the experimental window assemblies

wvere brazed in a vertical furnace containing a hydrogen atmosphere of
unusual purity. This furnace consisted of a pedestal about 5 ft high
over which the hydrogen~filled, vertieal furnace could be lowered. The
lower part of the furnace was cold and the upper. part was at about l900°F$
Thus, the work.was'placed on the pedestal and the cool zone placed over
“the pedestal for purging. Then, the hot zone was lowered over the work
until the alloy was observed to melt. As soon as the alloy had meltéd
and flowed, the heated portion of the furnace area was raised and the
work passed into the cooling zone. ‘

' It was found that the brazing alloys would not wet the beryllium
in bydrogen so the beryllium was plated with ebout 0.00001" of silver. 1In
early trials with 0.005" thick beryllium thé alloy was preplaced under the

, beryllium and vacuum tight joints were obtained. ILater, when the beryllium
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~
(: (0.002") was curved longitudinally, the alloy was preplaced over the
edges of the beryllium on the copper and flowed into the joint. Vacuum-
tight joints were made between beryllium foil 0.002 and 0.005" thick and
the two copper sheets used in the window support. 7 B
) Since the initial tests on the brazing of 1/2 or 1 mil
beryllium were not completely successful, effort was concentrated on
brazing 5 mil sheet to obtain a sound sesling Jjoint. About eight helium
tight window assemblies were fabricated using the following procedures:
a. The copper assembly was pretinned with l/2-mil thick
- Incusil 15, then more 1/2-mil thick Incusil foil (1/8" wide) was preplaced
by spot welding. N o
b. Two pieces of beryllium about 1/4" x 1-1/L" were copper
plated and laid on the p}eplaced‘foil in the proper location. Then another
strip of 1/2-m#l thick Incusil 15 foil (1/8" wide) was placed over the
' edge of the beryllium and tack welded to the copper.
- o ' c. The unit was brazed in the "vertical" hydrogen atmosphere
- “\’7 7 ~ furnace referred to above. Although the furnace temperature was maintained
<:,,ﬂ _ at 950°C the brazed assemblies did not reach thié temperature. Dwell time
‘in the furnace, determined experimentslly, was Jjust long enough to melt and
flow the brazing alloy.
o | In another method, the beryllium was plated with copper or silver
T then nickel and the copper inserts were tinned with Incusil 15 (15%
indium, 24% Gopper, 61% silver - MR 635 - 705°C). Incusil 15 was also used
for final brazing and was preplaced above or at the edge of the beryllium .
to form a fillet. A weight of 70 ounces was used to hold the beryllium
in place, to insure maximum contact between the beryllium and copper
surfaces, and to obtain thermal contact as close as possible to the slits.
- Five units produced by this technique have been satisfactory for test but
) ' not leak tight to helium. I
- In still another second method, the silver and nickel plated

beryllium was brazed directly'té‘coppér not previously tinned. The brazing
" alloy was preplaced under the beryllium and the same weight was spplied.
| _Several units made by this technique have been leak tight to dye check but
N ‘not to helium. The units, however, could be pumped to a pressure less than
<i,r . 10"5 mm of Hg.
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.' the cleaning of the Be and the quality of the plating greatly improved
the quality and reliasbility of the brazing. The major problems exper-
ienced in brazing of thin beryllium foils to copper were as follows:

a. The foil was easily dissolved by the brazing alloy.
b. The foil wrinkled and buckled upon cooling from brazing

. temperature. B ,

_ ¢. The smount of. alloy used had to be adequate to make a
joint and to fill gaps made by wrinkles of the foil, but still small

" enough to minimize solution.
d. Holding the edges of the foil in the brazihg alloy was

a problem.

As indicated previously, solution of beryllium foil because of

poor temperature control and cobling in vacuum forced the selection of

the vertical hydrogen furnace where heating and cooling could be easily

controlled. However, wetting of the beryllium in hydrogen could not
be obtained until it was electroplated with about 0.0005" of silver.
The adhesion of the silver plating was only fair but was satisfactory.

The silver promoted wetting but dissolved in the brazing alloy. Diffusion

treatment improved adbhesion of the silver plating but did not improve
the overall results.

Some solution of the beryllium occurred in the brazing alloy,

but it was limited and did not appear to interfere with the end product.

The alloy formed was probably a quaternary eutectic of silver-copper-

indium~-beryllium. Mechanical properties of the brazing joints were not

determined but performence in tests indicated they were satisfactory.

ma jor difficulty at the end of the program was the formation of pinhole
leaks in the beryllium during processing. As indicated previously these

leaks were probably caused by micro-cracks, inclusions, diffusion,

oxidation, or corrosion. The indications were that given a pinhole~free

' Be material, it would be possible to make sa.tisfaétory thermal contact to

‘:the window support.
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-Ultrasonic Welding:
Some preliminary experiments using ultrasonic welding were

conducted in these laboratories. Initial results did not look promis-
ing. The Aeroprojects Company was contacted on this proﬁlem, and some
tests with aluminum foils were conducted.
One of the major problems with this technique appeared to be
in making the seal close enough to the edge of the window support so
- that prohibitive thermal gradients could be avoided. In view of

promising work with the Be brazing this approach was discont;tnued.

Al
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1.09 Testing of Experimental Be Windows

Method and Apparatus:
' In the evaluation of a given window design, the following tests
were performed:

a) The window and seal were checked for vacuum tightness.

b) The ability of the window to stand up under continuous
and intermittent loading as a function of time was determined.

¢) Measurements on beam transmission for different thicknesses
of window were made. ‘ .

The vacuum tightness tests were straightforward and could be
performed with ease using a conventional helium leak detector and appro-
priate fixturing. After a study was made of different techniques for
simulating the Kind of window loading that an electron beam would pro-
duce under operating conditibns, the decision was made to test experi-
mental windows by u51ng the proposed electron beam conflguration dlrectly

imin a demountable design in which the experimental window ‘assemblies could
easily be installed. - The decision was based on the excessive amount of
development required to perfect a test for simulating the loading effect
of the beam and the considerable degree of uncertainty that would be
involved in interpreting how the simulated test would apply to the load-
-ing stresses produced by the electron beam in the final tupg. The
‘experimental arrangement permitted testing the winaows unde; almost
exact operating conditions: Details of the structure and use of the”

demountable tube appear in Chapter 2.

Test Results:
All of the results of the comprehen31ve series of hundreds of

:tests on the ability of different Be materials sealed to window config-

- urations of various designs to stand up under continuous and pulsed
loadings are too extensive to be included here. Suffice it to present
some of the tests conducted on flat Be windows brazed to solid copper '
anodes via an intermediate .020" thick copper sheet, shown in Table
1.09.01, these being the most promising of the series. For the .00 ﬁ Be,
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. TABLE 1.09.01

Ioading Test on Flat Copper Demountable
) Using Flat Intermediate Copper Sheets
Window and :
Number - Material Configuration ~ Braze Threshold Toading in Watts Remarks

F 13 2 Mil Be Flat .020 Cu . I-15 64 kv 50w-1/2
insert - . 75 -1/2

.010" slot : 100 -1/2

i , : ‘ 125 -1/2

S ‘ 150 -1/2

175 -1/2
200 -1/2
250 -1/2
300 -1/2

350w-1/2
Loo -1/2
450 -1/2
500 -1/2
550 -1/2
600 -1/2
700 -1/2

Long
Iongitudinal
Crack

FEEEREERERE
FEEEEERE

Failed on Cooling

F 20 .002" Flat Be  Same as F 13 S I-15 0 65 50w-1/2
Berylco Vac. .030 slot ‘ . 75 -1/2

Cast 100 -1/2

: 1 125 -1/2

, \ 150 -1/2

' , 175 -1/2

: i 200 -1/2

- 225 -1/2

250 -1/2

300 -28 min

Slight He Ieak
Initially

EEEEEERERER

Failed

F 24 .0016 Flat Be Same as F 20 5% kv 50w-15 min Slight Initial
Window I Vac. Evap. . i T5 =30 min ¢ Ieak
(Iawrence Rad. ‘ : i / 100 -30 min Iongitudinal
Iab.) . ' 125 -30 min - Crack ,
150 -30 min P = 20 Torr
175 -30 min
200 -1/2 min

2 - 60T

Failed

Declaséified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



:

Declassified and Approved Fdr Release 201:[3/02\3\/21 CIA-RD“P67BOO34’I ROOO800050001-7

TABLE 1.09.01 (cont'd)

Window and :
Number . Material Configuration Braze Threshold Ioading in Watts Remarks
F 2k .0016 Flat Be Same as F 20 58 kv 50w-15 min P = 20 Torr
Window II Vac. Evap. T 75 =30 min ‘ Slight Initial
(Lawrence Rad. \ ~ ., 100 -30 min Leak
Iab.) \. 125 -30 min :
‘ 150 <30 min
175 =30 min
200 -30 min
225 -1 min

Pressure Rises'
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the values of transmitted power at 150 kv corresponding to any given test
the table can be obtained by multiplying the absorbed, or loading power
by 3.1. Thus, for example, a loading of 100 watts absorbed power per
window corresponds to a transmitted loading of 620 watts for a double
focal window, and an absorbed loading of 200 watts corresponds simi-
larly to 1240 watts of transmitted power.

Results on window F1l3 must be discounted somewhat since only
about 40% by the beam power noted impinged on the window due to the
.010" slot which was being investigated. This window, however, was
operated at 1/2 hour steps to an estimated value of absorbed loading
of 240 watts for 7-1/2 hours, and then for an additional half hour at
280 watts absorbed power on window. These results certainly make the
possibility of obtaining high transmitted loading capability by means
of very narrow long beams appear to be very attractive.

Window F20; a vacuun cast Be from Berylco also looked promis-

ing. It operated from 5 hours as it was raised in 1/2 hour steps to

. 300 watts, where it operated for almost a half hour before developing

a leak large enough to affect its performance. Since no visual damage
was noted, the indications were that it developed a pinhole leak. The
Be foils in experimental windows F2i of Table XIV were vacuum evaporated

sanmples which were fabricated at the University of California. Be foil

 we received from IRL had quite & few pinhole leaks. The windows were

cut so as to avoid major areas of leaks. , A

v The general conclusion from the tests on the Be windows =~
indicated that further development work on the production of Be foils
in the .001" to .002" range of thickness which would eliminate the

pinhole leak problem would have a very beneficial effect on the loading

these windpws would take without vacuum failure, particularly if good

quality foils become available in .O0L" thickness. The indication from

the early work at Berylco was that as further increase in Qﬁality of .

Be was realizable by further development of the techniques for rolling
vacuun cast materials, techniques for purifying the Be further such as
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| ' the use of zone refining passes a8 part of the vacuum casting process

‘ A should be investigated as part of any future possible program on

| windows.

| As for the specific geometries tested the indication was that
the flat Be structure on a .020" flat copper intermediate sheet employed
in the tests of Table 1.09.01 was probably superior to most of the other
structures tested in the Be program. An additional very promising ‘
direction for increasing loading is through the use of narrower line

focus beams and narrower slots.

7

o
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1.10. Aluminum Windows

Comparisons with Be: ,

As indicated in Fig. 1.04.07, a 1/2-mil Al window has a
higher f factor, i.e., a higher ratio of transmitted to absorbed power,
than & 1 mil Be window. ' B .

Since the thermal conductivity of Be is Only slightly less
than Al (.385 as compared to. .520 in calories/cm2/sec/cm), yet it
is twice as thick, the 1 mil Be window will transmit more power (28%

. more) than the l/z-mil Al window will for the same temperature gradient.
The crucial factor in assessing the performance of a given window, how-
ever, comes down to the gquestion of what power the window has the capa-
bility for transmitting without damage to itself in the required loading
period. In thé tests we conducted this was determined experimentally
by measuring powver absorption'and using the f factor to estimate power
transmission ecgpabilities. _

<r#_</ﬁ\.- : - A study of the tensile strength of pure Al foils as a function

of temperature revealed that-aluminum unlike Be, rapidly loses its tensile
¢characteristics with increase in temperature. Since small amounts of
alloying elements contributed substantially to increased strength at high
temperatures, foils with small amounts of alloying agents appeared to be
called for. An attempt was made to minimize the amount of high atomic
number materials in the interest of reducing the cross-sectional losses

to beta rays. e -

Al alloy 3003 and 1100 aluminum were selected for these tests

on the basis of composition and_availability. ~The 3003 material consists -

of 1.2% manganese, the remainder is aluminum. The 1100 material is )

essentially standard Al foil and has & minimum of 99% aluminum. Some of

the loading tests made use of EC aluminum, which is still purer, having a

99.45% minimum content of aluminum.

Joining Problem:
A number of approaches to the problem of joining the thin foil

4 .
</~\ © . to the window support were investigated including mechanical seals, brazing,

N ®
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! diffusion bonding, and electron beam welding.
Diffusion bonding appeared to offer the most promise in
{ initial attempts. Early trials were made by placing the aluminum foil and
’ : §ilver insert between two stainless steel blocks which were bolted to-
7 gether and heated in hydrogen at the desired temperature. Temperatures
[ tested were from 200° to 500°C and times were from 1/2 to U hours. Best
conditions appeared to be from 1/2 to 2 hours at 400°C but results were
erratic. A new vacuum diffusing bonding apparatus was built , both to
permit closer control of atmosphere and pressure. The unit is illustrated
in Fig. 1.10.01. o
Helium tight joints were obtained on aluminum foil to coppef

“and aluminum foil to aluminum insert joints, as well as on the gluminum

to silver units. Plating improved the bonding but introduced a pinhole

corrosion problem. The best conditions for the diffusion bonding appear
to be around 6000 lbs. load (about 9500 psi), and temperatures of 300°C or

\ above. Higher pressures could be used but the width of the slits would
<j‘\ . be'reduced significantly but not uniformly. A temperature limit of 325°C

.

3 ' . vas set after a literature survey indicated that fecrystaiiization and
' grain growth of 3003 occurred above this temperature. Higher joining
temperatures also prbmotéd some flow of the silver and closing of the slits.
' The following conclusions were reached: -
) | (1) Leak tight joints between 3003 aluminum foil and silver-

‘ o -~ - - 7~ copper or aluminum inserts can be made by a hot pressing or diffusion
‘technique. A temperature of 300°C and pressure of 6000 lbs. appear to
produce leak tightness with the desired shape,of_fhe aluminum foil cross
section.

(2) Joints made below 400°C are mainly mechanical.
(3) Window assemblies made at either 300 or 400°C have main-

i = 7 tained leak tightness after being exposed to 400°C in air for 5 to 1k
hours. T |

- (h)z:Sandwich‘type structures appear promising for straight

. 811t construction. ;

< T
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Coined Al Window Approach:
As a parallel techniqué, a series of tests were conducted
to investigate the feasibility of "coining" or forming the thin window .
segment in a sheet of .010" or so aluminum foil. It proved possible
~ to coin 1/2-mil Al windows out of .010" sheets, thus simplifying the

problem of joining to the main window support.

Testing of Al Windows:

In excess of 20 exﬁerimental diffusion bonded Al assemblies
were tested using 3003 Al, 1100 Al windows and also'a purer EC variety.
Several of these were operated for substantial times in exceés of 100
vatt absorption. For example, window ALD-52 (1/2-mil Al 3003) operated
1/2 hour intervals at 50, 100, 125 and 150 watts of absorbed power, and"
finally at 20 minutes at 175 watts. This loading corresponds to 3500
watts of transmitted power for a double beam tube operated at 150 kv.'
Almost all windows demonstrated the ability of withstanding loadings in

. excess of 100 watts. Results with 10 coined windows were comparable.
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1l.11l. Miscellaneous Window Materials and Techniques

lockalloy:
J Samples of a new alloy (70% beryllium-30% aluminum), 0.030"
thick, were obtained from ILockheed Company for testing. The material
| was rolled to 0.002" thickness by heating to 400-500°F between passes
of about 20% reduction. Edge cracked material was trimmed off and the
| "1/W" x 1" pieces were joined to a copper anode support by diffusion ‘
\ - bonding. The Lockalloy was plated with copper, the copper support was
plated with silver and both placed between bolted stainless steel
blocks and heated for 1 hr at 500°C in hydrogen. A liquid zéne of
_copper-s1lver4berylllum-alum1num was formed and acted as a brazing alloy.
The joints made were found to be leak tight and the window assemblies
were used for Joading tests.
' Eight windows were given standard loading. In general, the
material was not as satisfactory as the Be windows in terms of capability
. of standing up under loading. This result is particularly unfavorable
<::j since tﬁe ratio of transmitted to absorbed power is lower than for Be.
The material was in an early stage of development at time of
test. It is possible that more recent materials would be of bettér
:;quality{ In a visit to Berylco we-wererinformed’that they had alloys of

gimilar composition under development.

Silicon:

While this material appeared to be very promising in view of .
its high strenéth, low atomic number, low thermal expansion coefficient,
and apparent low stresses under loading, it proved to be very disappoint-
ing in preliminary loading tests. The silicon wihdow tenééd to shatter -

" very easily in handling and test. A systematic investigation of “téch-
niques for joining it to matching materials, such as tungsten and molyb-

denum was discontinued in view of unfavorable initial results.

b  Ag-Mg: .
f ) B : While pure silver drops excessively in mechanical strength as

| <:;j . "« temperature increases, several hardening alloys are available having
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0.1 to 0.3% Mg, which have tensile strengths in excess of 30,000 psi
at temperatures in excess of 300°C. These materials are hardened by
the simple process of heating in an oxidizing atmosphere.

It was necessary to develop techhiques for joining the Ag-Mg
foil to the window support materisls. This was accomplished by vacuum
brazing the plated foil with Incusil "10". The material demonstrated
éatisfactory ability to take loading when 1/2 mil thick. At this
thickness transmitted pdwer was insufficient to merit further work.

Thinner material was obtained from a supplier, but was not satisfactory

_ from the standpoint of pinhole leéaks. - ;

Pyrolytic graphite is a unlque form of graphite which is pro-

_ duced_by the pyrolytic-deposition process. It has unusual anisotropic

. properties. In the "a" direction,parallel to the deposition surface,it

¢

\

C

"has a thermal conductivity which is higher than copper in the room
temperature region and a factor of 200 lower thermal conductivity in the
direction normal to the original disposition surface. . In view of its
low atomic number, and unusual thermal conductivity, an investigation .
of a preliminary nature was conducted to assess_its potentialities.

_ Pyrolytic graphite flakes procured from High Temperaturg
Materials, Inc. in 1/2 mil to 1 mil thickness were checked to be leak !

‘tight on the helium leak detector. Several attempts were made at High
Temperature Materials to deposit a thin pyrolytic film over slot con-~
figurations such as employed in the experimental demountable anodes.

They did not succeed in producing films suitgble for test.

Vacuum Evaporated Be Foil: '

Several suppliers suggested that vapor-deposited material
might be suitable for the window application, an idea strengthened by
a Russian publication(la). This materidl, when evaporated on to backing
plates held above 850°C, could be bent several times over a templet 1 mm

vl2d V. M. Amonenko, A. A. Kruglykh, V. S. Pavlov, and G. F. Tikhinskii,
“Production of Be Foil, Zavodskays Laboratoria, Vol. 26, 625 (May 1960)
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in diameter. The foils were reported to be vacuum tight in thicknesses

down to l-l/h-mil of'Be when evaporated on to plates held below 300°C.

The plasticity of these foils could be enhanced by suitable annealing.

in the temperature range between 700°C and 800°C for 3 to 6 hours. In
' the Russian process, the Be is rolled after evaporation.

Dr. R. V. Bunshah of the Lawrence Radiation Laboratory,
Livermore, Calif., was contacted to see if LRL might provide samp}g§ of
Be evaporated foils. From the information he provided, it appearéd that
the Livermore process was similar to that employed by the Russianss The
samples provided had an excessive number of pinholes as received. How-
ever we vere impressed by the good flexibility of this particular foil.
Results on testing were comparable if not superior to standard Be foil as

obtained from the Brush Beryllium Company.

Cryogenic Approach to High Power:

From curves of the variations in the thermal conductivity and
expansion of Be with temperature, it is evident that the advantages of
"lowering the temperature of thé Be window foil to the cryogenic tempera-

~ture range would be considerable. In the first place for pure Be the
thermal conductivitinould be down by a factor of 5 to 25, depending on
the purity, and thus greatly reducing thermal gradients or permitting
substantial increase in loadings. Secondly, the slope of the linear
expansion curve of Be decreases significnatly with temperature. Thus -
‘a glven temperature gradient at-low temperature would be exﬁected to
produce lover mechanical stresses than the same temperature gradient
at high temperétures. ' |
A loading test was performed on & window fabricated from a
Berylco vacuum cast copper using liquid N2 cooling. Threshold KV of
window was 60 kv. The window was given 25 cycles at the 50 and T5 watt
loading levels and 50 cycles respectively at the 100, 125, 150, 175 and
200 watt levels. Fallure occurred after 48 cycles at 225 watts as the
result of an overheated spot in the loaded zone. v _
A second loading test using the deep 0.1" R demountable design |
.was conducted using .005" thick Be material which has been thinned by
electric discharge machining to two mil. The threshold voltage vas

76 kv. ZILiquid nitrogen cooling was used. The temperature was observed

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



Declassified and Approved For Release 2013/08/21 : CIA-RDP67B0.0341 R000800050001-7

1.11 -4

to be -180°C. The window was subject to 25 cycles at 50 and 75 vatt
loadings followed by 50 cycles respectively at 100, 125, 150, 175, 200
and 225 watts. Failure occurred after 7 cycles at 250 watts as a result
of an overheated spot in the loaded zone. It was interesting to note
that most evidence of heat was on the atmosphere side of window.
A rough estimate was made on the weight of liquid N2 coolant

which would be required for this use. If a 10°C temperature rise were
.permitted, it would require about 400 pounds of liquid N, an hour to

~ handle 1 kw of absorbed power. For 2 mil Be this would correspond to
‘3.1 kv of transmitted power, and 8.6 kv of transmitted power for .OOL"

Be. Since the heat of vaporization of ligquid N_. is 100 times greater

2
than its heat capacity, considerable economy of weight could be effected

by allowing the liquid N, to vaporize into the ambient environment.

2
Conclusions: o
In assessing'the window progrém on the basis of the results
reported, it is important to recall that its termination was dictated
by the realization of an alternative system, which, although more complex
and bulky, did satisfy the requirement of immediate availability. A
number of the window ideas mentioned in this last section are felt to hold
considerable competitive promise, although not without extensive develop-
mental effort. It is, therefore,- suggested that the question of additional
window work be re-examined at a future date, when a better assessment of -~
the operational/advantages to be gained by utilizing window tubes can.be .

made. _
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CHAPTER 2

WINDOW TUBES

2.01 Introduction and Sunmary

The pivotal element of an electron beam generating tube is the
window, covered in Chapter 1, but other elements must be provided: a
cathode, means to connect the cathode toAthe power supply, electrical
insulation for the comnection, and a pump to keep the tube evacuated
in the face of leakage or perfusion éf gas through the window.

Demountable tubes were used to test experimental windows with-
out committing more than a minimum of material and labor to an expend-
ible part. These tubes were provided with the same cathodes used in
the prototype tubes and simulated the prototype tubes in all details
but the arrangements for vacuum.

Difficulties in obtaining and keeping good registration of the
two beams on the two window slits inspired the development of an adjust-
able cathode? in which the two filaments, carried in their focusing grid
cups, could be translated normal to their length for accurate registra-
tion on the slits of a window.

As it became evident that the quality of available window
material made a supply of enough tubes for a successful field test
program improbable, several methods of accommodating to the situation

were proposed. Not even enough good windows to try those methods were

obtained, but the ideas are discussed here, since they might Prove use-

fullin any future window program.

The insulation system adopted was dictated more by the limited
space available than by direct choice. The cable connectors made by
R. Seifert of Hamburg, Germany are about the only item available for
150 kv service in such small size. They were used on the tube packages,

power supplies and later on the Heraeus electron beam gun.
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A 2.02 Machlett Cathodes
{ : Cathodes built to the design illustrated in Fig. 2.02.01 were

purchased from Machlett Laboratories, Inc. for incorporation in both

| experimental and prototype tubes. A pair of filaments and focusing

\ structures; adapted from Machlett line-focus x-ray tubes, was spaced
a. convenient distance apart, which became the spacing between windows

\ o ' in the anode. The cathodes were supplied on a glass stem as shown for

| - sealing into tube envelopes. One of the leads was connected to one v

\ end of each filament, another to the two free ends, permitting_series,
or parallel or individual operation of the two filaments. The'post
at the center of each filament gave mechanical support only and was
insulated from the focus cup, permitting a bias voltage, introduced
on the fourth lead (not shown in the drawing), to be used to control
the distribution of the focal lines on the windows. |

Because of the large calculated sensitivity of beam focus to

</“\ depth of the filament in the focusing cups, several different depth

; - settings were ordered. Pinhole radiographs of the focal spots confirmed

1 the prediction of an optimum filament depth for a given anode-cathode

spacing, but differences in filament depth were obscured by other effects

in performance of actual windows. For example, it proved impossible to

focus the beams routinely on both window slits with the precision neces=-

sary to achieve acceptable transmission through the windows and to
1 maintain the design values of thermal gradient. To accommodate all the

sources of variation, adjustable cathodes were designed and built.
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2.03 Adjustable Cathode

Design:

The most serious problem encountered in the use of the Machlett
catﬁodes was the loss of transmitted power due to small errors of regis-
tration of the beams on the windows of the prototype tubes. A cathode
was needed which would have its filaments sufficlently adjustable to
allow for proper beam alignment after initial test, when it could be
rigidly fixed for continued operation.

The basic design is shown in the upper illustration of, Fig.
2.03.0L. Two Macﬁlett focusing cups were mounted on rods pivoting on
knife edges to accomplish the required lateral movement. The opposite
ends of the pivoted rods were threaded and moved in slots in a phenolic
plastic cap attached to the end of the tube with a high temperature
cement. A nut on the rod clamped it in position; a drop of cement held
it there. The rods were vacuum sealed with metal bellows, and the
electrical leads were brought in with glass or ceramic'feedthroughs
as shown in the two lower views of the figure. The filaments were run
in series to eliminate the need for another feedthrough in this design.
With the poﬁentiality of perfect alignment it was not necessary to be

able to operate Jjust one filament.

Fabrication:

The initial step was a high temperature braze of the internal
parts to the supporting plate. Next, the stem was attached in a glass-
ing operation, after which the feedthrough(s) could be installed and
the cathode finished by spot welding the focus>cups, electrical leads
and shield. Care was taken to keep the cathode extremely clean at all
times, and leak checking was done at éppro@riate stages of assembly to

insure quality comparable to the commercial fixed cathodes.

Testing:
The cathode structure was subjected to some limited vibration

testing in the design stage in the form of a model. Natural freguencies
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of low amplification were found in the critical range of the design
vibration envelope, but clearance in the pivots caused variations in
the response.

The means of clamping and of movement to correct observed errors
in fegistration were satisfactory, but the clearance in the pivots
allowed angular misalignment and also axial movement that changed both
focus and perveance.

Focus cups were joined to the pivot rods by a spot weld on a
sleeve Jjoint; this loosened in some units. .

Aside from these malfunctions in specific units, the design
performed'as intended and did correct the troublesome discrepancies of

registration.

Modifications Recommended:

A modified design of the pivot, which never was dbuilt, provides
for positive retention of the pivot in its seat. This change and a
reduction of weight of the focusing cups should remove all the defi-

ciencies observed.

Adjustable Optical System:

Late in the window tube program, a need was seen for a means of
varying not the beam alignment but its geometry. In size and in axial
current distribution, the focal spots produced by the standard cathodes
were not optimum for many desired tests. A broader beam of uniform
current density was needed for multi-aperture windows, and a much narrover
beam was desired for other special designs. Since direct calculation of
exact cathode element spacings was impracticable, they were determined by
experimenting with combinations established by simpler methods.

A test setup was designed around s piece of pyrex pipe, which
served as vacuum envelope, cathode insulation and anode-cathode spacer.
The pipe stood on the surface plate of a bell jar system, and the cathode
was suspended inside on a stem containing electrical feed-throughs and
adapters to make connections to the filament and to position the grid.

An anode, supported by an adjusting screw, was mounted inside the pipe
on-the base plate. Magnet coils could be drppped over the tube to pro-

duce an axial field at the accelerating gap-
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The straight filament, one inch in length operated within a
rectangular slot cut in the grid, which was a plate thicker than the
slot width, so that the filament was in a kind of well.

' The anode vas a two pound cylinder of copper to eliminate the
need for cooling requirements. A heavy gold plating on the target
surface gave good, sharp x-ray images walch were recorded with a pin-
hole camera outside the envelope. TFrom the camera dimensions and image
measurements, focal spot sizes could be calculated with good accuracy
down to 1 - 5 mil widths. Below this limit, thin aluminum foll was

‘ stretched across the anode, and the burned-through areas wereAtaken as
direct measures of focal spot size. Widths as low as 0.0005 inch were
mneasured by this method.

Some representative results are collected in Table 2.03.01.
All of the dimensions given are referenced to the face of the grid

| closest to the anode, as shown in the inset.

)
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o o 1 filament
TABLE 2.0%.01 X
T | § d ) i
BEAM WIDTH AS FUNCTION OF ! . ' grid |
FILAMENT DEPTH, GRID BILS, 1 _1‘
AND AXIAL MAGNETIC FIELD: 40 kv .8L2:
Al]l Dimensions in Inches p 4( ‘i’_ ~
‘. anode
Fil Flux
Depth Density Grid Bias v dc
d (in) B (gauss) +510 +320 +45 0 -45 -90
i 0 . 240 . 245 .250 L .
5 o ss0 .050 027, .o0s,  Negative bias
- 700 . . 014 008" .C06 v 0 ¢
0 .200 288  .250
‘4 550 .087 .040 .033 027
700 : : .014
)
- 0 535
8
1 B
- /16 0 <390
0 0 710
0 : 815 »
L 55 _ .813 '
B 110 773
pt 165 L7531
T . 220 .690
440 .196
550 - .143
605 .130
a: Very nonuniform distribution
( \ ~.w: These figures based on assumption of 50 tile of camers axis. If

tilt is zero, beam wicth should be reported 0.001.
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2.0L. Demountable Tubes

Since the demountable tube was intended to provide data for

prototype cathodes and windows, its construction, Fig. 2.04.01,
deviated from the prototype design concept only where its different
role made the change unavoidable.

The cathode is supported and positioned by a glass stem, axially
re-entrant in the cylindrical tube envelope. An exhaust arm leaves the
side of the envelope and connects to the evacuation stand. The cylin-
drical envelope terminates at a seal to a thin Kovar cylinder,, which is
brazed into a flange. This flange carries a groove for an O-ring, which
seals the anode plate, and a bolt circle for the clamp by which the anode
plate is located and fastened.

Everything pertaining to the window was contained in the anode
Pplate, which was provided with a smooth inner face for efficient sealing,
cooling coil(s) if required, and the window under test. In addition, a
bolt circle was usually provided on the external face to permit the use
of a protective cup, which could be evacuated, or filled with an inert
gas, to mitigate the effects of window failure on the cathode. '

The windows were located by an extremely simple technique. Lines
were scribed across the face of the tube flange, parallel to a diameter
and offset by half the spacing between filaments. Corresponding iines
were scribed on the cylindrical lip of the window plates, marking the
centerlines of the two slits.

With the clamp screws holding the window plate lightly against
the O-ring, finger pressure produced motion without stick-slip, and the
four pairs of scribe marks could be aligned by eye within abéut .00k
inch. Occasionally, distortions from brazing or small machining errors
would make registration of both window slits impossible. When all the
error was imposed on one slit, it would show the error clearly on test
while the other performed well. This was taken as validation of the'

method for normal cases.
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When a demountable tube was provided with a new cathode or had
been open for some time, it was baked out as well gs its silicone O=-
ring permitted. This was followed by high voltage seasoning, with the
cathode cold and a large protective resistor in series with the power
supply. Normslly, a brief cold seasoning was all the treatment required
since about 120 kv, depending on weather, was the flashover limit of the

air termination between cable and tube. This proved adequate for lab-
oratory use.
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Demountable Tube Fig. 2.04.01
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2.05. Testing Windows with Demountable Tubes

ATter evacuation and cold seasoning, the first step was to
verify the window registration by means of pinhole radiographs. The
camera showvm in Fig. 2.05.01 is typical of the several models used.
Those beams which are well centered and those which are not are easily
told apart in the radiographs of Fig. 2.05.02. 1In the ideal case,
four separate lines can be seen, showing the four separate images of
the filament produced in perfect focus.

The next step was determination of the window penetraﬁion
threshold voltage. t a current level below one milliampere, the
accelerating voltage was slowly raised until a glow in the gas at the
window indicated electrons were penetrating. An alternative detector
was a thin film of zinc oxide, vhich gave g brilliant white fluores-
cence when excited by electrons. Unfortunately, the two methods diad
not give exéctly the same results, differing by two or three kv in
4O-60 kv. The gas glow required a small excess of electron energy to
produce & glow discernable against the red hot window. The phosphor,
on the other hand, began to glow Just before complete penetration,
because of the copious soft x-rays generated just beneath the surface
of the window. A little experience quickly provided a feeling for the
voltage to be subtracted from the gas glow figure to give an accurate
report of the threshold electron energy.

Various thermal tests usually followed, always run at voltages
below the threshold so that the absorbed power could be estimated with
greater accuracy. The soundness of the window attachment was measured
by continuous operation or by cycling on and off with a period of several
seconds. TFaster pulsing, which measured the thermal shock resistance of
the window material itself, required full power operation, for which
prototype tubes were used.

Another test, run slightly over threshold, gave indications of
the rate of gas leakage and/or perfusion through windows. Absolute

readings were hard to make, since the beam produced enough ions to
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Pinhole Radiographs

Fig. 2.05.02
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affect the indication of the vacuum gages, but comparative readings
were possible, by which the different windows could be ordered from
the most pervious to the least.

' The thermal loading tests were usually run with the protective
cup installed, so that failure of the window would not admit air, which
would have ruined the hot cathode. The post mortem analysis of failed
windows was ordinarily confused by events taking place after the actual
failure. Gas streaming through a crack in the window would encounter
the beam and be heavily ionized, concentrating the subsequent,current
surge of the flashover directly on the parts wanted for examination.
For this reason the protective cup was frequéntly evacuated to a few

microns pressure when the exact mode of window failure was in question.
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2.06. Prototype Tubes

Introduction:

The prototype tubes, which the demountables simulated, consist
of the following sub-systems: cathode, anode with windows, cooling,
electrical insulation and connection, and vacuum holding. All these
except the insulating oil expansion tank are shown in Fig. 2.06.01.
The anode is shaped to fit into the installation with cooling coils
directly behind the mounting flange to absorb the window power losses.
Directly above the anode is a cylindrical section in which are brazéd
tubulations for exhaust and vacuum maintenance. The shield, which
protects the glass-to-metal seal from the electric field, is heliarc
welded to the other two at the edge of the three-ply flange which
doubles as the sealihg surface for the insulating oil tank.

Assembly:

The cathode and envelope assembly and the anode and flange
assembly were Jjoined in a fixture which permitted exact alignment of
the cathode filaments and window slits. The focusing track of a micro-
scope was set up parallel to the axis of the cathode and a reticle
centered on one filament. Then the microscope was raised, and the anode
assembly vas set on the tube and shifted around until the reticle could
be focused on the corresponding window slit. Clamps held the two parts
together until tack-weld beads could be run to hold the tube together

for the final sealing weld with inert gas in the tube.

Vacuum System: )

A one liter per second Varian VacIon pump was mounted on the tube
Package to maintain the vacuum against small leaks. The tubes were ex-
hausted with a Varian VacSorb roughing pump and a 15 liter/sec Vaclon
pump. This arrangement insured absolute freedom from contamination by
pump oil, as the VacSorb pump removes gas by adsorbing it on molecular
‘'sieve, an artificial zeolite, chilled to liquid nitrogen temperature.
The VacIon pump is Just as clean, since it pum@s by burying gas molecules

in sputtered titanium..
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Prototype Tube Package. Fig. 2.06.01
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The high electrical and thermal conductivity of the OFHC*
copper tubulations made silver brazing the exhaust and maintaining punmps
fo the tubulations a problem. t was solved by pressing a steel ring
over the Joint to concentrate heat from an induction heating coil.

There was a possibility that the stray field of the magnet
required for the VacIon pump would be strong enough at the accelerating
gap to ruin the beam registration. Measurements made with a pump and
tube shield in operating spatial relationship gave field densities of
one to twd gauss at the cathode position, too little to deflect the
beam significantly for the way the slits and magnet were oriented.

The tubes were processed on an exhaust stand in which the pumps
were mounted under an inswlating panel on which the tubes could be set
up. This construction permitted an oven to be dropped over the tube
for outgassing without affecting the vacuum pumps.

After a VacSorb pump had pumped the system down to 10 microns,
a 15 liter per second VacIon pump took over. This pump is capable of

9

punping the system down to approximately 2 X 10" torr or a pump current
of less than 1l microampere. On the initial pumpdown if the tube system
functioned properly with no vacuum leaks, the oven was dropped over the
vacuun stand for bakeout.

Bakeout or outgassing was done in two steps. First, the
external baking oven was used and then the inner metal surfaces were
outgassed using rf heating.

The oven bakeout was done using an oven that fitted over the
complete tube assembly. The 15 liter per second pump and VacSorb are
mounted under the transite system base for maximum heat isol;tion.

Whether temperature was controlled meanuslly or automaticaliy,
the rate of oven temperature rise was guided by the vacuum'system
pressure. In order not to contaminate the vacuum éystem the pump
current was held to 4 ma or less. This is approximately 2 x lO-5 torr.

The bakeout in the automatic mode is covered in the following section.

*Oxygen-free high conductivity
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For manual bakeout, visual recorded data determined the times that
temperatures were increased. The approximate time to reach LOoo°C in
either mode was 6 hours. Variations in bakeout time depended on the
cleanliness of the tube and vacuum system during assembly.

An extremely high rate of outgassing occurs at a temperature
of 200 to 300°C. The time spent pumping in this range was much
longer - than at the lower or higher temperatures. Baking at L400°C
was maintained for a period of approximately 8 hours or until the
vacuum system pressure dropped to 3 X 10-6 torr. At this point the oven
temperature was slowly decreased to room temperature over an average
time of 4 hours. The oven was then removed and the system prepared for
rfi heating. An rf generator was used to outgas the metal surfaces and
shiclds within the tube. Parts were heated to approximately LOO°c and
controlled to limit the pump current to 5 ma or a pressure of 3 X lO"5
torr. Cathode filament current was maintained at 4 amperes during the

rf outgassing operation. Rf cyeling required approximately 8 hours.

Automatic Baking:

To minimize the amount of attention needed for tube treatment
a system was devised to monitor temperature against pressure and pro=-
gressively drive the temperature to the upper limit of baking. An
added feature enasbled the tube to be baked eight hours or to a pre=~
determined vacuum pressure and then cooled to 50°C at which time the
equipment was de-energized.

Constant vacuumvcheck was maintained on the system through
the current of the 15 liter/sec VacIon pump. A signal was haken
from the Vaclon power supply and fed to a transistorized _
amplifier. The amplifier was used to trigger the temperature controller -
three ways: run up, stop or run down. At the completion of the run
dowvn cycle all temperature controlling equipment was automatically
turned off. After the initial equipment startup all functions are

automatic and further attendance is not required.
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During the run up cycle the recorder controller is gear driven
upward to a temperature of LO0°C. As outgassing starts, causing the
pressure in the system to rise, the sense circuit will stop the recorder

p)

drive. A current of 2.5 ma (approximately 10 7 torr in the vacuum
system) is the point of stopping. This point is adjustable.

While in the stop portion of the cycle the system remains
stationary until the pumping system pressure has dropped to a pre-

determined value. A current of 1 ma or a pressure of approximately

.6 x 10-6 is the lower stop limit. The upper stop limit is set at 4 ma

or a pressure of approximately 2 x 10-5. The upper and lower trigger
points or bandwidth is adjustable. A standard strip chart temperature
controller (0-500°C) was slightly modified in this system. A low limit
switch set at 50°C, a upper limit switch set at 400°C and an override
switch set at 420°C were added. Two toggle switches were also installed,
one to change the recorder controller from automatic to manual, and the

other to provide a reversible manually controlled drive.

Insulation System:
-In order to have the beam generator a convenient package, a high

voltage cable connector was required. From the standpoint of reliability

in minimum size, the connectors manufactured for their X-ray equipmént
by Richard Seifert Co. of Hawburg, Germany are the best available com-
mercial units. This receptacle and cable-end combination provides three
conductors (two filament leads and a common) insulated for 150 kv dc.
The x-ray tubes for which this connector is intended have a three-pole
terminal which makes pressure contact with three spring pins in the
receptacle. A similar terminal was provided for the tube aé shéwn in
Fig. 2.06.01. | . .
Some difficulty was encountered in rixing the cap fifmlj to the
tube envelope without inducing cfacks when the temperature rose. This
was finally accomplished by using a resilient intermediate member of

cork between the tube wall and the cup.
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Because of size limitations, oil spaces around the tube were
not great enough to satisfy clearance requireménts, so a barrier
of rolled up polyethylene sheet was added. This was generally quite
successful, although in one tube the insulating oil (Wemeco C) softened
the plastic at high temperature, apparently without significantly de-
grading its insulating properties. '

Vacuum degassing, filtration and circulation of the oil, for
several days achieved insulation qualities required for 150 kv opera-
.tion. The solid fill required an expansion tank, which was cpnnected

7

by a hose to one of the valves shown in Fig. 2.06.01.

Testing Window Tubes:

After evacuation and thorough outgassing, the tubes were given
a cold seasoning treatment, and the window registration was checked
with the pinhole camera. If acceptable on this score, the tube might
be given some further test such as thermal loading of the windows, but
usually the tubulation to the exhaust stand was pinched off at this
point, and the tube was ready to be installed in a package and subjécted
to full load. The tubes were tested in a lead~lined booth to protect
personnel from any x-rays that might escape the shielded beam current
receiver.

One of the most important variables to be measured in full load
testing was the transmission, in terms both of energy and current. A
carbon target in the current collector clamped over the window minimized
backscatter for accurate current measurement, and the energy received
was absorbed by a stream of cooling water instrumented to permit the
powvar reaching the water to be calculated. This number, plﬁs a similar
quantity for the anode dissipation, usually agreed with the electrical
input within the power which could reasonably be attributed to convection

loss or pickup.
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Completed Prototype Window Tube

Fig. 2.06.02
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2.07. Tube Shipment

A relatively simple package was made for each individual tube,
utilizing a double suspension system. The ends of the tube were capped
with Fitted styrofoam blocks and placed in a carton padded externally
with rubberized hair. This in turn was placed in another carton to
complete the package. Thus the styrofoam and matting amply supported
the tube in three directions. All parts necessary for the operation
of the tube, but not a true physical part of it, were shiﬁped in the
same package in recesses cut in the styrofoam block or inner carton.
These parts included the o0il expansion chamber and a pover pack for the
1 liter/sec pump. A battery operated power supply was used to maintain
pumping in transit. A sealed 12-volt lantern battery proved to have

more than adequate life for the longest reasonable trip.
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2.08. Flight Tests of Dummy Tubes

In order to check out the power supply, control, telemetry and
other support equipment in flight without risking a good tube, which
might meet with an accident in such preliminary tests, a dummy tube
with a blank anode was fabricated, tested, shipped ahd installed. 1In
all, five flights were made with this tube operating, and a number of
troubles in the other elements of the system were uncovered. The
actual power was limited for this tube to a level that theé cooling
system could handle, corresponding to the window and intercep?ion losses

in a standard tube.
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| T ‘ 2.09. Alternate Approaches
: When it became evident that material quality of beryllium would
! make it impossible for a single tube to supply reliably all the power
i required for the tests, an alternate scheme was devised to mount two
! or more tubes in a cluster and run each at the appropriate fraction of
the desired power level. This entailed the provision of multiple out-

‘ lets on the power supply and filament supplies to regulate each tube at
i its share of the total load. An actual modification of one power supply
was made to accommodate two tubes, but a reliable pair was not obtained
until after work had begun to convert the test configuration to the
Heraeus gun. Because of the success of the latter, no subsequent attempt
| at flight tests using window tubes was made.

At the same time that clustering was being considered, it was
noticed that the windows almost always failed during a downward tem-
perature excursion, and that the craéks were usually small enough that

N a5 liter/sec pump could cope with the leak from 20 torr pressure. A
<i : ' design was made incorporating such a pump, and later a 15 liter/sec
o unit, but then the approach was abandoned when the program emphasis was

shifted away from window tubes.
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CHAPTER 3

. DYNAMIC PRESSURE STAGING AND HERAEUS GUN

3.01. Introduction

The transfer of an electron beam through a series of aligned
orifices contrasts strongly with almost every aspect of transfer through
a window. Power density is no longer a limitation. Instead, the
objective is maximum density in a small beam cross section with 'tails'
of minimum intensity outside the nominal beam envelope. The simplicity
of a sealed vacuum system is replaced by a whole range of pumps to
remove gas from the chambers between orifices. Pure tungsten cathodes
must be used in place of more efficient emitters that would be injured
by exposure to atmospheric pressure and ion bombardment. Along with
more complicated structure go more complicated operating procedures.

One requirement in common is accurate positioning of the beam, but in
the pumped gun a little error is not immediately fatal, and all the
pieces can be replaced if any are damaged.

Design of the pumping system for the Heraeus gun is based on the
work of B. W. Schumacherl. For the existing set of orifices, the weight
of the ducts and pumps was minimized within the practical requirements
of accessibility, available fabrication techniques, and the limited

space for the installation.

1. B. W. Schumacher, "Dynamic Pressure Stages for High Pressure/High-
vacuum Systems" in 1961 Transactions of Eighth Vacuum Symposium
and Second International Congress (Pergamon Press, N.Y., 1962),
pp 1192-1200.
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3.02. Pumping Design

To maintain the required vacuum of lO-u torr or better in the
beam generating and accelerating chamber of a dynamic system requires
the application of several vacuum pumpeorifice combinations. By
proper vacuum pump selection and orifice design an optimum number of
stages can be selected to meet space and weight requirements.

For the design of the dynamic pressure stages the gas conduc-
tance of the orifices and ducts must be known over the full range of
operating pressure and flow regions. Two basic flow conditions are
encountered in the dynamic system:

1) Free molecular flow, which is found at extremely low pressures,
In this type of flow the collisions between gas molecules are considered
negligible as compared with collisions of gas molecules with the tube
vwalls. The tube conductance for this flow is independent of pressure.

2) Viscous flow, ﬁhich is found at higher pressures and where
the collisions between molecules are no longer considered negligible.

The conductance for this flow becomes pressure dependent.

In the viscous flow regions, three different types of flow occur;
laminar, turbulent and effusive. Laminar flow occurs at slow speeds and
forms a parobolic velocity profile across the tube, with parallel flow
lines. At higher speeds the laminar flow profile is no longer stable
and turbulent flow begins. Turbulent flow will not be encountered in
the dynamic pumping systems, so no further consideration is necessary.
Effusive flow or"enthalpy controlled flow occurs when the flow of gas
through the tube or orifice is limited by the fact that the ginetic
energy of any mass element of the gas at any one point in thé.flow cannot
become higher than the difference in enthalpy between that point and the
stagnating gas. '

In the free molecular flow region of a gas of molecular weight M
and temperature T °K, the kinetic gas theory gives an exact value for the

flow conductance of an orifice of area A in a thin wall:

1
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C mFO = A v/hk = 3.638 A(cm2) v T/M liter/sec (3.02.01)
where v is mean molecular speed, 14551 \/ /M cm/sec.
Tor air at 25 °C,
mFO = 11.67 A(cmz) liter/se'c. (3.02.02)
The conductance of a tube of length,Q with dismeter d can be found by
multiplying mFO by an empirical factor k, known as Clausing's 1'actor(2),

which gives the conductance of a tube in the molecular flow region:
my = k “’FO, where k is a function of f/d. (3.02.03)
For laminar flow from pressure Pl to P2, the Hagen-Poiseuille

Law(g) for a compressible gas of kinematic veiscosity'rl gives the con-

ductance of a tube:

4L P 4P .
. ='8r—:( ‘11@ —-1-5—2 liter/sec. (3.02.04)

For air at 25 °C and P2<< Pl’

- 1, =89 a3 %Pl liter/sec. (3.02.05)
For viscous effusion or enthalpy controlled flow, the basic laws

of energy conservation give the conductance of an orifice:

1/{x-1) -

1/2
2 } 2 1 .
eFO =(m) A ‘?'_"% . _ﬁ_) liter/sec (3.02.06)

where Y is the ratio of specific heats, Cp/cv’ and R is the gas constant.

3

For air at 25 °C,

°F, = 20 Aleu®) 1iter/sec. | (3.02.07)
o The cohductance of a tube, based on work by FrBssel(3), is:
°F ='\)(§) 'éFO liter/sec. _ (3.02.08)

) 2. S. Dushman, Scientific Foundations of Vacuum Technique (John Wiley
( N end Sons, Inc., New York, 1962), 2nd ed.
~

3.. W. Frdssel, Forschung, 7, 75 (1963)
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where‘y{gpis the coefficient derived from data by Frissel.

Eq. 3.02.03, 3.02.05, and 3.02.08 can be represented in a graph
with F and 3 @s sxes and D as a parameter as shown in Fig. 3.02.01 (a,b,c).
Knowing the conductance F as a function of geometry, ﬂ/d and d, for the
three principle types of flow, it is possible to describe the complete
conductance curve for any orifice or duct as a function of pressure on
the diagram with F and P as axes. Some approximation must be made to
get the proper conductance line for the transition regions where f{low
changes from one type to another. There lF and "F lines neet, the laminar
and molecular flow components must be added, i.e., F must be multiplied
by 2. Through this new point, then a smooth curve is drawn tangent to
the lF and eF Sections. A number of such curves are shown as the gen=
erally horizontal lines in Fig. 3.02.01(d).

In this diagram are also shown the 45°-slanted lines of constant
throughput, Q. By definition the mass of gas, Q, flowing through a tube
per unit time is determined by the pressure difference P_.-P, and the

172
conductance, F, of the tube:

Q = F(Pl-PE) (3.02.09)

For the case of a dynamically pumped vacuum system, it may be assumed

that P2<< Pl' This assumption simplifies the expression to
Q=FP : (3.02.10)

This approximation is the basis for the use of Fig. 3.02.01 in the
designing pumping systems.

Given an orifice and the upstream preésure, the thrqughput is
determined. Downstream of the orifice will be the pressure at which
the system beyond the orifice can accept the throughput. In order to
make this comparison conveniently, vacuum pump characteristics, norm-
ally supplied by the pump manufacturer in the form of pumping speed vs.
pressure may be plotted on the PQF diagram. If fore-pressure tolerance
is specified for a given pump, this must be known exactly and taken into
consideration during pump selection and application, for the PQF diagram

does not provide a constant reminder of fore-pressure requirements.
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3.03. Design Diagram for Dynamic Pressure Staging

o The use of the PQF diagram in designing a system of dynamic
pressure stages is best illustrated by following through the system
represented by Fig. 3.02.01. The conductance curves for the apertures
and pump ducts, célculated from their dimensions, are shown on the
diagram and labeled to correspond to the inset system schematic. Also
shown are the characteristics of the pumps taken from the manufacturers'
published data.

An assumed external pressure P, = 30 torr, established by the

0
valve shown in the schematic, causes a throughput of 10 torr-liter/sec
through the orifice Nl'

istic and the 30 torr lines. This throughput line is continued until

This is the intersection of the Ni character-

it meets the mechanical pump characteristic, labeled 1397B.

Mechanical pumps, in general, are used to pump to atmosphere and -
provide a suction pressure in the low vacuum range. This type is also
used to provide the fore-vacuum required by other pump types, such as
mercury or oil diffusion pumps. The mechaniéal pump characteristic,
i.e., pumping speed as a function of inlet pressure, is relatively flat
over its full operating range and drops abruptly at the high vacuum end.
The Roots type mechanical pump characteristic extends into the higher
vacuum range where diffusion pumps are feasible, but is also requires
e forepump and is at a weight disadvantage over most of its pressure
range.

Where the throughput line Ql intersects the mechanical pump
characteristic determines the inlet pressure of the pump. Tpe same
throughput, bowever, flows through the duct before it reaches the pump
and thereby experiences a small additional pressure drop. This is shown
on the diagram by the extension of the throughput line to the duct
characteristic. The pressure found there is added to the pump'iﬁlet
pressure to obtain the first stage pressure, Pl=2.3 torr. This duct
compensation is the only calculation on the diagram which is not com-

pletely graphical.
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The procedure is the same in determining the pressures in sub=-
sequent stages. It is interesting to note that the duct losses for all
the later stages are larger than the pump inlet pressure, rather than
smaller, as it was in the first stage. This means that the stage pres-
sures would be very little different if there were a pump of infinite .
speed at the end of each duct.

In each of the pumping stages after the first, a fore-vacuum
requirement is met by the pump of the preceding stage, so that the -
fore-pressure tolerance of each pump must be kept in mind. For example;
the MCF~60 oil diffusion pump must be backed by a pump which can maintain
a pressure of 1.2 x .'LO'-"-L torr or lower. The mercury diffusion pump |
backing this pump maintains a pressure of 2 x 10-3 torr which is more
than adequate.

‘ -Diffusion pumps may be classed as either fractionating or non-
fractionating, but both employ the same basic operating principle.
Molecules of gas move at random from the chamber being pumped ihto the
inlet of the pump where they collide with a stream of hot vaporized
pump fluid. The collisions propel the molecules toward the pump outlet
where they collect and are compressed to a pressure level high enough
for a fore-pump to handle. The vapor stream hits the cooled wall of the
pump, condenses and flows back to the boiler at the base of the pump.

In the fractionating type of diffusion pump the condensed pump
fluld is so directed that the most volatile components are vaporized
and fed to nozzles nearest the pump outlet. This is done in a series
of steps until the least volatile fractions are fed to the nozzle near-
est the pump inlet. The fractionating type diffusion pump p;oducés a
lower ultimate pressure than the non-fractionating.

Cooled baffles are often used on the inlet of diffusion pumps
to attain a lower ultimate pressure and also to reduce the back stream-
ing of pump fluid to the chamber being evacuated. Baffles introduce a
restriction to the pump inlet and consequently reduce the pumping speed
of the pump. It is handled Jjust the same as a duct loss. It is import=-
ant to point out here a note of caution in considering the characteristic

of diffusion pumps. As the inlet pressure rises the speed drops off and
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tends to follow a line of constant throughput. - In a dynamically pumped

“‘system, if the pump is required to operate near this portion of the .
characteristic, the system will most likely be unstable. If the through-
put is increased slightly (and only for a short time), the result will
be the same as thbugh there were no pump at all. The system will fill
with gas until the pressure rises above the fore-pump pressure.

Two other kinds of vacuum pumps used in the pumped gun program
are not shown in Fig. 3.02.01(d). They were used in both of the installed
gun systems, and their characteristics are plotted in Fig. 3.04.03 of the
next section. '

The air ejector is a type of pump which requires no moving ' ,
mechanical parts and is generally used in the low vacuum regions. This -
pump uses the jet action of one fluid to entrain and compress another.
Ejectors operate efficiently only up to a definite maximum ratio of
compression. The maximum economical compression ratios vary from 6:1
to 10:1 depending on velocity profile. This type of pump becomes
attractive when a relatively inexpensive supply of motive air is availl-
able and space and weight limitations preclude the use of mechanical
pumps . ¥

Sorption pumping differs from the other types mentioned in that
it is a batch process rather than continuous. The pumping rate is a
function of the quantity of gas already taken up by the adsorbent.

This type of pump utilizes the gas sorption ability of a material
such as alkali metal aluminosilicates, which is greatly enhanced at
liquid nitrogen temperatures. The crystal structure is such that when
the water of hydration is driven off, about one half of itshvolume be-
comes empty cavities which allow the material to adsorb gaseous products.

The ultimate pressure attainable with this type pump is a
function of the number of molecules adsorbed, which implies that in a

given system a low ultimate pressure will depend on the degree of pre-
pumping.

¥The pump labeled HG-45 in Fig. 3.02.01(d) contains an ejector to raise
the fore-pressure tolerance of the entire unit. Unlike the air ejector,
its working fluid (mercury) is condensed, again changing the character--
istic somewhat.
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This type of pump is ideally for applications where the
operation of the pump must be self-sustaining.

With the pumping diagram as presented in Fig. 3.02.01, it is
now possible to introduce design changes in orifices, pumping ducts or
vacuum pumps and readily evaluate the significance of each change
prior to actual testing.

In the preceding example of a dynamically pumped system, the
vacuum pumps selected were, in part, readily available for the labora-
tory test set up. Each pump, as shown in Fig. 3.02.01, was used to fullest
advantage, i.e., the pumps were not unnecessarily oversize. ARoots type
pump could have replaced the mercury ejector but would not have been
used to best advantage, since this pump is designed to maintain a high
ultimate vacuum.

Proper pump selection may also depend on factors other than
pressure and throughput. Limited size, weight, power and cooling capacity
may all affect pump selection. System contamination tolerance due to
diffusion pump back-streaming may preclude the use of mercury pumps Or
certain type oils and oil pumps. Start up and shut down procedures and
times for some pumps could affect the overall operation sequence of a
given system. All of these factors make pump selection a’‘major and

important effort in designing a dynamically pumped vacuum system.'
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3.04. Pumped Gun Application

Introduction: ‘

The first approach to the use of a dynamically pumped gun for
project experiments was by the purchase of a unit from W. C. Heraeus,
Hanau, Germany. This filamentary cathode gun was designed for 150 kv
maximum accelerating voltage and was provided with a three-stage
vacuunt system. The anode half of the accelerating gap could be moved
laterally to trim up the beam alignment, and a magnetic lens, also movs
able, was used to focus the beam on the last orifice. Before.the modi-
fication work was begun, the unit was checked out in the as~delivered
condition. The currents obtained fell somewhat short of the manu-
facturer's indications, and some experimentation was required to dis-
cover the set of mechanical settings, lens current, bias and accelerating
voltage which gave an adequate current, well focused for good transmission.

through the orifices.

Modifications:

Many details had to be modified to suit this gun to the system
shown in Fig. 3.04.01. An extra vacuum stage was added, together with
a shutter valve on the original outer orifice. This reduced the pump-
ing requirements and made it possible to vacuum seal the gun for extended
periods, thus improving the high voltage performance in operation. An
insulating oil tank of lighter weight and smaller dimensions replaced
the one supplied by Heraeus to shield the leads from the cable connector
t0 the cathode feedthrougb terminals. Enclosed in this oll tank were
a filament isolstion transformer and resistor £o>provide cathode bias
for stabilization of the beam current. Because the power supplies'were
fitted with Seifert cable connectors from the window tube program, the
same connector was used in the gun as well.

The gun vwas to be dinstalled vertically, instead of horizontally
as designed, so all the vacuum ducts had to be changed and adapted to

the unconventional sources of fore-vacuum available in the installation.

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

HousE
AR LINE

Qe K
MSCOMNECT
777
S6E

32 ro 50
A8soLUTE

_________________ — 777773

A TINSS
e

4

WATER ] (

Free ‘ ‘

wrC K
DISCONNECT

LAz
e

3.0k -2

LA

comvE ExeeRyST

LoneE

100 HEATER
N ZEOLITE
LONTAINER

LINNEY
pumo

RESEAVOIR
RESSURE TANK

coorinG
oS

ro
Dwaint wATER

Heraeus System Schematic

CRUND SERVICES

|e———sapE SHOWN OUTSIOE

THIS LINE

(
[
I
[
[
[
[
[
I
|
|
[
i
!

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

Fig. 3.04.01



Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

3.04 - 3

The changed attitude of the gun also made necessary a better vacuum
seal at the magnetic lens, which previously had hung from its adjust-
ing screws through the chamber wall without a positive seal.
The Heraeus gun in its original form, Fig. 3.04.02, reguired
a large mechanical vacuum pump for each of its three stages. This
pumping scheme was out of the question in the intended application, so
a new set of smaller light weight pumps was incorporated in an optimum
four~stage design. The original first stage was modified slightly and
combined with a new first stage to form the front end and main support
assembly. S E.
A sli@ing shutter type air-operated valve was added to the N2 »
nozzle and a Bellofram piston air-operated valve was added in the P2
L duct for vacuum control. The choice of air actuation was made after
calculations showed how much weight and cooling would be involved with
direct solenoid actuation.
(Tﬁ\ Hand valves were installed in the air control system to permit
wmas operation of the unit for check out and test purposes.

A new recirculating flash evaporative type cooling system was
added to the Heraeus to cool the gﬁn nozzles and diffusion pumps.

The redesigned pumping complement had to be much lighter and
smaller than thi original mechanical pumps and yet maintain a P4
pressure of 10 torr or less in the electron generating and accelers-
ting chamber. The discharge pressure requirements, on the other hand,
were reduced considerably because the unit was to operate into a pressure
of 30 rather than 760 torr. -

Numerous pumping schemes and combinations were considered before
the folloﬁing combination of four pumping stages were decided upon:

The first stage consisted of a wedge-shaped ramp mounted on the

upper hatch of the Q-bay. The ramp performed well encugh to be con-~
sidered a pump capable of a 3:1 pressure reduction below ambient at

[ operating conditions. This ramp pump then was capable of maintaining a
' | Pressﬁre of 10 torr in the first stage chamber and also of providing

g (‘ﬁ\ the fore-vacuum for the second stage pump.
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An air ejector designed and developed by Schutte and Koerting
Company was used as a second stage vacuum pump. At altitude, air
pressure at a minimum of 20 psia was available as a working fluid and
proved a satisfactory motive air supply to operate the ejector. The
ramp, or dump as it was otherwise called, was able as a fore pump for
the ejector to maintain 10 torr in P. and also to handle the discharge

1

from the ejector. The suction side of the ejector, P,., could be main=-

J
tained at approximately 0.5 torr. ° ,
The first version of the operational system incorporated a
mercury diffusion pump in the third pumping stage. The lowest fore-
Pressure attainable for this stage was 500 microns of Hg, much too
high for oil diffusion pumps. The fore-pressure tolerance for mercury
bumps is of the order of 2 mm of Hg, well above that maintained by the
ejector of the preceding stage. Unfortunately, the backstreaming of
mercury into and through the orifice of the gun caused endless main-
tenance problems.

A sorption pump was substituted for the mercury pump to eliminate
the mercury problem. Although this pump operates on a batch process
and has a limited useful life between regenerations, it proved more than
adeduate for the intended service. A considerable improvement in opera=

ting procedure was realized also. The high vacuum P, and PM chamber

could be pre-pumped prior to actual operation, greatiy reducing the
incidence of arc-over.

The main- gun P4 chamber was pumped on by an oil diffusion pump
and adequately backed at 21.0-2 torr by either the mercury pump or sorp-
tion pump on the preceding stage. To minimize oil backstreaming to the
cathode assembly or insulator, a water cooled baffle was used at the
pump inlet. This reduced the chance for electrical arc-over. The
ultimate vacuum maintained in the PLL chamber with this pump and baffle
combination was 3 x 1077 torr. '

A design diagram for the dynamic puﬁping system described for

the Heraeus unit is shown in Fig. 3.04.03. The pressures shown are for
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either pump on the fourth stage. Pressures shown for the sorption pump
represent those attained after a typical regeneration and prepumping

cycle.

Installation:

The Heraeus system was mounted in the aft end of the equipment
bay as shown in Fig. 3.04.04. The front or lower end of the gun was
mounted on the lower door and supported the total weight. Fore and aft
loads were transmitted to the aft wall of the equipment bay through-a
yoke attached to the main body of the gun. |

The ramp was mounted on the top door of the bay and sealed to
Prevent leakage. A flexible 2-1/2 ineh line with enough slack was secured
to the inner ramp tube with the top door partially open. The short excess.
dump line was then free to take a gradual bend when the door closed.

The first cooling system was completely open to the dump. The
installation had all the water cooled components in series from the
pump outlet at the high voltage tank to the inlet at the diffusion pump.
Though basically a simple system, one outstanding drawback was that the
low dump pressure created cavitation in the pump.

To remove this cavitation problem, a closed circulating cooling
loop was substituted. The closed loop reservoir formed a constant tem-
Perature heat exchanger during operation, with the reservoir acting as
a boiller at dump pressure. Boiler temperature in operation was estimated
at 30-40°C, depending on altitude. An expansion chamber was included for 1
the dual purpose of filling the closed loop and allowing for thermal
expansion of the closed system. During system check~outs cooling water
was run in and out of the reservoir to avoid any build'up of{temperatures

during opefation at atmospheric pressure.
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Q-Installation, Heraeus Gun

Fig. 3.0Lk.0k
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CHAPTER 4

C-GUN AND BOLT CATHODE

k,01. Introduction

The intention to mount guns in the chines entailed radical
changes in design from that of the modified Heraeus gun. Weight and
space became prime concerns, and it was clear that all components
must withstand the vibration, temperature and pressure condit;ons of
the new environment with minimum assistance.

One of the most effective steps in meeting these needs was the
integration of the gun and power supply cases, eliminating high voltage
cables and connectors and providing a measure of cooling for the gun
not otherwise available. This approach did impose space limitations on
the power supply, however, and these could be met only by components
for normal temperature ranges, so that thermal insulation and cooling
had to be provided for the supply.

. Considerably greater currents were desired from the C-guns than
the:Heraéus filament could provide, so another cathode with greater
cap;bilities was sought. Development of the bolt cathode sub-system
permitted currents in excess of 100 milliamperes to be suppiied with
reasonable tolerancelto the ion bombardment that is inescapable in a
dynamically pumped gun.

: Operation of the Heraeus gun had heightened appreciation of
the stamina that must be built into a system to be installed in such an
inaccessible location as the chine bays{ At the same time, constraints
on SPace, weight, interference with existing structure, and development
time forced a number of compromises. None of the particular forms in
vhich the equipment is reported here represents an evolutionary dead-
end; all the developments lead toward what would be considered an ideal

form for an operational system.
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L,02. The Bolt Cathode

Introduction:

The large emission currents required, with‘exposure to a
stream of ions during operation, recommended the sturdy bolt cathode
introduced by E. Bas.(l) This cathode is comprised of a rod of tungsten,
surrounded near its emitting by a helical filament, from which an elec-
tron current can be drawn to heat the rod by bombardment. By a suitable
choice of dimensions and materials, a rugged, long-lived cathode struc-
turé is obtained, Fig. 4.02.01L. It is suitable for operation at moderate
vacuum (less than 10'“ T), even in the presence of several milliamperes
of positive ion bombardment and when frequently exposed to atmospheric
air between operations. Some added complexity results ffom the need for
bombardment powe}, rather than filament power, but the advantages gained
by using this type of cathode far outweigh any such disadvantages.

Before accepting the extra complexity of the cathode heating
supply, a check was made in the Heraseus gun with a filamentary cathode
having several turns at the emitting knuckle instead of the 3/2 turns
in the regular Heraseus filaments. When space-charge limited, the cathode
supplied only about 45 ma at 150 kv. Greater extension_of the filament,
s0 that the beam was hopelessly unfocused, raised the emission current
only to 50 ma. (These figures are extrapolated from'performance'at lower
voltages and currents, since the Seifert power supply used was limited
to 30 ma output current.)

In the cathode development program, the first step was to
produce some cathodes suitable for use directly in a Heraeus gun, which
was then being used as a test facility. Initial troubles with the |
auxiliary supply, mechanical stability of the grid ring support and
failure of the filament contact springs in the Heraeus stem had to be

" cleaned up first. By the time a working state had been achieved, a ‘
modified cathode stem for the Heraeus gun was ready, permitting use bf

the 'final' form cathodes in the Heraeus gun. With the same form of

1. E. B. Bas, Z. angew. Phys. 6, 404 (1954).
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Bolt cathode construction
Fig. —4.02.01

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



&

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

h.,02 - 3

grid structure preferred by Bas, the long focus required to traverse

the series of orifices without excessive divergence of the beam envelope
could not be obtained. An auxiliary grid was added, but this cut both
the perveance and the high voltage capability of the structure. A
Wehnelt cylinder, equivalent to the Heraeus electron optics, provided
better perveance, more stable mechanical structure and almost 20 kv
greater flashover.

A fully adjustable cathode structure of this type was made to
accommodate the range of dimensions which might be desired and that de-
sign was employed throughout the remainder of the project. A Eimplified,
form, with spinnings substituted for the solid metal shapes, and fixed
dimensions eliminating the troublesome threaded adjustable parts, has

been built and would be recommended for any future operating.

General Design Considerations:

It was decided to adopt the Bas-type bolt cathode because of
the relative simplicity of its structure shown in Fig. 4.02.01. However,
certain modifications were necessary. A table of tungsten filament.
characteristics, Table 4,02,01, shows that a current density of about
5.1 amperes per square centimeter can be obtained from a tungsten cathode

at a temperature of 2700o Kelvin or 2&270 Centigrade. At this tempera-

“ture the evaporation rate is not excessive, and the bolt diameter would

have to be about .060". To minimize conduction losses it was decided
‘o maintain the bolt face about one inch above its closest support.

The coil design presented some minor problems. Bas described
a figure of merit for a coil(e) as the ratio of the coil inside diameter
to ﬂhe coil wire dismeter and recommended values of 6:1 to 8:1. 1In our
design it was decided to maintain about the same spacing between the
bolt and the heater coil that Bas had used. That is about .016". Thus
our?coil I.D. became .092". To obtain a good figure of merit, the heater

I
wire should have been 12 mil diameter, but this would have required

2. E. B. Bas, Z. angew. Phys. 7, 337 (1955).
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Table €.02+01: Specific Characteristics of ideal Tungsten Filaments
(For a wire 1 ¢m in length and 1 em in diameter)

R’ X 10%, ¥ % 103 oM R'r
. oA ' 1, M ——

rox | Yu ?'-’ sion | 4w WVE o B “ Ko

watts/em? amp/cm‘y‘ { amp/cm' 8/' cm’/.sce. —_—

ohm-cm volts/cm ¥4 cvaporation R
273 6.37 0.911

293 0.0 6.99 0 0 1.0

300 {, 0.000100 7.20 3.727 0.02683 1.03
400 0.00624 10.26 24 .67 0.2530 1.467
: 500 0.0305 13.45 47.62 0.6404 1.924
| ' 600 0.0954 16.85 75.25 1.268 2.41
‘ : 700 0.240 20.49 108.2 2.218 4.93
: #00 0.530 24.19 148 3.581 3.46

900 1.041 27.94 193.1 5.393 4.0

: - ‘ 1,000 1.891 31.74 244 .1 7.749 <+ | 3.36 X 1071 | 1.16 X 107» 4.54
1,100 3.223 35.58 301 10.71 4,77 X 10719 | 6.81 X 1073 5.08

( 1,200 . 5.210 39.46 363.4 14.34 3.06 X 1071 [ 1,01 X 1072 5.65

S~ . 1,300 8.060 43.40 430.9 18.70 1.01 X 10-* | 4.22 X 10°% 6.22

: 1,400 12.01 41,37 503.5 23.85 2.08 X 1070 | 7.88 X 107 6,78

' ¢ 1,500 17.33 T 51,40 580.6 29.85 2.87 X 1077 7.42 X 1010 7.36

: 1,600 24.32 55.46 662.2 36.73 2.91 X 107¢ | 3.92 X 1071 7.93

‘ ' 1,700 33.28 59,58 747.3 44,52 2.22 X 10°% | 1.31 X 1071 8.52
: 1,800 44,54 63,74 836 53.28 1.40 X 10=¢ | 2,97 X 107% 9.12

1,900 58.45 67.94 927.4 63.02 7.15 X 1074 | 4.62 X 10°M 9.72

2,000 75.37 7219 1,022 73.78 3.15% 1073 | 5.51 % 107 | 10.33

: 2,100 95.69 76.49 | 1,119 85.57 1.23X 1078 | 495X 10~ | 10.93
: : 2,200 119.8 80.83 | 1,217 98.40 417X 10-t | 3,92 10°M | 11.57
i ) 2,300 148.2 85.22 | 1,319 112.4 1.28 X 10 | 2.45X 1070 | 12.19
i 2,400 181.2 89.65 | 1,422 127.5 0.364 1.37 X 107 12.83
. R 2,500 219.3 94.13 | 1,526 143.6 0.935 6.36 X 107 13.47

- T ) 2,600 263 98.66 | 1,632 161.1 2.25 2.76 X 1078 14,12

2,700 312.7 103.22 | 1,741 179.7 5.12 9,95 106 | 14.76

2,800 368.9 107.85 1,849 199.5 .1 3.51 X 1077 15.43

2,900 432.4 112,51 | 1,961 220.6 22,95 1.08 X 104 16,10

3,000 503.5 117.21 | 2,072 243 ‘44.40 3.04 X 107¢ 16.77

; X 3,100 - 583 121.95 | 2,187 266.7 83 8.35X 10" 17.46
| 3,200 671.5 126.76 | 2,301 291.7 150.2 2.09 X 1078 18.15
] : 3,300 769.7 131.60 | 2,418 318.3 265.2 5,02 X 107 18.83
3,400 878.3 136.49 | 2,537 346.2 446 1.12 X 1074 19.53

3,500 998 141.42 | 2,657 375.7 732 2.38 X 104 20.24

3,600 {1,130 146.40 |2,777 o+ € 406.7 1,173 4.86 X 104 20.95

3,655 |1,202 149,15 2,838 423.4 1,505 7.15 X 104 21.34

1
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inconveniently high heater currents. For this reason .010"-diameter
heater wire, with a figure of merit of about 9, was used.

The inner heat shield, meanwhile, was designed to have an I.D.
of about twice the heater coil 0.D. The outer shield diameter was arbi-
trarily designed to be .100" larger than the inner. Both shields and
the top shield as well were made of tantalum, because of its high melt-
ing point, low vapor pfessure and ease of handling. The heat shield
support legs were made of tantalum for the same reasons. .

The specific design evélved from several considerations. One
factor was the realization that the base might get as hot as 3bO°C after
sustained operation. Under these circumstances, it was necessary to
use only the best of hard vacuum, high-temperature materials and tech-
niques. For this reason it was decided to use 94% (or better) alumina
insulators. To obtain this type of insulator in relatively short time
it is necessary to use simple, cylindrical shépes. Thus the cathode was
designed around feed-thru-like structures. The metal parts were made
of Kovar to match the ceramic expansion and the ceramic-to-metal seals
were made by copper brazing.

The assembly was designed to permit replacement of the bolt.
This was accomplished by means of a set screw in the bolt connection.
Furthermore, iﬁ was considered essential that the location of the bolt
should be accurately maintained relative to the cilrcumference of the
base. This was necessary to allow a bolt to be replaced without re-
quifing re-alignment of the device.

, The heater coil and shields were spot welded in place using
Jjigs which had been designed to align them with the bolt axis and to
locate them in their respective places in a strain-free condition. The
heaﬁer coils made in the laboratory were severely stressed. To relieve
this condition, a procedure was developed whereby the entire assembly
(without the top shield) would be placed in an evacuated bell jar.
Heater current would be applied, and the coil would move, relieving

the winding stresses. Subsequently, the heater coil was re-aligned by
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bending the supports. After this operation the top shield was welded
in place. The use of commercial stress-free coils eliminated this'step.
After completing the gun assembly it was found wise to
operate the gun in a bell jar, drawing about 80 milliamperes from the
cathode, for about one hour. This procedure culled 6ut any defective

assemblies prior to insertion in the final assembly.

Assembly Procedure:

One of the best ways to appreciate the details of design and
performance of the bolt cathode is to follow the operations involved in
preparing an assembly for use,

I. Reclaiming Used Assemblies

A. Cathode

1. Cut off old shields

i 2. Peel off tantalum wire welds on stem leads.

B. Grid Cup
1. Polish outer surface of grid cup to remove oxide

and possible pitmarks from arcs.

- II. Parts Preparation
A, Stem Assemblies
1. Liquid hone.
2. Vapor degrease,
3.~  Deionized water rinse.

lt, Methanol rinse.

B. Tantalum Shields and Tantalum Supports (1—1/2“»loﬁg)
1. Use treatment per "Materials and Technology for
Electron Tubes" by Walter Kohl, page 220, or -

equivalent,

C. Tungsten Coil

1., Use flred coil as is.
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D. Grid Cup

1.
2.
3.

Vapor degrease.
Deionized water rinse.

Methanolvrinse.

E., After cleaning, all parts should be handled with gloves

or tweezers and stored in dust-free containers.

'IITI. Assembly

1.
2

3.

A, Inner Shield

Load the inner shield on the main welding jig.

Insert the bolt part of the main welding jig into the
stem assembly. . '

Use the brass spacer to establish the location‘of

the inner shield and lock'the stem assembly set screw.
Preform and load three .025" diameter tantalum support
rods. The upper ends of these rods should be inserted
in the appropriate grooves in the main welding jig,
under the inner heat shield.

Weld the lower end of each support rod to an alternate
insulated pin on the stem assembly. Use welding heat
40 watt-sec, pressure 4 lbs. and set up A.

Now weld the inner heat shield to the upper end of

the support rods. .USe welding heat 29 Watt-sep,

- pressure 4 lbs. and set up B. (Fig. 4.02.02)

B. Outer Shield

1.
2.

3.

Load the outer shield onto the auxiliary electrode.

Slide the auxiliary electrode onto the main electrode,.

Preform and load the upper ends of the three .025"
diameter tantalum rods into appropriate holes in the
auxiliary electrode.

Weld the lower end of these support rods to alternate
stem leads as before. Use welding heat 40 watt-sec,

pressure 4 1bs., set up A.
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Now weld the outer heat shield to the support rods.
Use welding heat 29 watt-sec, pressure 4 lbs.,

set up B.

C. Heater Coil

1.

2.

3.

L.

. Load the heater coil on the mandrel of the heater

welding jig.

Insert the jig into the inner heat shield and position
the heater leg to lie on top of the innef heat shield
tab. A
Weld the heater leg to the heat shield. Use welding
heat 19 watt-sec, pressure 3 lbs., set up C.

Weld the heater coil to the outer heat shield. Use

" heat 19 watt-sec, pressure 3 lbs., set up D.

‘ D. Preliminary Inspection

e | .
| )

L,
E. Top
1.

Insert bolt into stem. A

Reject if maximum bolt-to-coil spacing is greater than
twice the minimum spacing. |

Reject if there is any possibility of a coil turm to
turn short.

Reject for any defective or questionable welds.

Heat Shield

Use top heat shield welding jig.
2./'

Weld three tabs on the outer shield to the top shield.

Use heat 10 watt-sec, pressure 3 lbs., set up D.

F. Final Evaluation

L 1.
2.

Inspect under microscope.

Review items listed in preliminary inspectibn.

IV. Preliminary Operation

1.
2.

</‘\\ 3.

Assemble cathode into grid cup.
Locate'bolt face with respect to grid cup.

Methanol rinse.,
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L, Operate in bell jar for approx. 1/2 hour.
5. Fill out file card on assembly providing spacing data
and test information.

6. Pack assembly in clean dust-free container.

Performance:

To evaluate the cathodes, a setup was made in a bell jar with
an anode close enough to the bolt to get emission at lower voltages. The
anode for this test was initially made of copper and was set on a glass
ring over the cathode. ILater setups used a tungsten anode set:in a
large copper heat sink. The anode-to-cathode spacing was established
by means of an adjustﬁent. For our tests the spacing ﬁas established by
means of a 0.020-inch shim. It was estimated that the bolt expanded:
0.005 in., when heated, thus an approximately 0.015 in. cathode-to-anode
spacing was reported. Typical bolt cathode characteristics are shown
plotted in Fig. 4.02.03. The curve seems to deviate from the 3/2 power
characteristics at about 150 volts. The linear characteristic in the
temperature-limited region is similar to the "hollow cathode" character-
istic. It probably represents the addition of current to the beam from
the sides of the bolt, | |

A test was conducted to try to evaluate the amount of current
going to the anode which originated from the heater coil, instead of the
bolt} It was found that when the bombardment voltages were turned off,
the anode current dropped to less than a few tenths of a milliampere.
Thus!at an operating condition of about 100 milliamperes plate current,
the éxtraneous current originating from the heater coil would be less
than 0.5%.

| Fig. 4.02,04 is a round-robin chart of bolt-cathode charac-
teristics. Chart 1 shows values of constant bolt current as a,function
of heater power and bombardment power with a spacing of approximately
.015" and an anode voltage of 500 volts. ZFrom the curve it can be seen
that there is a minimum heater power below which no bolt current can be
obtained. This is because the coil gets so cool that no bombarding

currents can be obtained. On the other hand, as the heater power is

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



Declassifi:ed and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

4.02 - 11

Anodé Current
Millii Amperes
60 -
®
_ ®
50 -
)
Bolt Cathode Characteristics
4o — Anode-Cathode Spacing:  .015"
Bombardment Voltage: 122 volts
Bombardment Current: 310 M.A.
Bombardment Power: 37.8 watts
Heater Power: U6.2 watts
Heater Current: 6.0 amperes
30 -
20 -
10-
Anode Potential
" 1bo 200 o T who T 500 volts

Figure 4.02.03
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' increased, the incfease in bolt current gets less. This is because the

efficiency of the radiant heating from the coil falls off as the bolt

gets hotter. This clearly shows the advantage of bombardment heating.
Chart 2 is a plot relating coil current to heater coil power.

Theré may be as much as 5% error here, bécause this curve can also be

a function of bolt temperature. When the bombarding power makes the

. bolt hotter than the heating coil, the bolt radiates heat to the heater.

" Under these conditions, the heater temperature increases and the coil

resistance increases. As the power is equal to 12R (square of the current
multiplied by the resistance) the increase of coil resistance means &n
increase in heater power for a given coil current. This phenomenon will
cause & shift in the slope of the curve. For illustrative purposes the
curve shown is sufficiently accurate.

_ Chart 3 relates heater coil current to bombardment at several
bombardment voltages. This plot is actually a portion of the standard
graph of diode emission versus cathode temperature. This is the case as
the bolt is actually the anode in the bombardment circuit. As the coil
current increases, the temperature increases and the emission current
at a given anode voltage goes up. However, at some value of current,
the diode system should become space charge limited. At this point any
increase in cathode temperature would have very little effect on ‘anode
current. Obviously, under the conditions plotted, the bombardment current
was always temperature limited.

i Chart 4 shows the linear relationship between bombardment

current and pover as a function of bombardment voltage.

Vibration Testing of Bolt Cathode: '

One of the design objectives was a cathode which could withstand
the vibration it might experience, and the units appeared rugged enough,
except for the unavoidable brittleness of the filament after recrystal-
lization in operation. To test the vibration resistance, a shaker was
set up in a bell jar to excite a bolt at operating temperature. Vibra-

tion instruments for the temperature and pressure conditions were not
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immediately available, so the following method of measuring displacement
was adopted. Pairs of lines were scribed on the rod connecting the
cathode to the shaker. Each pair spanned some measured axial distances,
e.g., 0.010"., Since the excitation was sinusoidal, an observer saw an
image at each end of the displacement. Therefore, at a displacement
equal to the separation of a pair of lines, that pair appeared to be
three lines. '

Vibration exposure corresponding to the "Design Vibration
Envelope", Fig. 4.02.05, produced no ill effects in the bolt cathodes.
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4.03. Electron Optics

Summaxry:

The simple grid cup used by Bas(l) was adopted along with his
cathode structure, but it proved to make too short a focus. The field
in a flat cone, concave toward the anode, converges a beam emitted at
the apex too quickly.

' Next, an auxiliary cup recommended by Bas(l) for longer focus
was added with good results, but the exact physical form was not too
well suited to 150 kv operation, having been develéped in work at much
lower energy. '

At this point in the development, it became evident that the

new gun being designed for chine installation would be much simpler and -

more reliable if the anode elements could be tilted, rather than trans-
lated, for fine correction of the beam direction. A flat plate anode
was far better in such a scheme than a toroidal shape, and it had the
further beneficial effect of cutting in half the power of the electro-
static lens formed by the accelerating gap.

With a set of approximately correct dimensions established,
a Tocusing assembly was desired which could be varied enough to verify
the -optimum settings at full voltage. This developed into Fig. 4.03.01,
which was used throughout the experimental program. Interchangeéble
grid diaphragms were heldlbetween rings threaded inside the shell, and
the focusing cup was internally threaded to go over the shell. The
catﬂode assembly; Fig. 4.02.01, was held in the shell with two screws.

Laboratory Tests:.

A preliminary laboratory apparatus to measure beam geometry
and to understand control of this beam by varying cathode and sanode
dimensions was set up. It consisted of the following three units:

(1) Seifert High Voltage Supply (control unit and transformer).
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Adjustable Grid Assembly
Fig. 4.03.01

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



4]

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

4,03 - 3

(2) An auxiliary power supply for producing filament heating,
bombardment power and grid bias voltage. |

(3) An Heraeus electron beam gun adapted to receive experimental
cathodes.

The beam transfer section of the gun was replaced by a L-inch-
diameter glass pipe 2 feet long, terminated by a water-cooled copper cap
attached to a graphite disc that acted as the high-energy electron
collector. An independent vacuum pump on this volume removed it as a
leakage source into the gun cathode chamber. .

The envelope of the beam was studied by two methods.- One
method utilized the visible Light produced by molecules of gas excited
by collision with electrons in the beam. The beam was observed and
photographically- recorded by means of a periscope through the lead
shielding to give maximum radiation protection to the operator. No
attempt was made to relate the light intensity in the beam as a function
of the beam cross section, since the major concern at the time was to
locate the cross-over point of +the beam and study its movements as a
function of cathode dimensions.

The other method employed for beam geometry analysis involved
the insertion of thin metal discs at various locations beyond the anode.
The beam rapidly penetrated these discs and melted holes whose dimensions
were simply taken as the extreme envelope of the electron beam. This
system was the final one employed to determine cathode dimensions to be
used in the C-gun, because the discs could be inserted at points along
the beam axis inaccessible to visual observation.

Various disc thicknesses of different metals were inserted in
the beam path to determine the optimum material and thickness that would
most accurately define the beam envelope. Aluminum metal of less than
one mil thickness proved to be unwieldy in that the electron beam did
not cut a circular hole but rather an undefined aperture with an irrég-
ular, ragged appearance. When the metal thickness was increased to
beyond 5 mils, excessive out-gassing occurred as the beam melted the
metal and high-voltage operation became unstable, Instead of a thin
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!
edge around the perimeter of the electron beam hole there was a cir-
cular aperture built up in the manner of a doughnut. It was felt that
the beam diameter reported would be more credible if the perimeter of
the melted area were minimized in thickness. After experimentation
with various thicknesses of stainless steel and aluminum discs it was
found that .005 in. aluminum or .0035 in. stainless steel discs produced
the best defined holes.’

Most of the tests on this system were run at 100 kv, because
too much time would have been required to season the gun to a higher
voltage. The mean on time was 30 secs to. 60 secs, depending on how
stable the target current had become (it was assumed that wvhen target
current became stable, the discs were melted out to their limits for
the beam).

Data from these discs test are briefly summarized below (see
facsimile of data book page K16T7W352 in Fig. 4.03.02) with the focus
cup depth, S varied (all other variables fixed): |

ges
Run :
#12 Sggg = 15/32", crossover point 10" from anode
i #13 -Sggg = 13/16", crossover poiﬁt 1-1/4" from anode
#ih Sggg.= 5/8", crossover point between 2" and 2-3/u4"

from anode

These tests were taken at 100 kv, 10 ma, and zero bias. The
discs used were 3-1/2 mil stainless steel and the ambient pressure sur-
rounding the dises was in the order of one mieron. The grid-to-anode

spacing was varied from 1-1/32" to 1-5/16"; however, that change seemed

to produce only small changes in the beam geometry compared to the change

in focus cup depth.
This appears to be the case as long as the anode plate is flat,

with a relatively small aperture compared to the extenéion grid aperture.

The effects of bias were checked on this particular cathode

" geometry. (See data book page K16TL3L8 in Fig. 4.03.03).

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7




3 <_‘___‘__,.
it i A

e et

/\

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341 R000800050001 7

THE BPACE ABDOVE THIS LINE IS FOR FILING AND MUST NOT BE WRITTEN ON

v3 -5
K 1674352

el hadtidd Q l“/g’).« - 5 + ')JO% wﬂ 0414""“"[
SUBJECT
j ? SgL= 1l MéERIAL
. CUSTOMER /——'—“"“’"m—’% TAop
5. 0. OR / D. OR L. FRAME

TEST NO.

SPEC. NO

SHAF?‘\
NO

95

N O. _.

TO DETERMINE L‘é 6}4 Dy \“«GMQL(L& TVA( ﬁzmw« i Aﬁ 3 !.r'-.'?;,(:,m w;l/ BQ‘%’} S«?L:‘; -+ wwzxag

!3 A e . :
e (2
: « aad \ . o . [ S, W
5 Broe | KV TE I—E Ve | I \/;; Cress, | Tire| By | Sgge | Dises
: (LT, - - Y Jo WS |3k a2
| G ljog | 10w |75 ™ [Yo | 290 | 8.0 | — [Zwmenll % |75 .
E ‘()/.uz,»‘; £:2.6 o QM—.« 'T—‘"Z - 2‘..—"7\ S,L_A_g .h —‘;’lﬁ‘l y B 33 GLC.(‘I'AA\.’[HM «‘T-. S QMW [i‘;’, K "L‘&[J"/R
1 - () R ~ 7 T - L4 o/t ¢f 7
b #eed D GO o lend Tadaadd kamsOdizr Ly 1E 7 U e Sy
\ g Siiz= 150
gk P4 ’ a2t
; [ W . .
e . : = |
. P e - - M ! -
p)} “ v.;,,- ™ _1',/( /_\.\‘.\__ o A o ‘ = o . l fPe
' ’ j i ‘ VL e, ".v; RN ) v W S ] o
AN IS e ANNEE g e e BN S
: N v, . e : N _ ! -~ 1
| N =Ny . . e Dy:;—}’»_
5 S ’_)Lu ”1/“ !,i; It /5/” i ‘?_ J/LIu 3 341\\ L/;:/” 5 :J/I/u é :Z/// o .
: 1 - f ) N 'c 771
| sodnat 145t (o) grwithee) | //
E . 7@-:-((' "Qar
: RV
1: — e — e 4 . B e "l
el - o | I |
1 o - » ,/ 4
; s | KV fp I‘( Vg L B !/F Prass Je SHV -go;;,. D%‘:}f{ ;'3T ‘m :
: ' ' . 1y 0y 3, o G ek i
'. O /oo | Jo [ 2.5 ]IS0 | 270 | B Z);'{ft"(/ "%"W 333 T 5 m:\x\-/ f
:':-V‘ e !‘——f fw\j\()ﬁ-\- s} Rw.‘ (3~ C/\J.(Je ‘Rim}é €-"~ (i{;X'@, tf % A ng dgﬂh:/t/p Lo f{» wﬁd EJJVT; /l - .
' T Tops - i - : * -} - Y o gl .
; ‘ U o M]'\Jﬁ,m[{«v{ adidd ki _A‘:zlfl’.‘,»w? s yirn| Vecay bl (e (Dises Tl Woe, ) (‘75 ol
i e - - C " N Xy
| N N L P N
- S L _ - s = - i G : QO - \L ~ ~“'E Bral
E \\ e Ig“ K . x \\- - / i . I
E 5‘__;{“ 37‘!11 / li‘?h . “:4/1\ 3/‘/” 334/;, 1’/:2/“ J%/'“ 63"&“ '
L7 CATAY 15> T 57 |
VI sy (mwsierugouy IASSHESI R PRITSPSI WV NURATRI A _oos o e r——"
ok [#V [ L, [ Io | Vo | Tg [ Ve | fusy | Toine Suv | Sgqg | mises | 147 R
v * . =27 ” o % v 3y " i
7o |10l jo | & |io |200 g2 | = |2mel 25" |20 BF5a/ vilicdy)
E:C{:g Jote | In Korse 2, freat SPT 15 fe)cm/ dicp Tawerd Collectyy wa TEYICT. TA Run 413, Fenll\7 ISm 'IT' ’
! i , . . A .
; S 2ol 3\ pproX /2y Froe Arode PiasQ , i TesT s made wmrht [The shiel 2xtevsson 495 |12 |
! - . ‘e . . n .
oo AsplT = A oy |ZeFwed TS Ay osdd i~ s 12 o 43, |ARd4. = %2 — ,L {
| L IS I = N S F e B i N I 1
I T .
K -2 2 e - & N - £ |
| : Ay ) o i r" <y . M
' R T 3 . R —— — T o g T N i
. 5 =L '5/ " II " 3/ 1 ] .i‘/yn 3 L/)/qh ‘5-3/70 . - 43/‘4‘, - b :
Ly ! : '757“‘*4 70”‘“‘0 WL / ; Fig. 4.03.02 ;
; ~ Declassified and Approved For Release 2013/08/21 : CIA- RDP67BOO341 R000800050001-7 _ __ ...}



| J :)—FZ ﬁ/(‘ﬁh’,‘ V?*: “ “~A LT v ntt“o /_ LU ,-Ifl A./n.«,ﬂ n .Dl”
" Declassmed and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7 ; - 6

_ 'T 10 OBTHIN ExFReT qlet, Frons e
: ( /MQ 9*4" \I - 7\
: b THE SPACE ABOVE THIS LINE IS FOR FILING AND MUST NOT BE WRITTEN ON K 16’7[13d8
. ) = _L.“ = /3
. Wmfxtim._,“’ ST SR Tt Sm2% 50U
( : c\/s;hjgno kv ( Vpig"' =[50 \/&11;) 'LP = Hwe %03 Tmmm.c“ z%RIAL _ wo{ =~
yd N sz
TR B - T T ceame ¥ i) &
A ST Rt N ST e | o

| To pETERMINE N , I [g::\ B L T %
Sl 1w Sl | L= s 1L
et =TI N sl A bl | Pupdun o Bl e
) C L. nd) Pl A Tode D T Pog b o
% .{ﬂ-——},u«ﬂ/ A,«e‘/ /.,“LLQ.M”,&_._;‘A,&‘ S . =lo ¢ 35@ J6 s

Y| S lemi]_condns o | ALe 2Dl fedr |0y ¥

7 ] P LT

S _ .
R el
;
.

—— T o e e T T T
Vo= 40KV | Yp=—h oy Th= 30gwe I: w0 Discls D " '1,/’3;,:"';1
= "‘?i Ome T =7 PAjw“F(Z)(io"g;;; T= %CDSW SP,\.,: | 5’(3” (\2—
LN g =] -120) a7 [lorids | 5,,2[0 Sue Py _
L TN fE Boom
T ) ==
BN PR LT -
C E 5 u':""g‘;v» ‘7/ ?” S} f‘,'k: %/” —

V=108 KV '}44,:' [Owa 7 a7t “QV} In':- 280 vhen Bloge=Tx 10 (2 e g

V2 - ] - " A
‘_'é VO = "C:O\/ > ‘ T—:‘—':~4 —_ —}o ‘3-(.«'('4 ’ {3&“\4-";}{""‘“0 S."Lu: I )I%n- ”\
A P | Sgaiopts IS, =0 Syo9F- e | !
e e , [ oo
- 0 _:5 !
< ™ ‘-f/ / \ ;

i W

. >
e K T Tplowe /o | 't"*““""' /N‘::f"" \RRPRIL St ey, ;.‘:‘Tw"‘*\‘ i
v, ’-;/»3'0-5‘/ . I\Q;,OWC\_‘ N g':://OE/)I.}f} 28’0}*\0 ‘g“,‘_g = Al : /L;?;A-\ |
:. ; ) ' 7 2 = (Y &= 1 i
(\/‘)7 O ) L"\f-v = 4.8 &)-Cﬁi) S":‘v:—! /S’ S;?-A/.. '""':f;) \‘/Wﬂ) a
R ] [ gg't’; I l\»\f;l) N Sf?b = -.:'} £ ' !
L — N —— %
1 /’,,.\ 1] '(O _‘_‘.-\ l %
‘ | * B B . !

T R e I N < !

T rj ‘SFZ';A!“ " S, = [ﬂ:f./l}u
\|15eh ) 25 et
N "
V\&C( o dute T’!‘*’) 00“‘7-"‘ v /c‘ CEhedl Cow Orobe clbviw l-u/ ‘/“u lole
‘ Fig. 4.03.03 .
'Declassified agMed For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7  ~ cemcmme —4




Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

L ‘ 4.03 - 7

o

| Grid bias was varied from -180 volts to zero volts in l steps
and 5 mil aluminum discs were used at anode distances of 2-3/4" and 6-3/4".
Aé the bias was decreased the beam aperture in the dise location of

2-3/4" became smaller. It was the smallest at zero bias and the beam

crossover apparently was closer to this point at xero bias than any other.
This data combined with beam visual data indicates that the crossover
point approaches the cathode as the bias is increased.

By the use of such methods as these, the design converged to

a cathode configuration which could be used in the new C-gun with

reasonable transmission through the orifices.

| C-Gun Laboratory Experiments:
| Some means of monitoring the performance of the beam was
‘ needed in the compact C-gun, whose beam transfer section could have discs
‘ inserted for burnout measurements only with great difficulty. Viewing
i ~ ports in the pumping ducts were finally adopted as superior to electrically
} ™ ‘ insulated probes around the spertures or temperature instrumentation on
| <i., the gpertures, since the ports changed the performance of the gun in no
way. The viewing ports were installed in the ducts of two chambers and
gave a vievw of the beam as well as of the apertures, which quickly became
incandescent when struck by a beam. This warning was the most direct
warning to reduce power and trim up the beam direction. Another periscopic.
arrangement of mirrors was used to permit the observer to see around his
X=ray shielding with a telescope for a very satisfactory view. The beam °
transfer section connected to a 6" dia., 12" long Pyrex cylinder. This
chanber was observed through a shield of lead.glass in the form of a
rectangular brick 9" x 5" and 3" thick. With this system, the beam could
easily be observed at any pressure desired, from microns to 4O torr.
Beam cross section as & function of molecular species and pressure of the
ambient gas could also be observed and measured through this window.

; Tests in the Heraeus gun usually involved no more than 2 or 3

minutes funning at any time. From these series of tests were determined

the optimum dimensions of the electron optics to be used in the C-gun.

: . Declassified and Approved For Release 2013/08/21 CIA-RDP67BOO341R000800050001-7
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However, when longer running times were required in the C-gun a time
dependent decrease in the emission current was experienced.

This decline of beam current with time was checked for
repeatibility. As the cathode came up to terminal temperatures the
current was noted and its rate of decline recorded. After terminal
temperatures were reached (about 40 minutes after cathode turned on
to space charge limit operation), the cathode was then shut off and
left over night to cool. When the cathode was again turned on, beam
current versus time was noted, and the plot repeated itself. . This'
would indicate that the drift ﬁas due to temperature changes in the

"cathode and not due to any permasnent change such as distortion, bom-
bardment filament poisoning, or bolt emission face poisoning. An
exsmination of the cathode individual components that might change
enough in dimension with temperature to cause an appreciable change
infthe electron optics was then undertaken.

<i\\. 1 The first and most obvious component was the tungsten emitting
boit itself. It was fastened in the cathode by set screws 1-1/2" from

-ité emitting face, where the approximate temperature was 2450°C. A

teﬁperature ét the clamp of 500°C or less was assumed until terminal

: ' teﬂperatures in the cathode were reached. Knowing the coefficient of"

' thérmal expansion of tungsten and using an average value for these two
teﬁperatures over. a 1-1/2" length, the axial expansion of the bolt was
calculated to be .008". Of course, most of this expansion would occur
as soon as emission temperatures were reached at the emission face.

: ; , Therefore, the change in length of this bolt over a period of'l/2 hour
; - would be fairly insignificant. In any case, the change in dimension
§ ‘ would be in the wrong direction to account for a decrease in-beam current.

The second component considered was the focusing cup. If it

were to increase in length, thereby causing an increase in-S , the

ggeg
perveance of the system would decrease. Since the temperature of this
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extension grid was unknown, the decision was made to construct 6ne
out of Invar instead of stainless steel. The coefficient of expansion
of Invar is considerably less than that of stainless steel, and it was
hoped that a test would show an appreciable change in the rate of decline
of beam current.with time. The tests showed no noticable difference in
the current drift with cups of the two metals. '

A third consideration was the body of the cathode itself.
This, too, was stainless steel, so one structure was made of Invar and
tested. Again, no change in drift was noted. Further investigations
involved grinding down the main support stem of the bolt, clamping the

bolt closer to the filament area, and removing the grid from the cathode. .

All of these efforts proved futile in controlling the drift. Since there
vas a schedule to be met, zero bias was relinquished, and the current

control used in the Heraeus gun was adopted. Cathode bias resistors

“were added in the auxiliary power supply.

; At this time in the program the requirement was advanced to

12 kilowatts of power or 80 ma at 150 kv, per gun. The first step was

to run the cathode fully space charge limited and note the maximum current
" obtainable from this particular cathode geometry at 150 kv. As previously

mentioned, the beam current, Ip’ was 64 ma for the first few minutes of
cathode operation and then began to deteriorate at an initial rate of
approximately 1 ma/min. It eventually stabilized in around 40 min at

an;Ip of 40 ma. From this data, it was obvious that higher emission

‘currents and a drastic improvement in stability were needed. -

There are three basic adjustable dimensions (specified by
large letter S in Fig. 4.03.04) that can be varied in the cathode to
produce a change in perveance; Shv’ Sggg’ and Sgb. Experience has shown:
that high voltage arcing becomes a maJjor problem if Shv is adjusted to.
less than 1-1/8" so this dimension was fixed at 1-1/4". Variations in .
Sgb had also been tried but it was noted that transmission efficiency
decreased if the bolt were adjusted any closer to the anode than its
present setting. The remaining parameter Sggg was then selected as the

one with which to experiment.
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a] L \—Anode
Dpa
SHv
DQQG
1/8" Radius
. A
| Extension
Grid
‘“DQGT )
/
\-Grid

5 7.5 .014" .001" .250" .578" 1.180" 1.594" 312" .062" 9K
70 10.5 .014" .001" .250" .578" 1.180" 1.156" .312" .062" 7K
93 14.0 .014" ..001" .250" .398"  .961" 1.250" .312" .062" 5.2K

Note: Min. Shv 1 5/32"
Anode 0. 2" per rev.

E-gun bolt nomenclature and settings

Fig. —4. 03. 04
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It was apparent that Sggg dimension alone could not be changed
without causing loss of transmission, since tests on the Heraeus gun had
revealed the dependency of the beam crossover location on the spacing
Of“sggg' This crossover point then was a function of the shape of the
equipotential lines surrounding the emission face of the bolt. As a
first approximation, the Sggg and Dgg combinations that exhibited 100%
transmission were compared and found to fall on a rough parabola that
intersected the emission face of the bolt(called the origin) at one point
and the perimeter of the extension grid at the other point. The equation
of this parabola with dimensions in inches was y = 1.7l x 2. " Two more
extension grids that would fall along this same parabolic envelope
vere then constructed but with the added advantage that the total distance

from anode to emission face would be reduced. That is, S __ was kept

fixed, Dgg was reduced, thereby causing a reduction in Sg:; in order for
the perimeter of the extension grid to intersect this envelope. The
results were quite rewarding in that 100% transmission was maintained
and higher emission currents produced.

The intermediate extension grid with a Dgg of 960 mils was set
at Sggg = 462 mils. The emission current was approximately 90 ma at 5 min
of cathode running time-and 70 ma at 15 minutes.

Transmission became 100% after 14 minutes. The other extension
grid had a Dgg of 706 mils and Sggg was set at 300 mils. Since we were
set up to read only 100 ma of I_ at maximum, we could not determine the
true IP versus time for the first 16 minutes because the beam current was
more than 100 ma. - However, at 22 minutes the beam current was 87.5 ma
and transmission was 98+%. The same drift prohlem-in IP was apparent.
Even though these power levels were attainable it became obvious that a
further step was required to produce a satisfactory electron gun.

Cathode self bias was selected as the most expedient method

available to obtain more stable beam operation.- Since biasing the present

. cathode only led to defocusing of the'beam, some dimension had to be
.changed in the cathode in conjunction with the addition of bias. The
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detj:ision was made to change Dg from .100 inch to 1/4" as an attempt to
paﬁtern the area immediately surrounding the emission face after that
of 'an Heraeus, filament type cathode because the filament cathode was

known to operate with satisfactory stability.
|
The beam stability became satisfactory, and the perveance was so increased

by the change in Dg that the standard extension grid (Dgg = 1.18") could

be used.

The results of this redesign are summarized in Fig. %.03.0k.

C

' !
| i
i
|
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4,04  Insulator Development

Because of the temperatﬁres expected in the cathode area,
a{high alumina ihsulator was desired., Simplicity of shape was
emphasized, for there was not time to retrace the insulator develop-
mént if troubles appeared, and the performance of the simpler shape
cciauld'be predicted with more confidence. The shape which combined
réquired surface leakage path length with mechanical strength was

a cone, convex toward the pressure, Figure 4.0k.0l. Initial models

made of Vycor borosilicate glass cracked when the cathode was heated,

““b@t the alumina units proved as effective as had been hoped.

When subjected to the design maximum vibration environment, a cone’
and cathode assembly developed resonant displacements which would
have severely degraded performance, but all joints remained sound
and leak-tight.

The defects which did appear in operation fall into two

classes: braze failures and electrical failures. In time, some

~ cones began t0-leak at the ceramic-to-metal seal, apparently

through failure of the metalized joint. Service life could be
extended in these cases by coating the area with Dow Corning

silicone varnish number 994 and baking over lSOOC. The elec-

~ trical failures divide in turn into two classes. A yellowish

coating on the vacuum side of the insulator built up over a

long period of time, apparently through decomposition of diffusion
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"C" - gun section Fig. —4.04.01
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pump oil. Unless removed with scouring powder and elbow grease,
this 1ajer eventually flashed over and developed low resistance
tracks. The other kind of failure was an actual perforation of the
insulator, which occurred in a region of high electrical stress.

In an effort to control voltage distribution and charge

accumulation, the outside of one insulator was coated with a silicon

carbide paint chosen for its nonlinear volt-ampere charscteristic.

The effects on steady dc test were good, but the operating exper-

“ience was no better than with bare cones, and poorer when the paint

began to come off.

An insulator in the form of a flattened cone with annular
convolutions has been built, Figure 4.04,02. Ilaboratory tests of
tkie insulator alone and operating tests of the insulator and cathode
iﬁ a gun have pfoved the suitability of this design for extended
éérvice. No vibration tests have been run with this structure, but
tﬂe shortened cathode stem permitted by this.design raises the

| ‘

n@tural frequencies of the structure and greatly reduces the moments
|

génerated by shock loading. The wavy surface was necessary to pro-
vfde the length of surface path 150 kv operation with a bare surface
r%quired. |

Along with the more compact insulator, a new plug-in
cathode (Figure 4.04.02) was designed to replace the existing

complicated heavy and sensitive configuration. Replacement in the

' field was a major effort, which could greatly be simplified with
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Plug in cathode and new insulator

. : : o : Fig. L.ok.02
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the plug-in feature, allowing replacement through a handhole instead
of by disassembling the gun. All set screw type adjustments were
replaced by proper dimensional tolerance and control thereby making
all assemblies readily interchangeable. The new cathode is also much
lighter in weight, raising the natural frequency of the cantilivered
system.

Mechanical centering of the bolt is automatic once, the stem
and insulator are centered at initial build up. The bolt is centered
with respect to the pilot diameter during manufacture, insuring auto-
matic centering when the cathode assembly is plugged in place.

A new stem was designed to accommodate the plug-in cathode.

A copper sleeve was incorporated in the stem to help transfer the

heat generated by the bolt back to the gas cooling of the power
supply. '

| The overall diameter of the new cathode assembly is much
smaller than the old and can conceivably reduce the tendency for

electrical arc-overs. The outside surface has no sharp edges or

joints which also can minimize arc-overs.

Approximately one month of continual testing on two
cathode assemblies has confirmed the practicality of the plug-in
features and also indicated that performance was as good or better

th?n the previous design.

|
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Vibration Testing of Cone and Cathode Assembly:

While the alumina insulator looks extremely rugged and stress
resistant, the weak spot is the brazed joiht to the metal cup which
begins the cathode structure. In addition, the means adopted to
isolate the ceramic-to-metal seal from the cathode heat contributed
a large complianée to the cantilevered cathode stem. The possible
effects of vibration, both on the bolt cathode and on>the insulator,
were a source of concern. To put quantitative limits on these effects,
a series of vibration tests was run. The cathode was not hot, nor
was the space around the cathode evacuated, but the atmospheric
damping was estimated as low enough to be ﬂeglected, and not nearly

T<jjj poverful enough equipment was avallable to shake the system needed’
.to keep a cathode in operatioh.

The first step was a slow sweep from very low to very high
frequencies to identify the natural frequencies of the vibrating
structure. Two were found with low dynamic amplification. Then at A

' each of.these,/jhe asserbly was vibrated for two minutes at an
ex?itation level defined by Figure 4.02.05, which was the guide in
ali questions of environmental vibration. After the vibration
exposure, the assembly was retested for natural frequency and leak

?

‘ : checked to discover any failure. None was discovered.
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4,05 C-Gun Vacuum System

Refinements over Heraeus:

The C-gun system has several modifications in 1ts pumping
components froﬁ those in the Heraeus gun, aithough'the pressures
maintained at each comparable stage have been similar. These modi-

fications can be listed as follows:

1) Use of MCF-60 diffusion pump or PMCS—EB diffusion
pump and BCRU-20 baffle.

2) Completely redesigned sorb pump.
3) Redesigned ejector for compactness and lightweight.
4) Shorter dump connections.

5) Use of discharge tube through access door.

Sorb ﬁump:

The redesigned sorb pump for the C-gun system is shown
in Figure 4.05.01. It consists of three concentric tubes or con-
tainers, each with iﬁs own function. The center tube, of copper,
contains the moleéular sieve material and is, in turn, immersed in
the second container, of stainless steel, holding the liquid
nitrogen. The third tube, also of stainless steel, éurrounds the
first two, and contains the vacuum insulation, reducing the loss of
liquidinitrogen to a minimum. The high polish on the surfaces
sﬁrrounding the vacuum space is intended to reduce radiant heat loss
through it. Two tubes, a fill and vent line, transfer the nitrogen'

into the second container.

i
|
| , .

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

ConAax FITTING

] - /
N s i
i S 2 | S
N e WY
- 5
@
. VAcuusnr
S INSULATION
a
4
= &
s
g o
motecotar QL8 | PpeFss
SIEVE g
4
tiQuino ——
NITROGEN
— STAINLESS STeEEL
SCREEN
CARTRIDGE
HEATER
o &
| Vad 144
[ ’ —41 JEi
1
PROTECTIVE —. Jo _
AP TN TR T—correr PincHOFFE
N T -
!

SECTION OF ASSEMBLED SORB PUMP
Fig. —4.05.01

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7



Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

4L.05 - 3

As one of the features of the design was the liquid nitrogen
container insulating vacuum, the attainment of this vacuum wés very
important. Several methods were available:

(1) A direct connection from system vacuum to container

This method as employed in standard liquid nitrogen traps
is inconsistent with the use of the final vacuum system,
since the high vacuum portion of the system is not alﬁays
in operation.

(2) ‘A closed system employing a final sealant

: The vacuum chamber is to be pumped down and sealed off
! by either a valve or pinchoff. The final vacuum attained
| is limited by the cleanliness of the container as well as
the pumping system used. In addition, outgassing of the

valve or pinchoff upon sealing would increase the pressure

of the sealed system.

(3), A closed system employing an internal absorbent and
final sealant

A molecular sieve material is physically placed inside
the vacuum chamber, which is pumped down and sealed off.
As used on many commercial metal dewars, the material 1is
in contact with the liquid nitrogen container and by .its
own pumping action would further reduce the pressure in
the chamber. If proper assembly and pumping facilities
were available, this method would be best , but its use

demands prior baking of the molecular sieve, quick

assembly, and pumpdown.

t
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(4) A closed system employing bake-out and final sealant

Though long and relatively involved, this method is the
best availasble at present to produce maximum results.
Tt involves clean assembly procedures and pumpdown on an
o]

ion pump bake-out system. A LOO C bake produces ultra-

high vacuum in the chamber and a copper pinchoff seals it.

The sorb pump must periodically be regenerated by heating
to drive out the gases adsorbed in its active material. All the
atmospheric gases but water will be desorbed at room temperature.

l .
Complete regeneration requires that the sorbent bed reach a tempera-
|

' o
t&re of 365 C. An electric heater was built into the pump for this

plirpose , but a series of failures of the heater lead wires prompted
the adoption of a hot air baking. Air, heéted to about 500°C, was
blowvn into the fill pipe of the liquid nitrogen chémber, escaping
from the vent, and the sorvent reached 270°C in U5 minutes,
starting from liquid nitrogen temperatures. This proved to be hot
enough for a éé.tisfactory bake, even though it fell somewhat below
the manufacturer's recommended temperaturg. o

"In the final system for which the pump is intended, an
.059- in. diameter by .187 in. long aperture is used in the sorb
pump's stage. The preceding (higher pressure) stage is maintained

at .5 torr, or less, during operation of the system, and the pump

. must maintain at least .010 to .0LO torr for the operation of the
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following (lower pressure) stage. Fig. 4.05.02 shows the minimum
characteristics the pump must maintain. The throughput presented is
.0k torr liter/sec. |

The performance of the sorb pump on test' is summarized in
Fig. 4.05.03.
Design Diagram:

Fig. 4.05.02 is the vacuum design diagram for the C-gun.
A water cooled baffle on the oil diffusion pump was added to control

0il backstreaming.

Control Valves:

The function of the control valves is to close the vacuum
system when a beam is not required to permit maintaining a vacuum in
the cathode space and avoid upsetting the pump cascade. There are two
valves which pefform this task together. One is the shutter valve which
seals the P_ chamber from ambient and the other is the ejector valve

2 o
- which seals the P_chamber from the ejector. Together they completely

isolate the systei.

The shutter valve seals the water cooled.‘N2 nozzle with a
two-way pneumatically operated plate sliding on a stationary O-ring
surrounding the nozzle opening. An insulated electrical contact at the
top of the air cylinder indicates when the valve i@ opened, thereby
disabling a high voltage lockout. _

Tn use there have been several malfunctions of the valve,
mostly attributable to.assembly techniques. One of these is the use
of a large amount of vacﬁum grease for lubrication, which eventually
solidifies from the’high temperatures caused by the beam, making the
valve stick. For use at high power levels, the désign will need modi-
fication, such as rgmoving the O-ring completely'from the orifice area

when the valve is opened.

i
l.
|
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CONDUCTANCES OF NOZZLES
AS FUNCTION OF SIZE

CONDUCTANCES OF NOZZLES AND PUMPS AS FUNCTION OF PRESSURE AND THROUGHPUT
pQF -DIAGRAM

Y " Y
52 . »/ Torr xliter - . &
% © N sec o . © 0 e

0
™

e

i

R
e
i

f

fo8

i

J

\

7

frFctr=knr,

)

7Y

-—p

HIGH VACUUM

ONTARIO RESEARCH FOUNDATION
TORONTO , ONTAR!IO

[ Pumping Design "C" Gun Fig. —4.05.02 |

Physics Resecrch Report 5806 *
y
B.W. Schumocher

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

9 - S0



’ Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

C hos - 7

I I l l l I

.016 T = Time between liquid nitrogen filling —
and bleed-in-

E |
D_P'. —]
o
: —
& o/’ —Cl// ]
4=~
T =120 min
I | [ | I
0 40 80 120 160 200 240 280
Time from Start of Bleed-in (mins. )
Sorb pump test results
Fig. —4.05.03

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

-



Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

4,05 - 8

Ejector Valve:

The eJjector valve is a spring loaded one-way pneumatic valve,
connecting the gir ejector and P2 chamber. A spring loaded design was
used to simplify the air line connections. (A similar design on the
shutter valve required too great an air pressure for operation and the
cramped locatioﬁ of this valve prohibited more surface area on the
operating piston.)  In operation, sticking has been a problem, again due
to excessive use of vacuum grease. It has been found that a small
amount of this grease will give good results but a non-gumming variety
should be considered for futﬁre use.

The function performed by the two control valves described
above gould be taken over by one valve, sealing the system at the N3
aperture. In this way, the system is not only simplified but the closed
system is isolated from a large volume containing leak sources which
would be tolerable in the dynamic system operation but intolerable to
the closed system. ’

The present design is‘not readily adaptable to & single
valve, mainly because of space limitations. Howevér, a8 redesign of the
bean transfer system could incorporaﬁe this valve.% It will be essential
to remove the O-ring from the nozzle area when the!valve is opened and

make it a part of the movable seal.

;
|
|
I
i
i
i
i

|
|

!
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. 4.06. Beam losses

Calculation of Single-Scatter losses in Gun:
In calculating the electron losses to be expected inside the
beam transfer section of the gun, especially in the P

1
instructive to estimate the average number of collisions suffered by each

stage, it is

electron.
For 150 kev electrons over a 1 c¢m path in air at 10 torr
pressure, the estimate turns out to be 1.5 collisions.
As this neglects a number of factors, principally the effect on density
of the power density of the beam, we can proceed with the calculation
on the basis of single scattering and decide later whether the repre~
sentation is valad.
The statistics for single-scattering bhave been summarized by'
Schumacher’ in Physics Research Report 6406 of the Ontario Research
Foundation, Toronto_Ontério. There, the proportion of electrons scattered
from & beam into the snnular space subtending unit'@ng;@ at the scatter-
// E ing site by a layer of gas molecules is tabulated for values other than
) those of immedjatevinterest; The report also giveé the computation scheme,
and parameters are plotted over a suitable rangé. ERepeating the calcu=~
lations of the report for the cbnditions found in fhe gun, the fraction
lost from the beam on the basis of single-scatter is

. ) | ‘

D D -5 ;

F = z T X 1.3 x10 7P |
where:

P is pressurq,torrl

e D is path length; cm i

r 1s radius of orifice, cm ?

For the various chambers of the guri, this results in the following values:

P (torr) .. D (cm) r (cm) :  F
P, =10 0.6 0.076 8 x 10-’“1L
| P, = 0.5 1.1 0.076 2.5 x 10~
( Py =0.01 . Ll 0.076 O 5x 1070
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These small figures can obviously be doubled to approximate the effect
of the 1.5 collisions predicted above without giving cause for concern
over the power which wouid be delivered to the apertures through which
the orifices pass. The outermost, for example, might be expected to
receive sixteen watts when the gun is operated at a ten kilowatt level.
The aperture discs wefe, of course, designed to dissipate far greater
power than this to survive the process of getting the gun lined wup in
the first place.

These calculations are corroborated by experience in running
the guns in which theibeam transfer section became‘generally varm, but
not excessively hot when operated under simulated pressure conditions.
A large érror in the calculated losses would have been exposed by much

greater rises of temperature than were actually experienced.

External Beam Scattering Measurements:
One assignment for the laboratory gun was to investigate
 the spread of the electron beam at a diétance of 10" on beam axis from
the last orifice. The particular cross section ofvprimary interest,
simulating the exit hole in the skin, was not perpendicular to the beam
but at an angle of 22° with the beam axis. Consideration of the para-
meters effecting the beam would indicate that a pefpendicular cross-
section at any point in a field free region must be symmetrical and,
therefore, circular in éhape. Hence any oblique section must be nearly
elliptical, if the di&ergence is small.
The experimental setup consisted of a water-cooled metal
plate, inclined at 22° to the beam, with an elliptical hole 6.66 in x
2.42 in., ten inches from the outermost aperture of the gun measured
- along the cone axis. This was inserted in the Pyrex pipe experimental
chamber and electrically-insulated for measurement of intercepted current.
The cooling water lines were likewise instruménted‘to indicate the amount
of heat absorbed. L | -

'
i
1

1
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In operation, steady-state temperature conditions were reached
in two or three minutes, and water flow, temperature rise and inter-
cepted current could be measured. At a 4O torr discharge pressure (in
air), and low current the simulated skin received about 8% of the power
of a 150 kv beam. At higher current, the graphite beam collector at
the end of the chamber glowed so brightly that considerably power was
radiated to the plate. Since the effects of power density are to
reduce scattering by reducing gas density, 8% was adopted as the maximum

expected interception beyond the gun.
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4,07. Installations

The C-unit as mounted in right chine is shown in Figs.
4.,07.01 and 4.07.02. The optimum axis of the unit would have been
made somewhat higher than shown, except that extensive changes would
have been required to either the outer configuration of the aircraft
structure or to the beam transfer section of the gun. The axis selected
enabled the installation to be accomplished with s minimum of aircraft
modifications, and yet was satisfactory for flight test purposes.

The left-hand installation was the same as the right with the
ekception of the‘ejectorQ Aircraft wiring and piping changes that would
have been necessary to make the installations idehtical were much too
complicated, so the ejector was removed from the C-unit and mounted
separately in another bay. Dummy load resistors,irequired for pulsed
operation, were also mounted in the left side, juét forward of the water
cooling system, as in Fig. 4.07.03. |

On both sides, a small access door with?the beam exit tube
attached was fitted into the bottom chine to serve as a service entry for
conducting performance tests, system check outs, énd minor servicing.

To provide a'dump for the vacuum systemn, aﬂramp similar %o the one used
on the Q-bay was added to the structure at the ouﬁside edge of the chine.
Three eliptical tubes were secured to the structure and formed a gas
péssage from an internal plenum to the ramp area.: All open joints and
connections to the outer structure were caulked by the aircraft ground
crew with a silicone rubber sealant to insure proper operation of the
ramp. Views of the ramp and pipes appear in Figs.4.07.04(a) and (b).

The cooling water system for the C-gun, -Fig. 4.07.05 and
4.07.06, is schematically similar to that of the Heraeus. One main
difference was in the pump‘used. In tests at the:low pressures that
would be experienced during operation at altitude, the pump motor on
the Heraeus system overheated quite badly. A 24 volt -D.C. Moyno pump did

not exhibit this deficiency and was used instead. Various problems later
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"CY - installation Fig. —4.07.01
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nC" - installation
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encountered with this pump turned out to be due to assembly errors

made when the pump was torn down for modification for the installation;
otherwise it was quite satisfactory. The total system heat load was -
estimated at 2550 watts, and the heat exchanger was sized on the basis
of this power and the diffusion pump cooling inlet temperature require-
ment. Operation of the system in flight showed this thermal design to

be adequate tor the loads encountered.

'
o
i
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4.08. Operating Procedure

Introduction:

There is a body of technique developed in the course of using
the electron beam equipment, which may properly be’ regarded as a part
of the operating systems. Such procedures are outlined in this section.
Mechanical Centering of Bolt Cathode: '

It was the objective of the design to provide a structure that
would be electrically'aligned when it was mechanicelly aligned. This
entailed some meaus of centering the cathode structure on the mechanical
axis of the gun after any radical re-adjustment of‘the system. As ex-
plained above, the cathode mount was provided w1th a translating stage
(and flexible electrical connectlons) to permit subh adjustment, and the
part which was exchanged was merely'seated in a circular fit to center
it with respect to the cathode mount. The tool for checking the concen=-
triecity of the cathode in the gun used a cylindricél plug @f which one
end vas turned to fit the seat, the other to fit into the grid cup with
minimal play. The plug was drilled on a diameter“fo accept a rod to
which a dial indicator could be fastened. In use,ﬁthe plug was fitted
with the dial indicator and dropped into the cethdde mount seat. Con-
centricity with the mounting flange of the insulator cell was obtained
by translating the cathode mount until the’indicator runout was 2zero. |
(Usually + 0.0005 in. was-taken as good enough.) ' Then a cathode vas
installed, and the concentricity of its grid cup with resbect to the
same flange was measured, using the other end of>the-plug. Indicator
runouts at this stage were ordinarily + 0.001 in. éAfter the insulator
cell was installed in the gun case, the cbncentric;ty was checked once
again, this time against the bore in which the anode assembly mounted.
The runout at this stage wes-usually also about + b.OOl in., although
the tilting anode plate was able to compensate forieccentricities of
0.005 in. or more. '

t

i
t

'
ok

l
P
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Removing Transition Section:

In the installation, the alignment of the gun axis with
pertinent elements of the structure was fixed by the clamp which held
the transition piece to the power supply tank. Once established, the
correct orientation was worth preserving if the power supply case had
to be opened for any reason. The means of doing this was an adjustable

fixture, shown in Fig. 5.05.01, which also gave very welcome support

to the gun, which was awkward to handle, even though light.

Use of the fixture entailed removing certain screws from either
end of the transition section and attaching the plates at each end as
indicated in the drawing. Then the adjusting screws lifted the weight
of the gun until the power supply no longer bore any weight. At this
setting, the fixture returned the gun to exact alignment.

Exhaust and Outgas:

The experimental system had special requirements in that the
high vacuum area was often open to air for the purpose of changing
dimensions, parts, and checking the cathode. The high voltage behavior
during tests depended to a great extent on ﬁhe length of time the Ph

chamber had been exposed to atmospheric pressure and the amount of humidity

present at the time. Another important factor was the vacuum history of
new parts installed in this chamber. If these parts had never before
been heated inside a vacuum, then copious outgassing could be expected
from them in a pressure range of 10"5 to lO_l‘L torr. Ideally, all parts
should have been previously heat-ireated under vacuum before installation,
but the means was not always available to accomplish this. Certain pro-
cedures, therefore, were adopted for the operation of the gun.

After closing the system, it was roughed out through a tap on
the P3 duct. Exbaust of the Ph chamber usually would be completed in a
matter of minutes to the roughing pump pressure level (10-15 microns),
and the‘diffusion pump could be turned on. In a matter of 20 minutes

the chamber was pumped to better than lO-l‘L torr. At this time the

-cathode was turned on full (60 watts bombardment power.) The cathode

was allowed to run at this value until once again the pressure rose to

1 .
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lO-u torr. The cathode was then cut back and if the pressure continued
to rise, the cathode was shut off completely. When the vacuum had become
better than lO-u torr, then the cathode was energized again. This pro-
cedure continued for 30-40 minutes until the PM pressure reading fell,
instead of rising. When it reached 5 x 1077 torr with full (20% of
standard) bombardment power, then the gun was ready for seasoning.

Seasoning:

The purpose of seasoning was to prepare the gun for stable
operation at its highest voltage. Seasoning was always unavoidable after
the high vacuum section of the gun had been opened to atmosphere or the
system otherwise exposed to comparable pressures. There were two schemes
of seasoning: cold seagoning and hot seasoning. Cold seasoning was
accomplished by gradually increasing the high voltage with a cold cathode

until the intended operating voltage was reached. Hot seasoning pro-

. ceeded by outgassing the cathode as previously described, and then apply-

ing high voltage with the cathode running at its normal temperature. OFf
coprse, this produced a beam, but anode tuning of the beam at low voltages
fo? 100% transmission was readily accomplished. Thereafter, hot seasoning
upgto 150 kv with the beam colleced in a shielded catcher could proceed
with no damage to any part of the gun. Hot seasoning proved the generally

more satisfactory procedure.

|

Anode Tuning:

; The tilt screws for the anode gimbal passed through O-ring
sealed glands, so that the anode plate could be tilted for fine beam
ad,ijustment while the gun was in operation. The usual drive for the screws
waé a pair of capacitor-split-phase synchronous motors, geared down to
2-3 rpm. This remote control enabled the beam to be centered very rapidly

without exposing anyone to x-rays.

Catcher:

The beam at even partial power' was a potent drill, and some

provision had to be made t0 accept and dissipate the beam power, while

:minimizing the emission of x-rays. These objectives were met by a lead
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1 shielded, water cooled copper tube inclined at & 5° angle to the beam

L.o8 - &4

axis. This was arranged to screw into a fitting at the outer gun orifice,
) : - sealing with an O-ring. The almost grazing incidence of the beam spread 5

\ ' the focal spot enough to prevent any melting at the copper. ,

1
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-CHAPTER 5
POWER SUPPLIES AND CONTROLS

Q,Ol. Introduction

The initial requirement for power supplies was conceived in
terms of window tubes, with the only stringent requirement that of
size. Weight reduction was later achieved by replacing oil insulation
with a gas, ChFB’ and by forming the tank walls of honeycomb panels.
Transition to the Heraeus gun was straightforward: a filament “isolation
transformer was built into the gun to provide an impedance match, so
that no internsl changes in the power supply were required.

Moving out of the favorable conditions in the Q-bay presented
problems of environment tolerance that were compounded by doubling
the rating of each supply. The space available for mounting the
supplies in the installation was severely limited, and weight obJject-
ives could be met only by eliminating cables and connectors, providing
cooling to permit use of normal-temperature components, and utilizing
light-weight materials and structures where&er practical. Because of
the possibility of hot spots in the power supply, perfluoropropane,
C3F8, was adopted as an insulating gas for its better thermal stability.

Before entering upon the development of power supply circuitry,
an analysis was made of the relative weights of alternative schemes and
the performance to be expected from each. An important element of the
electrical system was thé means used to distribute single-phase loads
evenly over the three phases of the supply.> These phase balancing
networks may be present physically or disguised in the transformer

connections of some circuit arrangements, but they must be there, since

one of the system specifications was a balanced load. A proposal to make

the total system‘a‘balanced load by scott-connecting the transformers of
the two power supplies was rejected on grounds of the concentrated load

that would present to one generator.
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5.02. Comparative Weight Study

The initial study of component weights for the Q-supply was
based on the following ratings:

Input: 520 cps, single phase or three phase

Output: 175 kv de, 40 ma, 5% ripple (24.5 kv p-p), 20% duty

Table 5.02.01 lists the estimated weights of transformers,
rectifiers, capacitors and the energy stored in capacitors. The cal-
culated regulation shown does not include the effect of transformer or
rectifier impedances, and is thus optimistic.

Capacitor weights were based on a nominal weight of 0.25 pounds
per joule for units operating at 85°C. Rectifier weights were based on-
available high voltage silicon units, assumed the same for all single-
Phase supplies and multiplied by three for three phése circuits. (The
rectifier currents are so low that no significant weight difference is
realized by reducing the current rating.)

A phase balancing network weight of 28 pounds was assumed for
all the single phase circuits.

Some attention was given to the question of the best distribution
of power supplies for the several loads to be fed. Neglecting the
weight of cables, the analysis showed a decided weight advantage in a
single central supply for all loads. In the Q-bay environment the cable
question was less pressing, and one power supply was actually built
with twin outlets and a current balancing control to operate a pair of
window tubes. Generally, though, the kind of experiments being run with
all the Q-bay installations avoided the problem of central vs. individual
supplies by having only one load to feed. For the C-guns, tﬁe prospect
of terminaﬁing, installing, and ﬁossibly replacing a high temperature,
high voltage cablebgave strbng backing to the concept of a directly
connected powerfsupply; which finally prevailed.

\
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Circuit Name

Characteristic

Transformer Weight b |
Rectifier Weight b
Capacitor Weight o
Phase-Balancer Weight b
Total Component Weight 1b
Capacitor Stored Energy Jjoules
Regulation kv

Circuit Diagram

Declassified and Approved For Release 2013/08/21 :

TABLE 5.02.01 WEIGHT COMPARISON FOR Q POWER SUPPLY ALTERNATIVES
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5.03. Q-Supplies*
The full-wave quadrupler circuit was adopted for the Q-supplies

that were built for window tubes and later used also with the Heraeus
gun. Photographs of an early, oil insulated version show the kind and
disposition of components, Figures 5.03.01 and 5.03.02. The small box
near the six feedthrough terminals houses lead-protective Zener diodes
and bypass capacitors.

Compared to those shown, the components for the later gas
insulated supplies are smoothly encapsulated and metal parts rounded
off. The only component added in the gas insulated version is a cir-
culating fan, which prevents stagnation of the insulating gas and keeps
it hoving between hot components and the cool walls to transfer heat

to the Q-bay atmosphere.

*Throughout the project, equipment came to be known by the area in which
.is was installed. Thus, power supplies for the Q-bay were Q-supplies;
those for the chine, C-supplies.
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Q=Supply

Fig. 5.03.01
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5.0k, C-Supply Circuit Selection

For the 12 kw power rating desired for each chine unit, a new
comparison of the major contenders in the power supply group was made.
The decision had not yet been made to unitize the gun and power supply
on each side; consequently some of the supplies considered had double
the unit power rating. Five basic points were taken as ground rules:

l. The load presented to the generator should be balanced
three phase.

2. The insulating medium would be pressurized gas. .

3. Cooling would be provided to permit use of normalltempera-
ture components. High temperature components had already
been found to add more weight than a cooling system.

L, A small number of low energy arcs in the supply would not
be harmful so long as it did not shut down as a result of
the arcs.

5. A minimum number of control functions should be required.

6. Minimum operating life should be 500 hours.

With these starting points, the types of supply which had shown
some promise were compared. Two approaches which had been rejected in
designing the older Q-supplies were also included, the self-resonant
transformer and the use of some higher basic supply frequency. The
latter'two techniques are discussed first below, followed by an inter=-

comparison of all of the approaches.

Resonant Transformer Circuit:

This circuit utilizes a transformer similar in desi%n to con-
ventional types but operated with its secondary resonated, éﬁther by an
external lumped capacitance or by distributed internal capacitance. Be=
lN’ but
ElNQ, where El is the primary voltage, N is the turns ratio and Q is

cause of the resonance condition, the secondary voltage is not E

the quality factor of the tuned circuit.
The circuit's main disadvantage arises because the kva rating

of the transformer is the kva rating of the supply multiplied by Q; for
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a 24 kva supply with a Q of N, for example, the transformer rating
would be 250 kva. Thus for operation at a given frequency, the trans-
former would be about 10 times heavier than a transformer for a con-
ventional supply. Such a penalty more than offsets any advantage gained
by not requiring voltage-multiplying components. Operation at higher
frequencies would reduce required transformer weight proportionately,
except that iron losses and consequent heating make necessary additional
iron, in order to reduce flux density. '

In practice, self-resonance occurs at about 3'kc:canduhigher

frequency operation is not practical; the example in Table 5.64.01 is

for this frequency, at which a transformer weighing 225 lbs is estimated

to be needed.

Compared to the voltage-multiplier circuits, the resonant trans-
former appfoach also has these disadvantages:

1. The full voltage is developed across the transformer winding.

2. If half wave rectification is used, direct current flows
in the winding. If full wave rectification is used the
weight of rectifiers is increased, being at best the same

~as for sa multiplierrcircuit.

3. To use voltage multiplication in addition to resonance
requires that the multiplying capacitors be calculated as
part of the resonant circuit with a resultant lowéring of
operafing frequency and increase in transformer size.

L. The input frequency must be regulated within rather close
limits.
Higher Freqgeuncies for Conventional Circuits:

At higher frequencies, the size of the transformer is reduced,
as shown in Table 5.04.01, until a minimum is reached at about 1000 cps.
Above this frequency, the size is again increased due to the inability
to utilize the ironm fully. The reduction is about 10% of the 500 cps
transformer weight or, for the 24 kw 24 quadrupler, 13.2 lﬁ. The capac=-
itors would be reduced by about 6 1b for a total weight reduction from
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TABLE 5.04.01. HIGH FREQUENCY POWER SUPPLY COMPARISON
Weights in pounds for 24 kv-a output
‘ L
Supply Generator Generator Regulator  Transformer Rectifier  Capacitor System
Frequency Weight  Control Weight Weight Weight Weight Weight Weight
520 cps 90 10 0 132 13.0 12.0 257
1000 cps 50 N 10 (o] 119 13.0 6.0 198
2000 cps 60 10 0 1ko 13.0 4.0 227
3000 cps ) :
Self-resonant - T0 10 20 225 6.5 8.0 340
Transformer .
10,000 cps :
Air Core 5 10 20(1) (2) 13.0 2.0 400+
Transformer

(l) Regulator not required if the transformer is not tuned. An untuned air core transformer would
have too high leakage for these power levels. To add ferrite core takes the weight back about
to the case of the self-resonant transformer.

(2) The coil would be about 81" dia x oWi® long, requiring a container 2 gia x 72" long.
: A higher frequency would permit a smaller coil, but rotating machines of this rating are
not practical at higher frequencies.

-~
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the 500 cps unit of about 19 lb. If a separate generator and control
would weight about 60 1b, then, the net effect would be to increase the
total system weight by about 4 1b.

Voltage Multiple Circuits:
Table 5.04.02 compares the high-frequency supplies with the
voltage-muitipliers. Assumptions used in component estimates, except
as already described, are as follows:
Generator: The weight estimate of the aircraft generator is
based on an increase of KVA of the present generator 6perating
at its present frequenc&.
Transformers: These are of conventional design using wound cores,
cut to accept the copper.
~Rectifiers: GSolid state rectifiers were assumed.
Capacitors: These were choéen for 500 hours life at an operating
temperature of 150°C. '
Tank and Structure: Two estimates are given, based on the use
of stainless steel and of titanium.
Miscellaneous Structure: Since flanges, hardware, etc. are
difficult to estimate accurately, appropriate allowances were
made on the basis of the earlier gas-insulated units.
For the application, the total system weight advantage of the
2 phase quadrupler is offset by the weight of cables required with a
central supply. .The full-wave gquadrupler was therefore again selected

as the best overall choice.
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TABLE 5.04.02  COMPARATIVE WEIGHTS OF POWER SUPPLIES
TYPE OF CIRCUIT

Full-Vave 3(() 3 29 Full-Wave Self-Resonant 10 ke Air
Quadrupler Doubler Doubler Quadrupler Transformer Core Supply
Power Rating kv . 12 12 .2k 24 2% - 24
Generator (1) m sk 3k 3k 3 90(2) |
Control Y 30 30 30 30 30
H.V. Transformer o | 66 92 145 132 225
Rectifiers 1b 6.5 19.5  19.5 ©13.0 6.5
Capacitors . 1b -~ 8.0 5.5 10.5 12.0 8.0
Tank and Sstl b T2 87 90 87 90 ()
Structure Ti 1b kg 57 59 57 59
Fil. Transformer 1b L, i, L, k., '
Misc. Structure -~ 1b 10 10 ko Lo ‘ ko
Insulating Gas 1b . 7. 8. 7. ' 8.
Weight of Supply SSt 1b 171. 5(3) 225(3) 317 295 381.5 Loo+
: - Ti _;p,;{ 148.5 195 286 265 . 350.5
Total System sst 16% 373 480 347 325 L5
Weight Ti 1b¢ 329 k20 316 295 380.5

!

(1) It is estimated that the indicated weight would be added to the generator rating requirement.
For the self-resonant transformer supply a separate 3 kc generator would be required.

(2) For a loaded Q of 10 the frequency would have to be regulated + 0.25%.
(3) Two supplies reqtiired.

(4) Weight not estimated. For 10 kc, the highest practical frequency for rotating machines of
this rating, the coil container would have minimum dimensions of 24" Giameter x 72" long.
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Phase Balancing Network:

The following discussion of the delta network used for phase
balancing first dériVes the balance conditions algebraically, then
considers the consequences of departure frombthe exact balance condi-
tions.

No analysis was made of the overall weight penalty associated
with some arbitrary degree of unbalance, since the ground rules specified
that the ship's power system must be loaded in specified ways, which

excluded in particular any significant unbalance.

AT A -
Il 1 0 -1 112
I2 =f-1 1 O 123 .
_?31 ‘0 -1 lJ -13%1 -
1] e © 0 JfE]
123 =10 Y23 0 E23
I31 0 0 Y3l E3l
- 4 L AL
. _Elzﬂ =it
E23 a2 E12
,E311 a
let E12 =&
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But I = 1/3(Il+ I+ 13)

I, =1/3(1,+al +a2T ) The symmetrical components of

+ 172 3 \
o the line currents

I_= 1/3(Il+a. I2+aI3)
o i T [ 1, 1
IO 1 1 1 1 0-1 1{12 0 O 1

~ 2 , 2
I.|=1/3[1 a & 1 1 .0}{}j0 ¥y30 & E

24

I 1 a" a 0 -1 10 O X a
L -.J - JL - 31;] - J ’

|
| - -
|
|

0
1/3 (lf2) Y, o F (a-aa) a2Y23 + a(aa-l) Y3l

& E
1 2 2
| (1-a%) Y, o+ (a —a)aPT23 + a(a=1) Y3l
e . -
For no unbalance, I_ = O.
K * . I3
v - . . = vaJP _ -Jjb
and if Y3l = G, then formally,
(1-a%) @

T = 11-8%)ed® = (a-1)e™P

Let the 12 and 23 admittances be pure susceptance, so that b = _4;"7/2, and
Y = 0+JB

3B ' (aa-a) G _'V:—S-e‘j /2 G rG

TN eeetm— -

= . - & _ .16 8
(l'aa).e‘;{/a + (a-l)e_JW/z (2-8.2-8.)6‘]11-/2 \'3 n:Y3_
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i ' , Three different departures from the exact balance condition
i ‘ were studied: Ten percent load decrease at unity power factor and
rated frequency, ten percent frequency increase at rated load and

unity power factor, rated volt-amperes at 0.9 power factor and rated

frequency.

) 2
|
Load
P A
__p I‘A

Casé 1l Ioad with unity power factor .

( ™~ Case 1 is the vector diagram drawn for this case. The following .
- relations hold true:
1. v,,=V_ =V ) balanced

AB be CA ) 3 phase voltage
2 Voa L0+ Vg 2o + BC,&=O ) input
ie.

. IA=IAB"ICA

:.['BC-?AB

+ Io = Igp- I

..;:—w
.a_q.

. IAB lags VAB by 90

5
6
- T. . Ipy leads Vg, by 90°
8
9

. Ipp = Ig, (LT & C1 are chosen to make this true/

. Iy, =v3 Iy, [Unless this is true, the system will not
balance/

When conditions are set so that the above equations are valid,
(‘\ a balanced load is presented to the power system.
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Case II. lLoad of the system (I ) decreased 10%, 1d, Cl, and the ,
frequency remain constant.
; Equations 1 through 8 still hold but 9 is modified by 10%.
The resultant line current unbalance 10%.

% unbalance = I max.-I avg.
X 100
IA+I_B+IC
3
Case III. Line frequency is increased 10% o,

Equations 1 through T are still true; however,
I, is decreased 10% and I, is increased 10%.

The resultant line current unbalance is U%.

AB

Case IV. I1oad with 0.9 power factor

Equations 1 through 8 are true. The resultant line current
unbalance is 36%.

These four cases were set up in the laboratory and the results
verified experimentally. _

Case IV was made a baianced system in the lab by putting a
capacitor in sefies-with the load whose vars were equivalent to the load
inductive vars.

This study was based on a system with fundamental sine waves.

However, the load to which this system may be applied contains a capacltor

multiplier which introduces load harmonics. The analysis therefore is

not rigorous.

From this study, however, it can be concluded that' it is load
power factor which has the most influence on line current unbalance with
this phase balancing technique.
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5.05. C-Supply Description

The location of the prototype guns required either that long,
high temperature, high voltage cables be employed, or that the power
supplies be located at the gun positions. In view of the anticipated
difficulties with csbles, the radical-sounding idea of connecting the
cases of the power supply and gun commanded serious consideration. It
developed that this approach was entirely feasible, although’the ambunt
and shape of the available installation space dictated an arrangement '
other than the ideal one of direct axial continuation of the power
supply case to form the gun housing. Instead, the gun was attached by
means of a tee-shaped transition section; Fig. 5.,05.01. This forced
choice, however, eliminated the necessity of a connector for blind
mating, which would have been required by the axial configuration. A
removable cover at the opposite end of the run of the tee gave access

to the terminals of the gun for connection.

The demand for small size and light weight led to an extension

of the gas insulation technique used in the Q-supplies. Forced con-
vection through a water=-cooled heat exchanger permitted high ratings
in small size. Because the most obvious gas, SF6, will decompose at
300°C, and non~critical hotspots might reach this temperature, per-
3F8 has the additional advantagelof
slightly better electrical properties.

fluoropropane was substituted. C

Substitution of titanjium for steel, cooling to permit the use of

normal-temperatu}e cbmponents, and careful design to eliminate in-
effective material brought the weight down to 108 pounds in Fhe model
actually installed. This could have been reduced further still to 87
pounds with technology at hand and is estimated at T8 pounds with
reliance on developments as yet untried. It is interesting to note
that the weight of each power supply was just the estimated weight of
the two high temperature cables reguired bad a central power supply
been carried in the Q-bay. '

\

!
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The full-wave single phase voltage quadrupler was packaged in a
o cylindrical tank as shown in Figure 5.05.02, where the identity and
'weight of each major component can be read on the corresponding part of
the mockup in the transparent tank. The auxiliary supply for cathode
heating is located above the filament transformer at the end of the
assembly away from the camera.
by Weight, space, cooling and voltage problems required that the
| bleeder resistors which were incorporated into an output voltage
measuring circuit in the Q-supplies be omitted in the C-supplies. Out-
put voltage information was therefore obtained by measuring the ac in-
put voltage and dc output éurrent and entering a calibration chart with
these arguments to obtain the output voltage. 4
‘ | The curves shown in Fig. 5.05.03 were obtained with a resistive
; load bank of 5 meghoms maximum, made up of 50 series-connected 100,000
i oim 100 watt resistors. Comparing the currents in the ground return
(/\* leads of the power supply and load bank gave gssurance that no signi-

’ ficant currents were leaking from the load resistors. Smaller load
resistors, down to the 1.875 megohms required to accept rated current
of 80 ma at 150 kv de, were obtained by shorting out selected resistors
T0 maintain a reasonably uniform voltage distribution along the resistor
string, although the limited power rating of théubank would not allow
sustained operation at the higher currents. '

The schematic of the C-supplies is shown in Fig. 5.05.0%, which
shows the arrangément with the final design auxiliary tfansformer. The
full-wave voltage quadrupler was disposed in Jjust four separate pieces:
transformer, rectifier bank, ac capacitors, and dec capacitor;. The
auxiliary.supply achieved control of cathode temperature by‘running'the
bombardment filament hot enough for its emission to be space-charge
limited. Voltage=changes at the input of the auxiliary supply trans-
former then had much greater effect on the bombardment voltage than oh‘
‘the current. Monitoring the auxiliary transformer primary current thus

eave enough information to operate the cathode in its proper range. The

t"/\.
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initial calibration was made by opening the power supply transition piece
and inserting instruments to measure filament and bombardment current
and voltage in both filament and bombardment circuits. This procedure,

vhich was repeated every time a new cathode was installed, demonstrated,

'~ more than any other evidence, just how uniform the bolt cathodes were.

All sets of data were virtually indistingnisbable.

‘ExXperience:

With the exception of the items noted below, performance of the
C-power supplies was quite satisfactory. None of the major high-voltage
components failed in service, although the insulating supportlfor the
auxiliary transformer secondary did cause flashover problems for some
time. This difficulty was finally traced to a grain in the mica-glass
insulating material which had been ignored by a supplier in fabricating
the item. Redésign to lengthen the breakdown path and substitution of
a glass-reinforced epoxy remedied this defect.

| The other major electrical problem involved the six-pin connector

called P1 in the schematic. It was not able to withstand some of the
surge voltages caused by flashovers in the gun. When this happened, there
wvas a power follow from the fan circuit which burned up the connector.
Replacing the connector with one‘with higher voltage rating and bypassing
each lead entering the tank helped some, but at the termination of the ‘
experimental program it was not certain that that fix was permanent.
Transferring the current monitoring lead from this small connector to
an unused pin of the H.V. primary power connector seemed to eliminate
the trouble, but additional consideration of the several contributing
factors is needed. ' '

A few early mechanical problems with ﬁracﬁure of insulating

supports were cleared up by redesign to increase stressed sections,

remove redundant constraints on brittle materials, and by substitution of

semiflexible for brittle materials.
Two gas leakage problems were also encountered. The first of
these involved the main shell of the supply known to have been dropped
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in shipment. This tank later developed a leak at the spot welds joining
the cylindrical tank shell and the support brackets. A heliarc weld
beam repaired the leak, and extra beads at the ends of the brackets tied
them to the sturdy flanges to share the load of the power supply com-
ponents. Future models have been redesigned with longer bracketé which
extend up to the quick disconnect flanges, leaving just enough room for
the clamping bands.

The other leakage problem was experienced with a transition
section, which connects the gun and power supply cases together and
partially supports the weight of the gun. When the particula; section
began to leak insulating gas, it was found that one of its welds was
cracked. Each of the other three transitions was immediately checked
but none showed any fault.

An intensive investigation into the history of this particular
piece showed that the proper stress-relieving procedure for 12% Cr
steel had not been followed, and that eventual failure due to stress
corrosion could have been predicted if the departure from prescribed
methods had been known initially. The defective part was scrapped, and
a new part made by approved procedures. It exhibited no weld defects
and served without incident.

The unit used for gun development accumulated far more than its
rated 500 hours of service life without apparent distress, despite all
of the nonstandard conditions encountered in laboratory service. It was
also subjected on several occasions to two-hour continuous operation at
125% rated load. With normal cooling water flow, no overheating or elec-
trical malfunctioning was observed, implying that there is apparently
sufficient'margin in the power supply design fbr adeguate service
relisbility. ' ‘ ‘
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' C-Supply Weights:

Between the time of the initial weight estimates (above) were
made and actual construction of a power supply was begun, lighter com-
ponents had become available, and experience with some of the structural
elements and with electrical insulation in this service had accumulated
so that much lighter power supplies could be designed and built. In
Table 5.04.03 are listed the component weights for the C-supplies as
constructed.*

For comparison with these "Present" weights, the coluvmn.hea.ded

"Attainable" estimates the outcome of a straightforward redesign pro-

gram based on present knowledge. The last column of the table indicates '

what might result from an extensive development program utilizing exotic
materials and techniques such as aluminum foil transformer windings and
high-stfength thin-section structural members.
Additional system weight-saving can be expected of future

| ™, supplies over thé present version because of the fact that only about

<j 9 additional pounds of transformer weight would be required to construct
a balanced-load 3-phase~input supply, comparéd to the 20 lb phase bal-
ancing network presently employed with the single phase supply. Thus,
the total of about 152 lbs for the present supply plus network would be
reduced to about 101 1lbs for s next generator supply not requiring a

network.

¢
i
/

*The improvements in Table 5.05.01 over the Table 5.04.02 estimates
.would affect each of the gilternate choices about equally, and thus
. cause no change in choice of circuit.
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TABLE 5.05.01
Present and Future C-Supply Weights
12 kw, Single Phase Units
Ttem Present Attainable Conjectural
Wt 1b Wt 1b Wt 1b
AC Capacitor k.5 k.5 T
DC Capacitor Ts5 T.5 T.5
Rectifier 6.0 k4.5 k.5
HV Xfmr 48.0 35.3 30.0
Aux Supply k.o 1.5 1.5
Isolation Xfmr 6.7 k.5 h,1
Gas 4.0 4.0 k.0
Heat Exchanger 1.3 1.3 1.3
Supports 2.1 l.l 1.1
Wiring 1.0 0.5 0.5
Misc Hdwr 15.0 5.0 .0
Supply Weight 100.1 9.7 .0 -
Shell + Flanges 8.8 8.8 5.7
Dome 2.k 2.k 1.6
Transition 12.5 7.0 k.o
Clamp(s) 7.8 3.5 1.9
Seals 0.5 0.5 0.5
Tank Weight 32.0 22.2 13.7
Total Weight .~ 132.1 91.9 TT.7

i
!
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5.06. Control and Telemetry
Apparatus for in=flight control of -the high voltage power supplies

and of the‘incidental power for items such as cathodes, cooling pumps,

solenoid valves, etc. was carried in the Q-bay. Initially, this space

was used because it was the location of the power supply and gun. When

¢

the C-system was first designed, the intention was to locate the control
" units in the chines, adjacent tb the power supplies. Later, bowever, it
was decided to retain the Q-bay location for the controls, in order to
avoid the time and expense that would otherwise be needed to prove out
a unit usable in the high-temperature chine environment. K
The control system was founded on a few basic functions, which.
remained almost constant through the many revisions to accommodate the
successive beam generating systems as they were developed:
Sensing and discrimination of voltages and currents was done
with Sigma series 8300 magnetic amplifier relays, which will operate
_ on differences between a signal and reference of less than a microwatt.
(’“j With these, direct-current quantities were sensed directly, and ac
| " quantities were measured by adding suiteble rectification and filtering.
More rapid detection of current or voltage than the magnetic amplifier
affords was secured by using SCR's with dc supplies to éontrol relays.
‘The principal use of this circuit was for overcurrent (fault) sensing.

For vacuum monitoring of P2, a thermocouple gauge was used.

Its output could have been fed to a magnetic amplifier relay of suitable .

sensing coil impedance, except that for checkout a visual indication of
pressure was aléo required. Accordingly, a contact-making indicator
(Hastings Model CVI-l4) was used with the gauge tubes (Hastings DV-LD)
appropriate to the 0.1-2.0 torr range of interest.

_ High vacuum, Ph’ was sensed by a Philips jonization gauge (CVC
type PHG-06). This cold~cathode tube has the advantages of simple pover
supply requirements and absence of elements which can be damaged by
vibration or exposure to atmosphere. A 1500 volt supply was incorporated

" in the control to power each of these gauges, interconnections suitable
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to this voltage being made by coaxial cable and HN connectors. The
tubes themselves were modified for use at high altitude by replacing,
the connecting cable supplied by the manufacturer with a bulkhead HN
connector, whose leads were potted in Silastic.

A low resolution (3 bit) analog-to-digital éonverter was built
to provide the telemetering signal for a continuous range variable,
x-ray intensity in the tube system, and beam current for the pumped

. guns. An offset bias was built in to the converters to permit the
linear scale characteristic to span the range of maximum intgrest.
For reliability and circuit convenience, all other variables ﬁefe

arranged to be sensed as contact closures.

The ways in which signals, obtained from these sensing elements,
from limit switches, from interlock contacts, and from external controls
were combined to exercise the desired control are shown in the accompany-
ing figures. Actual connections of the hybrid signais are inconvenient

to trace, so logic diagrams are used to symbolize the control system

. relations.

‘The control built for the window tube installation was used.in all
" the subsequent stages of evolution. Because most of the equipment phases

actually overlapped, radical revision of the hardware was possibly only

twice. Other changes were accommodated by cunning artifice that some-
times resulted in startling responses to component malfunctions or to

operationally impossible inputs (g-conditions).

The detailed functionsl organization of each version of the con-

trol system can be understood by examining the control logic diagrams.
Fig. 5.06.01 is the version used for the chine installationf Seversl
sub=-groups enclosed in dotted lines appear as independent functional
blocks in the other systems, where they are shown as single‘componehts
with the same labels. Fig. 5.06.02 is the version for the Heraeus gun
installed in the Q-bay, and Fig. 5.06.03 is the version originally -

. designed o0 control the window tube. Each of these is taken from the
,corresponding operating system, and duplicates the response of the

' Declassified and Approved For Rélease 2013/08/21 : CIA-RDP67B00341R000800050001-7
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physical system for all contemplated inputs. The response to ¢-condition
inputs may be different in the hardware and on the schematic.

In addition to its operating mode, every control system required
modes for checking, testing and trouble shooting. These were provided
by special jumper wires in the control input cable connector, which en-
abled the control to distinguish which mode of behavior to adopt. These
Jumpers, backed up by é few special switches énd strategic clip leads,
permitted almost any mode of control operation that was needed. Fig.
5.06.04 is a drawing of the panel of the laboratory control box, which
contained all the controls requisite to starting up, checking the system
in or out of the vehicle, or seeking out troubles in the apparatus. In
a piece of servicing epparatus such as this, it is easy to be convinced
that more and more direct control over the functions of the system is
necessary, but the circuit complexity that entéils, the extra hazard of
failure it imposes on the operating control system, and the opportunities
that it provides for human error to damage the system draw the line far

short of the point at which technical problems begin to limit the special

functions that can be introduced.

In coﬁtrast to the laboratory control panel, intended for testing
and checkout, the pilot's control panel for in-flight operation of the
equipment was made as simple as possible. It contained only a status
selector (OFF / EGG / COOL / RUN), a gun selector (LEFT/BOTH/RIGHT), and
a FAULT RESET button. The latter was included to permit manual restora-

.tion of high voltage after a fault, before the sutomatic reset circuits

had passed through their complete cycle, a feature included to allow a
minimum of down time during the relatively short-data taking portion of

a flight. To inform the pilot of fault conditions requiring reset action,
use was made of the ship's Q-BAY EQUIPMENT OUT warning light. With this“
exception, all auxiliary systems were made automatic in operation and

all status information was telemetered to the ground, rather than dis-
played in the cockpit, so that the pilot needed to have practically no

" concern about the operation of the Kempster system.
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The telemetry consisted of eleven bits which could be assigned
to whatever functions were of the greatest interest. The actual assign-
ment was a compromise between eleven on-off indications and a completely
encoded eleven bit telemetry word. Some bits changed significance,
depending on the state of other bits; others retained their assignment.
The logic diagrams include the bit assignments for each system.
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CHAPTER 6
FIELD SUPPORT EQUIPMENT AND PROCEDURES

6.01. Introduction
A large fraction of the testing and checkout work in the field

was done with the equipment installed in the aircraft, rather than in
the laboratory. To facilitate this work, portable service and support
equipment was needed.

No léss important than adequate service equipment was sound
service procedure. This was provided by a comprehensive set of check
sheets, which were used to control all routines pertaining to prepara-
tioﬁs for flight tests.

Because most personnel were assigned to the field on a rotating

basis, formalized procedures were essential, not only in checkout; but
in maintainance and modification of equipment. Changes on all chine-b
mounted equipment were systematically administered, in order to prevent
errors, uncertainties, and omissions.

One aspect of the operation of the equipment presented unusual
requirements for field personnel. This was the incidental production
of X~-rays in normal operation and in checkout of the guns. Meaﬁs were
employed to assure safe conditions for all personnel concerned.

Field operation disclosed a number of items in the system need-

“ing improvement;/some expected because of only limited testing prior to

shipment, and some unexpected. Where time permitted, changes were made
in the field. In other cases, however, schedule requirement; dictated
that compromises or temporary expedienté be adopted. To aid in planning
future work with the same or similar equipment, this chapter concludes
with a summary of the additional changes believed desirable, as of the

conclusion of the program.
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6.02. Ground Support Equipment

In preparing the installed equipment for a flight, a number of

different facilities were utilized:

1. A small motor-driven water pump to fill the system's
coolant-circulating loopcni reinstallation; also to

circulate cooling water through the electron-beam
catcher during ground operation.

2. Compressed air, supplied at low flow by a small air
pump and at higher rates from the shop lines - to.
actuate the system’s pneumatic valves and to furnish
motive air for the ejector; also, as hot air, in
reconditioning the sorbent in the sorb pump.

3. A general-purpose type vacuum pump, capable of an
ultimate vacuum of 1-10 microns and having a displace-
ment of about 15 c¢fm for sorb pump regeneration and for

maintaining vacuum in the Pl and P, spaces during

ground operation into a vacuum-tigﬁt beam catcher.
L4, Pressure-measuring means covering the range 1 micron
to 1 atmosphere - for use with item 3.

5. A light-duty (5 ampere) 28 v dc power supply - for -
routine checking and special, temporary checkout
.-requirements, especially vhen ship's power was not

available. .
6. A supply of liquid nitrogen - for filling the sorb
 pump. ' | |
T.. An in-line air heater - for attachment to the s&stem's
IN2 fill port to provide hot air for sorb pump bake-
_ out. . |
8. A supply of liquified insulating gas - for refilling

or pressuring the pover supply.

|
|
|
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9. A source of 3-phase 515 cps 35 amp power -~ for full-
power ground operation of the system power supplies
without the core saturation that otherwise occurs if
operated at 400 cps.

The first five requirements were provided by assembling
appropriate equipment on a 2 ft x 3 ft cart which could be rolled to
+the side of the installation for connection to installed units. Fig.
6.02.01 shows this arrangement schematically. Items 6, T, and 8 were
carried on this same cart, although not built-in. ,

| The last item was met by modifying an aircraft generator test
stand, type AG108, equipped with a ship's generator, type 31121-000. |
A ship's generator controller, type 51133-000 was added to the stand,
together with an output circuit bresker, reed-type frequency meter,
output connectors, and dry batteries for field flashing.

i To handle the C-units and move them safely in and out of the
chines, an adapter was made to permit an aircraft generator ground-
handling unit to be used. By this means, the equipment, mounted on the
handler, could be rolled into place beneath the aircraft and hydrauli-
cally raised into position.

A final, major item for support equipment that was needed only
in the laboratory was a high;capacity rotary pump. A Kinney KD4-250,
250 cpm pump was used for“bench testing whenever the ejector was’
operated. This pump was able to produce the required ejector exhaust
pressure of about 10 Torr at the operating throughput. A somewhat
smaller pump, 100 to 150 cpm, would probably have been adequate, but

the larger size was on hand, and additional capacity proved ‘useful for soﬁe

of the tests that were run.
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6.03. TFlight Test Operating Techniques

Preflight preparation:

The preflight procedures believed necessary for successful
operation in flight varied widely over the course of the program. 1In
the initial phase utilizing sealed-off solid anode (Gurmy window)
tubes, operating the equipment was very much like operating commercial
x-ray equipment, and almost no special preflight process was followed.
0f course, the various components and interconnections were checked to
insure no failures due to oversights. When the more complex differ-
erentially pumped guns replaced the sealed tubes in the field, a more
complex check out procedure became necessary, -and a start-up phase had
to be added.

The additional complexity was especially neéded for the first
pumped gun, the Heraeus system. This unit had been converted for
flight use in as short a time as possible, and little attention was paid
to making it operationally fool-proof. Accordingly, the check list for
preflighting the system included step-by-step instructions, carefully
planned and ordered to prevent inadvertent failures because of such
oversights as admitting full atmospheric pressure to the sorb pump when
cooled, or to the high vacuum space when the filament was heated. Ex-
perience with modifying the gun also pointed out a number of possible
trouble spots in its operation. To insure a successful test, as many
as possible of these were checked as a part of each preflight, with
some additional-steps being added to the check list accordingly.

When the field operation converted from the Heraeus gun to
the C guns, there was a strong tendency to carry over most of the former

~check list. As time went on, however, it was found that few of the
system's individual functions actually required preflight checking to
-verify proper operation, and some shortening of the list was possible.
In addition, attention to fool-proofing, both in the basic unit and in
the control system (which was drastically modified from the version used
.with the Heraeus gun) allowed most of the step-by-step instructions to
be eliminated from the list. During the last few weeks of flight testing,

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7 .



—

Declassified and Approved For Release 2013/08/21 : CIA-RDP67B00341R000800050001-7

6.03 - 2

changes in procedure were made to simplify and speed up those parts of
the preflight done on the last one or two hours prior to launch.

Fig. 6.03.01 is the "Flight Test Record" form used in the last
two flights, with late changes incorporated. Some further simplifica-
tion of the form would probably have been order, had the field program
continued, but it was felt that no useful purpose would be served by
making revisions after the conclusion of the tests, since there was no
intention of using in the future exactly the same support and control
systems, both of which interact strongly with the check list.

Basic objectives of the preflight procedures are fourfold:

1) To verify proper installation

2) To initiate pumping and to pump down the vacuum space

3) To condition the accelerator to tolerate operating voltages

L) To verify proper overall operation

The first of these is covered by pages 3 and 4 of the form and °
was carried out in the hangar; the next three utilize page 5, again in
the hangar; while page 6 covers last minute operations and checks out-
doors on the pad. The calibration data of page 2 is needed for tele-
metry interpretation and for experimental purposes. Page l summarizes
the checkout and test results.

For the last few flights of the program, the preflight philosophy
was changed so that all pumping down was done indoors, and the system
vacuum was held after checkout by the sorb pump (which was then period-
ically serviced up to flight time). By this means, the most time con-
suming part of the immediate preflight list was eliminated, in addition
to which the conditioned state of the guns seemed to be betéer retained.
Procedures during flight:

Flight paths employed in the test program consisted of three

portions: outbound, turn-around, and inbound. MtMOWMMdR&wmd.

wvas limited in altitude over its initial portion, tracking lock and tele-~

‘metry were usually lost, beginning at about 5 to 15 minutes after takeoff,

‘to be reacquired following turn around on the initial part of the inbound
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TEST FLIGHT RECORD
(Check one) Left__ Right___ Unit
Our Flight No.

Scheduled Date/Time

Rescheduled Date/Time
Rescheduled Date/Time

Takeoff Date/Time
Landing Date/Time

TEST OBJECTIVES:

RESULTS:

EQUIPMENT:

Gun No. Power Supply No. Main Control No. Pulser No.

Gun Iocation Cathode Assy. No. A-D Converter No.
Boiler Fluid Circulating Fluid

Special Equipment

SETTINGS (NOMINAL)

E Kv, I ma,
r— p——
Dummy Lcad ohms, Terminal Numbers

¢gBalance Circuit Component Valves

Duty Cycle Cycle Length msec.
CALIBRATION Date/Time ___ /  TInitials_
GUN INSTALLATION Date/Time __/  Initials___
RACK INSTALLATION Date/Time __/  1Initials
'OPERATION CHECKOUT  Date/Time ___ /  TInitials___
STARTUP Date/Time ___/  Initials
POSTFLIGHT Date/Time __ /  Initials____ *

CHECK IF ADDITIONAL NOTES ON REVERSE SIDE

Check Form, Page 1

Fig. 6.03.01
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3.%
k.

5.
6.

8.

"Cc" CALIBRATION
Left Right___ Unit
Date

Power Supply Gas At psig at room Temperature.

Gun No. Power Supply No. Main Control No. Pulser No._ _

Test conditions desired: KV, ma.

Test conditions attained: HV pri vac at cps (nom 151 cps)
I ma, It may Vh KV

am E vac
Ia.ux———-—— Ps Houx y

P 4 Torr, Rk ohms

Running Time Min.
Radiation Level ____ mr/hr at 1 Meter
Line Volts
Under frequency control setpoints: __ cps off, = cps on
Aux. power supply Man Level ___ __ volts, Auto Level __ amps
Beam current trip level ____ ma.

Philips Gauge (P, trip level ( X10~ Torr.) ma.
N N —

A=-D Converter No.

Count 000 l -001 l 010 I 011 100 l 101 110 l 111

Tnput O to l l | [ | | 1 | ]
Should be nominal current. .

All potentiometers locked.

NOTES: ~

*Not usually checked

Check Form, Page 2

Fig. 6.03.01 (continued)
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b. Mate PL/R21.
c. Mate PL/R22
d. Mate PL/R26.
. Mate KL/RIL.
. Connect KL/R3 terminals 1, 2 or 3, 4, 5, 6, and 8.
. Connect strip chart recorder(s). Check paper supply.

O o

\ | (& | 603 - 5
e "G" RACK INSTALLATION
a Date
Left Right
1. Install control(s) and pulser(s) in rack.
| a. Mate PL/Rh. (See note 1) o
b. Mate PL/RS. L
c. Mate PL/RT —
‘ d. Mate PL/RS. o
i ' e. Mate PL/R9. o
| f. Mate PL/R1O. S
g. Connect both EGG coax lines. —
2. Install A-D converter(s) in rack. -
a. Mate PL/R4L. e
| 3. Install rack in Q-bay, mating Q4 on rack (Y-cable)
i with Q4 on article before hoisting last 18 inches. o
‘ L. Mate Q5 on rack (Y-cable) with DC cable Q5 on article. o
(/m\‘ " 5. Mate article AC cable(s) PL/R3 with PL/R3 on control(s)._
S 6. Install gun control (Hastings) box on rack. -
a. Mate P28. -

10. Tie down all slack cables.

Note 1. Connections duplicated on both sides are shown L/R.

‘Note 2. EGG will usually handle their own connections and will close
lower hatch.

. Check Form, Page 3

Fig. 6.03.01 (continued)
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6.03 - 6

"¢" GUN INSTALLATION
Date

1. Check angular position of both clamping bands on HV tank.
2. Check gun inclination angle.

3. Check hardware for tightness and locking devices.

L. Check air and water loops for continuity and tightness.
5. Check insulating blanket for completeness,fit,and ties.
6. Get alternator lift. Bolt 1lift stand onto 1lift head.

T. Put gun on lift stand and move to article.

8. Check that hoist path is clear and line up basket nuts.

9

. Be certain outer cylinder of lift is not stuck to center
post. dJdack gun into place, seated on bracketse.

10. Install three mounting bolts (forward, outboard).

1ll. Have crew member install aft support bracket.

12. Drop frame on hoist; install aft inboard mounting bolt.
13. Ioosen and retighten aft gun support to relieve strain.
14. ' Hook up ship's air line.

15. Fill the circulating coolant loop with fluid.

16. Connect’Philips gauge co-ax cable.

17. Connect five heavy wires to terminals 1, 4, 5, 6, & 7
of KL/Rk. '

18. Mate connector(s) KL/R2.

19. Install X-ray monitor, if used.

UL TEEEEEEE TEEET T
TR TR TEEEETTT ¢

20. Have crev install rib gap sections and blanket.

21. Have crew seél vent ports. Inspect. This must be done
at least four hours before rolliout in cold weather to .

allow seal to cure.
22, Have crew install and seal ramp. Inspect. .
23. Reinstall alternator platform on lift and return.

Check‘Form, Page 4

. Fig. 6.03.01 (continued)
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6.03 - 7
"C" OPERATIONAL CHECKOUT Date Left - Right

1. Have crew put 400 power on article and remove door (if on) Time

2. Connect TM light box to P9. Set lab control box to OFF, connect -
to P8.

3. Connect vacuum pump to P3 tap. Pump out hose.

L. Valve off pump, open P3 tap and note P3. Energize Ph jacket

heater. S
5. Connect 20 psig air thru air heater to sordb pump. Open pump

valve to P3 and turn on heater. ' Time
6. In about 1/2 hour, P3 will peat at and then fall. Turn

off heater when P3 heads down below 100 p. Time
T. VWhen sorb pump exit air cools back down, disconnect air.

Note P3. Disconnect P4 jacket heater. ’ _ m
8. Turn control to COOL. Diffusion pump should take hold within

10 min. Time

9. Throw Sl to OFF, control to RUN. Check A-D battery (5.9v min) v

10. Return control to COOL. Plug 2 holes in Pl manifold and
connect cart's other vacuum hose to the third hole.

1l. Remove ship's air line and cap ship's air inlet.
12. Install catcher with cooling lines.

13. Close valve to P3. Open valve to Pl. With Pl less than P3,
reopen P3.

1k. 1Install and connect tuning motors and target current meter.

15. Connect 12 psig air to ground air inlet. (Shutter should be
- operable)

16. Change over to 520 power. Turn on catcher water and run beém.
Note pri v, Ip ma, It M3, « Time

DO NOT SWITCH OUT OF "RUN' WITHOUT 2 MIN OF O CURRENT (shutter seal)
17. Turn control to OFF and disconnect pump from Pl. '

18. Remove tuning motors and catcher.

19. Remate P3, P8, and P9. Temporarily gnd. TB2-9 to check QBEO
lite up front

20. Check recorder paper supply and connect to signal and pover.
2l. Connect all 3 bellows and boiler vent line. '
22. Inspect seal at vents and ramp. Check for leakage if questionable

[ 1]

23. Disconnect ground air supply and cap inlet. Reconnect ship's air
supply.
2Lk. Close P3 valve, turn off and disconnect vacuum pump.

25.7 Pill cooling system boiler.

Check Form, Page 5

‘Fig. 6.03.01 (continued)
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6.03 - 8

10.

lz.
130
1k.

15.
16.
17.

18.
19.

.20, .

: Connect vacuum pump to Ps tap. Pump out hose. Time

. Valve off pump, open P3 tap, note P3

"C" PREFLIGHT STARTUP Date Left Right

If above 50 p, pump down and record

Close P3 tap, disconnect pump
Fill sorb pump with IN2. - Time

Note HV tank pressure / . If below 30, fill to 35 psig.

Check that ship's air line is connected and ground air line
capped.

REPEAT ON OTHER SIDE
Check that wheel well breakers are closed.

On Gun Control Box note (a) Hastings set point
(b) Diffusion pump switch on
INTERNAL '

(¢) Hastings power switch on LEFT
(d) Hastings CGauge Head
selection ' LEFT

On control units note (a) Switch S1 is ON

RIGHT

RIGHT

(b) Switch S2 is AUTOmatic

Request clock pulses from EGG.
Set PCB to COOL. ‘ Time

Check for sound of chine water pumps.

' Check for flashing G bit by depressing G test button.

(EGG unit must be on)

' Check that P4 comes down (should be less than 10 min). Time

Check all fuses. Check diffusion pump lights on Hastings box.

Check misc. word from EGG. Should be Left only 0200, right
only 000k, Both 020k

Turn PCB to.-EGG. Misc. word should be L-0016,R-0700,Both 0716

Top off sorb pumps with IN2. Help crew replace doors. (Use
bellows tool). .

Notify crew OK to close Q-bay hatches.. Time

Check Form, Page 6

Fig. 6.03.01 (continued)
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6.03 = 9
G FLIGHT DATA
Our flight no. A/C no. Flight no. ‘Date
Time off __ Time down _____ Pilot ___  EGG no. ___
7 ]
Time {OFF |EGG |COOL |RUN| G| F | T+ |X) | XX REMARKS
Sx PS+ | P+

@

Debriefing notes:

Check Form, Page T

Fig. 6.03.01 (continued)
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6.03 - 10
— "C" POSTFLIGHT CHECKSHEET
Date
Left Right
1. Remove recorder strip chart(s) if used. -
2. Remove door, using bellows holding tool. o
3. Connect vacuum pump and gauge to P3 tap. Pump down hose.
4, Valve off pump and open P3 tap. Record P3 pressure.
P3 (left) = T P3 (right) = T o
5. Blow out residual LNE' If none, so note. -
6. Note apparent mechanical damage. -
7. Recover X-Ray monitor if used. J______' o
8. Refil boiler. Record amount used.
Left ce Right ce —
9. Check all fuses. o
10. Check pressure in HV tank and record.

Left psig | Right psig.

Check Form, Page 8

Fig. 6.03.01 (concluded)
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6.03 - 11

leg, usually at 30 minutes after takeoff. During as much as possible

-of the next 15 minutes data was taken so that it was desirable that

the diffusion pumps be started immediately after takeoff to allow
ample time for the system to attain its operating pressure and for the
cathode temperatures to stabilize. On the other hand, it was not
desired to start the pumps before takeoff because of the possibility
of subsequent unscheduled delays prior to takeoff, which might result
in overheating the cooling systems. Accordingly, the preflight con-
cluded with all power removed from the units. This had the added

advantages that removal of ground power from the ship, if necessary,

. had no effect on the system, and that no power was present when the

ac frequency (at engine idle rpm) was below the transformer saturation
frequencies (a safety factor in addition to the underfrequency trip
device incorporated in the unit controls).

Tumediately after takeoff, the pilot switched the system to
COOL, starting the cooling system circulators and energizing the
diffusion pump heaters. Approximately 7 minutes later, the cathode of
each gun was automatically energized, in response to a "pressure OK"
signal from the.réspective Ph pressure sensor. This allowed about 23
minutes for cathode warm-up prior to use. For the dats run, the pilot
actuated the guns by switching to RUN, either at a prearranged altitude
and position, or on radio command from the EC&G test control room. On
completion of the run, the pilot returned the system to COOL, usually
by prearrangement, but occasionally on radio command. Prior to landing
he de-energized the Kempster system, leaving the telemetry system
operating, however, until after touch-down. )

During the flight, the status of each gun was monitored visually
at the EC&G test control point by means of a remote indicator for the
11l-bit "miscellaneous" telemetry word. The form used for recording
relevant events appears on page T of the test sheets, Fig. 6.03.01. By'
this means, it was pbséible to spot and diagnose troubles immediately |
in the field, without having to wait several &ays for a data reduction
printout from the magnetic tape recording of the same telemetered

information.
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6,03 - 12

To assure accuracy in spite of the speed with which some of
the indications changed, the register readings were read into a dictat-
ing machine, for later transcription to the form. This technique also-
permitted other comments to be recorded. The Kempster controller, in
addition to monitoring his system status indicator, was included in
the EC&G intercommunications net, from which aircraft range, heading,
and status could be‘obtained, and through which messages to and from
the pilot could be relayed.

In general, the procedures employed at the EC&G control point

worked quite smoothly and the support rendered was very satisfactory.

One facility that was provided turned out to be particularly helpful:

a 4-channel pen recorder was utilized to record real time (for later
reference to taped data), aircraft range, the "gun on" telemetry bit,
and the log-i.f. dc output of the rf-data receiver. This information,
with the Kempster status data, gave a preliminary idea of the results
of the test and allowed interesting time intervals to be identified
for data reduction from the magnetic tape. Interpretation was aided
by including a db calibration on the rf-data channel of the pen

recording.

Postflight Items: !
Following engine shutdown, the units were inspected for any

visible mechanical or electrical discrepancies, and the amounts of

cooling fluids used up in flight were noted. These items were recorded

on the last page of the log sheets. Additional data, such as altitude

and speed attained during the data run and any unusual occurrences, were

obtained at the formal debriefing about one hour after landing and noted

in the log sheets.

Recommendations: _
In retrospect, extensive simplification of both the check forms

.used and the procedures followed now appear desirable. Specific changes

depend on the exact nature of fubure systems and on the use to which
they are put, i.e., operational or experimental, and so cannot realis-

tically be set down at this time.
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L 6.0k - 1
O

6.0k, Maintenance and Modifications

Records and Systems:

As work progressed, the need for improvements occurred to the
laboratory-based group, and field operation pointed out deficiencies
which should be remedied. In order to keep the records straight,
every major event in the life of each piece of equipment was recorded
in a notebook, physically attached to the equipment when possible.

Changes which were agreed upon were documented and carried out
for all C-~units through a formal modification kit system. v

When a change was accepted as desirable, kits of all thé new
parts required were made up with a form which indicated the exact change
to be made. Even 1If no new material was required, a form was used to

document compliance with the modification instructions.
e

Maintenance Philosophy:
A good preventative maintenance program, if properly executed,
(::) should assure reliable equipment operation and cause off or down time
to be practically eliminated. Such a program requires that a thorough
evaluation of all electrical and mechanical units be made in preparing
'a maintenance manual. Certain items should bave daily, weekly and
monthly checks. Strict adherence to all charts and check sheets and
workmanship of the highest order should be employed. The spare parts.
supplied should carry sufficient information for easy identification,
installation and reordering. With good recommended procedure and
qualified personnel the trouble-free upkeep of any equipment should be
. routine. . o
\ Throughout the field phase of the program, this philosophy was
implemented wherever possible, although developmental aspects of the
effort frequently required compromises. It is recommended that future
efforts seek to identify necessary maintenance procedures prior to
beginning field tests, and that equipment development in the field be

held to an abselute minimum.
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6.05 = 1

;(m‘\\
C Nam

6.05. X-ray Protection of Personnel

In flight operation, the electron beam becomes a source of
x-rays produced by electron collisions with air molecules. Personnel
and radiation sensitive items such as film are accordingly protected
by a combination of natural shielding, proper distance limitations, and,
in a few instances, special shielding. During ground checking and
testing, the source is more intense, because of the higher production
efficiency of the targets encountered. In order to protect the person-
nel who are near the equipment, several steps were taken. ,

‘ 1. Radiation was contained as much as possible at the source, by
thoroughly shielding the electron beam catcher. Using a low-
atomic-number beam stopping material (graphite) also mini=-
mized radiation from that source.

2. Rope barriers were erected to keep personnel a safe distance
away from the source. (Radiation decreases as the inverse
N square of distance).

(( ‘ 3. Adequate monitoring instruments were kept available and con-
tinuously utilized to measure the radiation flux in occupied
areas. Both lonization chamber and geiger counter radiation
instruments were utilized for survey work, and all personnel
associated with the project were issued film badges. In addi=-
tion, a supply of pocket ionization chamber dosimeters was
obtained to help any individual estimate the dosage received during
actual operation of the gun.

L, .Supplementary portable lead shields were used, especially in

' the laboratory, for those few instances when close Pproximity

to the equipment was reqguired for observation or adjustment. .

With these procedures and precautions, no excess radiation exposures

were experienced, as evidenced by the film badge records.
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6.06. Recommended Modifications

Introduction:

Experience with the elements of the system during the develop-
ment phase and in operation suggesﬁed many points which could be
improved in any extension of the approach. Many of these points have
been recognized from the time they were adopted as quick substitutes
for more satisfactory solutions with unacceptably long lead times;

others were dividends of the experimental programs.

Gun:
1. Insulatoxr
Incorporating the new "pancake" style insulator will allow the
use of a much shorter stem and thereby.raise the natural
frequency of the cathode and stem support assembly. The suc-
cessful laboratory trial of the prototype suggests concen-
~tration on this approach. The short insulator will also allow
a considerable weight and size reduction in the transition
section on future designs. |
‘2. Cathode Assembly and Stem
The plug~in cathode assembly replaces a heavy, complicated
and sensitive cathode. Replacement in the field is currently
a major effort which will be greatly simplified with the plug-
in feature. The nev design is also much lighter in weight,
vhich further raises the natural frequency of the cathode and
stem support assenmbly.
The stem design is shorter to keep the cathode-to-anode spacing
the same as the present unit, while incorporating the new
insulator. The new stem also is lined with copper to help
transfer heat from the cathode assembly back to the gas cool-
ing of the power supply.
3. Anode Tilt and Adjustment
Some rework in this area is necessary to insure positive motion

of the anode plate with no conceivable backlash or play. Some
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simplification is also warranted in this area sincel not all

of the incorporated features are presently used.
L, Isolation Valves '
The N, orifice should be valved rather than N, 3
This will completely eliminate the ejector valve. This was not

plus the ejector.

done on the first units beéause of the complexity of the design
and the short time available.

Powerrsﬁpply
- —-l._— - High Voltage Surge Resistor ,

N ~ The high voltage surge resistor has failed a number of times
and should be redesigned to take the load more reliably. The
mechanical support and spacing surely add to the problem and
should be redesigned. |

. 2. 8ix Pin Connector ‘
If it proves impractical to relocate thé power supply positive

~ .. = lead, the six pin connector on the tank should be changed to
( 7 one which will withstand the gas pressure load, high tempera-

) ture and low ambient pressure.

3. Gas Cooling loop
The gas cooling loop in the power supply should be modified

¢/

to provide cool gas to hot spot areas. The present configura-
tion jubt pulls the gas across a heat exchanger and cools but
does hot direct the gas to any particular location.

4. ZLead Channels
The internal leads to the power supply connector are presently
“taped to the walls of the power supply housing and can come loose
and possibly cause arcing. Channels securely fastened to the
housing should be provided for all leads.

5« Modify Current-Monitoring Technique
Under fault conditions, the present arrangement gives unaccept-
ably high voltages on the current monitoring lead. These in

K turn damsge connectoré, especially at low ambient pressure, and
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cause failure of other parts wired to the same comnectors. ,
Cursory attempts to limit the voltage rise on this lead have
not been completely successfu_l. " A thorough analysis of the

problem is expected to pfoduce a'satisfactory solution, how-

ever.

Cooling System:
1. Pump |
; A new pump should be considered for use in the cooling loop.
The motor should be 500 cycle, 3 phase to get away from the
brush wear problem encountered with the 24 volt dec motor in
the present system.
SNSRI " . 2. Sight Glass
' There ié no way of checking the water flow in the closed loop _
-~ o0 77 777 portion of the cooling system. A sight glass in the system
B | at an accessable position would enable a visual water check.
( o : 3. General
‘ A complete re-evaluation of the cooling system should be made .
in view of past problems. Consideration should be given to
the possibility of steady state operation. -

e T Mounting:
1. Slip Joints

Beam axis movement should be considered if slip joints in the
chine blankets are to be incorporated in the installation.

2. Access

| Better access should be provided to facilitate maintenance and
check-out. The present access door is Jjust large enough to
permit check out but not large enough or located to permit

- minor maintenance.
3¢ Ramp
- - A permanent ramp should be installed to eliminate the need for

re-sealing every time the skin panel is removed and re-installed.
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Environmental Test, Loads and Temperatures
The gun should be subjected to the vibration loads and tem=
peratures encountered during actual operatvion to determine structural
integrity. The gun should also be operated and performance checked
at actual conditions expected.
Support Equipment:
1. Service Cart _
' The carts should be redesigned so units can be checked out
! more readily and also be more presentdble. More safg:ty
, devices should be added to prevent check-out failures.
2. Catcher -
A heavy duty catcher should be designed to handle the full
output of the gun. The present catcher was not designed to
handle full power.
With the inclusion of these modifications, either in the
‘ presently existing equipment, or in a new, redesigned system, it is
C felt that trouble-free, reliable operation would be obtained.

o
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