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INTRODUGTION! ‘

The design data herein, with a few exceptions, were prepared by
members of the Mechanical Engineering Department at UCRL. The individ-
ual data sheets have been issued from time to time since 1946; they repre-
sent summarized informati‘on which we have found useful in our design work.

This collect1on was selected to meet the requests of outside organi-
zations for copies of our design data. Those design data which would not
be of general interest, such as size and capacities of our machine shop tools,

are omitted.
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SUBJECT . _ o ' PREPARED '
HEA? TRANSFER AT MODERATE TEMPERATURES = CHECKED BY
A | L Retyped: 7-28-50 AH

Gorrect.edc 9-13-50

‘Notes Aocureoy of better than +20% cannot be expeoted.

1. E___g_m_gg_ggg (References MoAdans, "Heat Trensmieeion." 1933, p.ZIJ.) L

"M 2 Heat transfer rete “" - temperature rise °C
¥ = 0,0013 ghe23

!'hio formula appliee to vertical plane surfaces over a foot high Heet trenefer B
‘rate 18 inoreased about 30f for horizontal surfaces teo!.ng upwerd and deoreeeed
ebowh 30% for horisontal aurfe.oes fae!.ng domwe.rd

This formule applies to horizontal oylinders of 4 £, dhmeter. Heat trandfer
rate ver:lee invereely with fourth root of diameter down to 1/2" diameter,

‘x‘ransfer from natural convection may be affected considerablr by obstruotions
o’ olrw.’l.ation such as ledges, offsets, etc. - o \

2, Badiation
| Por a body emall compared to its eurroundingez

1 1000]~ 00147 P 1000) N
Approxime.te form 1e correct to a few P { cent between 0 and 100 C,
" Pis emisaivity of body, M is watts/in2 for body, T is degreea K (°c¢273)

). X 36,7 P

Pa 1 : if body is large compared to enclosure or for close pa.rallel :
% % -1 ~ surfaces, :
1 °2

3. EM’."-’&’-_QB ‘(References MoAdame, "Heat Tranemieeion," 1933. p.237)
Below V w 16 ft./sec. M = 0.0037 (1+o 2V) watts - :

0 in.“ °C
Above ¥ 2 16 ft./sec, M = 0,0018 V07 atts
-] m.z oc

"Rough" surfaces increase transfer about 10%.

Inoreasing velooity above 100 ft./sec, (where velocity head = & inchee of Water) '

will usually be found uneconomical,

TBiEmh - | V. I, Brobeck

« Jeae e oMBATRCIRTCeRTIEES
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CORVES ARE BASED ON FOLLOWING FORWMULA: CONDITIONS FOR STREAMLINE FLOW!
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UNITS USED HEREIN
¢ 1. REYNOLDS ™Mo, £ 2000

200 (P IN MICRONS)
2 > (D W INCHES)

FOR OTHER GASES OR TEMPERATURES
MULTIPLY THE ABOVE %‘3 BY THE RATIO
OF THE ABSOLUTE VISCOSITY OF THE GAS

TO THAT OF AIR AT 20°C.




D-33. |

WEsTmsuoosg ot ¢ Hi ¢ |COORS TrrE AB-2 | FRENCHTOWN: - e
PROPERTY. Z IRCON Z|;%%Ns Q‘\:)\/)\;ETDE B R VOLTAGE | icw SrenaTw |No 4462, HigH ®
ORCELAIN  |ALUMINA CERAMIC| ALUMINA CERAMIC o
: : ‘ o -
SPeaFic GRAVITY  (GRaws/ce) 3.68 3070 3.8 2.2 2.370 2.5 3.42 3.88 %
, _ - , m »
‘Mons' HaroNESS _ 8.0 1S 7085 | 50 10 1.0 7.0 9 9 3 §
_ . = >
Coerr. LINEAR THERMAL - </ | - ' < < 9‘ 2
€. FOR 4.9x\0 /°c.. 3.5 vo 5540 /%) L5510 °c 5.0 6 6.8x10 /*c. 74 x16%/c. | 70x10 /°C. >
ExpaNSION <20'ro'100Q RANGe 1 ‘ Ie) H
. o
T AT
THERMAL QONoucrwn.__,Y _ . T |w?
WATTS/IN. °C. 24 10670 1S9 | .03570.038 | 02710041 | .044 ar 25C. |.191 AVE. FoR o |"e
e o : S : 82 To 204C T oz
a 073 AT 400C. RANGE .
S = N D < a
TeNswe STRengTH (Ps1)|. 12,700 10,000 615,000 | 2,500 T07,000- | 3,400 Y0 8,000 | 17,000 W 18,000 |5 500 Q 3
: — -1 — — Oq
Compressive STRENeTR (PST) | 90,000 80,000 70 150,%0| 20,0007T030,100] 40,000 ToB0000 | OVER 200,000 | {87, 100 g :2
| X ‘ \ s
TRANSVERSE STReneTH (PS1)]| 25,000 20,000 1o 35,000 | 10,000 o 11,000| 9,000 o (5000 N z
Mobutus oF ELasmaty (Ps1)} 24x10°  20x10° ve30410*] 10 10° | 7x10% 10 14710° 2 2
- PoweR FACTOR (AT 1 Mesacrce)] . 0010 - .oota }.0002 To .002 |.0002 6 .0023 | <006 To .OIO « 000352 (fn’ n
DieLecTric CoNSTANT (AT | MEsACYCLE) 9.2 8.0 To 0.0 3.2 To 4.2 6.0 7715 8.1 9.2
Dietectric STReNoTH | (vours/ miL) 290 250 7o 350 .| 100 T0400 | 250 vo 400 230 220
"RegISTIVITY ¢ ‘(onm M) (o' 10 +s 10'® Tol 10370 10'% g 07555
X . s . o h g
(owm incueg)] 4x10'% 490% 0 4x10"|  4<10'% 410" 10 41103 z g: 2 v
o . . . o S &Pm
. ) .o . o . wf M (hg\
Te VALLUE = TEMP. AT Which >oocC. >Jo00C. 100 70 900C.| 300 1o 500¢C. 85o0C. go00cC. b ;’( r
RESISTIVITY 1S EQUAL TO o C ’ ' ' ~ o
| MEGONM LM, =, 394 MEGM IN. P o
N 10>
z
. REFERENCES 3 |, Coors Poncemm Co Gm.osn Colorapn  For TYPe AB-Z ALumina Ceramic E 2
2 FRENCHTOWN PoRua_A\N Co. , FRENCHTOWN New JERsEY Fom NO.4462 (ENG NOTE 12-|M44 GIVES ADDITIONAL g)‘ 7
3 “WESTINGHOUSE ENGINEER” MAY (946G p93 FoR OTHER CERAMICS. PR°PER““> e
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103r8ns

A Q
CU TUEE AND PIPE DIMENSIONS E
'R PIPE SIZE 3/8 13/2 |5/8 |3/4 | 1 Railiy/2l 2 pif2|l 3 Byl 4. | s 3 8 . 5
| TUBE 0. D, 11/2 15/8 [3/4 |7/8 N1/8,13/415/821/825/43 1/435/441/§51/461/481/8 g o3
s Lo 402 | o527 | 4652 | W45 | <995 114245 [L.481 1,959 R.435 12,907 |3.385 [3.857 4,805 [5.741 [7.583 s |2
TYPE - —~— - - = & 'S
TUBING . WALL i 4049 | «049 | <049 | 1065 | o065 | ,065 | .072 | ,083 | ,095} ,109| o120 | 134 { 160 | 192 .270 | oz
o 1L ID. | o430 | o545 | 1666 | 785 1,025 1,265 0,505 1,985 D465 R.945 3,425 8,905 4,875 ks 645 725 g
; a r N = ' | ‘ >9
Y ToBmiG  WALL 4035 | 040 | .042 | L045 | .050 | L055 | 060 ! 070 | 080 | 090} ,200 | ,310 | ,225 | .40 .200 -z
i : { . i R : : z
| LDe | o450 | o569 | 1690 | 4811 1,055 1L.291 {1,527 12,009 2495 12,981 B.459 13,935 14,907 15,881 |7,785 >
TYPE M ; — , T g 1 — R
TUBING  WALL 1,025 !.028 /.,030 | 032 | 0035 | 4042 | 4049 ! ,058 | ,065 o072 | 0083 | 0095 | o109 | (122 | 170 | 2
T l 1 Coob 1 B | 2
o LD, | o494 1625 1,822 1,062 | 1.368] 1,600 2,062]2,500 3,062 35500 4000} 5,063 6,125 8,000
PIFE =~ : ; : T — 7 ' ‘ — +—
U WALL 0905 31075 1 114 L1265 1 G146 L150 J1565).1675 0219 o250 250 4250 0250, (3125
L S £ - i : | 3 -t S .
. . . 3 ‘ 3 . -1 : § ; : R
0.D. . 675 .84 2,050 1315 L.660 .00 | 2,375] 2,875 34500 4,000 4e500; 5.563; 6,625, 8625 ?.f’glg 3|
o . :ég alY' 4
1 Cu, Ft, = 7.48051 gals, o R
) , - <@
Feet of Water X .33 =p s 1 LR T
. . . -Im o
o ol I
o ‘ . <3 °
| ®/pre o :" N
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SUBJECT

PROPERTIES AND IDENTIFICATION OF MICA

THEP AT D .

W, W, Sa]J3ig, Jr,

| cueckED Y

Rotypedt

9-11-50

‘Although Webster 1ists eight diatinct varieties of mica, only two are suitable

as electrical insulators.

These two varieties are "Moscovite," (sometimes known as

"hite" or "Potash" mica), and "Philopopite," (sometimes known as "Amber" or "Magnesiad" '

mica).

Properties

“~

The composition and physical properties of these two micas, as reported by the

_Mice Insulator Company, are listed in the table. ‘belows. -

" Moscovite "Philogopite
Chemioal Composition (by analyeis)-- S
8ilica (Si 0p) _ 45.2 40,8
‘Alumina (AI, Q3 38.4 26.9
Potash (K o) 11.8 12,7
Magnesia (Mg O) - 7.6
“Ferric Oxide - 12.0
~ Water (Hy 0) 4.6 :
Specific Gravity C 2.76=3,00 . 2,78-2,85
" Hardness, Moh's Scale 2,8-3,2 2.5=2.7
Max. Temperature at which employable 535 C. 1.000 C.
" Permittivity (S.I.C.) o 4aR=5.0 2,9-3,0
~ 8pec. Resist. Megohms x 106 C7-133 . 044522
Electrio strength at 200 in volts per mil 3250-6250 3700-4200

1lists a further

1véif2.:"ﬂﬂ

In addition, Standard Handbook for Electrical En ineers, by Khowleton,
electrical difference between the two micae (Sec. 4, p. 569 and 570)3

Power Factor at 60-1000 Kilocyeles, 25%¢

Wbscovitew

0001 to .ooos (n. H. Spry)
_ .04 to .01 (Lewis, Hall and Caldwell)
. Philogopite .003 to .09 (R. H. Spry)

7. 12 to .38 (Lewis, Hall and Caldwell)

;(The values are greatly influenced by the presence
of stains and inelusions) _ .

‘ Philovopite mica 1s superior for hich tenperature service, but inferior for hiah
frequency service., It is therefore highly desireble to be able to distinﬂulsh : :
between the two tymes, ,

Moscovite mica is’ translucent and colored ruby, sreen; or brown of varicus
shades, Philogopite mica is more or less ovaque with coloring ransing from pale
yellow and silver to dark conper and brovn, Hovever, physical appearance overlaps
between the two tynes of mica to a considerable extent, and is not a reliable means

of identification for lahoratory murvoses,
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PREPARED

SUBJECT

7. V. Salsie, Jr.

PROPERTIES AND IDRNTIFICATTON OF MICA | cHEckeD By
- S s ' Retyped: 9-11~50

Specification

Trade and regional names do not differentiate reliably between the two types of
mica. Thus, Mica Insulator Company's "Micanite" can be either Moscovite or Philogopite,
depending on the temperature service to be encountered. "India" or "Indian" mica is
used loosely as a synonym for Moscovite mica, since most of the mica exported by India
is Moscovite. However, Philozopite mice is also. exported as "Indian" mica. Similarly,
"Madagascar" or "Canadian" is mich used as a synonym for Philogopite, since the :
principal mica exports of those countries are of this variety.

, Grade and quality numbers are also of little help in differentiating between”
micasj in fact, it 1s hard to determine whether the number refers to grade (the size
of the sheet) or the quality (purity, coloring, lack of impurities). This eonfusion
ie emphasized by the table balown : _ '

Munbex  Grede : Nunber - Quality
o kT 28" x 35<3/40 eheat or larpor 1 Olear and Blinhtly stained
2 15" x 23=3/4" " R Falr ¥tained
'3 10" x Lhe3/f4m " "' 3 Stained
4 6" x Ge3/4M mo o w 4 Heavily stafned
5 Mx 5e3/40 v W 5 Blaok stained

In view of the confusion in trnde terminology, all mice should Ybe ordered and

called for on drawings as lloscovite or Philomopite. Orade and quality numbers should
always be followed by their deuoription in slze or color ast

Mioaumoacovite, Grade 5 (6" x 9-3/&" or larger),
Quality 1 (clear or alightly gtained).

‘ - Grade and quality specifications are not generally required on drawingse where
. amall quantities axre involved--the bost quality being alsumed. L

Identification

. As it appears that comnercia] mlca designations should not be rellied on when
attempting to distingulsh between Philogopite and Moscovite, the following aimple
test is reoommended where positive identification ls required: ‘

. Place a small (1/2" eq.) sample of the unknown mica under a plece of 1/8"
a8 oopper plate, Heat the copper with an oxyacetylens torch in a concentrated region
‘over the mica sample until the upper surface of the copper puddles. Do not allow the
flame to reach the mica. If the mica is Philopgopite, little change will be noted
after . this test; 1f it is Moscovite, the surface under the puddled copper will have
{ an opaque silvery metallic appearance and the surface will become cracked and brittle,
. For a more positive test, place a sample known to be Philogopite alons side the un=-
' known sample, and puddle the coprer directlv above the junction of the two sheets,
-~ thus insurinp that each sample was e posed to the same depree of heat, _

Mechanical deuigners are requestod to call for mica as either Philomopite or
- Moscovlite, dependlng on the reeuwdrements, nnd not by trade or rarional names,

- o YRR Snlsiu, Ir.
W38 /ah :

—
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T SUBJECT. FEteanco ‘

PUTER RJQUIR”D TO ROTATF A HOLLOW SHAFI IN A :}
“MGM“TIC FIELD " ‘ L

TRtk L

Retvpsd'

s bl

, H"-’ s:' magnetic fiold strength at rivht ana'les to shaft = kilogauss
F gi speed of shaft = reVolutions per minute R
K '3s resistivity of shaft material - microhm inches
1D1‘ = .inside diameter of shaft - inchesb.i
ﬁé T=.ioutside diameter of shaft = inches
P = power required - watts o
| L .= length of shaft in inches |

9-12%50 o

L isiassumedvlargeicempered mitn b2-~4efror:is;1ess than 102 1f 1 is greater than 5. |

P w22, x 1‘0‘_'6 L @g- _Dif) SR

the that the dimensions of resistivity are ohms x inches.

equal to the resistance across .an inch cube._ -

- D

'. E. M. MoMillan

B SE/ ah

This is numerically

perw. M. B,
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PREPARED

Wa M, Brobeck

cueckeo 8y Revised =i/ ]
: Retyped: '9—12-50

o The following practical units have been found most useful in engineering
work at the Laboratory, and ere recommended for all tables, graphs, calculations,
test reports, ete, Quantities on which there is no question have not been included. -
Numbers in parentheses refer to notes following the table, :

N

. Quantity

Length

Weight, Mass

. Temperature .

¥

Power
Volume

‘Gas Flow

" Liquid Flow

Pressure

| Energy
s
Magneto Motive Force
”Magnetio Flux
Magnetio Intensity
'Magnetic Flux Density

, ﬁeat Conduotivity

- Heat Transfer Faeior
»Specific Heat“_

 Specific Welght
v‘Besist:lvi"cy’

Preferred Unit'(g)

Inch(l)
Foot

"Pound
Gram (())
Proton

 Degrees Centigrade
- Degrees Kelvin

Watt
Cubic Feet

Cubic Feet/second(z),
minute or Hour

Gallons/minute

Pounds/?ggare inch

Microns
Watt Seconds (Joules)
Pound Inches
Ampere Turns
- Maxwells (lines) (6)

Ampere Turns/ineh

| Maxwells/square inch

(Lineiéequare inch)
»Gmms )

Wﬁtts/degree C inch

| watts/degree C square inch

Watt sec/degree C 1b,

~ Pounds/cubic inch
- Ohn Inches

'Undesirable Units

' Litere/seeend, ete.

. Liters/second, ete.

~ BTU

(Lines/square cm, )

: . e'__ .. -

Meters, centimeters
Ounce
Fahrenheit

Horsepower

Liters:'

Kg/em?, feet of water
mm of mercury

Pound Feet

Webers

Oersteds

Units based on BTU or°F |

" it n o ou n

L ' R B TR | I

Avoid specific gravity
Ohm Centimeters
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{ PREPARED

We M,. Brobeck

e

 PREFERRED U‘an' S  [heexeo wv. Res 9oBgT

Retyped’ 9-12-50 -

© Often. epecifica.tione must be written in undesirable units, but 1n these caeea

it is preferable to make the caloulation in preferred units and convert only the
result to'the other unite. I _

Q)
(2)

|
)

Inches are preferable below 6 feet and for all dimensions of equipment, even
though quite large (e.g., oyclotrons), Feet are preferable for dimensions of
bulldings, maps, pipe and wire lengths. - However, structural calculatione should
be kept in inchee rega.rdleae of the s:!.ze of the structure. _

Iiters per second ie the conventional unit for punping speed of high vacuumn
punps, but cubic feet per second is coming into common use and is preferred °
as consistent with length and volume units., Seconds, minutes, houre, daye,

,a.nd yeare ghould be ueed wherever deaired for ratee. _ _
vThe maee of the proton is preferred where atomic qua.ntitiee are 1nvolved. o |

Omit the degree sign (°) after figures, as :l.t is difficult to type and

unnecessa.ry.

(5
(6)
.(7)
| (8]

NMB:E/ah -

Used for _ vaeuum : celculatipne.

-"Ma.xwelle'* and "Lines" are two names for the same-unit,

The gauss, alt.hough based on the centimeter, is the unit in general use by
the Laboratory, and to a considerable extent, in industry.

Grams are used for small qua.ntities of chemicale (e.g., deuteri'cm ox:l.de).

Multiples of ten, as kilo, deci, etc., are to be used wherever desired. :
Distinguish ebbreviations of m:!.ll:!., micro, a.nd nega when necessa.ry. ‘

W. M. Brobeck
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SUBJECT

PREPARED

' RADiO FREQUENCY POWER LOSS IN@SHEETﬁCONDUCTORS“ oy el Wee M, Brobeck

CHECKED BY

8L-610-y

Retyped 17716757

i = RMS amperes per inch perimeter

d =  skin depth - inches (i.e., thickness of sheet that would have same
power loss with DC current = i) ‘

p -= resistivity = 1 for annealed copper (0.68 microhm inches at 20C)
f = frequency in megacycles/éecond
W = power loss in watts/équare inch

= magnetic permeability of sheet = 1 for nondmagnetic materials

d = O 00260 / =0, 00260 for copper
W = 0.68x10-6 %_22

" 2.62 x 107k 12 f for copper |
The following graph gives d and v as a function of i and f'for-copper sheets.

Notes: _ o ‘
d = §/13£:— in consistent units (cf. Ramo & Whinnery, Fields and.
i, , ' .
Waves in Médern,Radio, 19Lli, p. 205 et seq.)

d is assumed small compared to the radius of curvature of the conductor,

" W. M. Brobeck
WMB/nh




-
@
25 ‘_ y 7
Li
w2 L . s
O w g 1 =
a© m a
<+
) o
z &
A :
e I , ,,
o ._m et “ “
i, |F : , a
< : Q £
AD ol N = = :
ﬁ F._ ut / = , :
< 7A MK T =5 ”.j . =
° Aw ol N T = . T |
| =z S S=e /M : 4 .o.
> g ;
.“ T S T :
, :
o i
=) e e
S , a
N
L 4 M.M
N
m m i T o
: | B : :
w
. w TN
< 2 - ~
: : , :
: o -k : , ,
n ~
o = m ” |
- . - |
N .= | l.ﬁ...
S el| & , !
°c a ..N.. -
.v. ©
£z g ;
= S
T B a
Tl B :
: a 2
o B z
2 & :
: g
z
(-]
: | B w _
N m M Qowr~ © © - ~ 0.
.AK m Qoo ~ v o ﬁ,nl
WDB?B o 3 ,Wn\.\\\
T -
(8]
w
-
@m
2
wn

“Re-n




RADIATTION LABORATORY - UNIV. OF CALIFCRNIA - BERKELEY Date D.D. page
DESIGN DATA 3-17-47 ] 15 3
Subject » _ Prepared
SKIN DEPTH OF RADIO FREQUENCY CURRENT W, M. Brobeck
Copied
K- i -1
A6
)
8
1=
6
5
4
3
2
NEis 1
8
8
7 o
6 . i~
B
g .
|
E 3
Ei'
-1/,
ol SN
9
7'
w'l:i's
s
4
3
2
o-01 T2 3 4 b 67"8-9'0-”’-" "4 b 6789!007 2 3 47 5 6789‘M

FREQUENCY =~ MEGACYCLFS FER SECOND

#Thickness of DC conductor that would have same resistance.
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S AT ﬁcu VACULH : Marvin Martin 7;
PUMPING SFEED OF PIPES & ORIFICE } | - [Tentencs v Revi 9=22-47

Relyped: 9-15-50 . |

The basic equation for molecular flow“throu'gh pipes and orifices lss’

1) a6s=0 (P, - P,)  where. G 4s mass rate of flow
' I Pl end P, are upstream & downstream proesures .

%6 - 18 proportionality conatm)ut for the ‘gas,
temperature, area and length of pipe.

Most vacuum flow caloulations use a factor whioh 15 related to mass rate of £low ‘by3
the following equationt ‘ :

(2), Quw, e where P is t‘he.mass density of the gasfat pressure P
, P |

Here Q has the dimansions of EE_G.S___B";:._".V_'Q.L“J.“E and is usually expreesed in
miocron liters per second. ‘ me

A useful equation for oaloulation of the flow of air iss

(3)-‘ Q=75 KA (Pl “p ") Q 18 in mioron liters/ses.
' A 18 crcss gectional area in equare 1nohea. :
Py .and Py are in microns, o
"~ K 18 a factor whose value depends on the
~ geometry of the pipe.,
(K @ 1 for an orifice in a thin diaphragm)

!

Values of K in equation (3):

(Taken from Loeb, Kinetic Theory of Gases. See alao clausing Phyeik, 66, 471,
19303 Ann. thsik 12, 961, 1932; Physica 9, 65, 1929)

1. Orifice in a thin dlaphragn . Kae1
2, A long cylindrical tube of length L and radius R k-8R
- where L>>R | S I

| .3. ‘A» 'slit.bl_ikev t‘ube,;avs éhpwn"whére_a>>n>>b ' .: o K= %1108;




RADI'ATION LABRPATORY - UNIVERSITY OF CALIFORNIA . BERKELEY ; , DATE . 0.0, No. | pac
o DESTGN DAH; o lamer | 27 ot
. suaucr . R v . v st V' PREPARED -
1 | | | S Marvin Martin
PUMPING SPEED OF PIPES & CRIFICES AT HIGH VACUUM B CHECKED. oy o
: | Retypeds 9-15"50 '

. 4e Along rect.angular tube where L>> a and L>>b
" ‘ . See Pg. 4

-5, A short cylindrical tube of length L and radiua Rs R
'Find K a8 a funotion of I/R from Curve I. o

6 A ehort alit like tube as shown where a>>b and a>>t, _
: Find K as a funotion of 1’ from curve II.

h—"

|  Marvin Yertin

Notes 'Notatfon used differs from that of Loeb, refs 1.

f' G in equatiom (1) for an orifice is A -2-.,’:;, ‘ - S B

i Molecular flow oceurs when the mean free path ia greater than the linear dimensions
of the systen, _
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CHECKEG Aav

RE DRV BN S ATCNA

. t ,"é |\ BR1:iINAL DESTROY. & 23 50
NOM FREE HEIGHT [\ 18] -
NOM WORKING MHEIGHTT B-4 _
' te
POV INIDY, |
49 i 1
7] 1
| ) _ S 3
T 3
NOTES o ! : : Vk) S
4 SHAET SHOULD BE [ & @
POLISHED, AN . o
2.0/L LUBRICATION L/ -
OESIRABLE NHERE , /
USE IS FREQUENT. V4 7 /ﬂ .
ot 3_\_ o
‘searr| sooy| seeinG | pressure|Gasker |Lavrerm| sear | | | | b
pra. | gore | WASHER | RiNG | ews lavs | A B CID
. - |PART MO. |PART NO.|PART NO.\PART NO.|PART NO. : 1
B | 8% uassz-t| wmenon | sgeoor| ik | ke o | B K | E
5 /5| v -2|3euar |aceon |33 \s621| 1 | £ g,zl' Z
3 |L322| . « -3|/6/3518|366021 | 16729416380 1 | £ | |
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.2 , ‘ : '
17 |82« -1\613m8| 3660411619304\ 61a004) B | £ | K | B
2. A - 1, sl z
2 (&3~ -8|2¢2982 2ns301 |262972|2¢2992) 1 | E | & | %
BEY] ) | 5 | a
23 |3125| v -Slarasez|acazy |arazez\acsszzl 1 | Z | & | & |
3.750 : e 29
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SOBEST 0 ,, B U, M. Drobeck
" HEAT TRANSFER BSTWEEN CONTACT SURFACES IN VACUUM . '.&TﬁgﬁaﬁiﬁigﬁT”V7ﬁ07ﬂg“Ht
’ o _ S o Retyped 9-26-50

o MATSRIAL c‘OP‘Pm ~ SURFACES opucALLr'm'r.

From Jacobs & Starr, Review of_Sciontific Instruﬁents, Vol. 10, ﬁ.'lLO

. 1.5‘.

CONDUCTANGE oF = 1.0
INTERFACE AT 25 C

.IW'A'r'r.s., o 05 N //

IN? DEG G

o .
o 10 20 30
o _1Bs
) | PRESSURS BGTWEEN SURFACES

Nbﬁé: Radiation Transfer betweqn}blgck'body surfaces at 200.5 Approx. +0QL -
| 4 | o Watts/In% Deg C,
Therefore radiation can play no appreciable part in transfer under above

‘conditionp.

~ Note added September 20, 1948: ’
‘Data on heat resistance between cold-rolled steel blocks tested in air by
Brunot and Buckland of the General Electric Co, (Design News, Sept. 1948) show
- eontact resistance varying from 6 inches equivalent length of steel with rough machin
- rusted surfaces at zero pressure to 1/4 inch for clean lapped surfaces at 300 psi,

In general inorease from zero to 300 psi cut the resistance to 1/2 to 1/3,

- | W/Rﬁ/rp

¥
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weaker joints,

to copper Joints,

A £ilm ,0015 thick is twice as strong as -one .015° thick

SIMOI'ATOON LABATPATORY - | : BENKEL;Y DATE _
"DESIGN DATA ' 3=19=48 | 25
SUBJECT : PREPARED .
o . Ralph Peters
.- HARD SOLDER CHECKED av P
e Retypeds 9-19-50
MELTING ~ | COMPO= | CONDUQ~ COST PER TENSTVE
SULIER MADE BY POINT FLOW POINT [SITION T%VT;T 1B. STRENGTR
‘ ) Approx. )
Fo 6% P e CoPFER |
Tasy-Flo |Handy & |1160 |627 1175 1635 b0% Ag. | 163 $ 6,27 45,000~
1 ' Harman ~ 15.5 Cus | 130,000 psi,
) l6q5 Zno' . .
¥ 8 Cd. _
_S11-Fos |Mandy & |1185 |643 [1300 |704 f15% Ag. | 14% & 3,25 | 40,000-
' Harman - 80 Cu, - . | 60,000 psi.
B 5 yo . .
Phasge Vesting~ 130& 707 11382 1750 92% Cu, - 4%' f 2,85 -20,000-
C’Oppal” v ] ho‘(we 8% Po L0,000PS:,-Q .
; Eaey 531~ Fandy & 11280 1693 [1325 |78 [65¢ Ag. 233 . 8 7.32 -] 64,800 péi;
! ver Solder ﬁbwmuM 20% Cu, . . .
15% Zn,
Tesy-Fle [Handy & [1195 [646 [1270 {688 |50% Ag. & 6,45
x Harman 20% Cu, '
cd.
Ni,
GRNFRAL |
: Soldef £11ms should be between .00L and .010 thick fdavoring the emall clear~
ance, Too tight a £it causes bare spots. Too large gives poor capillary flow and i

Handy & Harman flux is always used except on Phos=-Copper and Sil-Fos copper

1175° T (635°c) to 1600°F (871°¢).

Locating shoulders are useful in soldering aseemblies.

ﬂurews, clips, etco to hold assemblies while solderingo

This flux can be used on any solder with a melting point between :

Provide 1ocatihg

Use soft solder on brass bellows whenever possible,
. Specify if machining is to be done before or after soldering. Néariy alﬁays,
of course, it should be done after soldering.

‘ Data on electrical conductivity is not conclusive. Values given above vere
- measured at R.L. and are the conductivity of the wire solder before using in a joint,
which may or may not be related to the resistance of an actual joint. ‘estinghouse
claims conductivity of a thin film of Phos-Copper is 98% that of corper, Butt joints
with Easy-Flo and Sil-Fos are claimed to have conductivities 85% to 96 that of copper.
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Ralph Peters'

' .HARD’SOLDER o ' Lo CHECKED ay ;
- ' . o - 1 Retyped: 9—19-50

" Hard'soiéerih3181Waya anneals métals.
BASYFLO R | |
The firaf solder iisted'aSove is what is commohly éalled'Easy-Fio.
’fIt‘meits at a.16Wef temperature than any other hard solder,

Flux is always used with all Easy—Flo's. This is a basic weakness because
occasionally flux is occluded in a joint. For this reason Easy-Flo 1s not recommended
£or vacuum tight joints, Try to make vacuum ‘solder joints copper to copper soldered -
with Phos-Copper or Sil-Fos, If the use of Easy-Flo on vacuum joints cannot be avoided
try to design the assembly so that the Easy-Flo joint is made in the shop and all field .
agsembly joints are copper. Special attention should be given to inspection and /I
testing of Easy-Flo vacuunm joints including thorough flushing with boiling water. '

_ Easy-Flo is definitely the best solder for funace brazing.- Tt can be used
on most metals, Do not use where fillets are needed (it is very fluid and has only a
- very short plastic range)., Do not use as the first solder on a two solder assembly
where the first solder is not to remelt when the second soldering is done, It is good
for the second solder on such an assembly, Use everywhere, except on-the exceptions.
just indicated, : ' : S

| SIL~F0S

- Use Sil-Fos, without flux, on vacuum tight copper-to-copper joints that will
need to be remade, Never use it on anything but copper-to-copper., Handy & Harman
‘recommend 1t for use on brass and bronze with flux, but. Lab technicians, while admitting
that it can be used on these materials even without flux, nevertheless seldom use it on
brass and bronze, 1In general, use it on copper assemblies, especially if large fillets
are required., It has a wide plastic range. It is never as fluid as Phos-Copper or
Easy-Flo. ‘It does not embrittle copper as much as Phos~-Copper ‘does on repeated reheat~
ing, Do not use Sil-Fos on furnace brazing jobs, It will not flow properly. '

PHOS~COPPER

: Phos-Copper makes practically a fool=proof joint on copper=-to=-copper tubing.
No flux is required. Cleaning is not critical; nor is heat control, Always use Phos=-
Copper on copper-to-copper joints unlesa the joint will need to be remade, Phos~Copper
embrittles copper and should not be used on an assembly where the joint will be subject
to vibration or flexing, Westinghouse recommends it for use on brass and bronze with
flux, Iab technicians, admitting that it can be used on these materials, even without

flux, nevertheless never use it on brass and bronze., The melting temperature 1s too
high for these alloys, Phos-Copper is perhaps the most fluid of all solders and flows
very well by capillary action, Do not use in furnace brazing jobs, Never use on
ferrous parts. ' ‘

EASY STIVER SOLIFR

This solder has approximately the same characteristics as Fasy-Flo but a -
higher melting point, Use it as the first solder in two-solder assemblies, possibly
excepting copper two-solder assemblies where Phos-Copper or Sil-I‘os could be used.
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. R ‘ ' Ralph Peters
HARD“SOLDER S IS . [ eneckeo By
e ~ ‘ Retypedt 9-19-50

[ Use 1t even on copper two=solder assembliea if 4t 1s a furnace brazing job. Fasy
| ‘.811ver Solder worka well 1n the furnaca. Phoa-Copper and Si1-Fos do not.

i . This solder has a wider plastio range than Easy-no. Use it on all
§ applications; except sopper=to=copper;. where heavy fillets are x-equired. Use Sil-Foa
§ for fillets on coppar-to-oopper. '

" sum)tm

- Use sﬂ.é!‘om ‘on gopper joinw Yo be remade or requﬂ.ring fillets,
Use Phos«fopper on permanent unflexed sopper joints,

' Use Basy 8ilver golder om two-solder assemblies,

‘Use Basy=Flo #3 for fillets except on copper. : L
er Eaey-no evemhem els@, o SR

‘Ralph Péﬁera -

| seizp/en
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SUBJECT . . : : PREPARED -

"""" R. Nickerson -

ELECTRICAL CONDUCTIVITY OF SOLDERED AND WELDED JOINTS cucgnlvv &a

.. A L'y O ]

= Oneahalf X 1/2 x 2" bars of Tough Piteh Copper at 95% ACS .
were butt-joined the following methodss ' 2

1, Easy Flo, EaSy Solder 657 811 Fos, and Phos Copper
‘ brazes by Heliare in spaoed bars a% .002" spacing.

2, Heliarc fusion welds following common heliarc practice
using pure 8ilver, Tough Pitch Copperg OFHC copper,
372, and 939 filler TOdSo

( .

' "Excess brazing and welding beads were ground off to give a
'1/2 x 1/2 section at the weld. |

D,6. electrical resistance through 2 em of the bar including
the joint was measured and the data is reported as an increase
- in length of unjoined copper path normal to the joint for each '
‘such Joint9 to give equal D,CQ resistance. o

Method .Joint Materialv Equivalent Copper Path Increase
. - ___.__lEﬂLinﬂt_:_ithﬁs
Solder Easy Flo - | 0037
. Easy Solder 657 ’ '
811 Fos : I o055'
| Phos Copper o S o121
Weld Silver , 4 - ed23 .
' T.P. Copper . , . +138
- OFHC Copper ‘ : 813
Anaconda 372 Rod ' . RS £
(Silcon Deoxidized) SR
Anaconda 939 Rod : a »180

(Phosphorous Deoxidized)

‘RN/mh
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— I - Retyped: 7-28-50

Heat "genera.t‘ed in copper conductor* at current ‘denéity‘of 1000 amps/in?,

°%_. _m/ron

20 40

40 AP 455

60 4490

- 80 5420

Tater flow for 1° temperature rise o= 3.80 GPM/KW
Transformer oil flow for 1°c temperature rise = '7.6. -GPM/KW
Air Flow for 1°€ temperature rise 2 1750 CFM/XW
Theoretical Power to pump 1000 GPM against 1 psl. / = 0,582 1P

0.158 0

Theoretical Power ﬁo pump 1000 CFM against 1¥ water pressure

W M. Brobeck

*Interna_tionala Annealed Copper Standard Resistivity

Wi sFPeah
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RADFAT!ON.LAB”PFTOﬁY © UNIVERSITY OF CALIFDﬁNIA .

BERKELEY

DATE {0.04 NO. | PAGE

2-15-401 32 L af1

SUBJECT

USING "RIEGTRON VOLT® UNITS

FORMUTAS FOR PARTICLT® ACCTIFWRATOR CAT.CULATIONS

PREPARED -

W, M. Brobeck

CHECKED BY

Retyved: 9-19-50

"By = kinetic energy ) electron volts e

Fp = total emergy ) B = magnetic flux density = gauss
velocity of 1ight » 3 x 1010 en/sec

E, = restenergy ) @ = velocity/velocity of 1irht
X = voltage gradient - volts/em - R = radius in em
e = charge in electrons ' £ = rotation frequency in cycles/sec

centimeter units are retaine& to simplify the formulas

RIUTAS FOR LOW ENWRGIRS

FITLD RELATIVISTIC
ACTING FORIUTA FOR

ON-FRLATTVISTIC FO

ALPHA

ANY ENERGY: ELRCTRONS Pno'rqns TRUTFRONS . PARTICLES
'”'“2“# 2 ‘
: Ty =i 2B ' .

JANY AT "o s k . =3 =6 -6 -6
W @METZ - + 1.97810 ” By, 146,170 [ |32.67x10™ [Ty [2326x10 N
|macne- q.,2.. 2 EE , | .
rre Prnag-Pr Bo” | Rogge Bk [3.3m0 By |usus By jeos.0 [B | 143.9 [Ry

. 300 Bej . 300 Be |— 5 -5 —
p= 300 Bec | ,_300Bec | 6 | N
T “f 7E, 2,80x10 B 15268 7648 6
RADIAL| ., | , 6 | 6 » 6 T
B |eteos P | Ragee e, |0.511x10 938x10” 1874x10°  |3729:10° |
' Xe | Xe | - | N
-_)
Fields acting B ; »
in opposite i - - RELATIONS IN MAGNETIC FIFLD
directions FOR ANY ENERGY
R_ 1
som mag 1= 300 7 300 BeR e
R=eo when . ’”Cél:;?'j
(%= 300 Bg E, sHmERA

*Error does not exceed 1% if By is ba]or 1% of T

WMB:FP/éh .checked by: R.P,

W.M. Brobeck
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T suBJECT i S urvamnT L teh 41" '
. C
PROPERTTES OF NON-MAGNETIC MANGANESE STELLS = ;: :

From Jessup Steel Co,

R e L

| Retyped 7-10.50

Properties | Jesson Type
| B #9 Super High Tensile ) E~200
Chemicals © +30/.40 025/.45
Mn 12/12,75 10.50/1.2, 50
Si 340/0 60 bl . .
8 2040 max. 5.040 max.;
) 090 max, 090 max,
Ni - 3.,10/3.40 7.00/8,00
or ' 4e00/4.25 (.20/.30)
Mo 40/,60 ——
Physicals T8 : ' 115-130,000 PSI 80-100,000 PSI
(Average) ~ YP (.2% offset) 85-»100,000 PST 30~-60,000 PST
© Ble2n , 35=56% 50~"75%
Red, Ares - £4,0=50% 30~"70%
Hardness B.H.N, 217 to 300 ———
. ¥zod inpact  85-90-£t, 1bs, (68° F; 80 (68° ¢
 Charpy impact - 37«43 ft. 1lbs, (=50°P 30 ft. 1bs, (-vo° F)
~ "Bend — 180° around a pin equal 180° arovnd a 3/4" nin‘

to the thickness of for 3/8" plate, .
. _ material being bent . oA
Endurance 1imit
(R.R. Moore rotating

beamn) 64,000 PST = L e
4 Miscellaneouss Permeabili Mu = 1,003 to 1,008 1.003 to 1,006
(=200 o 100 € 3.300) (r=1000)
as-rolled condition)
Specific Oravity 7.9 : 7.9
Resistivitys 67.8 at 25.1°c - 69 to 71
-~ (Mcrohm em,) . ,

Coofficient of -6 :
Expansion 22,2 x 10 /degree C, 20 x 10"6/dem'ee c
(0°~1000° ¢} - ) o

Fabrieation data (#9SHF and E-200):

and fbming « good, 'F'la.me-'

" Working propertiesz Drawing, bendin _
Harder to machine than Type 304.'- :

cutting = good. Machining end drilling - fair,
Stainless, but good finishes can be obtained).

Welding properties (General Flectric Co. recomendations): :

PRUgarding. .. o o the welding technioue which we recor-mnnr? for weldtng non-
magnetic manp'anese-nickel steel, owr "orks T.a'horatory at Schenectady informs me tha'b
- practically all welding on this tyne of steel within our comprany is done with the
- metallie arc process wsing a ehrome-nickel flux coated electrode., The electrode most
§ cormonly wsed is Type 316 stainless (199, chronim, 13% nickel,

2-1/?:, mO]Vbd“m’. see o . .
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SUBJECT ' o B o FREPARED
PROPERTIES OF NON—MAGNETIC MANGANESE 'STEELS 7'_ ' - W, Co Twitchell
s o . . _ CHECKED 8y
‘-From‘Jeseup Steel Co. . - _ - ' " | Retyped 7-10-50

. "Manganese nickel non-magnetic steel has- thermal characteristlcs similar
to stainless steel and since it is welded with stainless steel eléctrodes the
recommended welding technique,joint preparation,2tc. is similar to that recowmended
| for stainless steel, This same welding electrode and welding procedure may be uged for
Joining manganese-nickel non-magnetic steel to plain low carbon steel .....

"Welded joints in manganesé-nickel non-magnetic steel-do not have the
same physical properties as the base metal manganese-nickel steel, However, the
welded joints are non-magnetic so that the welds serve the purpose for which the
material is usually intended. S

- "Manganese-nickel eteele do not readily lend themselves to other methods .
of'welding. However, it is possible to use some of the other methods of welding on
speclal applications. seeees" |

Quoted from letter to W. M, Brobeck, signed R..O. Broeemer, dated November
7, 1945. This applies to Jessop Type £=-200. Type #9 can be welded with the same
techniques using Type 304 rod. o v _

Stress relieving and forming (Jeseop Steel Co. recommendatione for E~200): -

, M veessssStress relieving 1s desirable and in the case of the non-magnetic
(steel) can be accomplished by heating of 900°F to 1100°F....,. Tims allowed for Vv

F heating is usually 1 hour per inch of thickness. Thie stress relieving temperaturef

| 1s satisfactory for combinations of non-magnetic to mild steel, non magnetic to non=-

-magnetic or non-magnetic to stabilized austenite., In the case of non-megnetioc to

austenite subject to carbide precipitation (i.e., greater than .83 C) full annealing

{ must be resorted to,.

"Peening of welds for local stress relieving can bs done on non-magnstic
to non-magnetic welds but on dissimilar alloys where dilution, etc. take place, the
disadvantages are readily apparent in that deposits resembling casting can and do -
exist and the resulting effect on magnetic permeability on the auetenitee that respond
to cold working may be undesirable, esvees"

"The (E200) non-magnstic steel can be cold bent to a 90%ngle on e
3" radius, however the sheared edges within the area of the bend should be ground to
assure against cracking. This steel responds to cold working in that the hardness,
yield point and ultimate strength is raised as in 18-8 stainless but not as rapidly,
Also it differs from the 18-8 stainless types in that magnetic permeability is not
affected,

, "For hot forming the material should be heated to 1300 to 1400°F and
formed., Subsequent reannealing will not be necessary since no metallurgical changes
take place in this operation." »

Quoted from letter to W. D. Douglass, signed I.B. Anderson, dated
October 20, 1945.

i Availability_

Type E-200 is stocked in bars and plates. See RL Metals Catalog for eizee
#n hand, _
Jessop steels are available from the mill as plates, sheets, and bars,
' The maximum plate size at 1" thickness is 48" x 120". . The current price for 1/2 plate
15 31 cents psr lb.. F.0.B, mill. _

W, C. Twitchell

WCT:Fpah
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. Equipment designed: under these rules is expected to have a reasonable fhctor
of safety and require only the ordinary precautions expected of commercial high -
pressure installation, Equipment not meeting these requirements may be ‘designed .
only on specific approval of the undersigned.

Pregsure vessels within the scope of the ASME codes (over 6 inches dia.
and 15 psi for unfired pressure vessels) are to be designed and constructed
according to the requirements of those codes. o

' Pressure vessels made of ccmnercial pipe and/or pipe fittings mst not
be used above the working pressure for which the pipe and/er fittings are rated,
Such vessels must ccmply with all the rules herein, ‘

For pressure vessels not withing the scope of the ASME codes the calculated
stresses at the working pressure and temperature are to be not more than two-fifths
the yleld point nor one-fifth of the tensile strength at the working temperature ’
of the material used, _

' _ wslding i to be avoided for longitudinal Joints of shells of such pressure
vessels under 6 inches in dlameter. Where any welding ie used the complete part

if to bo stress relieved according to the procedure required for the material

used, Where welding is used design stresses must be suitable reduced.’

. Pressure vessele’ for use at temperatures below =50C must be made of
material having impact strength as required by paragraph UG84 of the 1950 code
for unfired pressure vessels,

Welding should be avoided in pressure vessels for use at temperatures
below =50 C. All causes of stress concentration must be avoided in vessels
for use at these temperatures., .

‘ A record of the stress calculations and strengths cf materisls with
sources of data is to be kept in the engineering note file for all pressure
'vessel designs. ‘

w.mg
. A1l pressure, vessels are to be tested at . least twice their working
pressure. . ‘

Any specisl conditions of tempereture or temperature cycles to which the
vessel is to be subjected in use are to be reproduced as closely as possible
while the test pressure is applied.

A report of the test is to be written by the engineer in charge and
kept in the engineering note file, . _ :

The test pressure, working pressure, date end initials of the tester, as
- well as the drawing number, are to be stamped on the vessel if this can be dcne
“without affeeting its strength.

: Completed pressure: vessels are to be free from manufacturing defects
that might effect ‘their performance in their intended use,
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‘SOOJECT )
LES HI . Y. M. Brobeck .
RULES FOR HIGH PRESSURE GAS EQUIPMENT . L, Bro
. ' ' ' Retyped: 4-8-54

II.  INSTALLATION S

nem——

All pressure equipment 13 to be installed in a substantial manner with
supports strong encugh to stand the reaction of a jet reswlting fram breaking
of cny pipe or fitting. :

‘A safety valve or blowout disk must be instelled on each pressure vessel -
operative at any time the vessel is charged._ ‘

‘Safety valves or blowout disks must limit the pressure to 207 above the
working pressure. .

All safety valves or semple blcuout dieks must be tested.

No valves nay be used betwuon the safety valve or blowout disk and any
pressure vessel.

Pressure gages are to be included with will 1ndic§te'preasure‘in any part
of the system. 1n which 1t may exist. This dose not apply to portable pressure
vessels. : |

Changes made in equi;ment or its assembly .for use only at pressures below
that for which the equipment was originally designed (reduction in the rumber of .
bolts in flanged joints for example) must be approved* and all safety requirementa
met for the lower pressure. Where less than the originally intended bolts or. o
other supporis are used the nmumber of bolts or supports required for the reduced
working pressure must be clearly shown on a sign or by such cbvious means as
plugging holes, :

XV. _PORTABLE PRESSURE VESSELS

Pressure vessels to be moved while under pressure must be protected'well
enough to stand accidents in handling such as droppirg frem a height of 10 ft. to a
concrete floor,

Portable pressure vessela must be clearly marked to show uhen they are
charged and w1th what type of gas and pressure, ,

Portable pregsure vessels muqt be stored in a safe place,

_ - Portable pressure vessels. must be provided with a blowout disy as
described under "installation",

v, GENERAL

les ion from these rules of mention of any factors affecting the safety :
of pressure ges installations does not mean suoh factors are to be disregarded
but rather th t they are to be left to’ the Judgment of the engineer in charge.

*by the engineer in charge.c
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CHECKED BY

mmns FDRfﬁﬁT i

Retypedt 9-19-50

~ EQUIPMENT®,

vznaneplate.

V1. Inﬂ'rpvc'rxonsﬂ

“Instructions statinp the precautions to be taken in operating the equipment

. are to be prepared and copies sent to all persone concerned. One copy s *o .be ftled

in the engineering note file.
The 1netallation 1s to 1nolude a sign reading "DANGPR, HIGH PRVSSURE

A 1list of persons authorized to- operate the quipmen‘r. and the name of the

' enpineer 1n charge 18 to be ‘attached to the equipment,
A1) 1netruetione and 14sts of authorized persons are to be signed by the n

engineer in charge.

CAll pressure veseele conteinlnp high pressure gas are to be painted ye11ow.

The: working pressure of the equipment 19 to bs clearly shown on a eipn or '_

When aysteme contain a polsonous gas a sigh must state the name of the gad

.and that 1t 48 poisonous as "DANGER = HIGH PRFSSURF BORON TRIFLUORIDE GAS = POTSONOUS",

W. M, Brobeck

WIBsFP/ah
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l sua;y &t - PREP ARED '
1 convi RSION CHART ' FOR U.C.R.L. PREFERRSD HZAT TRANSFIR UNITS D. Theonsii% isc.. r.ft.;!.;
) . . f cuecxeb BY |
Retyped 7-—10-50' TR
Multiple Quantity o /|To Obtain Ouantity H
~ Expressed in > by b  Fxpressed in
Symbol " Quantity ‘Conventional Units Preferred Unit
Pl g : .‘,.v:;n.-.v';r'.'qr’x,:s‘1.“.'51.‘1,"lg'","::Y.\'.:.":Nf',’f:;tr',.',‘.‘?'.‘.f:Z‘.“;':'.'. U ARSI T A T T — - . . ___________=
v em - 0.3937 in.
L Tength
em 0.0328 ft.
em? | 0.1550 in.2
A ~ Area - ~ , :
om? 1,076 x 1073 - ££.2
o em? 0.0610 in,3
_Y‘ Vblume .
om3 . [3.531 x 10-5 £t.3
FRe e e Wm:::m — =
B,T.U watt sec,
o Selste 1899 e
G Specific 1b, .OF b, °¢
i Heat ~
‘cal ; watt sec
—— 1899 .
gnm °C 1b. ©¢ B
. | ) ~ 1b, (mass) o
~ centipoise .72 x 10 sec., £b,
" Absolute . ‘
s Viscosity centipoise 2.42 lE;SEEEEl
_centipoise 2,09 x.10"5 | 1bs (f°r°°) eec._n |
‘ R - o vft.
°§1 — 10,632 | ratts
| ~ sec,em”. (°C/em) R %¢ 4n, -
o 1 Cone 4 L — - 0,04394 | m— L
Conductivity | yn pt.2 (OF/rt, A % i,
. watts T ey  _watts .
—cm S¢ 2'54 € in, 1
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SUBJECT ) | PrePARED H, Gordon, M,

CONVSRSION CHART FOR U.C.R.L. PREFERRED HZAT TRANSFER UNITS

-«

| Martin, D.T. Scalise

CHECKED 8Y

Retyped 7-10-50

‘ Multiply Quantity : To Obtain-Quantity
ixpressed in —1—> by ——}= Expressed in
Symbol . Quantity | Convontional Units | Preferred Unit
: - Calories™ 4.187 ~watt sec, (Joules)
H Unit of Heat
- B.T.U, 1055 watt sec.‘(Joﬁiea)
2.T.0. 293 watt
B,T.U, .
o 56C. 1.055 kilowatts
q Rate of Heat
' Flow : '1 o : -
Lal o 4186 watt
.SQC. “. . : ‘
h.p. b watt |
cal 27.006 wat;s
‘ cm” sec, ~ in,
a/A 'Heat Flux '
- ’ -ToUd : )
2 2,035 x 1073 | Eite.
hr.fto L - . ‘inoz
B.T.U. =3 watts
3.663 x 10 —_— e
hr.ft.2 °F T ] % in.2
h,U - Heat Transfer - : :
Factor cal _ ' © watts
sec., cm? OC 27.006 O¢ in.,*

3*

1 calorie = heat to raise 1 gram of water 1°C, -




RADI'ATION LABRRATORY - ynuv_énﬁsnv OF CALIFORNIA < BERKELEY »  OATE .. NO. nsé
"DESIGN DATA _ | 7-7-50 | 35 3
SUBJECT R _ ' ' | PREPARED Y, Gordon, Martin
CONVFRSTON CHART FOR ‘U.C.R.L. PREFFRR®D HRAT ° Scalise 11=14-49
TRANSFER UNITS o - N R

Convenient Factoré for Use in Fluld Flow Calculations

For air and water at 21°C and 29.92 in, Hg barometrie pressure

A, Velocity Head » 7
2g.

10 Air
[ v (f.p.m.) | 2 '
L hd - ino Water (7910 head)o

%005

s J
(v (f.p.m.)
2.11 x 16Z

T 2

J

= p;agi. (vel, head)

-

2o Water

r \4 (fopch)
: L 732

p.s.4, (vel, head)

(7 (005072 o ot (ool mead)
T |

B. Reynoldé No. = Re = %E;'

1. Mr
: Re & 51255 VD }
' V = vel, in e,
sec,
D = dia. in inches of round tube
e 4 x cross sectional ares ., _ |
wettsd perimeter  for other ghapes |
2. Water

Re = 7.93 x 103 D

V & vel, 11‘1'.?_{"..9_.'
~ 8ec,

L1

: .D.< dia. in inches of round tube

4 _x cross gectional area Por other shanes

wetted perimeter

 HG;MM3DTS /FP/ah
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- DESIGN DATA : :

FR‘ICT|0Nl FA‘CTORS' FOR PIPE FLOW
Reference: Transactions of the A.S.M.E. November, 1944

PREPARED: L. VE. Brown
CHECKED BY: W. Brobeck

PIPE DIAMETER IN FEET, D

o5 2.3 4568 2.,345%6 .80 2.02507
04 )
03 Los
‘ ]
02 T 05
04
0l .
008 035
006 VETED LN .
005 F\Il 03 $
004 o a
003 N _ &
o 5 - . o5 5
002 \Ek p— 2
N T
00! o2 §
wlo o008 NN s -3 =
0006 2
§ 0005 N 2
YW o004 s o6 3
& 0003 S E
=2 NG
o] N | om
g o002 L N - o
1T N
w N
Y 3 8
£ oool o g
a 00008 X a o1 g
000, -
@ 305N X o o
. 000p4 47 Lol
. 000p3 - N
00002 R 009
N ‘\ I
0000t 1 008
000008 H
000006 H !
£00005, 5456 80 20 00X 81" 2001

PiPE DIAMETER IN INCHES, D"

MU 1763

000

VALUES OF (VD") FOR WATER AT 60°F (VELOCITY IN&X DIAMETER [N INCHES) : K
[ a2 os 9]_5 08 2 4" 6 8 10 %0 490 e ko o 400 szoq‘ppoo 2000 4000 60008900
OF R IOSPHERIC AIR AT 60°F o
o gt | ']'e . LS OF (U 8 ATYESERC A T S0 o ohoro| oo | o8 0] _aapoolep B
09 I
[ 1\ i
08 A N T COWRLETE] TURBLLENGE, [ROUGH|RIPES ; ,
ot BT 08
/ A Swy N = .04
\ 06 &
N HH = 03
2 AY =
05 H ey o .
Pkt 02
» — AR NN — ois
04 Ay LT — o
\ < ma .ol
al}g Y TN = ‘oos WIe
-y ~q . < .
& o3 N = N o0s
any 004
N
B o .
& N = 002
I
z NT~— = : g
s % 3 H 00l k=
5 =~ == 5 .0008 a
: S ot
18 o N T S i
R NN 0002
P TN =ttt N
T .0001
ol 000,05
009 11 5=
] g , T RS :
008 108 2o 468 fo* 20 ! 108 200% 73 4 06 AN 3 <& 86 897 5.4 86 Ios.OOO.OI
o ' v (vs : 2 £-00g g §~.00
MU 1762 REYNOLDS NUMBER R=X2 (VgL ,0wFr, v ngh) 400”0005

D-255{M)



SR T e DATE ¢ 1000, N0, | pagE

‘-D%ESIGN_ "DATA S 5 V1) e M A |
SUUJ[CT ) ‘ . - . o . p’QtPAREd ) - . ‘
' ’ ' - . R. A. Nickerson |
PROPERTIES OF NETALS AT LOW TEMPERATURFS B ) CHECKED §Y
_ _ ‘ - ; - N - R
1 ALLoy & coposITION | Tog| ¥.S.. ' T.S. .| Elong| R.A.| Impact | - Remarks .
’ ~ *|1000 psi 1000 psi" 2NN -
| st & ALLOYS: = .(This data typical of that for all Al. alloys) ,
250 ] 20| 4a5 | 13.2 | 405 | 19 12 Note: A1l
' ' =80 | 4.15 | 15.2 47,5 | - | 20 Iz Aluninum Alloys
. -180 : o _ 27 Iz | retain-their '
17-8T C o fl 20| 45.5 | 68.0 | 15 " | 150-v | ‘toushness &
| . . { -80 | 46.5 | 70,0 16 18 C-V ductility to
i o L : , o] | =300°F, Room
24-8T C { 20 | 43.7 | 70.1 23.3 12 c-v temperature data
. ' -80 | 4?'4 BT S 25.3 o 12 ¢~V applicable down
61-sT 20 | 39.2 | 460 | 21 B to 1iquid Air
' -] =80 _» 417 50.4 22.5 o temperatures.
{copPrR & ALLOYSS o A | g
Pure Copper' 20| 8.6 314 | 48 76 | 431z | 62C-V
- 99-98% Scft { «80 - 1001 3805 : 47 . 710 ' M Iz
Pure Gopper 20 | 43.3 | 45.8 16 55, 9 o o
-99,9% Rolled {-mo | 504 | 53.0 |19 | 55.4 - | 7207 Reduction.
Cartridge-Brass (| 20| 28 | 51 49 78 | 66 Iz | Typical of be-
. 70-30 Cu~Zn -80 | 27 58 60 - 79 69 Tz | havior of bras'm
Annealed. «180 | 30 . 74 . 75 73 179 Iz | at low
. o - _ I ' _ temperatures
gaval Brags { 20 | 28.8 | 57.1 49.4 | 5045} | o
oy 39:2380 gy | 3m2 | BLa | 483 | 484 ~Rnnealed
geryllivm Copper § 20 | 24.9 | 76.2 36 50 | 41 T2 | Typleal example
2,56 Be .2k =80 | 29.1 . 86,7 | 38 54 | 40 Iz | of property
(Solution Treated)-180 | 50.0 (112 41 57 } 40 Iz. .| changes in
' , - ' g precipitation
 (Aged) ST 5’ ‘.gg %ig égg 2,6 g § %: /hardenable alloy:]
o {180 1155 (214 3 6 31z '
Manganese Bronze | 20 | 24 724 28 4, 1201z | -
38,85 2n, 1,43 ¥n) =80 { 27 | 75.5 31 43 {22 Iz | Annealed
1,25 Pby .9 S0 [-180 28,8 | 94.8 3 {1 |20 71z : - i

Iz, Standard Tzod V notehy C, Chaypy; V, Chafpy ¥V notelhs




RAOAT1ON LAn.rW/«e‘rlf;"Y‘-- u'N'l"vsfnl;:"»;;rv_v oF \.';u,)r‘o,;mu ;I"".r;'»"{v’f“i:'t;"rf_ : *"'f;.‘;TE . |p.e. wo.| PAGE "
o DESTGN - DATA L 7-11-50 } ¥ ] 2
SUBJECT ' B o FREP ARED
B Teoee s 3 o - R. A. Nickerson .
PROPFRTIES OF METAIS AT LOW TEMPERATURES - © o [ ewerxeo ey
ALLOY &.COMPOSITION | Tos| Y.S. | T. S. | Elong | R.A.| Impact | Remarks
- . ] . T|1000 psi{1000 psif % _ o
| NICKEL & ALLOYS
A" Nickel 12 62 2,5 |75 |26cv )
99.4 Ni, .1 Cu, -80 | . ‘ . _ 235 cvVv Annealed
.ggﬁs;, 1 Cy 24 | 133 | 1.06 |58 |185CV
- | =80 | o '{ 205 C V |} Cold Drawn
: «190 {155 - ] 3.2 |5, |20CV
24 54.4 93.4 32.7 45.5| 195 C v
~80 | B ' 236 C V j} Hot Rolled
-190 | 81.8 [122.5 46,7 | 57.2[ 2270V | |
Monel | 2 | 31,3 | 7187 [57.5 |75 |189cv | 100 Iz}‘m' tod
671 Vi, 30 Cu, |-183 | 29.5 [115.3. |249.5 |72 |18icvV | 119 TzjAmen
1.4 Fe, iﬂf’ | 24| 93.7 |103.8 {19 |7 |a6cvVH
'01 g -80 1100,9 |117.45 | 21.8 |71 [219CV |f Cold Drawn
o =190 22¢C7 * SR
21 | 67 92 31 |70.6[216CV | L
{-183 | 91.5 |128 2.5 | |216cV || Forgea  }
' \ ;
"K" Monel 24 94 {130 ¢ K ' .
66 1;119 29 gu, | ~80 ‘ 133 C K -|({ Quench 1750°F
2.7 Al’ ° Fag :
025 Mn’ 015 c’ ‘
5 81
Magnetic - . | - .
Transformation | 24 [125.9 [157.3 15.5 374 27CK
¢-135%C Soft Quench| <80 |134.6 [171.6 |17.3 |21.1| 28 ¢ k || Quench & Age
<_.10100 Aged . _ ' N . (See nOtG on Be-
_ . o Cu)
. Inconel | 24 36 94, |3 65 :130'0 E il . - ‘O
78.5 Ni, 14 cr_’= =80 42.5 106 ‘ 1.0 . 64 133 C K } Quench 1750 F
655.0?’ é§5s’i““’ 2 (147 132 |70 49 | s8¢V [} Quench & Age
08 C. 008 S -80 155 - (164 10 {51 63 CV |) 525°F, No
e : : s appreciable de~ |
- : drease in proper+"
ties of unaged

Cs Charpy; v, Charpy \'f notch; K, Charpy Keyhole notch; Iz, Izod inconel to
°315 F =193°C _




" Perritic & Martensitic. Stainleseea of the type
403, 410, 416, 420, 430, 440 C, 446 Bhould be avoided for low

~temperature service,

jReferencess

" American Society For Metals Handbook & referencee therein o>n Low Temperature
properties, ASME, ASTM Symposium on "Effect of Temperature on Metals",

1931.

U.S. Depte. of Commerce = Bureau of Standards Research Paper 1882, 40, 19,8
- "Influence of Low Temperature on Mechanical Properties of 18.8" . :

International Nickel Co., Technical Bulletins

l_RN':ah

RAD;'ATG‘()N LABNPTATORY . UNIVERSITY OF CALIFORNIA - B‘.RKE'LEY. DATE 0.0, ;wo.' PAGE
o DESIGN DATA 7=11-50 37 | 3
SUBJECT . : PREPARED )
= - e : R. A, Nickerson
- PROPERTIES OF METALS AT LOW TEF.{P_EPATURES CHECKED BY
ALLOY & COMPOSITION Tog| Y.S. T.S, - Elong | R.A. | Impact Remarks
' . 1000 psi] 1000 psi] % £
STAINIESS STEELS
- 302 | . | ‘ ,
.11 G, 16,2 Cr, 20 | 44.8 | 93 A8 52 118 Iz Water Quench
11,5 M <180 | 118 {220 55 |75 (118 1z | 2010°F
304 | 20|32 |s8n2 |6 &1 |119 1 ) Annealed
J06 G, 18,25 Cr; | =185 87.6 225 44 163 {119 Iz Annggled |
9.7 ML 20§ 9.5 f152 |22 |64 | 661z ))cold Drawn |
| S w76 | 103‘ 1196 29 67 | 68 1z J (-180P¢C, 65 Iz) |
316 ' : ,-20'%u119 {133 | 23 73 | 891z ) A&OD
.07 0, 18,41 Cry | =76 | 135 = |186 31 60 7 1z (~180°C, 80 Iz)
7| 20 | 36 86 s Im |imov j Water Quenched
.05 C, 19,04 Cry, | ~76 | 38 143 46 1% |61 ¢V [ 1900°F
et 20 8 |in 2 |69 | BOY | Amested s
| 76 | 89 {174, | 32 67 75 ¢ V || Cold Drawn
347 | 20| s0 92 |4 |7 Ji3cv } W. Q, 2000°F
207 C, 18,97 Cry | =76 | 52  [146 40 9 [1scyv A (~180°, 115 cv)
10.29_Ni, «95Cb | 20 {128 145 4 Lo nev Any *aled &
=76 | 135 165 33 "63_ 36 C V¥ [ Goid Drawn

June 23,
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" DESIGN 'DATA o 1-1-50

PAGE

SUBJECT

PREPARED -

CALCULATION OF ULTIMA'I’E 'PRESSURES OF- KINETIC VACU!M SYSTEMS {Marvin Maz'bin

USING RUBBER GASKETS AND-OTHER, VOLATLE. MATERIAIS T CHECKED Y-

(1)

(2)

FEF e

P = ‘Pfess_, @ 1ni‘1nité time (ultimate press.) (p)
F = Fore pressure (p)
Conat.ant involving back diffusion through diffusion pump

b = 0,001 for most diffusion pumps pumping air
b = OltoOB rorﬂzandﬂ

o
1

"

Leakage rate (p Ft.3/min )
Pump apeed (Ft3/min.)

Exposed area of volatilb material (in?)
Cold trap area (1n2)

o

'Sa.turation v&por pressure of vola'cila material (}1) (see cur\res) .

11

e
o]

Pmssure at time to (p)

o

3 = India_awe suzmation of similar terms for other volatile materials,

The formula for pressure ve. time including outgessing effects is:

i’ = Pye” S tto) (l %(f"t'o))

v = Volume of ayatem (P‘b’)

t-t, @ Pumping time (minutes)

Py is 'uauall.y taken from cupve @ 2 to 36 hours,

P, = bF +é‘ +* 2—-—-——-—-——-—5-- P, (EX‘presséd in different units from
, - . Ay +. those used in original article) -

Further roduet:l.on of P with time. 1a attributad to inpovoriahment. of surface

in volatile constituentas,

The preceding rel&tions, recommpnded by Dis tillaticm Producta, Inc. to
calculate the ultimate pressure in systems containing veolatile materials,

~ " are baged on the assumption that the volatile material exhibits a constant
vapor preseure at its surface, This usually results in a posaimiatic estimat.e

of pressure due to surface impoverishment with tima.

From Ulbimta ssure in Hi.%hag Syat.ema by B.B. Dayton, Symposiwn on

Electron Microscepy, Ch 1.2«'&8. Distillation Produots, Inc,
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RADIATION LABORATORY

« UNIVERSITY OF CALIFORNIA - BERKELEY DATE D.D.NO. PAGEZ

DESIGN DATA 11;.1.50* 39 i paces
SUBJECT  cATCULATION OF ULTIMATE PRESSURE OF KINETIC VACUUM | PREFARED

SYSTRMS USING RU BEER GASKETS AND OTHER VOLATILE MATERTAL| M. Martin

CNECK ED BY:

* COPY 10-15-57 K.CONNELLY

il
Il
I

i

VACUUM CHARACTERISTICS
OF
GASKET MATERIALS

1. Silastic 7%

2. Garlock No. 8773

3. Garlock No.. 8820

he Silicone No. 161

5. HRed Silicone No, 9011

(Thick Sample)

7. Red Silicone No, 9011
= (Thin Sample)

8. Polythene

I

A
L

M

"9+ Myvaseal Rubber

L

» 10. Ameripol. D-hlS
11. Micarta '

6. White Silicone No. 9021

[ EREEERR RN

“III A EHAR

/07!

= =S '12. Neoprene B =
3 X = NG 13." Natural Rubber ==
X S 3 Sz L. Teflon - - - jEE
. 15. Hycar ==
-2 3 16. Vinylite —
2 i\ ~ = +17. Ultimate Vacuum of Blank o 49 |
1A\ System » T '
E ’ ‘l \X N - ol TS - = X
B 105 < T SERREARS S 102 F
o : = EESSS====5= £ &
a 7 AS == ) a
6 X =
%5 SES St = : E ,
4 S== s === = =
I = = = ==
3
2
1 ‘6 .~ Mo /0"
9
8
* === . v
6 Pressure vs. time for system in which
= E== =EEEEEEEE pumping orifice is small compared to
B === area of gasket (<1/100)
. Ref. Ultimate Pressure 1n High Vacuum =
Systems by B.B, Dayton,
z Symposium on Electron Microscopy,
2 Chicago, 6-12-48, -
.Distillation Products, Inc.
B
107 ] T T T T T
0 12 2% 36 48 60 72 8L

TD!E IN HOURS




RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA - BERKELEY AL ' " DATE . |p,.D.NO. PAGE3A
OF

DB s IGN DATA - P A T |THe1e508 | 39 | leaces
SUBJECT ’ ‘ — ‘r; T _PREPARED i
CALCULATION OF ULTIMATE PRESSURES OF KINETIC VACUM .. | M, Martin

SYSTEMS USIm RUBEER GASKETS AND OTHER VOLATILE MATERIALS CHECKED BY A REVEISION 9.22-52
* COPY 104 15.57 K, CONNELLY

uj‘.llv&

"VACUUM CHARACTERISTICS OF = === =S
GBEASES WAXES AND PAINTS
3 E 2t r
: 1. Myvacene-$
P : 2. Lubriseal HighVacuum Form
1 : ' 3. Lubriseal Improved Form
\ ' : 4. Cenco #11456
\ : 5. Apiezon M
.4 6. Cenco #11455A
h e = = 7. Apiezon N
8 =EEEs : 8. Celvacene Heavy
7 SE==ss = = 9. Myvawax B
6- e 10, Apiezon W Wax
5 > 11. Air Dried Glyptal G.E. No. 1201
S R e R Red Enamel
4 = Eoemsm o S 12. Ultimate Vac. of Blank Syatem
X 13, Dekhotinsky (Med.) ‘
8 = N ~ 14; Wseal .
3 SEED = ‘15, Cenco Plicens
2 X - A Y T, ‘.' x
o ‘ N5 !
|
A - e erpamaeees :
8 =
6 Vacuum Equipment Division
5 === DISTILLATION PRODUCTS, INC.
4 =E SS==cs Rochester, New York . :
== = 3=28=49 =
o
5 ——
hY 1 ~
\\ \‘ — = — ,1
-6 ™ oy
w?
: 2 L8 7

| m
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RADIATION LAOOIATO“Y e UNIVERSITY OF CALIFORNIA - BERKELEY DATE . . |0.D.NO. PAGE
F
| DESIGN DATA 9w22-52% | 39 || Paces
; RE
CALCULATION OF ULTIMATE PRESSURES OF KINETIC VACUUM | ;;m ° .
SYSTEMS USING RUBBER GASKETS AND OTHER VOLATILE MATERIALS M. Mar ,"*v

¢ COPY 10-15.57 K . CONNELLY

103

VACUUH CHAR.ACTERISTICS OF

'MISCELLANEOUS MATERIALS ARND CEMENTS

04 . NN RN ENEE SN

o i 1. Transealer

2 : 2. Vinyeal Adhesive

6 == 3, Scotchlite

s = 4. Nylon Chips :

S. Araldite Resin-Type 1: f‘

4 = 6. Vinyl Acetate Ayat

2

105

9

3

—

-

5

4

3 - : T ECRTr
B Vacuum Equi nt Division

2 4 DISTILLATION PRODUCTS, INC.

N T NG Rochester, New York
\ > 3 3/28/k9

10611 N L -

e :

8

7

6

5.

4

.

2

7 T

12 2 36
TIME IN HOURS

60

Q¢
N

PRESSURE IN.A4Hg




RADIATION LAEAPATOARY - uwyve '-:':SI TOOURE LALINORREA L R ) ) OATE 9. _) ,\, ;sﬂfxu;_ »
.j DESIGN DATA 12-21-50, 40 | 1
T SUBJECT. , : o C PREFARED S
- Co _— o o 3 D._Vorkoeper
BEND RADII FOR TUBES =~ - S | eneckeo ey

Tube benders are availablo in the shop for the following size tubes and bends.
These rad:l.i should be adopted as standard wherever practical:

TUBES RADIUS OF BEND .~ ALTERMATE: AVAIIABLE
0.0, 10 TUBE CENTER LINE _IN SHEET METAL SwoP
5/18 aps -
N
s/ 1/16

8/8 . 1s5/18
7/18 112

12 11/ 11/4

- 5/8 R 1918
o8 8 |
1 - 8 1/2




'FLAT PLATESl FOR VACUUM TANKS

DEZIGN DATA NO, ALY

March 29, 1951
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- la fore-shortened quarter vave transmission line depends upon:

RADIATION LABOPATORY . UNIVERSITY OF CALIFORNIA - BERKELEY : ATE__% | 0.0 0. ] PAce
‘ DESIGN DATA 1&"1~J1~ 42 1 of
SUBJECT : Pﬁ PARfD Ma t1
R.F, POWER IDSS IN CAPACITY LOADED QUARTER WAVE TRANSMISSION 1 Hartin
LINES - _ CHECKED BY

“Corrected T=24~51
The R.F. power required to produce a given voltage on the capacitor which terminates

" Capacgity =ee=e= G, Farads
Frequency =e—e— £, Cycles/sec
-Outer and Inner Conductor Diameter ——eoe D and d, inches

E Besistivity of the Gonductor Materigal ww=ew= International Annealed Copper |
“Standard is assumed in these formulas.

These factors are reiatéd by the following formulas

(1) P = B2 E%—-#%—-] (—Z-) | JEER S Vatts
| T 1\% Sin2 0 | | o

“Where 3, = Characteristic impedance of line = 138 Log), g

‘Length of iine, redians = tan-1 %o = 27L

vzo ———

. g .
X Capacitive Reacdtance 57%55—

'L and A are length of line and wavelength corresponding to
frequency, £, in consistent units

3

' The above formula may be used to calculate the power in any line, but neglects end

losses in the shorted end of@the line and losses which occur in the terminating capacity.

Current and voltage
varietion with length




WL »:}h'rr . IJN~_VEP%'6=‘V ar Ta IIF“RH!A : F,_El;i‘(EvL";lY" o erqn'*s,' - g ,;o PACE
CDESIGN DATA . l4ays | #C
R.F. Power Loss in Capacity Loaaed Quarter Wave o ' _ ‘Pﬁ;;,;i; Mér’tin
Transmission Lines . . _ _ I P

e mm— v

BT T e v Rz

S

- In design vproblané 1t i desirable to £ind an optimm gocmetry, 'i.e;, ‘one
which will require the least power to produce a given voltage om the capacitor,
The attached curves show the variation of _P’ (proportional to ehunt admittance)v

v

with reapect to the other parameters.

There are two cases which may be enccuntered in deaign. 'I'he _f'requency :lEi .

| assumed fixed by other considerations in both cases.

GASE I capacity fixed, length variable, %, wariable ('l'hia ia the usual case 1n

eyolotron dosign vhere ¢ is the Dee ﬁapmm)!mn ).

Deeign Procedures

1.
2,
3

"

5e

6.

ASE I

Caleulate X, ( FTE )

Select D/d fram Figure 1, | o

Make D as large as space ’and.‘meohanical oonsiderations permit, o
Galoula‘bo o = tan™ ;ﬂ

o
Caloulate power fram "equa.tion (1)

If optimm D/d cannot be used, the aenaitivity to vnluaa difrerent :
fram the optixnmn can be seen in Figure 2, ,

Longth Psad » capacity variable ’ variable, (This oaio nay be

enoountersd where for meshanieal rgasoaa the maxdimum length is determined
and it is permissible to vary dimensions or add extra cepacity to tho .

~ dee)

Deaign Prlooodures

1.
2,
3.
A

1
ol

Make D/d m 9,1 (&, & 132,5) |

Ohcoae D as hrga as possible u :ln cue I.

Oalculate pover from equaticn (1) |

If éptimm D/4 (9,1) cannect be used the aonlitl.vity to valuu

different fram optimum can be seen in ng.'n 3.

1"18“!‘0 4 18 a ourve of 2 + % u.ga:.nat o for cmnionoo in oa:l.w:l.ntiag |

powers, -

1 the outer condustor is non~sireular in shape, & valus o

! whieh ooﬁ‘eaponcll to the actusl 3. of the line, For 3, of niaeollm&oua shapes
#ee "Rofotonee Data for Radio Pnggneors" Fedoral Telg

Sin*Q

may be uaed
phone and Rad:lo ccrporation.
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R.F. Power Loss in Capacity Loaded Quarter Wave Transmission Lines
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RADIATION LAE"N\TORV . umvcnsnv OF CALIFORNIA - BERKELEY ‘, ' ' "~ vATE . {o0.p. NO. PAGE
. L DESIGN "DATA : : 1 10-5-51 | 42,1 1
suauct : ' rnennwn Martin -

Relation Between "Q" and Shunt Impedance In Capacity

Loaded' Qu.arter_\ Wave Transmission Line, at Resonance _ CHECKED BY

1, DEFINITIONS: _ . o
_STr(energy stored) = U _ = WJIL
energy lost/cycle P R

wherew = 21T £

U = energy stored at voltage V
| P = power required to obtain voltage V
| L = inductance/unit length of line

R = resistance/unit length of iine’

(See D, D, #2 for other Symbols)
- Shunt Impedances o

8, = V2
a5
2 RELATION BEIVEEN Q AND 2 ~ (Pollows fram 1. above)
Uz 8, ..9;. + ....E_?&.
At

for © = 7T/2 | (Zero Capacity)

q 26—:) (J{.)

MMsple




RADIATION LABORATORY - UNIVER$ITY OF CALIFORNIA - BERKELEY . . DATE

DESIGN DATA : , 8/5/52 L2.2

D.D. NO.

PAGE

SUBJECT

PREPARED

IMPEDANCE OF A LOOP COUPLED TO‘A CAPACITY LOADED, QUARTER ‘'B. H. Smith

WAVE TRANSMISSION LINE

CHECKED B8Y

DQ b&BCk

]

t . . *
L= e———t, o
r{: — a | i} CTX $2Zs  §
- dr t] t |
<+—b—- V= Capacitor Voltage
! _ o o
Vﬂ, Z’e = Loop Voltage and Impedance
- g Y cos BX_  yhere B =

nr 2ﬂraosmﬁL

'X' .
-[E dﬁ _/V-XE‘d8=-pr. H"Ti-;'

Agsume B (( 1/4

Vcos X 2bdr.. fV cos Bx _D )
% - 2ﬂzcJ sin’L.//- b Z_"'—‘S'J:o sin PL 8 ( D-22 )
. D _

2

R b2 2i‘zcos Bx , 2 (D
2 > In D—2a
Zo sin“BL

Converting to Inches, Megacyclea/eeo., and Volts

(,Lg )Vglta

1.96 x 104 Z§b2f200s2ﬁx .
= , g -
2 2 10 _
! 2,2 sin® PL | 1- 2
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. DESIGN DATA | 5-28-51) W |2

SUBJECT ‘ ' PREPARED .

MAGNETIC PERMEABILITY OF COLD WORKED 18-8 STAINLESs | Nickerson, R,
STEELS : ’ : . : o CHECKED BY. "

-~ The 300 Series Stainless steel alloys are low carbon iron
alloys with nickel and chromium added to retain the austenite (the
high temperature, non-magnetic, form of iron) at room temperature.
The austenite so retained is not, completely stable--the strain
energy or thermal energy necessary to cause 1it's transformation
to the low temperature magnetic ferrite is a stability measure of the
eustenite and magnetic permeability 1s a sensitlve measure of the
amount of transformation oeccurring.-

The aceompanying graphs on pages 5 and ) report the results
of magnetlic permeabllity studies of a group of stainless steels
representative of each of the AISI 300 series classes which have
been cold worked by rolling. The data 1s representative only of
rolling and will_vary for other forms of cold working such as bending
or wire drawing. (e.g. 18-8 Stainless wire is used in magnetic
wire recorders as the recording element) ’

Hardness and tensile strength as a function of cold rolling
is shown on the graphs on page 3 and 4., These curves permit
relating, in a general way, the mechanical state of fabricated
sheet or plate with permeaﬁility. : .

- USE OF THE DATAS

-~ For steels of composition other than those shown on the graphs,
it 1s possidble to estimate the permeability in the following manner:
From the chemical composition of the stainless steel, stability .
factor A may be computed: | | .

NA=% N - l:(%Cr +1ig% Mo - 2Q)2-%%4£; -35x%C+15

The % C of the stainless is carbon in solution and not
carbides precipitated as CrC, CbC, or TiC. The results

of these calculations for the steels shown on pages 5 and 6
are given in the table on page 3. L .

The steel of the unknown permeability can be expected to have
a B-H curve corresponding to that shown on the graphs for a similar
‘value of A . From the permeability curves, it may be seen that the
permeability increases rapidly with cold work for /N values which
are negative, and less rapidly, the greater the value of zf& o

_ This data applies to stainless steels in the composition

range.: _ g L
C 003 - 420 ] . Cr 11+ o 25
Mn O+ - kO - N1 7.5 -21
Si 03 - 95 Mo O ~ 3'0
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.,92

.89
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51
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J2

.58
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016
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31
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Other|
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10.56

10;67
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015M9
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.95Cb

?939M°

-24T4

less than
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SU.BJ€CT PREPARED
- ELECTRON WORK runcr:ous OF THE ELEMENTS _ H. P, qunandoz
. . CHECKED sY. '
ELRMENT WORK FUNCTION ELEVENT WORK ‘FUNCITON
N fm, VOLTS ¢m, VOLTS
Ag ‘  4.28 i 2,39
n | .3;'7,; _Mg' 346
he s Mn 3.95
. Luss Mo 427
B s Na 2.27
B | 229 Com 3.3
Be v‘_3,37"_‘ | N L8l ,'
B b2 0s 455
. 439 P 4402
.Qa;,)'-: 2.7 S B 482
Cb 399 Pr 2.7
L 3,92 Pt 529
ce '.?;7 Rb - >’2;13
G L8 " Re 5.1
e | L;s}_- R 465
e | ’”1;3? 7 " Ru hos2
Cu L .47 Sb 4.08 "
Fe .36 ~ Se k72
Ca 3,96 s1 41
' Ge L6 Sm 3.2
Hf 3.53 Sn | L.11
Hg .52 sr 2.35
Ir . .L;.57 ' Ta L.l?_.
' K". . 21 | Te L.73




nncnnuon LABORATORY umvaasn.'rv OF. cAclronuuA - ez_nxnzv‘:"'v e oaTe v'o.’q'. ‘no. | pPaGE
o __DbEstGN DpATA | saymlus laor
SUsJECT , AR v T ~ | PREPARED - . :
L J S ©L_He P Hernandez
. ELECTRON WORK FUNCTIONS OF THE ELEMENTS S L CHECKED BY
ELEMENT | WoRk FUNCTION
EEE ﬂm, VOUTS : e
: o : | | f4.99’> .
L} 3.76
v | 3m
A Y
oz | 3

The data for work runctione ia taken from the article nElectron Work Functions
of the Elements", Journal of Appliod Physics, June 1950, which lists meaeurements
: published during the pcriod l92h - l9h9.

For most of the elements values obtained by thenmionic, photoelectric, or contact
potential methods are about the same, and, to obtain representative values of
work function, the unweighted mean @m of all data for each element is tabulated.

The reference article also contains a curve which shows the comparison of the
first ionization potential, Ei; electron work function, ¢h, and the standard
electrode potential E© versus atomic number, From this curve a hypothetical
. value of work function may be predicted for elements on which no data has yet
appeared in literature, : , _ : o

HPH :ah
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RAD'AT[ON LABORATORY - UNlVERSlTY OF CALIFORNIA « BERKELEY ° ’ .DA+E n D. D.'NO; PAGE
DESIGN DATA 10/11/51 1of 1
SUBJECT o "PREPARED . '
SURFACE FINISHES W M. Brobeck

TYPICAL APPLICATIONS AND COST COMPARISONS

CHECKED BY

COST COMPARISONS
. AND .
SURFACE FINISH APPLICATION TABLE
ROUGHTNESS . o TYPI1CAL METHODS
HEIGHT VALUE - TYPICAL APPLICATIONS OF
(MICROINCHES) PRODUCING. FINISH
1 Micrometer anvils, mirfors. high Lapping, polishing,'superfinishing
grade gages : : ; _
2 Shop gages, comparator anvils, metal Lapping, polishing, superfinishing,
_ to metal faces micro-honing
4 Ve:niercaliperfaces,slidingcontact Grinding, micro- honing; lapping,
under heavy loads, precision roller superfinishing, burnishing,polishing.
~and ball bearings, seal faces moving ete.
relative to flexible seals retaining
gases

8 Sliding contact under high load such ¢rinding, honing, lepping, rolling,
as cam faces_and journal bearings, - polishing, burnishing, etc.
good grade ball and roller bearings, o : }
seal facesmoving relative to flexible
seals retaining liquids and greases

16 High speed shaft journals under - Grinding, rolling, lapping, honing,
moderate load, commercial grade ball some moulding and extruding, etc,
and roller bearings, ball and roller
bearing seats, "0" ring grooves for
static seals, valve plugs and seats,
cylinder bores, gear teeth _

32 Sliding contact under light loads, Grinding, turning, milling, broaching,
splined shafts, key seats, facing for reaming.honing,extruding, moulding,
friction clutches and brakes, . solid boring. ete.
metal gaskets, mating faces of pre-
cision parts, gear teeth, highly

_stressed parts, piston 0.D.s8 ‘
63 ' Mating faces of machine parfs (no shaping,grinding.broaching,turnin
- ‘motion), for asppearance on outside milling, extruding,” permanent nould
faces, to obtain size dimensions to casting, drilling, boring, etec.
decimal tolerances . L
125 For a great variety of non-critical Shaping, turning, milling, grinding,
: assemblies, such as housing parts, boring, forging, rolling, extruding,
facings on pipe flanges trueing up drilling, permanent mould casting
and stock removal, sizing to decimal .
tolerance

250 Flange facing using soft gaskets, Shaping, turning, milling, rough
clearance dimensions (airfits), for grinding, shearing, forging, boring
rough machine parts, for stock removal,
for trueing up or to obtain size to

) ‘fractional tolerances .
- 500 . Primarily for stock removal only Shaping, turning, milling, sand
= : . casting, sawing. planing -
1000 Rough turning, planins. milling.

2000
D-IB(Ml

The following table is copied from Oak Ridge National Laboratony
~report ORNL-1051.
.varies considerably with the design of the piece. to be finished

‘It should be stated that the relative cost
and the shop facilities available.

The laboratory has a profilometer available for the measurement
of surface finishes.

For stock removal prior 'to finishing
cuts o

For stock removal prior to finishing

torch cuttins. sewins. eto,

Very rough turning, planing, milling,
torch cutting, sawing

APPROX.

- RELATIVE

COST

40

35

30

26

15

. 10

3.0

1.5
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T RADlATlON LABORATORY « UNITVERSITY OF CAL!FORNIA . BERKELEY

'DESIGN

DATA

"DATE

11/26/51 | 48 1

PAGE

SUBJECT -

THREADS - LOADS AND STRESSES PER UNIT TORQUE

PREPARED

w. M. Brobeck

CHECKED BY

The following tabulation is copied from "Bolts, Nuts, and Screws" by Lamson and Sessions Company.

‘NO., OF THREADS PER "IN,

T MAX.

. MAX. AXIAL LOAD, LB.,

BASIC AREA QF SECTION COMBINED TENSILE
. size, “AT ROOT OF THREADS, STRESS,LB.PER SQ.IN.. ON SCREW WITH TORQUE
IN. | 8Q. IN. IN SCREW WITH TORQUE OF 1 IN, LB, ON NUT.
COARSE FINE EXTRA. OF 1 IN.LB. ON NUT.
FINE o
20 0.0269 1,115 20.6
1/4 28 0..0326 879 21.5
: 32 0.03852 807 2117
18 0.0464 512 16.6
5/16 24 , 0.0524 432 17.1
. 32 0.0500 3117 17. 6
16 0.0678 292 14.3
3/8 24 _ 0.0809 261 14.9
32 0.0890 213 15. 3
14 ' 0.09033 179 12.2
n/16 20 0.1080 150 12. 6
' | 28 0.1217 132 18,0
| 13 - - 0.1287 118 10.9
1/2 20 0.1486 87.1 11.4
- 28 | 0.1634 86.3 11.17
12 , 0.1620 82,3 9.9
9/16 18 | 0.1888 68.8 10. 3
24 0.2054 63.3 " 10. 5
11 ' 0.2018 59.3 8.72
5/8 18 0. 2400 48.2 ©9.24
24 0.2586 44.3 9.33
10 0.3020 32.1 7.34
3/4 16 0.3513 27.0 7.64
20 0.3725 25.3 7.68
9 0.4193 20.4  6.52
/8 14 0.4805 17.6 . 6.18
20 0.5200 16. 1 6.92
8 0.5510 13. 6 5.73
1 14 0.6464 11.6 5.99
20 0.6921 10. 6 . 6.09
7 0.6931 9.61 5.08
11/8 12 0.8118 8.06 5.32
18 0.8772 7.43 5.43
7 0.8898 6.71 4.62
1 1/4 12 1.0238 5.73 4.80
18 1.0969 5.35 4.90
6 1.0541 5.17 4.18
1 3/8 12 1.2602 4. 24 4.40
6 1. 2938 3.84 3.86
11/2 12 .| 1.5212 3.31 4.18
18 1.6101 3.17 4,32

The loads and stresses per unit torque have been calculated, ‘based on a coefficient
of friction equal to 0,12 between the threads and a coefficient of friction equal
to 0,14 between nut and washer or bearing surfaces,

s




RADIATION LABOPATORY - .un'uvr.:a.sn"rv.& T RERRELEY ~|)ATE- DD.NOPI\GF:
- ' DESI1IGN DATA . 2-15-52 50 | 1
sSUBJECT - : PREPARED ) B c
. . D. Vorkoeper
GRADES OF GRAPHITE CHECKED BY
- L SCALIEE
Relative Size . | Commercisl
of Cryatulline Designations Remarks
Structure . -
vory fiho'_f c-15 " Harde Molded under high pregsure
' - 555 v E -
- Used for intricate and delicate parts.
Fine 0-18 . Formed by far-molding, Not as hard as
| | C~15 but mors dense than 85, 185, 6r AGVX,
Used for intricate and delicate pafts.
Fine 85 Extruded. About same particle size
185 : '
AGVX as C-18 but not as dense,
. Medium cs Extruded, Particles about 1/16 inch diameter,
Used for large parts where finish and strength
\ are not very important,
Coarss AGR Extruded, Particles up to /8 inch diemeter,

-Used for large parts where findsh and strength

are not very importent,

., DV:ple
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RADIATION LABORATORY . UNIVERSITY OF CALIFORNIA . BERKELEY ) DATE D.D. NO.
"DESIGN DATA | 312 || T
SUBJECT = T PREPARE D
v R. Meuser
STUD SPACING FOR GASKETED FLANGES i
‘ v CHECKED BY
SCALISE

This table shows stud spacing (inches) based on 8000 psi on root dismeter of

stud and 330 psi gasket pressure (besed on erea of undeformed gasket).

Thia 330 psi presaure has praved satisfactory for vacuum joints using square
gaskets of 55 to 65 durometer hardness installed in grooves designed to permit 33%
deflection of the unrestrained portion of the gasket.

Deflection of cover plate may require & closer spacing.

. STUD SPACING - INCHES
GASKETS Single Double Single | Double | Double | Double
1/8 sq. 1/8 Sa. | 3/16 s, 3/;6 Sa. | /4 sq. | 3/8 Sq. -
{STUDS Single Single '
N | . 1/4 Sq. ' 3/8 5q. '
1/4 - 20 5.2 2.6 . 3.5 1.7 1.3 0.87
5/16 - 18 X W 5.8 2.9 2.2 1ok
3/8 =16 | 13.2 6.6 g.8 bed 343 2.2
12 =13 | 2 | 2 | 263 | 81 | 61 | 4
9/16 haud 12 3104 15.7 20.9 1005 . 7.8 502
5/8 - 11 392 | 196 | 261 | 1. 9.8 6.5
3/4 = 10 58,6 29.3 39.0 | 19.5 14,6 9.8
Y8 - 9 81.3 | 40.6 542 | 27.1 203 | 13.5
1 - 8 107 534 | T2 35.6 26,7 | 17.8
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"RADIATION LABORATORY - UN{VERSITY’ O_F':_‘CAL'IFORN IA""- "BERKELEY' ~ : .’ ~DATE - | D.D." NO. PAGE |

_ DESIGN DATA o | 10/14/44| 54 1

SUBJECT . T . ; ) ” FREPARED o - - .
C : ‘T. W. Macomber
 CHARACTERISTICS OF PURE TUNGSTEN FILAMENTS S - : CHECKED BY

" Pure Tungsten Filament at 25009K
(Assumes no heat conducted away by end clamps)

d A v o R S I § /v o i/w Life
DIAMETER . : HEATING YOLTAGE DROP .INPUT EMI SSION HOURS To
(INCHES) CURRENT {VOLTS/INCH)| (WATTS/INCH) CURRENT (Ma/voLT) |° (MA/WATT) EVAPORATE

g (ampeRES) | - N “(MA/INCH) , S . 10% OF WT.
"VARIATION PER: d3/2_ q-172 d | d d3/2' R d

.0006 .0908 9.35 . .848 3.62 .387 . 426 . 101.2

001 .1953 S 7.24 | 1.415 ‘ 6.03 .833 " 168.,6

.002 . 552 5.12 | . 2.830 12.06 2,36 . o 337.2

.003 1.015 4.18 4,245 | . 18.09 4.33 : . 506.

.004 1.562 - 3.62 5.660 24.1 6.67 " 675,

.005 . 2.184 3.24 7.075 30.2 9.31 - " 843,

.006 . 2.870 2.96 8.49 36.2 12.24 " 1,012,

007 3.62 2.74 9.90 : 42.2 15.42 " 1,180.

.008 4.42 2.56 11.32 48.2 18.85 " 1,350

.0085 4.84 2.48 12.02 51.2 20.6 "o 1,434,

.009 - " 5.27 2.41 12.74 " '54.3 22.5 - " 1,518

.010 6.18 2,29 14,15 . 60.3 26.3 “ : 1,686.

.012 -o8.12 - 2.09 16.98 : 72.4 34.6 . oo 2,020.

.014 . 10.23 1.936 ~19.81 84.4. 43.6 oo 2,360,

L0158 11,35 1:870 21.22 90.5 48.4 " 2, 530.

016 12.50 1.810 22.64 96.5 53.3 " 2,700.

018 14,92 1.708 25.48 108.5 . 63.6 " 3,040,

©.020 17.47- | 1.620 .|  28.30 120.6 74.5 o 3,370,
.025 24,47 © 1,448 ~ 35.4 : 150.8 104, 1 S 4,220,
.030 2.1 1,322 42.5 ' 180.9 136.9 -n 5,060.
.034 38.7 : ;1,242 481 " 208, " 165.2 " 5,740,

. ,035 © 40.4 1.224 49.5 211, 172.5 " 5,900,
.040 - 49,4 1.145 56.6 - 241, 211, T 6,750,
.050 89,1 1,024 70.8 302. . go4. : " 8,430,
,080 80.8 .935 84.9 362. 387, o[ 1e,120.
070 14,4 .866 99.0 422, 488, " 11,800,
.080 139,8 .810 118,2 482, . 596, oo 13,500,
090 - | 166.8 S ,763 127.4 543, 711, " 15, 180,

. 100 195.3 | 724 141.5 608, - 834, o 16,860.

. 110 225,38 .690 155.6 664, 9861, " 18,600,

J120 | 286,8 ,661 19,8 724, 1,088, " 20,200

125 272.9 .648 176.9 754, 1,164, o 21, 100,

7130 289, 5 1638 184,0 784, 1,285, " 21,900,

. 140 323,83 BRI I 198.1 844, 1,380, S " | 23,600,

148 341, 601 208.2 875, 1,480, " | 24,500,

, 180 389, 591 212,2 908, 1,830, . " " 25,300,

. 200 552, V512 288.0 © 1,208, 2,360, " 88,700,

. 250 772, . . ..a8 | 3840, | 1,508, [ 3,200, , | a2,200,

NOTE: The heat oarried away by end clamps is proportional to current only., For Ta or W filaments it
is 0. 23 watts per ampere,
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w CHARACTERISTICS OF PURE TUNGSTEN FILAMENTS

| "RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA . BERKELEY DATE .]o.o. no. | Pace
DL ' DESIGN DATA 10/14/44 54 2
SUBJECT PREPARED

T. W. Macomber

CHECKED ' BY

.

Pure TUngsten:Filament at Vafious;Temperaturésf

The following constants give characteristics at lower and higher temperatures tpaﬁ 2500 K,
- taking characteristics on Page 1 as unity. ' '

Ok A v W i i/v i/w Life
AMPERES voLTs/ WATTS/ MA/INCH MK/VOLT. MA/WAfT
INCH INCH
800 .097 .0250 2.42x10°3
900 126 0876 | . 4.75x10°3
1000 - - 161 ,0540 §.64x10">
1200 .232 .099 2,38x1072 .

1800 .548 .371 .2035 1.50x10"4 4.04x10"4 7.33x1074 2.32x10°
1900 - .608 .439 267 *7.65x10"% | *1.74x10"% | *2.87x10"3 1.45%105
2000° 671 (514 .344 3.37x10°3 6.56x10"° 9.80x10"3 1.17x104
2100 - .733 .597 437 1.32x10"2 2.21x10"2 3.02x10"2 1.23%10%
2200 .798 .686 . 546 4.46x1072 . §.70x10"2 8.18x10"2 1.64x102
2300 .864 .784 677 1.37x10"! 1.75x10 " 2.02x10"" 25.6

2400 .933 .888 .826 .389  L438 471 4,82
2500 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2600 1.060 1,123 1,202 2,41 2.15 2,000 \244
2700 112 1,25 1,42 5.38 4.30 8.78- 077
2800 1,17 1.38

* For thorium multiply by 10, 000.

REFERENCES:  Applied -Electronics, M. I. T. Staff, 1943, p. 86.

“The Characteristics of Tungsten Filaments as Functions of Temperature",
by Drs. H. A Joneq & Irving Langmuir, General Electric Review, June, 1927,
pp. 310 « 319. This design data was copied from UCRL Chart X-1161.

N




D-335(M)

|. | UNIT PRICE IN MARCH, 1952 OUTLET q 2
~ PUMP ' DIS- |ULTIMATE [ pymp-Motor CFM DIS-| PUMP MOT(R o INTAKE : <l
MODEL LACEMENT { VACUUM Assi;bly f;{ACEMhNT RPM HORSE- SIZE < SIZE a8 °
(CPM)  |(MICRONS) | p_0,B.-Berkeley - POWER | (INCHES) ( INCHES) a
- = [
KINNEY : : | | 8 2
TCVM 3153 2.0 0.1 $ 24 107 755 v/ 3/4 NPT - ° 1
oM 3834 | 4.9 | 0 3 68 600 /3 | 1 7 wer - § %
VSM 556 13.1 10,0 476 36 450 /2 | 1 1/4 NPT |1 NPT = | 2
CWM 556 15,2 | 0.2 797 52 525 1 2 T |1 NPT g s
-VSD 778 27.0 10,0 699 26 ~ 360 1 2 | 1 1/4NT |11/4 NPT g |of
CVM 8610 |  46.0 0,2 1,189 26 500 3 3 11/2 NPT 4 w2
©VSD 8811 46.8 10.0 962 2 360 2 1 1/2 NPT 11/4 NPT = -3
‘DVD 8810 | 110.3 10,0 1,416 13 450 5 2 NPT |11/4 NPT S 1o
"DVD 12834 | 217.9 | 10.0 2,444, 11 415 | 10 5 ‘ 3 NPT - 2 |aZ
.DVD 14918 | 311.4 | 10,0 3,257 10 360 | 15 6 | asa |3 NPT =5
SDVD 141418 | 486 | 10.0 44274 -9 360 | 25 6 1254 |3 NPT % 1 @
‘DVD 181420 | 702 | 10.0 6,352 9 30 |40 | 8 [ Fe. |3 NPT 5 | %
'DVH 272034 | 1,612 . | 10.0 113,500 -8 230 | 75 12 8 ASA 125# Flg. a8 :3
CENCO Co ' B : ‘ & a7
:Hyvac 0436 0.3 97 2710 | 350 /4 "1/4 1D - < |»3
" Megavac 1.1 0.1 219 199 325 1/3 4L9/6L, 1D - B E
Megavac 2,0 | 0.1 235 118 . 600 1/2 49/6L ID - § #
: Hypervae 23 8.5 540 398 W 510 1/2 13/16 1 - -
_Hypervac 25 9.3 | 0.1 529 57 510 | 3/4 13/16 1D - % z
Hypervac 100  33.9 0.1 1,870 55 450 2 3 ASA 125 - e
WELCH T Ce
~1400B 0.74 0.1 103 1 139 450 1/4 - -
1405H 1,18 0.05 195 165 300 1/3 5/8 ID - :
- 1406H 1.18 5.0 100 . 85 /4 - - ;
1404H 1,18 | 20,0 103 87 : /4 - - Ta-lw»
‘1405B 2,05 | 0.1 20 102 525 2 5/8 ID - EE N
'1403B 3.54 540 150 54, - 1/2 ‘- 218 zlw =
13978 10.6 0.1 490 46 3/4 - Slas|® -
NOTES: (1) Kinney Models CVM Models (formerly called CVD Models) are QQQOUND « Model VSM 556 was ¥ =
formerly mmbered VSD 556, pre \h:
(2) Prices are for a single pump-motor assembly and DO NOT include installatiom costs or quantity g IO
discounts. Kinney prices include costs of a_ belt guard and oil solenoid valves, (Cenco and Welch g 3
do not provide these aoeeasories). B .
| (3) One CPM a ,472 1liters/second. | 3 -
DTS:  (4) Pump displacement is the swept volume per unit time and is different from the pump capacity. 12 ¥

ple
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RADIATION LABORATORY « UNIVERSITY OF CALIFORNIA - BERKELEY DATE D.D. NO. |PAGE 1
: - " oF
' DESIGN DATA 8/5/52 56 B 1 PAGES
SUBJECT , . PREPARED

i

-...» MAGNET DESIGN INF'ORMATION

A. Schmidt, D. T. Scalise

CHECKED BY
E. Kane, L._E. Brown

CONDUCTOR PROPERTIES

49 Rovised 102166
© Revised 10-5-58

8pectfic RESISTIVITY ‘= P Heat Can- Specific .
' CONDUCTOR Weight (Michrohm inches) ductivity Heat Linear Coef.
: . at 20 C. ‘at 20 C, of Thermal
_Lbs. at at . Watts ) Watt Sec.> Expansion.
cu In, 20C, 40C, oc <t <120C in.Yc 'Lbs. °C per °c,
ALUMINUM
"Internat'l Al. , , ‘
Std. (99.58% Al .098 1.11 1.20 =, 00453 (£ +225) 5.4 430 23.9 x 1078
COPPER ' ‘
Internat'l
Annealed Cu. . _ : . .
Std. (99.91% Cu) +«321 - . 679 .732 = 00267 (t+234) 9.76 175 16.8 x 10
SILVER ’
(99.98% Ag) .1.380 .64 .69 =, 0025 (t+236) 10.52 106 ‘ 18.8 x 10"6

<Ampere turnes for ‘gap

< Joules/Cu. In, stored energy
of Magnetic field in air

< Pounds force on conductor

<Pounds force between

long parallel conductors

PORMULAS INDEPENDENT OF MATERIAL
> = 2,02 x (gauss)v x (inches gap)

> * (1/15.35) x (kilogauss)?

> = 4,496x10"8 x / emps. in )}x

“one cond,

amps in jnk
other cond,

>= (1/175_0) x (kilogauss) x (amperes) x (inches length)

inches length cond. )

inches between cond. .

(Pounds foreces between pole faces >= (1/1.735) x (kilogaUSS)2 x (8q. inches area)

CONDUCTOR FORMULAS DEPENDING ON MATERIAL AND TEMPERATURE

|1Coef. at any

Coefficients ) _
at 40 C. . : ) temperature
(+089) Al Lo ~ : proportional to
(kilowatts) x .(tons) =% (118) O Y f-ﬁega-amp. turns)? xf inches mea.n)g - oW
turn length .
' .(202) - Al ’ _ ' }
fﬂ:ﬂ’% = < (469) Cu (kilowatts) / w .
sq. inc v
a (525) Ag (tons) o P
(4.95) Al_ \ : ) : -
(8q. inches ) «{ (2.13) cu / V (kilowatts) x (tons) / 0
Cross.Section (1, 90) Ag (volts) x (parallel paths) w
. / (1.20) Al ‘ : " inches mean
Sa. inches ) ={ (.732) Cu /- (Meg=-amp. ttxrné) x - turn length / | - _
.Cross Section (.69) Ag (volts) x (parallel paths) ' p -
. . FOR ‘RECTANGULAR CONDUCTOR LOSING HEAT .F‘ROM' TWO EDGES
/(.028) Al g ._-- _
( Dei:e::ni;r?ise ) = < (. 0094) Cu> (10'6) x (inches widt.h)‘2 X Camperes )2 P
' (.0082) A? ‘ ' ~ \sain’ — %
y  ,(.60) A o
(watts) ) -8 R -/ amperes §
g = X (inch idth) x .
(sq. in. edge. surface) <_('366) Cu> (105 x (_nc es w ) sq. in./ - ‘ P
: (.345) Ag :

SYMBOLS:
REFERENCES:

L = resistivity; .

w= specific weight;

- k= heat conductivity
UCRL Chart X-1027; Chem,Physics Handbook, Circular 31 Bureau of Standards




RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA . BERKELEY B pATE }0.0. no.| paGE

_ D ESIGN DATA o 8/26/52 | 60 1
SUBJECT ’ ' . ”“":'PREPARLD . N
g

APPROXIMATE FOCAL LENGTH OF WEDGE MAGNET.; WITH UNIFGIM o .H." o &obeck
"MAGNETIC FIFLD - e o

Cbhject : | - TImage

Assunptions: 1. Focal 1engbh is long compared to path ;Length through field (i 8.
? greater than ten times as large)

2. Field 18 effective over angle ﬂ (about one-half gap distance
shoulc)i be allowed beyond the edge of the magnet for fringing
field

R = radius in magnetic field

@ = angle through which beam turns
d = angle between edges of magnet

-F » focal length = _i__.l_l

—_—

a b

Horizontal focal length (in place of paper) m ._g_
Vertieal fogal length = &

Note that the two focal length are equal if # = 20
. For derivation see Engineering Note 3320-01 M-52

For focal length when path through magnet 1s not small compared to focal length see
W. G. Cross RSI Vol. 22, No, 10, P. 717, October, 1951,




Di= 30 (M)

GE&&L&; i

RESIN

CUBIC

INCHES
PER

POUND

SHEETS
300# and over

050" thickness & over|

TUBES
2" ID x 1/2% wall
500! & over

RODS
2 1/4" Diameter
500t & over

$/pound

- }$/pound

$/1in.ft.

$/pound }$/14n, ft,

—

Paper

'Phenolic

20

9

13} 3.0

27 b 645

Coarse Cotton
(Canvas)

Phenolic f

20

1.4

::gé3:’:

5.5 |

bk | 2004

Fine Cotton

Phenolic

20

1.7

271 6ua

47 b 10.9

ST LYWL XYLV

Coarse Cotton

Melamine |

18.1 |

1.6

23} 6.0

43 | 1.2

| Fine Cotton

Melamine - s

18.1 |

1.8

f2q7 i 6‘9Q

46

‘1.8

‘Asbestos Paper -

:Ehenolfc:

16

1.0

13| 3.8

24 | 6o

 Asbestos Cloth

|Phenclte. |

16

2.2

3.5 10.2

ﬂ:_' 5'31 ~__

1:15‘5

Staple Fibre

Glass Cloth

Phenolic:

16

2.6

3.7

. J‘)}i; F

6®§;2; 19.0°

/0T J0 SV STOIU DNIIVWLL

.

Continmous Filament
lfhemuxlic.

Glass Cloth

¥

16

2,6

3.7 10,8

6.5': 19.0

28/€

- G5

Continuous Filement

Glass Cloth

Melamine

14025

2.9

49| 159

T4

Staple Fibre

Glass Cloth

Silicone: 3

15.1

6.5

(*930 “wawoTH ‘eq7T03¥8] ‘woTutog ‘o37TeNuY)

SOTISYId QILYNIAVT TYIMISNANI

.423rans

viva

* VINNO4ITVD 40 ALISHIAL NN

NDISAG -

A313%433.

- AHOLvMCAVY NOtivVIGVY

G7

Continuous Filament

Glass Cloth

Siltcone

15.1

6.5

Nylon Cloth

?Phonolic

3.3

| A8 Q3INDIHD

* Taylor Fibre Co, designations (not

NEMA ® National Electrical Mamufacturers' Association

J9Uugny, °p
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RADIVATION LABOPATORY - UNIVERSITY OF CALIFORNIA - BERKELEY : B 1 oave

| | n;,srcu. DATA ... lyi/sesss
SUBJECT : _ o o P = %DL.T
HRAT CORDUCTIVITY OF METALS AND ALLOYS .. ] o

D.D. NO.

PAGE

1a2]

ID-A‘(H)

Heat Conductivity of Metals and Alloys Pound On The Accompanying Graph,

Ag, High Purity Silver
OPHC OQOxygen Free High Conductivity Copper
ETP RElectrolytic Tough Pitech Copper '
P4, Phosphorus Deaxidiszed Coppor
Au, High Purity Gold
Al, High Purity Alumimm
 28A1, Alcoa 25 Alumimm
Mg. Magnesim
Mo, Molybdemm
70-30 70-Copper, 30-Zinc Brass
‘Dow FSI 3-Al, IZn 0.3&1, Magnesium Alloy
Zn, High Purity Zine
Ba. Cu.A'l' Beryllim Coppcr Solution Heat Treated & Aged

A _ Solution Heat Treated
n ®™ BT 0 . Cold Worked, S.H.T., & Aged
= *» H " . Cold Worked, S.H,T.

Ni, High Purity Mickel

Cd. High Purity Cadmiwm

Fe, [Electrolytic Iron

8c Steel AISI 1080

Monel 67Ni, 30Cu, h,)h,C,Si,s
18-8 AISI 304 Stainless Steel.

Co. Cobalt
Pd. 'P‘ll‘diul
Pt_o Platimm
Cr.. Chromimm
Ta, Tantalum
Sn, Tin

Pb, Iﬁad
Graphite

Bio . Bi'muth
W Tungsten
Note:

- I, Almost all alumimm alloys (and states of work hardening and

aging) have heat conductivities at 20C of 35 to 49% IACS
2., Most Lead alloys are from 7-12% IACS _

'3, Most Nickel alloys are fram 3-7% IACS

L. Most Magnesium alloys 20-35% IACS




) RL-8§10-y

[22]
[
w
[
m
(2]
-4
o
i LEGEND E
= hd
e Ag High Purity Silver -3 ;
Oxygen Pree High Conductivity Copper ;
Electrolytic Tough Pitch Copper 8 bt
-
Phosphon‘ls Deoxidlz_ed Copper = °
High Purity Gold x
High Purity Aluminum 8 -
Alcoa 25 Aluainum a >
Beryliium 4
(=]
Magnesium H U 2
Nolybdenum ﬁ >
70-30 70 Copper 30 Zinc Brass - = o
Dow FS1  3-Al,1Zn, 0. 3Mn, Magpesium Alloy .4 m 3
2n High Purity Zinc .
BeCuAT  Beryllium Copper, Solution Hest Treated & Aged o -
»
BaCdA perylliva Copper, Solution Heat Treated lj E
BeCuHT  Beryllium Copper, Cold Worked, S5.H.T. & Aged = @ =
BeCuH derylliuve Teopper, Cold Worked, S.H.T. i z :
Ni High Purity Nickel - E]
cd High Purity Cadoium b= w
Fe Electrolytic Iron 5; -
by .8c AISI 1080 Steel <
< sosel  57Mi, 30Cu. & Pe, Mn, C, Si, § O o
< $5-8  AISI 301 Stainless Steel E o> ™
- o
(=] 1Y
z B 5 3
: 5 |” ¢
- 2 z
ot -
H o >
B * *
= a
s =
NOTES "!
1, Almost all gimminum alloys (& states of work ':
hardeaing & 2ging} have heat conductivities
of 35 to 5% [.A.C.S5. at 20°C.
PR re from 7-12% I.A.C.S.
3. are rrom/B‘-'li I.A.C.8.
4. Asgnesizm alloys 20-35% ILA.C.S. 8
5 fron-hase ailsys pess by 7.5% at 930°C. o
(=]
(=]
™ Q o E
Ho 215
Uy m|e miN
~N Q I o
N . AV ) oy o ; = :
Exorsssey as Parzzatage of Copper -3 o|e miTN m
tiaternatiuaal Ausvaled Copper Standard) o[\
2t 2052, = = N
'y [ ol
t,A.C.8.7 al = 9.9% Watts = 3.91 Watts %
en? (°¢/em) S¢ in °C cm g“ o
o
= bt ] .
3 ® O o
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GROOVES FOR RUBBER GASKETS & ORINGS
FOR VACUUM SERVICE

" PAGES 1,

D. D, No 65 A SUPERSEDES D. D. No. 65,

ZANDB AND D."D. No. 31.

NOM, GASKET WIDTH

,_
>

SQUARE REGULAR

NOM. GASKET W10TH

Al

SQUARE
METAL-TO-METAL

.,,,_L_L

24
g

KAIHAK
RECTANGULAR
METAL-TO-METAL

1

w

’jBREAk CORNERS
.005 max,

GROOVE DETAIL

Y

f—

N

.[*—X Dia—-I

J

0-RINGS

NOTE: UNLESS OTHERWISE SHOWN, EDGES AND FILLETS TO BE 1/64 RADIUS MAX.
TABLE I: SQUARE AND RECTANGULAR GASKETS . TABLE IT: O-RINGS
GASKET D IMENS |ONS GROOVE DIMENS|ONS O-RING DIMENSIONS (UCRL STOCK) GROOVE DIMENSIONS
NOMINAL ACTUAL ] NO. NOMINAL SiZE ACTUAL. S ZE
i . AN 0
RECTANGUL AR . ; :
so. | womorm st ladls le 1o |e s | e P T R T Y 1.0, | o.o. | w 1.0, X DiA. y |z .
RN EVA 174
1/8 x 3/16a | .145 | .208.| .125 . 155 .075 1/8 1716 3 e ’3(,?5 5;“; -070 '_;;21'005 ':3?"004 -113 <044
-130] .193-] . 130 -161 -081 -5 1Va 3/8 |+.003| .239 .254 +.015]+.004.
3/16 | 3/16 x 9/32 | .208 | .301 | .188 .108 | .140 | .233 | .071 ]| . 103 {174 | 3/16[1/8 | 3/32 |3/6a _s 2‘;;6 ,7;;6 '3‘6’1 'g;g -+ 000 ~.000
. 193 .286 {.193 | 113 | .146 [ .230 ] J077 [ . 100 ! : :
: . : .9 [ 332 T716 5/8 | .103| .4241.005| .447x.010{ .151| .064
1/4 | 174 x 3/8 270 | .395 | .250 | .146 [ .186 | .31} 003 | .137 | 5716 174 | 5/22} s fis16 || 210 172 11/16 .487 .510
.255 | .380 | .255 | .15t [ .193 [ .318] .100 | . 144 -1 9/16 374 |£.003| .sa9 .573 +.015]|+,006
. -12 578 13/16 612 .637 ~.000 | ~.000
3/8 | 3/8 x 9/16 | .395] .582 | .375(.221 | .279 | .466 | .140 | .199 |3/8 | 5/16] 3/16| 5/32 |3/32 || -13 11716 7/8 .674 .699 :
.380 | .567 | .380 | .226 | .287 | 474 148 | .207 14 3/4 | ,15/16 .737 | .763
1/2a] 172 x 3744 | .520 | .770 | 500 [ .295 | .370 [ .620 | .188 | .268 [ 1/2 | 3/8 [ 1/4 [ 3/16 [1/8 15 [1/8 374 11 -139 +7342.006 1 .7612.010| .205| .086
.505 | .755 | .505 | 305 | 380 | .630 | .198 | .278 17 778 (1 4/8 -850 -887
" . -19 1 = 1 1/4 |2.004 .984 1.013 +.0151+.009
A THESE 3 SIZES NOT IN REGULAR STOCK. XTOLERANCE + 1/64, -0. -21 1178 | 1 3/8 1. 109 1.140 ~.000 [ ~.000
, *TOLERMNCE 3 1/64. S1E PR IVl B 11359 1392 '
CONSIDERATIONS IN THE CHOICE OF GASKETS .27 1172 | 1 374 1.484 1.518
(T0 BE REGARDED ONLY AS GENERAL COMMENTS, NOT AS HARD AND FAST RULES.) .20 [3/16] 1 5/8 | 2 .210 | 1.600+.010 | 1.639z.010| .297| .132
A.. REGULAR VS. METAL-TO-METAL GASKETS. PROPERLY SELECTED, AND THAT THE INSIDE g; ; ?;: g :;: +.005 ; ?gg ;'?ji v o1sl+.010
REGULAR TNON-METAL-TO-METAL] GASKET CORNER AT EACH INTERSECTION OF THE Y 2178|258 |5 2 228 5 270 T o0a s 000
GROOVES ARE CHEAPER TO MACHINE AND THE GROOVES 15 CHAMFERED., THE O-RINGS LISTED T35 2 378 | 2 ara 2 350 2. 397 : :
GASKETS MAY BE FURTHER COMPRESSED IF IN TABLE II ARE UCRL STOCK $IZES, BUT T3 > a8 | 3 2500 2 540
FOUND TO BE LEAKING. METAL- TO-METAL STOCK SHOULD BE CHECKED FOR A PARTICULAR 39 2 778 1 3 1/a 3 850:.015 | 2. 908
GASKETS ARE USED WHERE ALIGNMENT OF SI1ZE BEFORE INCORPORATING IT IN A DESIGN. .41 3 1/8 3172 3.100 3' 159 i
PARTS IS ESSENTIAL; WHERE 1T IS DE- 0-RINGS MADE UP BY THE VULCANIZING OF ROUND || .3 3378 | 3 378 3 350 3 an
SIRABLE TO HIDE THE GASKET FROM THE STOCK BY THE SHOP SHOULD BE AVOIDED. s 3578 |2 37600 3 664
VACUUM: OR WHERE ELECTRICAL CONTACT
IS REQUIRED, D. SINGLE VS. DOUBLE GASKETS. :3; 3 7,;: .: :;; i ?32 i'?:;g
AS OPINIONS VARY WIDELY, THE PROSPECTIVE .52 4172 4778 4.475 4. 547
B. SQUARE VS. RECTANGULAR GASKETS. OPERATORS OF A NEW PIECE OF EQUIPMENT ! il :
RECTANGULAR METAL-TO-METAL GASKETS ARE SHOULD BE CONSULTED REGARDING THE USE OF .56 {1/4 | 5 5 1/2 {.275 | 4.975£.015 | 5.052x.010| .385| .177
EASIER TO INSTALL AND ARE BETTER RETAINED SINGLE OR DOUBLE GASKETS. DOUBLE GASKETS .57 5 i/8 | 5 s/8 5.100:.023 | 5. 186
IN THE GROOVES THAN THE SQUARE METAL-TO- WITH PUMPOUTS ARE FREQUENTLY USED ON ~60 5172 | 6 +.006| 5.475 5.565 +.015]+.012
METAL GASKETS. SQUARE METAL-TO-METAL LARGE AND MEDIUM SIZED COVER PLATES, AND 64 6 6 1/2 5975 6.070 000 ] - 000
GASKETS ARE USED ONLY WHERE REQUIRED BY WHERE ACCESS TO GASKETS 15 DIFFICULT. .66 6 1/2 | 7 6.475 6.575
SPACE LIMITATIONS. DOUBLE GASKETS ARE LESS LIKELY TO LEAK, o8 7 7 172 6.975 7.080
AND IF LEAKS OCCUR THE SPACE BETWEEN THE 70 7172 | 8 7.4752.030 | 7.591
C. 0-RINGS VS. SQUARE OR RECTANGULAR GASKETS MAY BE PUMPED ON TO MINIMIZE THE 72 8 8 1/2 7 975 8.096
. GASKETS. LEAK. ON THE OTHER HAND. IF THE INNER 74 9 9 172 8.975 9.106
. WITHIN THE RANGE OF UCRL STOCK SIZES AND GASKET LEAKS AND THERE 1S NO PUMPOUT 76 10 10 172 9.975 10.116
WHERE METAL-TO-METAL GASKETS ARE REQUIRED. BETWEEN THE GASKETS. OR THE PUMPOUT 1S l78 1 11 172 10.975 1.125
0-RINGS MAY BE PREFERABLE AS THE GROOVES CLOSED. THE RESULT..[S A SLOW LEAK. ~80 12 12172 11975 2.138
ARE CHEAPER TO MACHINE THAN GROOVES FOR DOUBLE GASKETS ON, SAY, A COVER PLATE ON T82 13 13 172 12.975 13,145
SQUARE OR RECTANGULAR GASKETS: AND NO A TANK, PERMIT VACUUM TESTING OF THE GAS- a4 14 14 172 13.975 14.155
SHOP TIME IS NEEDED FOR MAKING THE GAS. KETS WITHOUT VACUUM IN THE TANK BY PUMP- -86 15 15 172 14.975 15.165
KETS. THE DIMENSIONS SHOWN IN TABLE II. ING ON THE -SPACE BETWEEN THE GASKETS. IT 5230 LicHT SERTES
(X DIA.), PROVIDE A SMALL INTERFERENCE IS HIGHLY DESIRABLE, THEREFORE, WHEN
BETWEEN THE SIQE OF THE GROOVE AND THE DOUBLE GASKETS ARE USED, TO PROVIDE AT ~2 /e | 13/a] 2 139 | 1.7342.010] 1.7722 .010] .205] .086
INSIDE DIAMETER OF THE O-RING TO INSURE LEAST ONE PUMPOUT AND PREFERABLY MORE ON T4 2 2 1/4 1.984 2.027 ]
SELF-RETENTION.' O-RINGS MAY BE USED ON LARGE COVER PLATES. SINGLE GASKET GROOVES, 8 2174 | 2172 |+.004a| 2.234 2 280 +.015]+.009
RECTANGULAR COVER PLATES PROVIDED, OF OF COURSE, ARE CHEAPER TO MACHINE AND _s 21721 2 374 2.484 2.532 -1000] .000
COURSE, THAT THE PERIPHERAL LENGTH 1S OCCUPY LESS SPACE. .10 2 374 3 2.734:.015| 2.790
oTES 12 3 3174 2.984 3.042 |
. —_= .14 31/4 ] 3172 3.234 3.204 ]
1. CUTTERS FOR MACHINING GROOVES FOR SQUARE 6. DEPTHS OF GROOVES FOR METAL.TO-METAL -16 31/2 | 3 3/4 3.484° 3.547 i
AND RECTANGULAR GASKETS TO DIMENSIONS CONTACT ALLOW ABOUT 34 4 PERCENT COM- -18 33741 4 3.734 3.799
SHOWN IN TABLE I ARE ON HAND IN UCRL PRESSION OF UNRESTRICTED PORTION OF -20 4 4 1/4 3.984 4.051 ]
SHOP. GASKET FOR RECTANGULAR GASKETS, AND ABOUT -22 4174 | 4172 4.234 4.304 ;
42 13 PERCENT FOR THE SQUARE GASKETS. -24 4.1/2 | 4 3/4 4.484 4.556 :
2. ALL GASKET CONTACT SURFACES SHOULD BE BASED ON THE AREA OF THE GASKET FACE -26 4.3/4| 5 4.734 4.809 ]
63/ OR BETTER, FINISH. BEFORE CLAMPING, THIS RESULTS IN ABOUT -28 5 51/4 4.984 5.061 i
300 PSI.FOR THE RECTANGULAR GASKET, AND -30 51/4 (5 1/2 5.234x.023| 5.321 [
3. RECTANGULAR GASKETS 1/8 X 3/16 ARE TO BE ABOUT 500 PSI FOR THE SQUARE GASKET. -32 51/2 1 5 3/4 5.484 5.574 :
USED ONLY WHERE SPACE WILL NOT PERMIT A DEPTHS OF O-RING GROOVES ALLOW ABOUT 35 15 -34 5 3/4 | 6 5.734 5.826 ]
LARGER SIZE. (1/8 SQUARE GASKETS ARE NO PERCENT .COMPRESSION WITH A RESULTING <36 6 6 1/4 5.984 6.079 i
LONGER STOCKED. ) PRESSURE BASED ON THE PROJECTED AREA, OF -33 g /2 ‘75 ?;2 g-gg: g'ggg ]
. . ABOUT 400 PSI, - ' . A
4. WHEN PLACING A STRETCHED O-RING IN THE -42 71/2. 1 7 3/4 7.484x.030 | 7.601 !
GROOVE THE RING SHOULD BE GIVEN A TWIST -44 8 8 1/4 7.984 8.105 |
BETWEEN THUMB AND FOREFINGER SUCH THAT -46 8 1/2 | 8 3/4 8.484 8.610 ;
THE RING WILL NOT ROLL OUT OF THE GROOVE. -48 9 9 1/4 8.984 9.115 ]
) .50 9172 | 9 3/4 9.484 9.620 .
S. THIS DESIGN DATA SHEET APPLIES TO UCRL -52 10 10 1/4 9.984 10.125,
STOCK HYCAR GASKETING (SQUARE AND RECT- . |
ANGULAR) AS PER SPEC. MOB. THE HARDNESS ]
RANGE' OF THIS MATERIAL IS 55-65 DUROMETER. :
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D-1(M)

(3)

(4)

o
(6)

(7)

(8)

This is the value ordinarlly taken from the rererenceo' Where the in-
formation given in the reference was different the resistivity at 20°

Co (68°F.) has been calculated and is shown in parenthesess

The Resistivity € 1is the specific resistance and in ¢ g s units:

2

p=-BA - OMXM oo (Ref. 3)

cm :
‘ or, . multlpled by 10-6, microhm-cme
The tabulated values for microhm-inches were obtained by dividing the

"~ values in microhm—cm by 254 with slije-rule accuracye

The value for 100 percent conductivity at 20° C._for the International '

“Annealed Copper Standard is 045800 microhm™l cm™ (Ref. 10)
- The values in this column = 1.724/R where R is in microhm-cm.

Also called "volume conductiVLty" referred to standard copper.

Th° resistance R at a temperature, t° C., can be calculated from the
relatlonshi o e

R= Ro [l + an] " where’ Ro = resist. at 0° C.
't =°Ce
@ = tempe Coef.

(RefOFA)

It should be noted that the tabulated value of a is strlctly valid
only for the temperature(s) specified._

at 0° C.

at 19.6° Co

-at l&o Ce

at 50° Ce
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D-1(M)
. Resistivity at 20° C. Conductance Per- ‘| Tempe Coeff. of |
& ayed 5 Y v : - ' e - i .+; Ref 3 o
‘;.erlalA I*Lcrohm—c:&; Mierohm-in ) .‘cer.xt IAC‘_‘. (3) .Elecx;erlfggisi (4) geference ,3 a
a__JTemp. C 2 ]
ELEMENTS 8 2

s I . _ ) g T

Aluminum(99.996 A1) . 24655 1.05 64094 «00429.. 20 1 = z

Antimony(fully annesled) (29.8) 15.7 4e3 «005157| 0 to 100 2 Y :

Arsenic ‘ (37.9) 1449 Le6 0042 ~| 20 5 S >

Barium " 9.8 3.9 18 +0033 20 5 . B | 2

Beryllium (6466) 2.6 26 «C0657 20 2 88 |m3

Bismuth .- (120) 47 RYA o004 20 5 TE e T

Cadmium(99.9 fully annealed) (7442) 2.9 - 23 0043 |0 to 100 2 83 | o

[calciunm , (3474) 1e5 46 00457 | 2 b |y 2

ICarbon(graphlte) 1375(5) 542(5) 0e1(5) : 2 prl - 3

Cerium - ' 31 -2.2 . . 5 49 'f

Cesium (20.#) B2 8.2 <00478 | 80 - +25 5 o = <

.Chromiwn(electro-chromlwn) 14.1 506 12“ : 2. o oo

|cobalt (99.91) (6.22) 2.5 28 00551 |0 to 100 2 -

ICopper ("pure*) T 1e6730 o6h 103 C 1 9»:;: 1= 3

Gallium 53.4§ 21( ; 342(5) I 1 = o |3

Gold (2.2 ; 73 . +C0365 |0 - 1000 2 e 1 =

Indium (9.03) 3.6 19 00394 , 2 o .

Iridium 563 2.1 33 +00392 |0 to 100 2 @ ]

Iron. - 9471 3.8 18 - . 2 3 a

[Lead - 20465 8.1 B3 2 o n
agnesium o helé 1.8 39 +0040 20 5 =
ercury 95,783 38 - 18 «000P9 - 20 5 5
lybdenum . 5.7 242 30 .0050 |0 to 40| 2 P

Osmium 945 3.7 1R «0042 |0 to 100 2

Palladium (annealed) 10,8 4e3 16 +00377 |0 to 100 | 2 _

Flatinum (10.58) . be? 16 +00392 [0 tc 100 . 2 2l 2l
odium (4+7) 1.9 37 00457 |0 to 100 | = 2 of 3o
bidium 12.5 4 4ed 4 14 . | | 2 L I

‘Bilicon A 85 x 10 33 x 10 - _ ] 2 =15 I3

Silver(extremeley pure, melted 1.59 63 108 0041 |0 to 100 1 |z

and annealed in Vacuo) : ‘ - 1 : =9 o

Sodium ‘ , (409) 1.9 36. «0054 20 5 g ) g -o

Strontium 22.76 849 7.6 2 e | oz

Sul phur (rhombic ) 2 x 1023 7.2 x 102 - ' 2. : |

Tantalum (13.52 5¢3 13 .00382 |0 to'100 | 2 B3

| Tellurium 2 x 107 (g,) 749 x 10% (6) - 1 :

b +




D-1(M)

Resistivity at 20° C. Conductance Per- | Temp. Cosff. of _ ¢
Material Microhm-cz(ri) Mlcrohm-m( 2) cent IACS(B) mec:;rasg%st.(“ Refgrence %s’ s |
¢ | Temps C. S :
ELEMENTS % 3
c*+ >
Tin 11.5 LS 15 0042 | 20 5 @ 2
T4 tanium (88) 35 2.0 .00469 | 2 M CZ
Tungsten 5.5 242 31 .00510 | 0 to 170 2 & | oz
Uranium 60(7) 24(7) 2.9 ’ e 1. S o 2
Vanadium 26 10° 646 1 68 |m 2
Zinc (Polycrystalline) 54916 243 29 S 1 e n
Zirconium (4deb) 18 3.9 «NOL3R 2 o § .
S : n g [ =
MISCELLANEOUS METALS Bl
T S| @
Advance (See Constantan) g o= 2
Alumel 33.3. 13 5¢2 10 =P Lo
Brass:; - 4=7 2-3 29 10 R
Bronze: 13-18 5=7 11 10 o & = -
Cast Iron 57-114 2245 3=le5 10 SR
Chromel 70-110 2043 Re5-1.6 ~10 LR . >
Constantan 4751 ¢ 1R=20 3.5 10 N ’
Ferrite - - 945 347 18 10 ® g
Hadfield. Manganeoe Steel 20-67 11-26 6=2+6 10 g L
Invar v 75 30 23 10 Q. s
Monel . L2e5=45 17-18 3.9 10 = :
WOod'= Metal 5147 20 3.3 10 g
ALUNIINUM ALLOYS e
(99.9% Al) 2.654P 1.04 65 «00429 20 _ 1
25 (99.0 + A1) condition O 24922 1.15 59 «0115 |10 to 30 | 1 ] . PN
28 condition H-1R 3.025 1.19 57 e 1 al 5|l
38 condition O - 3eLAR 1.36 50 1 sl V3
. condition H-12 441C5 161 =42 1 1 B v
condition H-14 4205 1465 ~41 1 13
| condition H-18 4210 1.70 40 1. Y 3
118 condition T-3 44310 1.70 40 1 & ([’
145 " condition 0. 3448 1436 50 1 "1z
: ‘condition T-6 4e310 1670 4O 1 -
17s. condition 0 ©3.831 .51 45 1 Y
condition T-[; 507/4-7 2e 26 30 1 -:é o,
R ' w W\




D-1(M)
Resistivity at 20° C. Conauctance Per- ‘Temps Coeff. of . ' E
Material - Microhm-cr? Microhm-in( B cent IACS ‘Elect. Resist. Reference . 5 o=
' . 1) 4| (3) Der OC. LA) . § -
- - i a | Tempe c. E
ALUMINGM ALLOYS . . 5 z
v e °
18s condition O 3448 1.36 50 1 @ 3
' condition T-61 4e310- 1.70 40 R B 1 2
243 _condition O 3448 136 50 1 e | .5
- condition T-4 54747 2426 30 1 S |8
255 .- condition T-6 4e310 1470 40 1 o8 |23
325 ~ condition 0 4.310 1.70 40 1 By (o2
condition T-6 44926 1.94 35 1 wg |2
A=51-5 condition O 3.135 ° 1.23 55 1 ?&_g g
: condition T-4 3.831 1.51 45 1 w2 |9
condition T-6 - 3.831 1.51 45 1 =3 [Fé
525 condition 0 4926 194 35 1 : ﬁ-g 2
- condition H-38 44926 1.94 35 1 &5 log
535 ‘condition O 3.831 | 1.57 45 1 ad I»
- condition T-4 4310 1.70 40 1 oF fmE
, condition T=6 44310 1.70 40 o1 o > S
563 condition 0 5945 2034 29 1 & =
- condition H-38 64386 2452 27 1 g .
l61s condition O 3.831 ‘1451 45 1 v 2
condition T-4 4310 1.70 40 1 e =
condition T-6 44310 1.70 4Q 1 ol f
1758 -~ - condition T=-6 5747 226 30 1 &
13 Alloy DC 4421 1474 39 1 =
43 Alloy SC,PM«DC, (As Cast) Le 660 1.84 37 -1 g
: . SC,PM. (Annealed) 46105 1.61 42 1
85 Alloy DC 64158 243 28 1
108 Alloy SC 5562 2.19 31 1
' Allcast SC, PM (As Cast) (6429) 2452 27 1 Q ] IS
(Stress Relieved) (5475) 2.26 30 1 ol Slhg
Sol'n heat treated and aged (575 2426 30 . 1 ] R
Sol'n heat treated and stress re-  (4e79) 1.89 16 1 ol | 3
lieved X 2
A-108 Alloy PM 4 o660 1.84 37 1 8 e
113 AllOy SC 5.747 . 2.26 30 l S’ g g
C-113 Alloy PM - 64386 2652 27 1 z
122 Alloy SC  condition T=2: 46205 | . lebb 41 | .
1 .)SC* condition T=61 | = - 54225 | . 2.06 .. .33 ol 3
R (As Cast) - 5.071 02400 34 71 g?i ;
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S Resistivity at 20° C. Conductance Per-  |Temp. Coeff. of g
Material ,lMicrohm—-ch) Mi_‘c'rohm-fin(z) cent IACS(3) Elect. Resist. Reference -
' ' : . per °Ce (4) § -
, a Temps Cs ol
“ALUMINGM ALLOYS 3 2
o >
A-132 Alloy  condition T-551 54945 2.34 29 1 ° 2
[142 £110y SC  condition T-21 13,918 1.54 44 1 2 :
SC  condition T-571 5.071 2400 34 1 ] 2
SC . conditiori T~77 4-660 1084 37 1 "'_’h s} ‘U §'
.. P condition T-61 5.388 2,12 32 1 88 |g3
1195 Alloy SC condition T-4 4,926 1.94 35 1l ""f;i, n
SC condition T=62 44660 1.84 37 1 e B
B-195 Alloy PM condition T-4 4926 1.94 35 1 aw |aq E
© . PM condition T-6 44789 1.79 36 1 @ =z
A=214 Alloy PM. 50225 . 206 33 1 =3 <
218 Alloy DC 7.184 2.83 24 1 =T
220 Alloy SC condition T-4 8.210 3.24 2 1 » g > 2
319 Alloy SC 64386 2.52 27 1 o |73
. M _ 6+158 242 28 1 = |= 2
{355 Mlloy SC  condition T=51 44010 1.58 43 1 0 s
SC condition T-6 4789 1.89 36 1 5, :
SC - condition T-61 44660 1.84 37 1 n a
" 8C -~ condition T-7 44105 1l.61 42 1l B n
PM condition T-6 Leh2l 1.74 39 1 Q. "
365 Alloy SC condition T-51 44010 1.58 43 1 &
1 SC condition T-6 hed21 174 39 1 'y
SC  condition T-7 44310 1.70 40 1 S
PM  condition T-6 44205 1l.66 Al 1 '
Red X-8 SC,PM (As cast) (6453) 2457 26 1
1 (Stress Relieved) (5.95) 2434 29 1
360 Alloy DC 4e660 1.84 37 1 gl 3w
|380 Al1oy, 49 Alloy DC 64386 2452 27 1 2l .3 3s
750 Alloy PM 3.831° 1.51 45 1 sl & \"'r-n.
40 E Alloy SC 44926 1.94 35 1 Ay | @
o - .
SC - Sand Cast PM - Permanent Mold DC - Die Cast 5 [ ¢
_ _ = & | P
COPPER ALLOYS @3
"Pure® Copper (9P°Ct°§‘ aphlcally 4 ,6730 | 66 103.06 -0068 20 1 M
pure A , =%

~
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Material

Conductance Per-

Tempe. Coeff. of

Grade E

L23rsns

§39vd

4 Resistivity at 20° C. -
: . - : _ : . . o
Micrém-f?l)ﬁcrom 1?2) cenﬁ IACS(3) Elec;enggist (4) |Reference .§.
) - : ) . a Teﬂuo‘ Ce o o
COPPER ALLOYS T g z
ct+ »
. . 1 - ’ . : [+ ] -
GFHC(Oxygen—-Free Hard Copper) 1 ey _ ‘o 2
Coprer ,(Annealed) (1.70) (o67=) 101.7 15 ? :
Electrolytic ‘Tough- Pitch Copper ' g e ®
. (99.?%2 c? - 0 (h‘ O) 107q. 067 1Cﬂ. -0CE¥92 20 1 \E;;g o 2
Deoxidized Copper(99.94 Cu - : . 82 m g
. o.o% P). Annea.led) 203 -80 85 1 E'r;,! o T
lGllding Metal(95 Cu ~.5 zn e . =i TS
Annealed 301 1.2 56 «00231 20 1 “33.53 la 2
- . N ] i il
:Commercial Bronze(90 Cu 10 Zn) 3.9 1.5 - .00186‘ 20 1 &g = Z
|Red. Brass(85 cu - 15 m)annealed 47 1.9 37 0016 20 1 | EE N
Low Brass  annealed L 544 2.1 32 «C0154 20 1 -:E S s
Cartridge Brass annealed 62 244 28 | -001484 20 1 @™ |> 2
Yellow Brass annealed A 245 27 1 B =5
Muntz Metal . annealed 642 24 28 1 @ ¥ 2
Leaded Commerclal Bronze o >
. annealed bel 1.6 42 1 é*' .
Low Leaded Brass annealed  6eb 2.6 26 1 @ B
Low Leaded Brass Tube(annealed) 6e6 26 26 1 B n
[Medium Leaded Brass(annealed) 66 2.6 26 1 a o
|High Leaded Brass (annealed) 6.6 2.6 26 1 B
Extra-high Leaded Brass(annealed) be6 2.6 26 1 B
Free Cutting Brass(annealed) 646 2.6 26 1 S
Leaded Muntz Metal (annealed) 642 2.4 28 1
Free Cutting Muntz Metal{annealed) 644 25 27 1
Forging Brass (annealed) 6ol 245 27 1
Architectural Bronze(annealed) 62 24 28 1 2l 2 .
Admiralty Metal (annealed (7.0) 2.8 24465 1 ] I O
Naval Brass (annealed) (648) - 27 26 1 S ‘,"E 773
Leaded Naval Brass (annealed) (€e6) 2.6 26 1 e IS
[Manzanese Bronze (annealed) (7.1) 2.8 24 1 o,
|Aluminum Brass (annealed) - (75) 340 23 1 ® o
Phosphor' Bronze 5 percent Grade A 9.6 3.8 18 1 Gl N
[Phosphor Bronze 8 percent Grade C 13 56 13 S R _- S
“|Phosphor’ Bronze 10 percent Grade D~ 16_»2 - 6e3 1 S .
; Phosphor Bronze 1.25 percent - ' 3.6 1.4 .8 1 S

g 39va
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B o . Resistivity at 20° C. ConductancerPer— Tempe Coeff. of
Material .| Microhm=cm_ Microhm-i cent IACS(3) Electe Resiste. Reference
. 1) f2) ‘ sols
, per C‘(L)
@ |Tempe C
COPPER ALLCYS 1
Gupro-Nickel, 30 percent 37 14.6 4eb 1
ickel Silver 18 percent Alloy A 29 11.4 6 . 1
ickel Silver 18 percent Alloy B 31 12.2 5¢5 1
ilicon Bronze, Type A Annealed|  (25) 9.8 7 1
ilicon Bronze, Type B Annealed (14) 5¢5 - 12 1
Percent Aluminum Bronze Annealed 9.8 3.9 - 1765 1
0 Percent Aluminum Bronze . : .
Annealed | 13:67 5e4 12.6 1
eryllium Copper Sol'n treated,| 10 3.9 17 1
: - quenched R L
eryllium Copver Sol'n treated, - ,
- quenchad and precip. hard. 6+8-9.8 2739 2L 1
[[eaded Tin Bronze (12) 48 14 1
eaded Tin Bearing Bronze (16) 6e2 11 1
eaded Semi-red Brass (946) 3.8 18 1
aded Yellow Brass . . (6e6-9.5) 2.6-3.8 1826 1
.gh Strength Yellow Brass (9e6-14) 3e8-547. 12-18 1
Nickel Silver (34=43) 14-17 4L=5 1
luminmum Bronze (12) Le8 14 1
LEAD ALLOYS
Corroding 1ead(99.73’percent-+_Pb;) 20648 8.1 8.3 #00336 20 to 40 1
L Percent Antimonial Lead, heat ‘
. treated, quenched, and aged 150 22.0 8e7 7.88 -1
. days. '
Hard Lead, Heat treated, quenched . .
and aged 150 days 240 93 _7 2 1
B Percent Antimonial lead, heat , '
treated,quenched,and aged 150 . 2665 1044 665 1
days ‘
50=50 Soft solder 15.6 6.1 11 1
Lead base babbits 2R e2=2847 11.1-11.3] 6=6e1 1
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D-1(M)

Material

| Resistivity at 20° C.
Microhm- iﬁzcrohm-i
“t) )

Conductance Per-

Tempe Coeff. of"

cent IACS(B) Elacts Resiste. Raference
per °Ce(z) :
a6  |Temp. C
"MAGNESIUM ALLOYS
K99.80 Mg)(polycrystalllne) Lei6 1.76 38.6 01784 20 1
Mazlo AM-C59S5 Wrought : 189 7.l 9.7 E 1
Mazlo AM-265 Dowmetal H(As Cast) 11.5 be5 15.0 - 1
Heat treated 1440 55 12.3 1
Heat treated and aged = 1245 4e9 13.8 o 1
‘Mazlo AM-260, Dowmetal C 14=1645 565=He5 10e5=1243 1
Mazlo AM=-263, Dowmetal R 17.0 - 647 10.1 1
wmetal M, Mazlo AM'AOB, AM-BS 500-6-7 200"2c6 2507-3405 1
azlo AM=-C523, Dowmetal FS-=l 93 37 18.5 1
wmetal JS=1 ' 1305 503 1208 i 1
zlo AM=(C57S5, Dowmetal J=1 149 59 - 116 1
wmetal 0—1, Mazlo AM-C5PS A 1108-1602 406-604 10.6-1406 1l
Mazlo AM=65S, Dowmetal D 13.8 S5¢4 125 1
NICKEL ALLOYS
"Pure® nickel(99.95 Ni + Co) 6484, 2.7 25.2 20069 | O to 1oor 1
A" Nickel(99+4 Ni + Co) 9¢5 3.7 <18 . - - «00474} 20 to 100 1
®D" Nickel (95 Ni = 4¢5 Mn) 14 5¢5 12 1
"Z® Nickel (94 Ni - 4.5 Al) 4343 17.0 - 440 . 1
ast Nickel 21 8e3 - 862 : 1
onel 4Be2 190 3.6 «0011 20 to 100} 1
Cast Monel 5363 210 3.2 1
"K® Monel 5843 22.9 3.0 «00018| 20 to 100} 1
_ wS" Monel. 633 2449 2.7 ) : 1
Jastelloy A 12647 4948 1.4 Zero: | 20 to 800} 1
astelloy B 135 53 1.3 1
astelloy C 133 52 1.3 Zero | 20 to 800 1
astelloy D 113 I9A 1.5 Almost O 20 to 800 1
Inconel 98,1 3846 1.8 «000125 20 to 500 . 1
Inconel X 124(8) 49 le4 " 13
Incalloy (97) - 38 1.8 2 14
“INichrome (60 Ni 24 Fe 16 Cr) C . 112 IyA le5 «00017| 20 to 100 1
Eichrome IV (80 Ni 20 Cr) ' ’(107)9 .22.4 1+6. - 000219 20 to 100 1
i ROSiSt' 'h'pe“ l 175 ' 59 _098' N o o ’ o 12
i Ni Resisto Type 2 (175)&%§;‘ 69%%% 'g98%§z-;; 512;:
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D-1(M)

Resistivity at 20° C. |Conductance Per- Tempo Coeffe of |
"Material Microhm—ch'Microhm-i cent IACS(3) Elact. Resist. Reference
SR L {2) o |
per 05(4)
Q Tempe C
NI”KEL ALLOYS
(35 M- 50 Fe - 15 Cr) 100 39 1.7 +00031}20 to 500 1
Constantan (Wrought) C 49 19 3.5 £,000025|20 to 500 1
Very high Permeability Alloys ' qq ' o :
7845 Permalloy 785 Ni 16 603 1 6
Modlfied 79 Eezmﬁﬁloy 79 Ni 58° 53 | 1.9 6
Mumetal 77 Ni + 5 Cu + 1.5 Cpr 60 24, 2.9 6
‘Supermalloy 79 + 5 Mo 65 26 2.7 6
High Permeability Alloys for higher - ' :
field strengths . '
50 Percent Ni type alloys 45 18 e 3.8 6
Monimax -79 31 : 262 6
Sinimax '89 35- . 109 6
Constant Permeabllity Alloys T s
. 45=25 Perminvar 19 Te5 9,1 6
75«25 Perminvar: 80 . 31 262 6
Conpernik 45 18, : : 3.8 6
Temperature Compensation Alloys o '
" 30 Percent Ni Type 80 - 31 2.2 6
©' 3245 Percent Ni Type 80 3 2.2 6
Rectangular Hysteresis Alloys ' ’
- 50 Percent Ni Type Alloys 50 20 34 6
- 65 Permalloy - 25 9,8 6.9 6
Magnetostrictive Alloys "A" Nickel 8 3.1 22 6
Insulated Powder Alloy 2-81 Per=- : . 5
malloy - 106 3.9 x 10 6
TIN ALLOYS -
"Pure" Tin(99.8 +)(polycrystalline) 11.5 Leb 15.0 «00447| 0 to 100 1
Antimonial Tin Solder(95 Sn - 5 Sb) 1l4e5 5.7 12 : 1
Tin-Silver Solder(95 Sn - 5 Agz) © 1064 el 17 0004231 0 to100 1
Eutectic Solder(63 Sn - 37 Pb) 1465 567 12 o 1
Tin Foil 12.1 48 14 1
White Metal 150-’08 601 ‘ 11 1
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D- ‘ (M) - Ey on
R Resistivity at 20° C. | Conductance Per- | Temp. Coeffs of B o g
: Matgrial . Microhm-qel)Microhm-gj.r(:z) cent IAGS(3) .E_le;:; »&gs'ist. Refer.ence. _ % 8l
Lo - ' Lo (4) - S .
o @ [Temp. C B o
~ZINC_ALLOYS _ 8 z
: I ' : : ct >
. : . . ) ® -
"Pure® Zinc 5.916 2632 29 «00419| 0 to 100 1l F g
Zamak -~ 3 663694 | 250 27 «003774| O to 100 1 Y -
Zamak - 5 645359 | 257 26 «003527| 0 to 100 1 S |- =
Zamak - 2° ) ’ B 608493 2069 25 : 1 z.g U E
Commercial Rolled Ainci 6406-6410 239 28 1l a;q, 1= 8.
Zilloy 40 622 | 2.45 28 1 8 |lo ;.
Zilloy 15 6431 248 27 1 - T P
o o ‘ 28 |la =
PLATINUM ALLOYS ‘ ’ig} 9 z
; e . : ‘ ' < 3
Platinum Type A(99.99 Percent Pt) 10.6° be2 16 «00364| 20 to 100 1 ':,_‘5 :
Platinum Type B(99.9 Percent Pt) 10.8 be2 16 «0036 | 20 to 100 1 S~ I A
Platinum Type C(99.5 Percent Pt)  1l.4 Le5 15 «0035:] 20 to 100} 1 I Rl
Platinum Type D(99.0 Percent Pt) 149 549 12 «0034°| 20 to 100 1 se |73
Platinum=5 Percent Iridium = [ . 19 Te5 9.1 «0020 | O to 100 1 =9 |z
Platinum=10 Percent Iridium 25 9e8 649 0013 | 0 to 100 1l il >
Platinum=-25 Percent Iridium 33 13 542 «00065 | O to 100| - 1 £ .
Platimm-5 Percent Ruthenium 31.5 12.4 TS «0009 | O to 1000| 1 . Jud
Platimm-10 Percent Ruthenium | -7 4340 1649 40 »0008 | O to 1000 1 : ‘é":_ m
Platinum-l Percent Nickel 127 540 14 «0033:| 0 to 100| 1 B %
Platinum-2 Percent Nickel - 15.0 509 11 +003 | 0 to 100 1l =
Platioum-5 Percent Nickel -~ 2363 - 962 Tok »002 0 to 100 1 5
96 Percept‘ Pt-4 Percent. W . 3649 14.5 47 : o ..
- PALLADTUM ALLOYS |
|Pa112d1um 1048  4e2 16 00377l 0 to 100 - 1 2l 3
60 Pd ~ 40 Ag f t 42 17 bel . «00002| 20 to 100 1 _'% g AN ’3
160 Pd - 40 Cu(Annealed and quenchcad)35 ) VA 49 00032 20 to 100 1 Sl ¥
60 Pd '~ 40 Cu Cold worked and heated : : =1 I BN
| 0 300° . ’ 345 led | 49 »00224| 20 to 100 1 Te [®
o : = °
- _ e @
IRON ALLOYS . N N
|carbon s Steels 0.06 C.;0.38 Mn 30 - s | 4 1 s
(1006 range) 13.0 > l_- 1.3 . ;‘%’&3
) 1K




~D:-1{M)

" Resistivity at 20° Ce. |
Microhm erohm-in
_'°?1)FE 2

Conductance Per-

Temp.v Coeffs of

123rans .

Material cent IACS(3). [ELect. Resist. Reference g
’ ' per °C. (4) 3
L G| Temp. C H. .
IRON ALTOYS | B 3
® 3
Carbon Steels (cont.) : ' ' . <8 S
0408 Ce,0431 Mn(1010 range) . 14e2 5.6 12 1 ® e
0e23 Cey0e635 Mn(1020 range) 1649 beb 10 1 & 2
0.415 C.y04643 Mn(1040 range) 17.1 67 10 1 e I
0480 C.,0432 Mn(1078 range) 18.0 7.1 9.6 1 EXELE
122 Cey 0e35 Mn_ 195 7.7 8.8 1 2 |a .
Alloy Steels ‘ ‘ : §H s
0623 C,1.51 Mn,0.105 Cu 208 8e2 843 1 =37 I Fo R
0325 C,0.55 Mn,0.17 Cr,3.47 N 27.1 | 10.6 WA : ¢o |=Z 3
0433 C,0053 Mn,0.80 Cr;3.38 ML 268 | ~ 10.5 6o 1 S - 3
06325 C,0e55 Mn,0e71 Cr,3+41 Ni 28.0 11.0 642 . 1 <5 |o g
0e34 C,0.55 Mn, 078 Cry3e 5|3 Ni, 2849 - . 11.4 640 : 1 85 > o
0039 Mo - ) ) . ’ Ev
0.315 C,0069 Mn.l 09 Cr 0.073. 21.0- { 8'3 ‘ 8e2 1 » %5 : §
0435 C,0459 Mn,0.88 Cr,0.26 Ni - " ; & >
O.ZJ m l 2203 B! B _8.8._v 7.7 l g % V
» 00‘85 C,Onm Hn.1o98 Si,oaél” 42‘9 : . 16.9 A.O . 1 g §
High Alloy Stesis . . r . . = <
= 1422 C,130 Mn,0.22 S1° 683 | 2649 2.5 1 o
0.28 c.o.g Mn,28.37 N 8442 3361 2.0 1 5
0008 C,Oo Mn,lg.ll Cr, '
| 8414 HL,0.50 W 71.0 279 2e4 1
027 C,O.a Mn,13a62 Cr 5242 2005 363 1 - - FN
" 04715 Cy0e25 Mnybe2 Cr,18.45 W, ) ' - Al
. . . .ms v 101 9 1605 Aol 1 r:) - 5 ':; g
Iron Manganese Alloys(Values taken from graph) g °l® o, "
26 Percent Mn , 67 26 2.6 9 E1 i ad
30 Percent Mn 68 27 245 9 & -
35 Percent Mn 6845 27 © 2e5 9 =5 °
40 Percent Mn 695 27 245 9 8RR
42 Percent Mn 70 28 265 9 L
45 Percent Mn m 28 24 9 1
4'»8 Percent Mn 72 28 . 2 9 > 9‘5"

£, (
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[ s : R
" Resistivity at 20° C. Conductance Per- Tempe Coeffe of = E
Material Mierohm Microhm~i . cent IACS Elect. Resiste Reference = o
e , 1) {2) A €) o i g
_ / _ per “Ce. (4) A
. . a Tmp-C g »
IRON ALLOYS(Cont.) : o 3
Malleable Iron : . o g S -
ASTM Spec A47-33 Grade 35018 30 - 12 5.7 8 U
. ASTM Spec A47=33 Grade 32510 32 13 5¢4 8 e Re- R Lz
Annealed Carbon Steel Castings : 89 |o3
0407 =-0420 Percent C 1314 | 501505 13 7 2E e s
0e20 -_004—5 Percent G 14-16 505-603 11 7 g’ "'._3 n
- 0445 = 1.50 Percent C 16-20 | 6.3-7.9 9e6 7 e e |mog
Low Carbon "Ingot" Iron . 10.7 Le27 16 11 “ o |® =
Bessemer Steel 14.0 5¢5 12 11 PRI ER
Cast (Carbon) Steel 150 549 11 1 n = 3
Malleable Iron 32.0 126 5¢4 11 = I
Cast Iron 100.0 39+4 1.7 =T N
Nickel Steels. ; B 3 r
AISI 301 B ] 28 244 6 =P |3
AISI 302 72 28 2.4 6 & z
AISI 302 B 72 28 24 6 £ -
AIST 303 72 .28 244 6 @ w
AISI 304 72 28 24 6 B =
AISI 308 72 28 2e4 6 2 r
AIST 309 72 28 2.4 6 B =<
AISI 310 72 28 2.4 6 5
AISI 316 74 - 29 23 6 |
AIST 321 72 28 2.4 6
ATSI 347 73 29 244, 6
36 Percent Ni(Invar) 81 32 - 2.1 6
42 Percent Ni 70 28 2.5 6 T -
50 Percent Ni 48 19 3.6 6 Aloaln
4 Percent Silicon Tror 60 24 249 6,1 H {; >
' af o °| dn
N2
3 S
S |a?®
>z
53
LP:fg N
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RADIATION LABOBATORY - UNIVERSITY OF CALIFORNIA - BERKELEY ' DATE 0.6, No.| pace]l

DESIGN DATA - 2-28-53 | 67 [of1

SUBJECT . . PREPARED - .
HEAT TRANSFER BY RADIATION FOR A SMALL BODY IN A L. Polents

- LARGE ENCLOSURE.

CHECKED @Y

D, T.Lchiggg

M = Net heat transfer rate (watts per s

M= 36,8 €j(IL+ 273 4 (T2t 273)4 for units used herein

1000 1000
€ = enissivity of small body = 1.0 for curves below,
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RADIATION LABORATORY == UNIVERSITY OF CALIFORNIA = LIVERMORE DAT D.D.NO. PAGE 3
y h . OF
. . - . . - B _1/16/58 71
DESYGN DATA 2 PAGES
. SUBJECT PREPARED
: ) Frey & Turner
PRECTOUS METAL BRAZING ALLOYS
- . ) ‘CHECKED 8Y
B - : Levwis
] o » T
NO LIQUIDUS | .SOLIDUS COMPOSITION IN WELGHT PERCENT soLIDUs | LIQuUIDUS NOTES CoST A_PPROXIMATE
> oc oc ’ . oo oF pG. 2 ° AS OF 12/1/55
1 2080 "2000 " | wolybdenum - Boton 100 7| 3632 3776" 3) 4) $23.00/1b"
2 16686 1866 Rhodium ‘100 3574 357¢ ~3) $150.00/0z+ in powder form.
I I
3 1773 1713 Platinum 100 3223 * 3223 » 8Y $80.00/0z. B
4| 1555 1565 Palladium R . - 100 2891 28381 . 3) $29.00/03.
:
- 5 1450 1480° Nidkel 100 © 2642 ‘2642 -0 3) $1.16 to 2.60/1b,
% 6 1449 1427 i’néguum - Gg%d . 2600 2640 3y $38.00/0z.
ki 1371 1148 Pln;énum - Gn},g 2100 2500 3) $60.00/02
'f 8 1330 1330 Mol%p’denum - Cog;lt {(Eutectic) 24286 2426 3) Not available
r 9 1320 1320 Molxgdgnum - Négkgl (Eutectic) 2408 ‘2408 3) Not available
10 1235 1170 Nlcggl - C_ogser 2138 2255 3) Not available
11 1213 1150 nggel - Cogger 2201 2215 -COig)Nic‘kel Not availeble
12 1160 1160 Plhg%num - sx_liger (Perttectic) 2120 - 2120 3) $36.00/0z.
13 1083 1083 copper 100 1881 1981 [8 cuj 3) 5) [s00.85/1b
14 1066 860 Cr:16.5; 61:4.5; Fe:d4.0; B:3.85: C:0.60; Bal.Ni 1760 ‘1950 [BNicr] 5) 6) [$7.95/1b.
15 1063 1063 Gold 100 19845 1945 24 ¥ $38.00/0z. B
18 1025 280 Gold - Nickel - CogDer 1814 1877 8.4K $17.00/0z.
35 3 al,
17 1010 970 ugéd - Cogger 1778 1850 8.4K 117.00/0z.
18 1005 950 Gold - Indgnm - copper 1742 1841 4. 8K $1%.0070z.
. 20 - al.
18 991 9517 Gold - Copper 11565 1815 BCuAu-I]5) 18.00/0z.
37.5 gfs ( 5K red]gold *
20 985 663 Tin - Silver - Copper 1225 T805 . Not avallable
8 T Bal, .
21 980 950 Cgpner - dgld 1742 1796 22.6 K $39.00/0z7.
22 870 960 Mnnzgnese - si%gar 1760 1778 ~{BAgMn] 5)-
23 9263 963" Hnnganese - Sié%er 1765 ~1765
24 263 Gold - - . (3 o ;
i 932 21&.17. Si%ygr Coggtir . 1710 1785 1 red gold [$20.00/0z
25 960 960 silver 100 1760 1760 $1.50/02.
26 950 950 Nickel - gold 1742 1742 19.8 K $35.00/02.
17.5 82.5 ) . " white gold
27 850 778 Silver - cagger 1434 1742 1.65/0z.
30
28 945 825 Goé% - Cogger 1697 1733 12 K $22.50/02.
29 918 902 copper - 51) - Gold 658 1684 K
HiH 201" Bal. 165 red gold $26.00/0z.
30 910 779 siiger - Cogser - 1434 1670 Sl.’lo/oz._
31 904 810 Copper - silver’ 1480 1659 “Sterling $1.75/02.
.8 92.5 T Bilver
32 898 893 Cogger - Silver - Gold 1638 1650 18 K $32.00/0z.
5 Bal. red gold
33 899 707 Phogphor - Cogger 1305 1650 {BCuP-1} §5). $28.00/02z.
34 893 769 Cogger - Inglum - Ggl:{ 1415 1840 14.4K $826.50/0z.
" al,
35 891 119 Cofger - siéger 1435 1635 Coin Silver $1.175/0z.
36 855 719 Cog%er - s:éser 1434 1571 $1.60/0z.
4 37 843 818 Silver - Cofger - Gold 1505 1550 14 K $26.00/0z.
24 . .7 Bal,
38 8217 804 Cogper - 8ilver - Gold 1480 1520 $23.00/0z.
23,9 27.5 Bal.
39 821 786 cusner - Silver - Gold 1465 i510 12 K $23.00/0z.
20.5 29.5 Bal.
40 788 707 Cogper - Tin - Nickel - Bilyer 1305 1450 Not available
28.5 6.0 .5 Bal. ) .
41 785 152 Cogper - Mnngnnese - Nigkel - silvir 1385 1445 Not avallable
2 2 Bal.
42 719 779 copoer - sl%ger (Eutectic) 1485 1435 [BAg-8] 5) $1.80/02.
4] 760 743 Cogper = Tin =- Bilver 1370 1400 ‘Not available
1 2 5 Bal.
44 743 607 Cogper - Indium - Silyer 1125 1370 Not available
2 13 Bal,
45 743 804 Cugper‘- Tin - Silver 1120 1870 Not available
3 10 Bal.
kY 740 688 Cogper - Indiun - BIlVer 1270 1360 $2.10/0%.
2 10 Bal. .
[ 730 604 Copper = Tip - M n - Bil: 1130 1348 Not available
§B7§T - Jip - Mengrpese - Bilyer .
48 6817 640 Cogner ~ Indium - Bilver 1184 1289 $2.40/02,
u 2 15 Bal. )
49 232 332 Tie 100 450 450 8) $1.00/1b.
50 157 187 Indium 100 818 815 8) $3.50/02.

e s e -
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1 a 500 Thorium Nitrate 932 ¢ Th{NOy), Not available . S

2 is3 455 Eilver Chloride ) 851 851 Agcl $13.85 to 14.85/1b. "

3 d 370 "Platinum Chlorfde 688 d PtCl, $43.40/03%.

4 T od 300 "§ilver Oxtde 5738 ] ] Agy0 Not aveilable .

s d 254 told Chloride 489 d AucClg $20.00/0z.

6 |a:444 212 Silver Nitrate 414 d:831 AgNOg $1:00/0z.,

NOTES : o ‘ : o .

1) Alloy constituents -are given in the following order: the largest sdditive first, with léuser ones torlpilnq and the bulk constltuenﬁ'lngq. '
as balence, if more than tvo elements are involved. . . B

The mutartllu'llatqd are available, in most cases, from many different sudpliera under various tradenames or can be made to prqer.'

"Electron Tube Gradé® should slweys be speciffed when orderinc matérials, as 1mpuricy'content may be excessive for "Regular Grade” @*tﬁou;h

it is sold under the same tradename.

2) Tfredenames and suppliers are listed 1A Engineering Note: 3430-01 P-16.

3) These filler metals wet moiybdenhh and tungsten
4) Dry Hydrogen of Dew Point -,€0°C or better is necessary for successful furnace brazing with this material.

8) The letter codes in square brackets refer to the symbols adopted by the American Welding Bociety (AWS) and the American Socfety for
Testing Materials (ASTM) in their Tentative Specifications ASTN : B260-52T and AWS - A5.8-82T. The letter B stands for Brazing Filler
Metal and sppesrs in all of the seven main groups which have been established. The chemicel symbols following the letter B indicate theé
mein constituénts while the numbers indicate subgroups of various relative percentage compositions. Many"Electronic"brazing nlloys’{rev
not covered by this éode. . ’

€) For Steinless Steel,Inconel, etc.high strength and corrosion resistance st elevated temperatures up to 1000°c. Pure, dry hydrogen of

Devw Polnt less than -40°C required for furnace brazing.. Dissociated ammonia not recommended. ’

7) Phosphor - containing slloys are not generaliy saccepted for vacuum tubes although their use has been demonstrated to be practicall
Restricted to copper and nonferrous alloys to be brazed at 1300°F or higher, . -

8) While "Brezing” is performed, by definition.at s temperatureé of ‘B0O0°F or higher. tin and indium, as well as some of the metal salts, have .
been listed for convenience of reference. . ’

9) iatnl salts may be used in liquid or paste form for very intricate brazes, to close small leaks, to join light parts where no mechanlbyi

strength is expected.  The letter "d" {ndicates decomposition at thé temperature stated.

Complied by : Walter H. Kohl, Electronics Consultant on Materinls and Techhiques. - P.O. }ox 426.Los Altos, California.
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