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Conductors, sheet, RF power loss in, 15 
Coolant flow required for laC temperature rise 29 
Coolants, power required to pump, 29 
Cooling calculations, factors for use in, 29B 
Cooling-tube spacing vs maximum temperature difference on uniformly-heated 

16-gage (.065) copper sheet, 52 
Costs, relative, and applications of machined surface finished, 47A 
Deflection vs pressure of rubber gaskets, 1 
Dielectric strengths, relative, of various gases and nitrogen-air mixtures, 91 
Distortion of square hollow copper coductor at bends, 101 
Drill, tap, depths, 64A 
Drill, tap, sizes for various threads and various materials, 64.1 
Electron work functions of the elements, 45 
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Loss, RF power, in sheet conductors,15 
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Low-temperature properties of metals, 37 (1) 
Magnet, bending, pole tip minimum width, 94 
Magnet coils, DC, temperature rise time of noncooled copper conductors in, 77 
Magnet coils, internally cooled, calculation guide, 57 
Magnet conductors, copper, recommended standard sizes, 58B 
Magnet design information, 56C 
Magnetic field, power required to rotate a hollow shaft jn 13 
Magnetic permeability of cold-worked 18-8 stainless steels: 44 
Magnets, wedge, focal length of, 60 
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Maganese steels, nomagnetic, properties of, 33A 
Mean free path of gas molecules vs pressure for various gases, 89 
Metals, electrical resistivity of, 66 
Metals, heat conductivity of, 63 
Metals, properties at low temperatures, 37 (1) 
Metals, secondary emission of, 85 
Metals, vapor pressure vs temperature, 46 
Metric-ISO bolts and scre~/S, 103 
Mica, properties and identification, 11 
Moment formulas for rigid-corner rectangular frames, 97A 
Orifices, pumping speed of, at high vacuum, 17 
O-rings and O-ring grooves for static vacuum seals, 65E (2) 
Particle accelerator calculations, formulas for, 32 
Permeability, magnetic, of cold-worked 18-8 stainless steels, 44 
Permendur high-cobalt alloys properties, fabrication, costs, 74 
Pi pe, mi nimum spaci ng for, 73 
Pipe flow, friction factors for, 36 
Pipes, pumping speed of, at high vacuum, 17 
Pipes, water flow friction loss in, lOA 
Plates, flat, for vacuum tanks, 41 
Pole tip minimum width for bending magnets, 94 
Power required to rotate a hollow shaft in a magnetic field, 13 
Precious braze filler metals, 71A 
Pressure drop in forevacuum pipes for streamline flow, 5 
Pressure vessels, cylindrical thick-\'1a11ed--nomogram for Lame IS equation, 96 
Pressure, ultimate, in kinetic vacuum systems, calculation of, 39 
Properties of aluminum sheet and plate, welded and unwe1ded, 18B 
Properties of co1d-~lOrked 18-8 stainless steels

t 
44 

Properties of metals at low temperatures, 37 (1) 
P~operties of mica, 11 . 
Properties of nonmagnetic mananese steels 33A 
Properties of selected ceramic materials, 6A 
Pumping speed of pipes and orifices at high vacuum, 17 
Q vs shunt impedance in capacity-loaded, quarter-wave transmission line, 42.1 
Radiation heat-transfer for a small body in a large enclosure, 67 
Radiation lengths and distances of materials, 102 
Radiation, thermal, temperature vs power density for various materials, 86 
Resistivity, electrical, of metals, 66 
RF current, skin depth, 15, p. 3 
RF power loss in capacity-loaded quarter-wave transmission lines, 42 
RF power loss in sheet conductors, 15 
Screw threads, loads and stresses vs torque, 48A 
Seals, Chevron, internal parts, 238 
Seals, vacuum, static, gasket grooves for, 65E (2) 
Shaft, hollow, power required to rotate in a magnetic field, 13 
Skin depth of RF current, 15, p 3 
Sling, wire rope, standard, gOA 
Soldered (brazed) joints, electrical conductivity of, 25.1 
Soldering, hard, 25A (see also braze, brazing) 
Spacing for bare pipe with flanges, 73 
Stainless steels, 18-8, cold-worked, properties of, 44 
Steels, nonmagnetic manganese, properties of, 33A 
Structural sections, allowable bending moments of, 72 
Stud spacing for gasketed flanges, 51 
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Surface finishes, machined, applications and relative costs, 47A 
Symbols, graphic, used in vacuum technology, 95 
Tanks, vacuum, flat plates for, 41 
Temperature-rise time, noncoo1ed copper conductors in DC magnet coils, 77 
Tensile strength of cold-worked 18-8 stainless steels, 44 
Thermal conductivity vs temperature for various materials, 87 
Thermal expansion of various materials, 78 
Thermal radiation, temperature vs power density for various materials, 86 
Thread dimensions, factors for calcu1ating'and measuring by three-wire method, 22A 
Threads, bolt and screw, loads and stresses vs torque, 48A 
Transmission line, capacity-loaded, quarter-wave, impedance of coupled loop, 42.2 
Transmission line, capacity-loaded, quarter-wave, impedance of loop connected to, 

42.2 
Transmission line, capacity-loaded, quarter-wave, Q vs shunt impedance in, 42.1 
Transmission line, capacity-loaded, quarter-wave, RF power loss in, 42 
Traps, liquid nitrogen consumption of, 59 
Tubes, water flow friction loss in, lOA 
Tungsten filaments, characteristics of, 54 
Units, heat-transfer, conversion chart for, 35 
Units, preferred and allowed, 14,A 
Utilities, color code for, 19B 
Vacuum flanges, LBL standard stainless, dimensions and applications, 93A 
Vacuum, heat transfer between contact surfaces in, 24 
Vacuum, high, pumping speed of pipes and orifices, 17 
Vacuum: liquid-nitrogen consumption of traps, 59 
Vacuum: pressure drop in forevacuum pipes, 5 
Vacuum seals, static, gasket grooves, 65E (2) 
Vacuum systems, kinetic, calculation of ultimate pressure in, 39 
Vacuum tanks, flat plates for, 41 
Vacuum technology, graphic symbols for, 95 
Vacuum vessel, cylindrical, minimum wall thichness for, 99 
Vacuum vessel, elliptical, stresses and deflections, 100 
Vapor pressure, saturation, vs temperature for various materials, 88 
Vapor pressure vs temperature of metals, 46 
Vessel, pressure/vacuum, elliptical, stresses and deflections, 100 
Vessel, vacuum, cylindrical, minimum wall thickness, 99 
Vessel, vacuum, flat plates for, 41 
Vessels, pressure, cylindrical thick walled, nomogram for Lame's equation, 96 
Vibration isolation, 16 
Water flow friction loss in tubes and pipes, lOA 
Welded and unwe1ded aluminum alloys, tensile properties, 18B 
Welded joints, electrical conductivity of, 25.1 
Wire rope sling, standard, 90A 
Work functions, electron, of the elements and some compounds, 45, 82, 84 

(1) For a very extensive compilation of cryogenic properties, see Cryogenic 
Materials Data Handbook Report No. AFML-TDR-64-280 (Rev. 1970) published 
by Air Forced Materials Lab., Wright-Patterson A.F.B. (in LBL Engineering 
Library) • 

(2) For an extensive reference on elastomer seals, see Engineering Note 
M5109 by E. J. Be1y. 
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General: Pressure-deflection relations for a few rubber and synthetic gaskets of 
different proportions are s~~marized on the attached graphs. These data provide a 
basis for estimating the static loads required to deform gaskets of the same cross
section and durometer hardness as those tested. 

Testing Procedure: The tests Vlere made on a 60,000 lb. Riehle compression machine 
in the Engineering Materials Laboratory on ~he campus, using the 0-3000 lb. scale. 
The gasket material was placed on the compression plates, which are heavy steel discs 
10 inches in diameter. There was no constraint imposed on the gaskets, except for 
the frictional forces on the load-bearing surfaces. 

Some of the data were obtained at a deformation rate of 0.03 inches per minute. 
Other data were recorded by a "static" procedure, the load being read after the 
gasket had remained at a given deformation for 30 seconds. 

Remarks: 

(a) Speed of deformation had a marked effect on the test results, as will be noted 
from curve "C" for 1/16 X 1/2 Hycar strips. The data obtained by the "static" 
loading procedure can be used to estimate forces required to maintain a given 
deflection for a short time. Cold flow of the loaded -gasket will relieve 
the force after a tL~e, but no data were taken on the magnitude of this effect. 
The data taken at a .03 inches per minute loading rate will give high values 
of the load required for a static deformation. 

'.'." 

(b) To estimate the effect of end constraint--e.g., a continuous gasket as is 
generally used--different lengths of gasket were tested, both dry and lubri
cated with Lubriseal. The results show that there is a considerable effect, 
which increases as the deformation increases. If these results are applied 
to continuous gaskets, the loads taken from the attached curves should be 
increased. The amount of the increase is not known definitely without 
further tests. 

(c) The effect of gasket grooves was not investigated. It is obvious that grooves, 
or any additional constraint in general, vlill increase the load required for 
a given ,deflection. 

(d) For the attached curves, pressures are based on the undeformed load area and 
deflections on per cent of undeformed thickness in the direction of the load. 

EDK:E/ah 

I Example: 1/4" square gasket, 8" long 
Load area - 1/4 X 8 - 2 in. 2 

Pressure - Load in p.s.i. 
. 2 

Deflection of 0.10" = 0.10 X 100 - 40% 
0.25 

E.D.Ka~e 

... _._-----------_.:..-.._--------' 

;. 
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RAorATION LA8"r~TORY 0 UNIVERSITY OF CALIFORNIA 0 BERKELEY DATE IOoQoNOolpAGE 

5-30-4"6 2 J 1 DESIGN DATA 
SUBJECT PREPARED 

W. M. Brobeck 
HEAT TRANSFER AT MODERATE TEMPERATURES CHECKED BY 

Retyped: 7-2B-50 AH 

Corrected: 9-13-50 

Note: Accuracy of better than .:t20% cannot be expected. 

1. Natural Convection (Reference: McA~s, "Heat Transmission," 1933, p.244) 

1 \ 

M= Heat transfer rate. watts . !if! e = temperature rise °c 

M = 0.0013 . 91. 25 '. 
This·formula applies to vertical plane surfaces over a foot high. Heat transfer 
rate is increased about 30% for horizontal surfaces facing upward and decreased 
about 30% for horizontal surfaces facing donnward. 

" 

This formula applies to horizontal cylinders of 4 ft. diameter. Heat transfer 
rate varies inversely with fourth root of diameter down to 1/2" diameter. 

Transfer from natural convection may be affected considerably by obstructions 
to circulation such as ledges, offsets, etc. 

2. Radia tion 

- For a body small compared to its surroundings: _', Ii< - ,.... . " .~ 

.. M :: 36.7 P ~~~t -. (l~~O)~ ::::: 0.147 P( Tav )3 e ~ 1000 
Approximate form is correct to a few per cent between 0 and 100 C. 
P is emissivity of body, M is watts/in? for body, T is degrees K (OC+273) 

if body is large compared to enclosure or for close parallel 

surfaces. 

3. rorced Convection (Reference: McAdams, "Heat Transmission," 1933, p.237) 
I " 

Below V m 16 ft./sec.!:! : 0.0037 (1+0.2V) watts 
e .Ii in.Z °c 

Above V = l6ft./sec. ~ = 0.0018 ~~097g 
e 

"Rough" surfaces increase transfer about 10%. 

watts 

in.2 °c , 
I 

I 

Increasing velocity above 100 ft./sec. (where velocity head = 2i inches of water) 
will usually be found uneconomical. 

WMB:E:ah We M. Brobeck 
·---_· ____________ , __ o. __ " ___ , _______ .~ .. _. __ ~ ___________ ""......J 



" 

I 

;,' 

b 

::'l 

(I) 
til 

oM 
p:: 

til 
Q) 

H ,p 
,+=, 

OJ 
J...i 

B. e 
Q) 

E-< 

'40 
D 

I-' 

J t ! i 
-n--;~'. 

ttItUI'P't:.t.. i.t EeD""~ co .. N. Y. t.O. !!l'Ce·Clt 
S4!rnl~Lo~~rithfTdc. 2 cyclf'.lS X 10 "to th~ inch. 5th l1nM t.c('~ntf'd. 

lA1\OE IN U. S. A. 

;L , l\) 
I 

W 
I , 
I 

t-
o 

' , i I !l I' i A' '0{1'(ji lilA:; 'ijiil"i[i1IT'PliiiljifiiP'!)I. i ' l'il;lr'TfCI r- j-yn t -! Ii ' , i T'-'-"-V '1-' /li'il'!"'!I;" T ·J-'-··-I-'''+'.I_, i"-I·'·':-I.1.
.I.. '1"'" ij~'II:-r!·I:I"·'i'I"':' ";"""'Iil'-"~-·'·'-r~'-' 'j' .I1- 1-li li! .J-I.LI·, 'H.I -i,-L-.LI-f~ i-d,11 " ,I t 1 i I It,'. I It) 'Iil ,II: I I it,II!II, ,.,IIt,·. '1'I.ill!1 "t I f I I I !. • I j : " It!, , ,!, I ) 

F m 
I , j"I 

.... '--- -' 
'- . 

w-...!:. , 
"-., 

(X) I.D 

1 

l\) 

li,\t:::p::r;:p:;:j l:r:r:,! 

V-l'~-;:--; i, I il/i-;; q +-j-j-ll't-H-il-+jitVi! I i! f IIWil!iilW!lliiif!%i':Y'T!::liii!llll'TY; illilif I-i-II-Hi i ~.! XI i 'I-! 1-1-1 fI-ll-i I! i nil Ii liil! !:PL!P!!T!;:I-'IL:'I,I; Ii I . ' . I I , ' 'J ' : I. I! , •. !, I _ . ~ ,I I _ , I . , ' i , I I I I . I ' , I ' !, I j! '" I I _ I ' ,I I. I r _ , I \ . I ! I : I, ! ! ! . I I I If! ,I I ~ : I :, : I ,!. I ' ! ' ! : , . i: 

'" ,. . ',- ,., o ,---.. ---::----~--------:: __ .1_.":"' __ ._," 

0.1 0.2 0.3 0.4 0.5 2 3 4 
M - Heat Dissipntj,gn Watts Per Srp.lare Inch 



R A D I A T I ON l" e ("\ rAT 0 R V • ~ ~ I V E. R 5 Ii': 1..) F .::, L I r (' R ",j I l • g E ~~ K E LEY 

DES I G N D A T A 
su BJEC T 

~' ;.. i E 
.. -.. 9-.0'

.. -.. )-)-51.. 

P~EPA~EO 

PRE.SSURE DROP IN FOREVACUUM PI PES W. M. S~c..K 

FOR STREAMLINE.. FLOV CHECi\£D BY 

.j ·1 

.1. 

4O~--~'~'--~--~~~~~~~~~-+4M~~~~~~~--~--~~-L~4-~~~~~~~~ 
I 

: t 
~r-----~--~~~~~~~-+~~~~~~~~~~~~~--+---+~~+-~~~------~----~ 

""" ~ 
0 
0 u.. 

tS 
w 
~ 

t'\ 
"Z 
0 

" <J. 
X ..-

~-1 

i __ . __ ' __ -1 ___ . 
__ . __ ~ __ 1. ... _, 

. 1 D - .. - .. ----~--.---. 

T -_ .. _-
4 ----"-i _____ ~ __ .i..-

I 
I 

4-

s 
i 
!-

! 

I , ... t 
I I 
! I 

1 
'1 

\ 
i 

~ .. 
I 

! I 

~~--------+-----~---~~ 

I 

. · .... I_-+-
1. 
I 
I 

Ct>~ AItR. """"D OM rou..r;;,.,I\H~ 1"O'k~VI..": 

¥ ~ 1.<t3 ~ FOil jII.,\A. AT 1.0· C. 
~ VI'II1'!. U~.D t-ILlll!..lN 

FO~ O~!.~ ~""~E ~ o~ T1:>\P'tVT'·JIl.C J 

MULTIP\..Y ~e. Af!>Q'V'f. .:.P &y r."E ~Tlt... 
I... 

(j(r: i'-4~ }t..e'~uT1l V\~Cc.r..IT'T' 0"- r""l( ~jL~ 

.:! .... 

CO~OrT\O""~ POCt ~~~t"'LlWt: 1"1...0": 

(ALs,o CALLILD ,,\~c.oUS FLO'H) 

Rt..'f~Ql.OS t-<O (, '2000 

(p 1-. P"'I.\C~VN~) 

(D I .. lHCH'f.~) 

._--!--.-



" " 

-

~" 

. 
o 

RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA. BERKELEY DATE D.D.NO. PAGE 1 
DESIGN D A T A 1-3-68 6 A e>:AGES 

SUBJECT ", PREPARED Vf(, 
R. Reimers "?..e 3-1-,,· 

CHECKED BY PROPERTIES OF SELECTED CERAMIC MATERIALS 

I. Introduction: Most properties in this paper were taken ~rom brochures, catalogs, 
and handbooks. These values will often be di~~erent from those found in scientific 
literature because the commercial ceramics have various purities which affect the 
properties. Scientific literature is usually concerned with the properties of high 
purity materials. This paper is written primarily ~or designers and is only as 
accurate as the catalogs themselves. Some catalog data have been multiplied by con
version factors. 

II. 
l. 

2. 
3· 
4. 
5. 
6. 
7· 
8. 
9. 

10. 
ll~ 
12. 
13. 
14. 
15. 

16. 
17. 

18. 
19· 
20. 
2l. 
22. 
. 

23· 
24. 

25. 
26. 
27· 
28. 
29· 
30. 

3l. 

32. 
33. 
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See 
Footnote 

(1) 
(2) 

(3) 
(4) 
(3) 

(5) 

Compressive (psi) 
Flexural Strength (psi) 
Young's Mod. (psi) 
Hardness (mohs) 
Hardness (Rockvell 45N) 
Coeff. Expansion 
(in./in·C) (See Desi 

Thermal Conductivity 
(watts em-1 'C-1 @ 25'C) 

Alumina Ceramio-- CO!IIIIerc1aUy Avanable 

95 
AL,NB 
1,6 

3·5-3·6<) 
o 

31,000 

'250,000 
45,000

6 41xl0 
9 

96 
AM,C 
4,5 

3.70-3.72 
o 

25,000(20·C. 
13,000(1093'C) 

375,000 
47,000(20'C) 
44xl06 . 

9 
78 

8.2xl0-6 

1 for more detaU • 
• 180;.·352 

97.6 
w 
3 

3.76 
o 

250,000 
43,000 

9 

98 
AM,C 
4,5 

3.12-3.78 
. 0 

20,000 

325,000 
35,OOg(2O'C) 
49xl0 
9 

73-74 6 
8.3xlO-

.251:'.352 

300,000 
43,000(2O'C) 

52xl06 
9 

81 
8.4xlO-6 

.294-.3 

Melting Point ('C) 1699 . 2038 
Max. Working Temp.(·C) 1100-1400 1500-1700 1482-1593 1550-1700 1650 1600~1700 1650-1150 
Specific Heat (ca1/gm·C) .22(100·C) .21(100·C) .19 .21(lOO·C) .21(l00·C) .21(lOO·C) .21(lOO·C) 
~tt sec/lb·Ct 418 322..._~ ______ 3.61___ 399 399 __ 399_ _ 399 

(6) Dielectric Canst. 8.2-8.3(25·C) 8.9(25·C) 
@ 1 Me unless noted) l5.3(800·C) 24. (800·c) 

(6,7) Dielectric Strength 230 230 
(VOlts/mil) rms 60 cps rms 60 cps 

(6,3) Pesistlvity 25'c lO:~ lol4 ~ 
(Oh:n em) 900·C. 4xl\Y • 35xlOL 3.2xl0 1 

Loss Factor 25'C .0033-.007 .001-0018 

8.84-9·3 

180-340 
.125 th!<. svec. 

lol4(25'C) 

(6) __ @ 1 Me (Strongly dependent on frequency and temperature.) 

Footnotes: 

9.0-9.1(25·C) 
22.4(800·C) 

230 
rms 60 cps 

lol4 
6.8xl05 

.001-.0027 

·9.53(25~C) 
@ 10 Mc 

1014 
5xl08 

(1) AM ~ American lava; C • Coors Porcelain; W • Western Gold" Platinum; AL • Alberoxj NB .. National Beryll1a. 

(2) References are given on page 1. 

(3) Values are minima found. in catalogs. 

(4) Defined as mximum stress in extreme fiber under bending load ends supported; see ref 15, p 62. 

(5) Expans10n values trom Coors Bulletin 951. 

9.2-9.4(25·C) 
l5.8(800·C) 

230 

1014 
'j.lxl07 

.001-.0018 

9.4-9.7(25·C) 
10.7(800·c) 

220-340 
varior spe~. thlm. 

lol - 1~5 , 
• 25xl07_4.7xl07 

·0009-·001 

(6) Electr1cal properties my depend upon both frequency and temperature. The following references (see p 1) contain graphs and charts which show 
the temperature and frequency dependence of various electrical properties: 4, 5, 6. 

(7) Thickness of test specimen affects values obtained. Specimen .250 inches thick, unless noted. 

(8) See page 5 for temperature dependence. 
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Grade 
'" Canposition 
M!!.nufact.urer 
References (See pg 1 ot this paper) 
)lay be metalllzed? 
Density (gm/cc) avg 
Water absorption 

OD t..A 3o-i{P 

:BORON NrrRIDE---CGlMERCIALLY AVAILAllLE 

A{Std.) ------ - M lIP (High Purity) No 8iGz 
93.5 BN; ~6 ~; 5-8 ~~ No Silica /j() mi; ... 60 8i02 ; other <'3; ~o Detectable ~ 95.5 lIN; 1.5-2.5~; <.1 B203 Carborundum Co. 

1 1 1 
t ~s T 

2.08 2.12 1.90 
1.1 in 168 bra 0.04 in 168 bra 0.16 in 168 hrII 

(i weight gain ~ C)(Yf, R.lL 
Toxicity Nont.oxic Nontoxic Nontoxic 
Tensile st.rength (psi) @25~C;-Il1r~ A 5750----- --- - ------ --------~ 

n .. " .. Dir. B Unless noted 9000 
Canpressive strength (psi) @ 25·C to press 'g. direction 45000 46,000 16,000 

.. ...... to press' g. direction 34000 42,000 15,000 
Flexural strength (psi) ll705 II to press' g direction 14200 II to press' g. direction 7665 II to press' g. direction ' 

13940 1. to press' g. direction 15400 .L to press' g. direction 25·C 6350 J. to press' g. direction 
9.4 13.6 - 6.2 Young's modulus (millions ot psi) @ 25·C to press 'g. direct. 

" II" tt 11 It " 6.0 15.4 ll.4 
385 ~KnOOP 100); 2 (MOIlS) 89.5 (RockWell 15'l') 205 (Knoop 100) 

75-5QO·C, 2.3 x 10- , 75-2OOO·C, 6.2 x 10-6
6 

75-5oo·C, 1.80 x 10-6~ 75-1000·C, 2.50xl0-6
6 

75-1000·C, 0; 75-2000"C, 0.7 x 103 
1.1 x 10- .. 2.0 x 10- n .20 x 10-0; n ./jOUO- .. 0; n 1.3 x 103 

Hardness (on scale indicated) 
Coef!. of expansion (·C-l) to press' g. direction 

II n t1 n 

~lach1ning comments 
Has been used at LRL? 
1~rmal conductivity {cal sec-~cm-~'C-l 

.. .. (watt em-l·C-l) 
Melting point (OC) 
lohx worl-.ing temp ('C) 
Specific heat (cal/gm"C) 

n .. (wat.t sec/lb"C) 

lohchines easily Use carbide tool. Machines easily but is sort 
Yes - taps well Maybe Yes 

II .055, 1. .105 (loo'C)II .023, .!. .060; (loo'C) - II .145, J. .095; {loo'C 
II .230 .1..440 (loo'C) I' .0964, 1 .252; (loo·C) ".609, .1. .398; (loo·C) 

2775 (inert or reducing atm) 985 ox. atm. 
.278 (182·C) 

528 

1400 (oxidizing or inert) 2775 (inert atDl) 

Dielectric constant (@ 25~C ;-1 Me uru£ss noted) ----- - 4:o!fTASTM D150 )------- ------ -3. 7\AsTMD150) ------- ----..~l -@ 1 Kc (Aitlil 01;0 
Dielectric strength (volts/mil) 950 (ASTM D257) 986 (ASTM D149) 790 (AS'l'I m49) 
Volume resistivity (@ 20'C, in Ohm em) (23·C) > 2 x 1014 (ASTM D257) > 2.5 x 1014 (25·C)(AS'l'I 0257) 1.6 x 1012 (ASTM D257) 
Loss fsctor (@ 1 Me unless noted} _ ___ _____ .00139 (AS.TM-.J)12Ql .Q06 .0045 @ 1 Xc (AS'l'I D150) 

Notes: 

Ava1lable sizes: 

Vapor Pressure: 

Prices: 

Types HBR, HBN: round, .125 to 14 dis; 6, 12 or 18 in. long; rectangular, .125 x .125 to 10 x 10; plate 1/4 x 10 to 1 x 10; also vaters. Pyrolyt1c: cruc1bles, 
boats, dishes in catalog. Also disks 1-3 in. dia x .062 - .500 thick and rectangular pieces up to 2 x 4 x 2.5 or 2 x 3 x .5 
Grades A, HP: round, .125 to 14 dial 6, 12 or 18 in. long; rectangular, .125 sq to 10 sq; plate .5 x 3 x 1 x 10; 
Grade M: round, .125 to 9 dis, 5 in. long; .125 sq to 6 sq, 5 in. long 

Carborundum Co. (believed to be GracleA materisl): 1.45 x 10-4 torr (2031"K); 1.51 x 10-6 (l'm·K): 8.86 x 10-7 (1465·K), date believed to be Jan. 1964. More aDd 
better data needed. W. Redanz (Union Carbide) said that at 2OOO"C, vapor pressure is > 10-2-torr. Author feels this 1IIlY' be quest10nable data. See page 6. 

About $8.00 per cubic inch in diaDJeter > 1 in.; costs up to $100.00 per cu in. tor SlIBU diameters and dOi/U to '" $5/in3 tor 10" diameters. 
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PO('A'tat' 

lI000N NITRIDE---C<M!mCIALLY AVAILABLE 

Grade !IBN (Std Grade) HBR (Premium Grade) 
<f, Composition' 95.5-97 BN; 3.9 max Coa; 0.4 max Cerbon 
Manufacturer National Carbon Co., Division or union Cerbide 
Ref'ereI:ces (See pg 1 ot this paper) 11,17 17 
May be metallized 1 t 1 
Density (GH/CC) avg 2.0 1.85 
Water ebsorpt1on 3.3 max .4 in 312 brs 

(<f, weight gain @ 90'1> R.B. 
Toxicity ____ ~ ___ Nontoxic Nontoxic 
Tensile strength (psi @ 25"C, Dir. A -6500 ~n~_ 

.. .. Dir. II, unJ.ess noted 8cOO 
Compressive strength (psi) @ 25'C lito press'g. direction 27,500 Dir. A 

" .... 1. to press 'g. direction 26,500 Dir. 11 
Flexural strength (psi) 16,ooo(0'c); 4OOO(800-15QO'C) 

10,OOO(2000"C) 
Young's modul.us (:n1llions of psi) @ 25"C II press 'g. direction 11- Dir. A 

n "II n J.II 

IIardness (on scale indicated) 
Coett. of expansion ("C-l) II to press I g. direction 
.... .I. to press' g. direction 

Machining comments 
Has been used at LRL? 
Thermal. conductivity (cal sec-1.cm-r C 

" " (vatt cm-1 'C-l) 
lI.el t ing point (" C) 
lIax. \lorking temp.(·C) 
Specific heat (cal/gm"C) 

" .. '\lett sec/lb'C 
Dielectric constant (@ 25"C, 1 Me unJ.ess noted 
Dielectric strength (voltS/mil) 

9- Dir. 11 

& /L •• 0082 from O·C-l800·C 
&/L •• 0150" n 

bas hysteresis - see ret. 17 
lI.ach1na ble 

MaYbe 

II to press' g. dir.: .1Q9(1649·C) 

2400 

D1r.- A & 11 BBme 

16,OOO(0·C); 5000(9QO-1500·C) 
10,OOO(2000·C) 

&/L •• 0028 trom O·-l8oo·C 
&/L - .0058" .. 

bas hysteresis - see ret. 11 
Machinable' 

Yea 

Volume resistivity (@ 2O"C, in Ohm em) 
Loss f'ector (@ 1 Me unless notedl_ _ _ _ ______ ~~__ _ _______ _ ~ __ _ 

/'1 \ -''I . .) 

;') / 
- I 

) 

~-

J " 



(1) 
(2) 

(9,3) 
(3) 
(4) 

(3) 

(5) 

(8) 

(8) 

(6) 

(6) 

(7~ 
~~ 

,', 

ov 'A-5o~" 

BERYLLIA, FUSED QIlARTZ-.wfSYNTIlEl'IC SAPPHllIE;;--~a.1HERCIAt..t.Y AVAl:LABLE 

(FUsed Silica) 
Composition - ~ by weight 961> Beryllia ~ Beryllia m Beryllia 99.5'; Beryllia . 99.5'; Beryllia '99.~ Alumina Fused Quartz 

S;i!!thetic SaEEhire ~.8~ (ref 2~1 

I<nnufacturer C C NB AM C .. UC GE,E,US,TA,CO 
Reference Number 5 5 6 ~ 5 15(p ~6), 20 22,23,24,25,26 
Density (g;n/cc typical) 2.85 2.85 2.85 2.88 2.85 3i98 2.2 
Tensile Strength (psi) . N.H. N.M • N.M. 58,000(20·C);4o,000(500·C) 800-7000 (refs 23,25,26) 
Cocrpressive Strength (psi) 225,000 225,000 200,000 185,000 min 225,000 360,000 >160,000 (ref 23) 
Flexural Strength (psi) 2O,000(20°C); 25,000(20·C) 30,000 25,000 25,000(20·C); ~. ' .. 

9000 (2000°F) 134ooo(~·F) 
45,x 106 

13,000(2~·F) 
50 x 106 ~ 56 x 106 ~.7 x 10

6 
- 10.5 x 106 Young's ~~ulus (psi) 44 x 106 5 x 10 ' - 51 x 10 

llardness 64(Rockwell i5N) 64(Rookwell 45N) 9 (mobs) 65(Rockwell 45N) 64(Rockwell ~5N) 9(mobs) .9-7 (refs 22,26) 
Coeff. expansion (in./in·C) 10.1 x 10- 9.2 x 10-6 9 x 10-6 8.5 x 10-6 9.2 x 10- 8.4 it 1~-6 
Avg over rsnre 25-1ooo·C (60· orientation to C1')'lltal. 5.4 x 10-7 (ref 25); 
unless noted ax1s)~.1i(o·C) 9.57 x 10-6 (20·C) 

Thermal Conductivity .38 .1l9 .55 .60 .0033 - .0041 
(cal (sec cmOC)/@ 20·C) 

2.43 (25·C) 2.5~ ;lk Thermol Conductivity 1.60 2.06 2.30 .0138 - .0112 
(',latts/crooC @ 20°C) 

20iii I~lting point (·C) 2566 Anneals 1070-ll4o (rets 23-26) 
I,tax. worl:. temp. (·C) 1100 1800 2204 1600 1850 ~ 900 (ref 24) 
Specific heat (eal/gmOC .30 (lOO·C) .30~IOO·C~ .24(20·C) .31(100·C~ 

.~a ,~:-, . .08~ll5°K~; .29(looo·K~ 
Specific heat (watt sec/lb·C) 570(100·C) 570 l00·C 455(20·C) - 588(100°C 152 ll5°K ; 551(looo·K 
Dielectric Constant 6.6 6.5 . 6.4 . 6.4 6.7 See ret~rtbces 3.75 (ref 23) 

@ I He, R.T. 
1214 Dielectric Strength 240 rms 250 rms 300 240 .250 rms 4oo-410(20·C), 

(volts/mil) 
>1017(25·C) 

(.125 thk. spec.) 
>1014 >lolt "'10"( 5oo·d}· .... 103(200·C) 

(1 Me, ref 23) 
Resistivit;,' (ohm cm) >l017(25·C), lol6{R.T.) 2.5xlol2{183·C) ret 22;6xl05(6TT·C) 
Loss Factor @ 1 Me, 25°C .001 .001 .0006 .002 See references <.0004, 2O·e, ret 23 

t,::: 

Footnotes: 

(1) C = Coors, UC • Union Carbide, NB - National Beryllia, AM. American Lava, E. Englehard, OE • General Electric, US • U.S. Fused Quartz Co., TA • Thermal American Fused Quartz Co • 
. CO" Corning Glass. 

(2) P.eferences are given on page 1 of this paper. 
(3~ Values are minima. found in catalogs. 
(4 Defined as maximum stress in extreme tiber under central. point load, ends lIupported. See page 62, re~.~. fteee values are tn1Ctil. 
(5 Expansion values from Coors bulletin 951. See also LRL Design Data 78 and reference 4. 
(6) Electrical properties may depend upon both frequency and temperature. 
(7) Thickness of test specimen affects value obtained. Specimen .250 thick unless noted. 
(8) See page 5 for temperature dependence. 
(9) N.M. means Not Measured by manufacturer. 

(10) I";rolytic boron nitride is sold by Union Carbide and its properties which are unusual and anistropic are listed in reference 19. It has a dielectric IItrenath ot 4000 volte/1I1l at 2O·C. 
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TITLE 
I NUMBER IPAGE 1 

lOA OF 3 
LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA 

DESIGN DATA 
FRICTION LOSS IN PIPES, TUBES AND WATER 
PASSAGES FOR WATER AT l5.6°C---60°F 

(SUPERSEDES D/D 10, 10.lA AND 10.2) 

PREPARED BY 

R. Peters 
REVISED BY L. E. Brown 
J. O. Turner 

REVISED BY 

Based on information contained in "Cameron Hydraulic Data", 15th Edition, 
published by Ingersoll Rand Co., 1977. 

DATE 

47,49,57 
DATE 

8179 
DATE 

Values for friction head loss were calculated from the Darcy-Weisbach equation 
(modified to yield head loss in PSI):-

fLV2 
hf = 0.433 x D2g 

where hf = head loss due to friction, in PSI. 
L = length of pipe, in feet. 
D = average I. D. of pipe, in feet. 
V = fluid velocity in ft/sec. 

gravitational constant: 32.174 ft/sec 2 g = 
f = friction factor, which is determined as 

For laminar flow (R<2000):-

f = 64/R 

where R = Reynolds Number = VD v 

follows: 

-5 2 v = Kinematic Viscosity for water @ 60°F = 1.216 x 10 ft /sec.* 

Values for f under turbulent flow (R>4000) were calculated from the Colebrook 
equation:-

1 

Vf 
= 2 1 ( E: + 2.51 \ 

- 0910 3:iD Rv-rJ 

( -6 where: E: = absolute roughness in feet for smooth tubes: 5 x 10 , for 
commercial steel pipe: 1.5 x 10- 4.) 

For the transition zone on figure 1, from R<2000 to R>4000 where flow is 
unpredictable between laminar and turbulent, the conservative design position 
is to consider it turbulent. All the curves are plotted on this basis except 
the 0.1000 in.I.D., for which the complete area of unpredictability is shown. 
This is typical for all diameters. Figure 2 is all turbulent flow. 

Diameters for plotting figure 1 were selected to give twenty equal-ratio 
increments in each decade, for clarity and simplicity. 

Velocity above 20 ft/sec is not recommended because of noise, constriction due 
to cavitation, and damage to valves and fittings. 

*Procedures, data and charts for determining friction head losses for liquids 
of other viscosities are given in ilLiquid Viscosity Effects on Pumping..?ystem~ 
by G. F. Carlson in Heating/Piping/Air Conditioning, July, 1979. 
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FIGURE 2: 

NEW COMMERCIAL STEEL PIPE 
SCHEDULE 40 

STANDARD WEIGHT 

ALL TURBULENT FLOW 

£ = 1.5 x 10-4 FT. 
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DES I G,N DATA 
SUBJECT 

WATER FLOW IN COPPER AND BRASS TUBES AND PIPE* 
i 

From "Cameron Hydraulic Data" 
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<Jl 
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(') 
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t ~ JTI .. 0 . 

~ 
... ...... - CU TUBE AND PIPE DIMENSIONS .~ 

NCMlNAL TUBE .. > '" OR PIPE 3m 3/8 1/2 5/8 3/4 1 11/4 11/2 2 ~ 1/2 3 3 1/2 4 5 6 8 ~ » 
0 

;;. 
~ ... 
ttJ -0 

tz:I 
z 
r 

t::I » 
TUBE O. D. 1/2 5/8 3/4 7/8 P. 1/8 1 3/~ 1 5/~ 2 l/S 2 5/~ 3 l/~ 3 5'~ 4 l/f 5 l/~ 6 1/~ 8 l/~ <II 

i 
~ .. t::J :~ 

- t:I1;j 
'" I.D. .402 .527 .652 .745 .995 1.245 P..4S1 1.959 ~.435 12.907 3.385 \3.857 14·805 5.741 rT .583 

H cn-< 
" 

~ .... c TYPE K . 
C)~ TUBING~ WALL .049 .049 .049 .065 .065 .065 .072 .083 .095 .109 .120 .134 .160 .192 .271 < 
2'" ;u 

In -... 
-< 

I.D. .430 .545 .666 .785 1.025 ~.265 tl..505 P..985 ~.465 ~.945 l3.425 3.905 ~.875 5.845 ~.725 00 
." 

TIPEL >0 
.035 .040 .042 .045 .050 .055 .060 .070 .osa .090 .100 .110 .125 .140 .200 » TUBING WALL o-i': 

>6 
1 ;u 

z -• I.D. .450 .569 .690 .811 1.055 1.291 1.527 2.009 ~495 2.981 \3.459 3.935 4.907 5.8S1 7.785 » ; 

TYPE M .. <II 

'" TUBING WALL .025 .028 .030 .032 .035 .042 .049 .058 0065 .Cfl2 .OS3 .095 .109 .122 .170 :u 

" '" r 

'" -< 

,.' I.D. .~94 .625 .822 ~.062 1.368 1.6OC 2.062 2.500 3.06~ 3.500 4.000 5.063 6.125 8.000 .' 
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WALL jD0905 ~1075 .114 ,,1265 .146 .150 .1565 .1875 .21<; .250 .250 .250 .25C .3125 

o. D. .675 .84 p..050 1.315 p..66O ~900 2.375 2.875 3.5OC 4.000 4.500 5.563 6.625 8.625 ::Or. 
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RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA - BERKELEY 

DESIGN DATA 
SUBJECT 

WA.TER FLOi.J IN STANDARD WEIGHT STEEL PIPE (SCI-rED. 40)* 

*Taken from Cameron Hydraulic Data 
HEAD LOSS PER 100 Fl'. OF PIPE, PSI . 

I-' 

'-

I-' . 

," 

,++ ' 

:Ve: 

I-' 
o 

':, ~(" 

':' I 

DA TE D. D. NO. PAGE 1 I 
OF ' 

1 PAGE 5 1l/3/49 10.2 
PREPARED 

R. Peters 
CHE$:KED BY 

1 earawn: 11/M/'? 

N o 

(cl, ' 

w 
o 

~ Vl 
o 0 

, ~t '~! ~+h :rc 
,++;4 tn ~n; [t; 
" 'I' j;:~ I:'" 

I-' 
o o 

bl-+~_~H~~-:,C+~'~,~I:~: iithlH' Hlli+1 1+i'Hll[,;Z(jl1+
I
";; 1~,il"--k++++H!-~+I,~I-l-~!~ 'I I, 11-:': ~'::"HM+++I+++!+l' iH! :4+i+ji'I:I~ Cjj'1 ~j! ill---+-++~!_I-I-!-I_I-l:4+l_I-I-Lni 

l-L I I I ' !H, ;HIIi:RH-HHH'IW'lcli' ,II 

'1 :! !;! . II I 
'! 

I-' 
o o 

1--

i ' 

.;! ; II iiii:i, ! 

II I' I 

~- !t+! Ii' i', 

'+i-

,~_-", ,I 

, I, 
ii,,: 

" I' 

III' 
II 11I1 

. Ij . .l 
1 

, 
I! 

" 

. I,' 

,I,r 



RADI'ATION lAB~~.~TORY UNIVERSITY OF C!\LlFORNIA .• · BERKELEY DATE PAGE 

D-E SIGN- DATA 2-24-47 10f2 
SUBJECT PREPARED 

w. w. Sa1si , Jr. 
CHECKED BY' PROPERTIES AND IlENTIFICATION OF MICA ' 
Rety edt 9-11-50 

Although Webster lists eight distinct varieties of mica, only two are suitable 
,. as electrical insulators. These two varieties are "Moscovite," (sometimes known as 
; ~White" or "Potash" mica), and "Philogopite," (sometimes known as "Amber" or "Magnesia" 
: mica) • 

Properties 

,.,,~:i .. :';;i><::'~~f:': Th~';;cioniposi t1.on i :ahd ;'physic'al"prOperlies :'6f ':th~se'tVioc:ttiicaS}'i-!~s"reported'·bY,';the[;\¥.f~4i~1{l 
Mica Insulator Company, are listed in the table below: ' 

Chemical Composition 
Silica (Si Ci.2) 
A1ulnina (AI2 ~) 
Potash (K2 0) 
Magnesia (Mg 0) 
Ferric Oxide 
Water (H20) 

Specific Gravity 
Hardness, Abhts Scale 

(by ana1:y-sis)--

1~. Temperature at which employable 
Permittivity (S.I.C.) . 6 
Spec. Resist. Megohms x 10 
Electric strength at 20C in volts per mil 

Moscovite 

45.2 
38.4 
ll.B 

-- " 

4.6 
.. 

2.76-3.0 
2.8-3.2 

535 C. 
4.2-5.0 

7-133 
3250-6250 

Philogopite 

40.8 
26.9 
12.7 
7.6 

12.0 

2.78-2.35 
. 2.5-2.7 

1000 C. 
2.9-3.0 
0.45-22 

. 3700-4200 

In addition, Standard Handbook for Electrical Engineers, by Knowleton, lists a further 
El1ectr~c~l 4ifference,~etween the two micas (Sec. 4, p. 569 and 570): .' . . . 

Power Factor at 60-1000 Kilocycles, 250C . 

tbscovite .0001 to .OOOS (R. H. Spry) 
.04 to .01 (Lewis, Hall and Caldwell) 

Phi10gopite .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 inclUSions) 

Philogopite mica is superior for high temperature service, but inferior for high 
frequency service. It is therefore highly desirable to be able to distinguish 
be~ween .tI:~ t~o types. 

Uoscovite mica is"trans1ucent, and colored ruby, green, or brown of various 
shades. Philogopite mica is more or less opaque with coloring ranging from pale 
yellow and silver to dark copper and brown. However, physical appearance overlaps 
between the two types of mica to a considerable extent, and is not a reliable means 
of identification for laboratory purposes. 

'-~ 
'-'f: I; 

.::<:~~:1~,:~).;~tS~,;;:M~~: ,;t~ 
.. .': . , ~. 

'"" 
';, .. : ~."~; . 

';. '.(,: > ... ~:·t::'r"'·~ 
... ",: 

. .oj,.,.,..,".... ~-~"""'''~---'-----------'' 



RADPATION LAB~"ftTORY UN1VERSITY OF CALIFORNIA BERKELEY " DA'TE PAGE 
~D E S I' GN DATA 2-24-47 26f 2 

SU BJECT PREPARED 

PRDPERTIES AND IDENTIFICATION OF MICA 
W. W. SalsiJr. 

CHECKEO, BY 
-i. 

Retyped: 90;.11-50 

Specification , ' 

:.:,"! '.>"-

,Tr~de ahd regional names do not differentiate reliably"between the t:wotypes qf-
mica. Thus, Mica Insulator Companyfs "Micanite" can be either Moscovite or Philogopite~ 
depenlling on the temperature service to be encountered. n:tndia~ or " Indian'f mica is 
used loosely as a synonym for Moscovite mica, since most of the'mica exported by India 
is Moscovite. However, Philogopite mica is ,also exported as"Ind~an",mica~ Similarly, 
"Madagascar" or "Canadian" is much used as a synonym ~or Philogopite, since the . 

:,,~~:,-,{;: J~pri~cipal;'ftnic~;'·expor~~";t)f<.;t~ese;countries,: al"e ,:of,,~t~.;,;y~~~~y,r:;~~;3~l'![i9,~~J;t~~~~~~ ,;~~ 

Grade and qUality numbers are also of little help in'differentiatingbetween
micas; in fact, it is hard to determine whether the number refers'to grade (the size 
of the sheet) or the quality (purity, coloring, lack of impurities). This confusion 
is emphasized by the table below: 

Number Grade Number Qua1it;y 

1 25" x 35":-3/4" sheet or larger 1 Clear and sli~htly stained 
2 15" x 23'-3/4" " " " 2 Fair stained 
3 ' 10" x ,14-3/4" " " " 3 Stained 
4 6" x, 9-3/4" " " " 4 Heavily 'stained 
5 . 3" x. 5-3/4" " " " 5 Black stained 

In view of the confusion in trade terminology, all mica should be ordered and 
called for on drawings as Moscovite or Philogopite. Grade and quality nU'llberSshould 
always be followed by their description in size or color as: 

lvticli"'Moscovite', Grade 5 (6" x 9-3/4" or larger), 
QUality 1 (clear or slightly stained). 

'~i3:1;{;:,?,i~)fh~,,,~r.adEl,,~!ls\:Aqu.al,,ity,: spE!c:if,icl3:_tions"~;!f<:r~,,, ,not, gep:e.~~t1y,~_eq~~",-~~;;;(~~B:!_tn..g~_,-, ~2~~",,,;;.,~.,;;: : "iki 
small quantities are - invo1 ved.;.~the best -quality beirig~asSUmed~~~~;~-' ~");;c~<\·;'"':P.~W'""\;."":"'''{:''''''''''':'''\I.:''';;J,:J~;,t'-~-t 

, ' , 

Identification 

As it appears that connnercial mica designations should not -be relied on when. 
attempting to distinguish between Philogopite and Moscovite, the following simple 
test is recommended where positive identification is required: 

Place a small (1/2" sq.) sample of the unknown mica under a 7)piece of 1/8" 
copper plate. Heat the copper with an oxyacetylene torch in a concentrated region 
over the mica sample until the upper surface of the copper ?uddles. Do not allow the 
flame to reach the mica. If the mica is Philogopite, little change will be noted 
after this test; if it is'Moscovite, the surface under the puddled copper will have 
an opaque silvery metallic appearance and the surface \rl11 become cracked and brittle • 

. For a more positive, test, place a sample known to be Philogopite along side the un
known sample, and puddle the copper directly above the junction of the two sheets, 
thus insuring that each sampile was exposed to the same degree of heat. ' 

Mechanical designers are requested to call for mica as either Philogopite or 
Moscovite, depending on the requirements, and not by trade or. regional names • 

. .,: ,.,"-;" .~ ... 
" 

WWS:E/ah 



/~.------------~~ 
I NUMBER lpAGE 1 LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALlFORNIA 

DESIGN DATA 12A OF 3 
TITLE PREPARED BY DATE 

~J. ~~. Brobeck 3-14-47 
REVISED BY DATE 

GUIDELINES FOR MAKING GRAPHS J. O. Turner 5-78 
REVISED BY DATE 

In order for a graph to be clear and easily understood, and to serve as a 
useful permanent record, the author's observance of the following points is 
strongly urged. 

_1. Axes and scales must be clearly shown. 

2. Label each scale with both the name of the quantity and its unit. A unit 

such as "seconds x 10- 311 or "gauss x 10311 is ambiguous, and must never be 
used. Use a definitive unit such as milliseconds or kilogauss. 

3. The abscissa should be the independent variable unless it represents height 
or altitude. Avoid the use of more than one abscissa scale. 

4. Show the value at the origin of each scale, whether zero or some other 
quantity. 

5. If a change in scale or a discontinuity is unavoidable, it must be clearly 
indicated. 

6. Show the value at each cycle boundary on logarithmic scales. 

7. Always show plotted points if they are from test data or from calculations 
so difficult that only a few are made. Points on simple mathematical curves 
should not be shown. 

8. Doubtful portions of curves should be dashed or dotted. 

9. Each curve in a multiple set must be clearly labeled. Use different types 
of lines and/or points for curves close enough to be confused with each 
other. Do not use different colors, since they are impractical to reproduce. 

10. The title must be clear, accurate, and complete, so that a reader can know 
quickly if the graph is useful to him. It should include any special 
information needed to understand or use the graph, and the date and author's 
name. 

11. A file retrieval number must be shown. 

12. Relevant supplemental information such as the following should be clearly 
shown on the graph if possible without overcrowding. If not, it should be 
carried in accompanying text: 

la. Full identification of. equipment concerned. 

b. All relevant conditions. 

c. References to data sources. 
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. DE S I G N D A T A 12A OF 3 

d. Date of test and name of observer. 

e. A graph of statistical data should indicate if probable error, standard· 
deviation, etc. apply. 

f. If formal curve-fitting procedures are used, the method should be 
stated (e.g. least squares, linear regression, etc.). 

13. The following additional information is frequently helpful in understanding 
and usinq a graph: 

a. The least count of instruments from which the test data are plotted. 

b. The equation from which an analytic function plot is made. 

14. Leave margins clear for printing control and binding. 

(rlany of these points are illustrated on page 3.) 
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DES I G N D A T A . 3-11+-47 ~ 
SU BJECT 

H 

F 

K 

D1 

D2 

p 

L 

POWER REQUIRED TO ROTA~ A HOLLOW SHAFT IN A 

MAGNETIC FIELD 

, 

- magnetic field strength at right angles to shaft -
'. 

- speed of shaft - revolutions per minute -
* - resistivity of shaft material - microhm inches - , ,. - inside diameter of shaft - inches -

- outside diameter of shaft - inches - , 

- power required - watts ~ 

= length of shaft in inches 

PREPARED 

E.M.~\fcMillan per W.M.B. 
CHECKED BY 

Retyped: 9-12-50 

- kilogauss 

. 
-

L is assumed large compared with D2---error is less than 10% if t is greater than 5. 

--p' 'a 2.24 x 10-6 ~L 
K 

D 

. .-
Note·that the dimensions of resistivity are ohms x inches. This is n~merical1y 
equal to the resistance across an inch cube. 

. .. 
E. M. McMillan 

,per W. M. B. 

WMB:E/ah 

~. 



TITLE PREPARED BY DATE 3/47 
9/50 

; 

~J.f~. Brobeck 
REVISED BY R. Reimers, DATE PREFERRED AND ALLOWED UNITS I R. Averv. J. Turner 6/78 
REVISED BY DATE 

The whole matter of units is in a state of flux, and the Mechanical Department 
of LBL, in accordance with DOE policy, is slowly moving toward conversion to the SI 
units of the metric system. In general, the metric units(l) listed below are to be 
considered as first preference, subject to the availability of hardware, tools, machine 
scales, stock materials, etc., in SI units. 

This list is not intended to cover units for all quantities, but 6nlyfor those·· ~. 
that have been called into questinn at one time or another. 

For the metric policy established for PEP-4, see Engineering Note M-5084, by 
Gene Miner. 

For a treatise- on the International System of Units (SI), with complete defi
nitions of base, supplementary, and derived units and conversion factors, see ANSI 
Z2l0.l-l976 "A.N. Standard for Metric Practice." 

Footnotes appear on Page 2. 

Metric 
Quantity Preferred 

Conventional I Preferred All owed I 
I· 
! 

length(21 meter, millimeter 

volume cubic meter 
I 

mass kil ogram 

I 
inch foot 

I cubic inch cubic foot I 
I pound metric ton 

time second 
. ,. 'second .' .• minute, hour 

temperature degree kelvin degree Celsius 

force newton pound-force I 
torque, moment newton meter 

pressure, stress I 
pascal 

energy joule (watt second) 

pound inch I 
torr, pound- \miCrOn 
force/ sq. inch 

joule (watt second) BTU(3) 

I 

power watt 

magnetic flux weber 

watt I horsepower( 4) 

maxwell (line) ! I 
gauss (line sq.cm) I magnetic flux density 

magnetic field strength 

magne"tomotive force 

gas flow 

1 iquid flow 

tesla 
ampere-turn/meter 

ampere turn 

cu. meter/second 

cu. meter/second 

oersted 
ampere turn 

cu. ft./second, 
i minute or hour 

gallon/minute 

I 

1 iter / second 

liter/second 
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DES I G N D A T A l4A OF 2 

cont. 

Quantity 

heat conductivity 

heat transfer factor 
specific heat 

:"", ' . 

specific mass 

electrical resistivity 

(1) Whenever appropriate, 

Prefix Multiple 

pico- 10- 12 

nano- 10- 9 

micro- 10- 6 

mi 11 i- 10- 3 

centi- 10- 2 

deci- 10- 1 

r~etri c 
Preferred 

watt/meter kelvin 
watt/sq. meter kelvin 

joule/kilogram 
kelvin 

.:.: ' 

kilogram/cubic 
meter 

ohm meter 

these prefixes 
Symbol 

p 

n 

)J 

m 

c 

d 

should 

Conventional 
Preferred 

watt/deg. Cinch 

watt/deg. C sq. in~ 
watt second/deg. I 
C pound 

pound/cubic inch 

All m'led 

gram/cu. centime~ 
ter 

ohm inch !ohm centimeter 

be used to apply multiples of ten: 

Prefix Multi ~l e Symbol 

deka- 10 da 

hecto- 10 2 h 

kilo- 10 3 k 

mega- 10 6 M 

giga- 10 9 G 

tera- 1012 T 

(2) The millimeter or inch is preferred on all mechanical drawings. 

(3) BTU should be used for describing commercial appliances only. 

(4) Horsepower should be used for describing commercial motive power units ,only., __ ,,,., 

bl 
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SUBJECT PREPARED 

RADIO FREQUENCY POWER LOSS IN SHEET CONDUCTORS w. M. Brobeck 
CHECK ED BY 

ltet,yped ~2/~b/57 

i B ~~ amperes per inch perimeter 

d a skin depth - inches (i.e., thickness ot sheet that would have same 
pover loss with DC current a i) 

P a resistivity = 1 for annealed copper (0.68 microhm inches at 20C) 

f a frequency in megacycles/second 

w a power loss in watts/square inch 

P B magnetic permeability of sheet D 1 for non-magnetic materials 

0.00260 tP::. 0.00260 

"v:r .;r 
d a for copper 

W a 0.68 x 10-6 i 2p 
d 

• 2.62 x 10-4 i~for copper 

The following graph gives d and w as a function of i and f for copper sheets. 

Notes; 

d a r;- in consistent units (cf. Ramo & Whinnery, Fields and J;t; , 
Waves in ~dern Radio, 1944, p. 205 et seq.) 

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

w. M. Brobeck 

WMB/nh 
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RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA . BERKELEY 

DESIGN DATA 

RADIO FREQUENCY POWER LOSS IN SHEET CONOOCTORS 

2 8 ~ ·6 

,IlMS -"'IMPS 
/IIIC"N p~,(l/Mcre.(l 

·DATE D.D~ND. PAGE 
OF 2 

3/17/47 15 PAGE 5 

PREPARED 

W. M. Brobeck 
c· 

CHECKED BY 

--
Copied l2~!57 by K. Connelly 

"954, 2 8 4 6 6 8 000 
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DESIGN DATA 3-17-47 15 3 
Subject 

SKIN DEPTH* OF RADIO FREQUENCY CURRENT 
Prepared 
W.l1~ no .'L ~1t-

Copied 
Te r.n1'l1'lAl1v 10-'~=t:7 

I 
9 

8 

7 

6 

5 

4 

3 

2 

, : 
9 

8 

7 

6 

~ 
5 

4 

~ 
3 

&=l 
A 

2 

~ 
~ 
(/) 

0.1 "-
9 

8 -
7 

6 

5 

4 

3 I 

r-

2 

0.01 II 
f 2 3 4 5 6 7 8 9 fO 2 3 4 5 6 7 8 9 100 2 3 4 5 6 7 8 9 1000 

FREQUENCY - MEGACYCLES FER SECOND 

*Thickness of DC conducto~ that would have same resistance. 
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RADIATION LAB~rATORY • UNIVERSITY OF CALIFORNIA. BERKELEY 

DES I G N DATA 
SU BJECT PREPARED 

Marvin Martin 
VIBRATION ISOLATION CHECKED BY 

Retypecl 9-.7-51 

The iaolation of mechanical vibrations to provent transmission of vibratory 
torces to parts of the adjacent structure requires canful sol",ction of cuitabla 
flexible mountings. An incorroct choice of tho mountingB ui11 r~8ult in & 

magnification of the vibration instead of tho desired attenuation. 

Tbe mass of tbe vibrating parta and tb~ spring cOMttwt (pound&:! load 
required for one incb deflection) of tho flexible rrountll det«.t~ a natural 
frequene,y of vibration for tha system. If th3 diaturbing frcqu9ncy ia n@ar this 
natural. frequency, resonance will occur l:Ibicb vill magnii'y the vibration. If the 
disturbing fr0quency i8 8~li comparod to th9 natural frequency, the rlol"tltion tor~o 
wili 00 transmitted \Ulcbf\.Ilgcd througb th0 munting. If the dinturbing f'lrsquenc.y j;1l 

largo compared to the natural frequency, the vibration forcas will be attonunted and 
only a Z!ln:ali fraction tranamitted through the mounting. This ia the desirC:ld 
condition. 

The fraction._of the vibration forces trana.m.ittsd is called the 
transmissiblli ty and is defined by the foliolling equation: 

T = . 1 

.l~,"Kg 
211 \l 

Noting that ~ = 

T • ( N~21d _ 1 
188 

where f = disturbing frequency 

f n : natural frequency 

wbere K = spring constant 
W ;; veigbt supported by flexible 

mounts. 
~ = acceleratiOn of gravity 

4 

static deflection.ot oyatem .= d 

whore N ~ disturbing frequency in 
cyclGs/zrdnute 

d ~ static deflection, inches 

The accompanying curvca show disturbing frequenoy VB. static deflection 
for various degrees of tranBmissibility. 

Marvin Martin 

MM:FP 
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SUBJECT PREPARED 

PUMPING SPEED OF PIPES & ORIFICES AT HIGH VAQ.UUM 

** 

Marvin Martin 
CHECKED BY Rev: 9-22-47 
Retyped: 9-15-50 

The basic equation for molecular flow through pipes and orifices isr 

(1) where G is mas s rate of flow 
Pl and P2 are upstream & downstream pressures 

*0 is proportionality constant for the gas, 
tempera ture, area and length of pipe. 

Most vacuum flow calculations use 
the following equation: 

a factor which is related to mass rate of flow by 

(2) Q a GP where f is the mass density of the gas at pressure p. 
p 

Here Q has the dimensions of Pressure x Volume and is usually expressed in 
Time micron liters per second. 

A useful equation for calculation of the flow of air is: 

(3) 
,} 

Q is in micron liters/sec. 
A is cress sectional area in square inches. 
P1 and P2 are in microns. 
K is a factor-whose value depends on the 

geometry of the pipe. 
(K a 1 for an orifice in a thin diaphragm) 

. Values of K in equation (3): 
(Taken from Loeb, Kinetic Theory of Gases. See also Clausing Physik, 66, 471, 
1930; Ann. Physik 12, 961, 1932; Physica 9, 65, 1929) 

1. Orifice in a thin diaphragm 

2. A long cylindrical tube of length L and radius R 
where L »R 

3. A slit like tube as shown where a»L»b 

Kill 

K-!!R 
- 3 L 
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RADIATION LAB0 D ATORY • UNiVERSITY OF CAL!FORNIA • BERKELEY DATE 

DESIGN DATA 4-2-47 
SU BJECT PREPARED 

Marvin Martin 
PUMPING SPEED OF PIPES & ORIFICES AT HIGH VACUUM 

4. A long rectangular tube where L» a and L» b 
See Pg. 4 

5. A short cylindrical tube of length L and radius Rs 

CHECKED BY 

Retyped: 9-15-50 

Find K as a function of L/R from Curve I. 

6. A short slit like tube as shown where a»b and a»t 
Find K as a function of ~ from Curve II. 

Marvin rmrtin 

MM:bw/ah 

Note I Notation used differs from that of Loeb, ref. 1. 

* C in equation (1) for an orifice is A\l2;P 

** MOlecular flow occurs when the mean free path is greater than the linear dimensions 
of the system. 
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA I NUMBER I PAGE 1 

DESIGN DATA l8B OF 2 
TITLE PREPARED BY DATE 

TENSILE PROPERTIES AT ROOM TEMPERATURE J. E. Cullen 12/67 
OF FREQUENTLY-USED UNWELDED AND WELDED REVISED BY DATE 

ALUMINUM ALLOY SHEET AND PLATE J. E. Cullen 5/80 
REVISED BY DATE 

Un\-/el ded Welded(2) GMAWor GTAW 

, Mi nimum tensi 1 e Typical transverse Max all o\'1ab 1 e 
. propert i es (1 ) . tensile properties design stress 

,'11 oy and in tension, CIS 

temper Ult imate Yield Fi ller metal Ultimate Yield welded, room 
(ksi) (ks i) alloy (ksi) (ksi) temp. to 200oF. 

(ks i ) (Table UNF 23.1 
ASME Code Sect. 
VIII-Div. 1) 

(ks i ) 

Heat-treatable grcu~: 
, (Not for Heldi ng. 

2014-0 37 16 4043 29 14 Bars forging rods, 
20l4-T6 67 59 4043 35 20 & shapes only. 
2024- T4 60 36 5356 42 28 See SB-2ll, SB221 

& SB247, ASME , 
Sect II, Part B. ) 

2219-T62 54 36 2319 35 26 (non-code) 

6061-0 22 12 4043 18 9 6 
6061-T4 30 16 4043 27 18 6 
6061-T6 42 35 4043 27 18 6 
6061-T6 42 35 5356 30 20 6 
6061-T6 42 35 4043(2.2) 32(2.2) 18(2.2) 6 

7075-T62 78 67 5356 44 25 } (non-code) 
7178-T6 84 73 5556 54 41 

I 

Non-heat-treatable grou~: 

11 00-0 11 3.5 11 00 13 6 2.3 
1100-H14 16 14 1100 13 6 2.3 

3003-0 14 5 1100 13 7 3.3 
3003-0 5356 14 8 3.3 
3003-H14 20 17 1100 16 8.5 3.3 

3004-0 22 8.5 4043 24 11 5.5 
3004-H32 28 21 5356 27 12 5.S 
3004-H34 32 25 5356 30 15 5.5 

5052 .. 0 25 9.5 5556 28 13 6.3 
5052-H32 31 23 5556 30 14 6.3 
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Unwe1ded We1ded(2) GMAW or GTAW , 

Minimum tenS?l) Typical transverse Max allowable 
properties 1 tensile properties des i gn st ress 

Alloy and in tension as 
temper Ultimate Yield Filler met'al Ultimate Yield welded, room 

(ksi) (k s i alloy (ks i) (ksi) temp. to 200oF. 
(ksi) (Table UNF 23.1 

ASME Code Sect. 
VIII-Div.l) 

(ksi) 

Non-heat-treatable group cont Idl: 

5083-{) (1 ) 40 18 5356 41 21 10.0(1) 
5083-H321 44 31 5356 40 21 10.0(1 ) 
5083-H321 44 31 5556 43 21 lO.O(l) 

5086-0 35 14 5356 37 17 8.8 
5086-H32 40 28 5556 39 18 8.8 

5456 42 19 5556 46 22 10.5 
5456-H321 46 33 5356 45 21 10.5 . 

NOTES 

1. Minimum vales as specified under ASTM B209-78. 
Thickness range is 0.050" to 1.5". Temperature not to exceed 1500 F . 
fo r Alloy 5083. 

2. For welded joints in which fusion of base metal is complete from root 
to face of weld metal (i.e., full penetration). No post-weld treatment 
performed. Except as noted below, data is derived from AWS Welding 
Handbook Section 4, 6th Edition, published 1972. 

nh 

2.1 Alloy group 2XXX (Al + Cu) from Vol. 3 DOD Aerospace Structll 
Metals Handbook, 1977 Rev. weldability ratings: Alloy 2219-
good; 2014 and 2024--fair. 

2.2 Alloy 6061 (Al + Mg + Si) values for 6061-T6 as noted were developed 
by application of UCLBL Spec. M408 using GTAW (TIG), DCSP/75% Helium 
25~~ Argon. 

2.3 Alloy group 7XXX (Al + Zn + Mg) from Vol. 3 DOD Aerospace Struct 11 
Metals Handbook, 1977 Rev., and Paper No 3--Selection of Aluminum 
Alloys & Fillers for Welding I. B. Robinson, Aluminum Welding 
Seminar May 18, 1978. ~1eldability rating--fair. 

2.4 Alloy group 5XXX (Al + Mg) from papers based on tests made by 
Rice, Campbell and Simmons of Battelle Memorial Instit~te, 
published 1961 and 1962, and Paper No 8--Designing for Welding, 
P. B. Dickerson, Aluminum Welding Seminary May 18,1978. Weld
ability of alloys listed is very good. 

..... 
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~D E S I G N D A T A 
DATE I D.I;). NO.\ PAGE 
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PREPARED 

FOR W. Carpender/ E. Steele 
U. C. R. L. COLOR CODE/IDENTIFICATION AND SAFETY CHECKED BY 

"B" Rev.: 7/21/5.3 

This color code is intended as a guide to contractors doing work for 
the University of California Radiation Laboratory, for the Laboratory's 
own construction projects, and for miscellaneous and maintenance paint
ing. Any part of it may be deleted or invoked as required by the 
situation. With this in mind, the code has been broken down into the 
following sections: 

I. 
II. 

III. 
IV. ' 
v. 

VI. 

Piping and,Distribution Systems 
Special Hazards 
Accelerators and Associated Equipment 
General 
Signs 
Schedule of Suggested Paints and Thinners 

This code is based on the following: 

Scheme for Identification of Piping Systems A.S.A. A 1.3-1928, 
Reaffirmed 1947. . 

University of California Std. Pipe and Conduit Identification 
Symbols, Dwg. 6676. " 

Bevatron, Colors To Be Used For Identification of Major 
Assemblies, Eng. Notes 175-1-M66A 

References: 

U. C. R. LD Std. (Electrical) Phase Colors Dwg. 10 Z 116IB; 

This; Design Data supersedes Dwgs. 21-510, 215-11, and .3D6.35.3(CD.n. #19) 

I' 

, i 

'. 
---------------------------------~--------~ 
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SUBJECT PREPARED 
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U. C. R. L. COLOR CODE FOR IDENTIFICATION AND SAFETY CHECKED BY 

t::::==::::''::=-':::=::C::2-:-r--..:~~; ::: .. ~-:: -.:::::::,.::::::-":f:~::-.. ·· .... PI~E~~ .. _~~P _ .. ~:;-~~mI~I9~:::-:~X:§JJ~§:.)",.:::.~~::::·.::-c::::::..:::: . .:....:.::._:.::..:.:.::':;..::c .. :_-; ... .:...-_~_ ... c:::::.:::":· .. --::.: 'C: 

IDENTIFI- I . i A.S.A. ~ BASIC : LETTERING : 

SYMBOLS I: COLOR: 
CATION I SYSTEM CLASS~. COLOR t OR BAND I REMARKS 

.':':"'_-------- ..... i ~~~::-~:::-:.::::::===:::.:::=-.::::::::.:::-::::-.::::~~ .. ::::~:::.~:=::: ..... ::'~:""'::'::::::::::1:~:=::::::"''::::::=='::::::'':':'''' .. -..:....;::::=~=~::::.::.:-::=--=.:-~-::::::-.=.:::::-::::::=.::::~.:::.::: .. : .. : ....... : 

BArR i -Breathing Air System S; L. Blue I Aqua 
AIR # l Compressed Air System S i. Aqua I Black 

E 
E 

~ ELECTRICAL: , 
#' 
# 

E # ....( 

115 Volt AC Conduit 
220 Volt Ad Conduit 
440 Volt AC Conduit 
Hi Voltage Conduit (above 

600 V) (See Special 
Hazards "II") 

. Mark vol t-L 
age on :7 
line 
TEL 

FA 

COM 

FIRE 

DSP 
C02 

SPR 

,; 

# 

# 
I , 
r 

Telephone Conduit 

Fire Alarm Conduit 
(120 V D.C.) 

Public Addree~ System 
Specials, etc. 

; FIRE: 
#' Fire Main or vIet Stand-

; pipe System 
# Dry Standpipe 

Carbon Dioxide Systems 

#: Sprinkler System 

; GAS: 

; 

, 
l 

; 
! 
1 

i 
I 

! 
! 
~ , . 
I 

HPG ; -Natural (City) 
bution Lines 
above 

Gas Distri~ 
3 psig and . 

D 
D 
D 
D 

F 
S 

F 
F 
F 

F 

D 

l I 
j i 
" I' 
i . 

(Labels) I 

: Western Litho 
Co."E~Z"Labels 

CCP2 
CCP3 
CCP5 

\ (Labels) 1 
... (Labels) I 

Yellow I Black 
i 

CCPB 
1 

~ 
1 

None 

None' 

Red 
Red 
Red 

Red , 

Yellow 

Yellow , 
, 

Yellow : 

, 
Alumimnn 

t 
I 

; Aluminum 
! 

i 

Yellow 
*Yellow 

I 

: , 
; 

J 

White or 
Black 

Red 

White 
White 

*Aluminum ' 
& *Orange. 

White 

CCPll 

CCPIO 
CCP12 

D.Brown 
& Red 

. "High Pressure 
, Gas" 

D.Brown 

D. Bro\JIl :. 

D.Blue 
& Yellow 

D.Blue 

*Red 
*D.Blue 
'& *D.Green 
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'. I. PIPING AND DISTRIBUTION .SYSTEMS (CON' T.) 
-'-'~~;~'I;~~-r---'-''''''-'-'---'----'--'---'-- "'----" .... A. S ~~~-r---~~~i~-'---r' ~~T~~~I~G 

CATION SYSTEM CLASS! COLOR i OR BAND 
. ; I 

REMARKS 
SYMBOLS ' ; i COLOR . ----..:.:.-.. ~":"--='-----!"':':::::'GASS'::~~--BOTILED::::AND:-=:::'::=:'::'::::--=""::::--::-·=~::'::·=-·:::':'::-'=":::::·-=:":':-'::i:::::::':':::::==-:-·=·::·:=-::::·-:·::::!:"::-::~': .. ::::"::::.:~-=-"":".:::".-:'.:-:.:::::"-...... ::::' .. " .. r-::.::. . .:.... . ...:.._.:.:_ .. : __ . -.---~ .. 

. SYSTEMS:-(CONIT.), i I I 

ARGON 
C02 
CL 
ETHYL 

HE 
H2 
BUT 
METH 

N 
OX 
S02 

PROP 

OILS 
OILR 
OILD 

VO 
LOS 
LOR 
FO 

jAML 

AMS 

AMG 

AS 
D 
SS 
PS 

# I Ammonia (Anydrous) ! D ! Yellow ! 
, I 

*A1uminum and : 
*Black I 

# 

# 

# 

# 
II 
(I 

# 
/1 

Argon 
Carbon Dioxide 
Chlorine 
Ethylene 
Freon (See Refrigeration) 
Helium 
Hydrogen 
Butane 
Methane 

Nitrogen 
Oxygen 
Sulfur Dioxide 

Cooling Oil Supply (Cold) 
Cooling Oil Return (Warm) 
Oil Drain System (Inc. Vac. 
Oil' Drain) 

Vacuum Oil Distribution 
Lube Oil Supply 
Lube Oil Return 
Fuel Oil 

PROCESS: 
Acid 
Caustic 
Solvents 

REFRIGERATION: 
Ammonia Liquid 

Ammonia Suction 

Ammonia Hot Gas 

Freon Liquid 
Freon Suction 
Freon Hot Gas 

SEWERS AND DRAINS: 
Acid Sewer 
Drains (Inc. Roof Leaders) 
Sanitary Sewer 
Pressure Sewer 

S 
D 
D 
D 
S 
S 
D 
D 
D 

S 
D 
D 

D 

D 
D 

D 
D 
D 
D 
D 

D 
D 
D 

D 

D 

D 

S 
S 
S 

D 
S 
8 
S 

i : 
I Green i 
i *A1uminum: 

Yellow 
; 

*Orange 
! 

: *White 

*D. Brown 
*Orange 
* Aqua 

I 

i 

j 

White; 
! *Grey 

Yellow ! 

*Aluminum! 
*Aluminum: 

*D. Blue 
Black 
*Orange 
*Red and 
D. Blue 
*Red and 

; (See "Gas II 

r *Black 
Yellow 
Yellow 

*Green 
White 
*D. Green 
A1 uminum and 

D. Green 
Aluminum D. Blue 

L. Brown 
L .. Brown 

D. Green. 
Black 

L. Brown 
L. Brow: 

Grey 
D. Blue 
D. Green 
Black 
Yellow 

D. Brown 
D. Brown 
D. Brown 

Yellow 
Yellow 
Yellow 

Yellow 

Yellow 

Yellow 

! *White 
: *White 
; *White 

i Yellow 
I Grey 
, Grey 
! Grey 

I 

Orange 
D. Blue 
L. Blue 

i *A1uminum 
! and*Black 
i~ ~Uuminum 
i 
I and *Black 
I * Aluminum. 
: and *Black 
! Yellow 
i Black 
, Black 

, Grey 
D. Green 
Aqua 
Yellow 

(See "Gas" 

I 

I 
i 

I 
I 

I' 
I 
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IDENTIFI
CATION 

SYMBOLS 

HPS 

MPS 

LPS 

R 

# 

# 

# 

# 

FVAC 
HVAC 
HOUSE 
VAC # 
FVAC or 
HVAC 

VENT 

cw # 
CHWS' # 

CHWR. # 

TWS " 

TWR 
CALS 
CALR 
DW # 

HW # 

HWS # 
mm # 
LCVlS ,. 

LCWR -

~ 
" 

--' 

SYSTEM 

STEAM: 
High Pressure Steam 41 psig. 

.&over D 
Medium Pressure Steam 16 to 

40 psig. D 
Low Pressure Steam up to 

15 paige D 
Condensate Return S 

VACUUM: 
Fore Vacuum 
Hi Vacuum 
House Fore-Vacuum 
Lab Utility Vac Systems 

S 
S 
S 
S 

Vacuum Systems using Mercury D 

VENTS AND EXHAUSTS: 
Vents and Exhausts, Inc. 

San. Sewer Vents S 
. Vents for Mercury D 

WATER: 
( Cold) Water" Domestic, City S 
Chilled Water Supply 

(Cooled by Refrigeration) S 
Chilled Water Return 

(Cooled by Refrigeration) S 
Tower Water Supply S 
Tower Water Return S 
Calgon Water Supply S 
Calgon Water Return S 
Distilled Water and Deminer-

alized Water S 
Hot City Water (Domestic and 

Process) D 
'Hot(Heating) Water Supply D 
Hot(Heating) Water Return D 
Low Conductivity Water 

(Illco) Supply S 
Low Conductivity Water 

(Illco) Return S 

BASIC 
COLOR 

Orange 

Orange 

Orange 
D. Green 

D. Blue 
·D. Blue 
D. Blue 
Grey 
D. Blue 

Grey 
Orange 

D. Green 
I Paint with 

\. basic color 
r of water 

) being used' 
D. Green 
D. Green 
Do. Green 
D. Green 

Aluminum 

Orange 
Orange 
Orange 

Aluminum 

'Aluminum 

LETTERING 
OR BAND 

COLOR 
R1!MARKS 

White 

White 

White 
Orange 

Grey 
White 
Aqua 
D. Blue 
Orange 

. White 
Black 

Grey 
Add Aqua Band 
to Band Color 
of water be-
ing used 
Yellow 
White 
Yellow , 

White 

D. Green 

D. Green 
D. Green &Ye1low 
D. Green & Black 

Yellow 

Black 

(Cold) 

(Warm) 

(Cold) 
(Warm) 
(Cold) 
(Warm) 

(Hot) 
( Cold) 

(Cold) 

(Warm) 
* In front of a color indicates cYlinder color code as normally used Qy suppliers 

to U.C.R.L. 
Following an Identification Symbol indicates that it was taken from U.C. 
Standard Dwg. 6676. 

I 
i ________ -L ____ ~ ________ ~ ____________________ ~ 
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I. PIPING AND DISTRIBUTION SYSTEMS (CQN'T.) 

SWITCHES AND VALVES 

I
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PREPARED 
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Important switches and valves shall be clearly marked by means of signs 
or stickers bearing one of the following texts: 

r'~~=;;~N - FIRE - OPEN ' . J 
~D LETTERS ON WHITE BACKGROUlm, or 

I--CL-OS-E---~F-~:IRE'------CL'~~ 
GREEN LETTERS ON WHITE BACKGROUND. Stickers for.this use are available at the 
Electric Shop. 

lMPORTANT NOTE: 

The marking of valves shall be done only after clearing through Safety 
Engineer (C. R. Wintersteen) and marking of Switches or Circuit Breakers shall 
be done only after clearing through Power Engineer (C. T. Grauer) or thOsB 
designated .b7:~_th.lliic,':i. 

LABELING PIPING ~ CONDUITS (Preferred Method): 

In general, identification and instructions should be stenciled in the 
"band" color on pipe. Such markings should be near valves and branches. 
Wherever possible or advisable, the W. H. Brady COe "Quick Labels," or the 
Western Lithograph Co. "E-Z-Co~~y-stem" labels should be used. These are 

, obtainable at thePlan~/E8gr':f,,f,.Ltlf9~lectric Shop, and the Maintenance Mechanics 
Shop. These labels have not proven too successful for outdoor applications, 
however. 

If Flow Is In Either Indicate Direction 
Or Both Di~ect2 Of ,Flow ., 

\ . <> NATURAL A GAS -;:;~ 
\J...,l __ · _,44>.I,----.---+I----.,~.-J 
/?' (. 

Arrow: /_----0. Information: 
*If on unpainted pipe or pipe Stenciled in "bandll color. 
painted to match room, paint Use U. C. Standard IIIdentifi-
arrow "basic ll color. cation Symbols" illierever·'PQssible. 

*If on pipe painted "basic" 
color, outline arrow in "band" 
color. 

*Use Brady "Quick-Labels" or 
equal, cut to arrow shape where-. 
ever possible. . 
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I. PIPING AND DISTRIBUTION SYSTEMS (CON IT. ) 

NOTE: Where 3-color S,ystem (2 band colors) is used, the following can be 
done:-

a. Letters may be alternated in the two band colors. 
b. The arrow outline may be painted in one band color and the 

information in the other. 
c. The information may be painted in one band color and underlined 

with the other. 

BANDING PIPING 

Where pipe is too small for practical lettering, or where it is not desired 
to repeat the lettering, pipe may be banded as follo\fs: 

(A) Pipe painted with the basic colors: 

2";color Systems 
(One Band Color) 

3'-color System ..•. 
. ·.(Two ,Band Colors) 

Basic 
Color 

(Can't.) 

-'--------------------------------------' 
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. - ' . 

I.; 'PIPING' AND DISTRIBUTION SYSTEMS (CON,jT.) 

]ANDING PIPING (Contt.) 

(B) Pipe unpainted, already painted.; or 
~~~~~~~--~ 

~NERAL NarES: 

2~eolor Systems' 
(One Band Color) 

.3-color Systems 
(Two Band Colors) 

Basic 
Colior 

Basic 
Color 

Color 

5'" J .. 

. Basic 
Color 

, On equipment (pumps, etc.} which is directly associated with the system 
being coded, paint main paJ:'t b'asic color and trim with band color.. On piping, 
paint unions, edges of flangesjetc~, with band color~ 

.' ,NaIve hand wheels,., 
Supnly ~ are defined as follows: 

Cooling systems, from the cooling device to the device being cooled. 
Heating systems, from the heating device to the device being heated. 

Return Lines are of course the converse. 

Looation of Bands and Labels: 
In general band~dlor labels should be placed as follows; 

a. 15 to 20 ft. apart on straight runs of pipe, 
b. On each side of partitions and floors within 6 ft. of said 

partition or floor, 
c.· Within 6 ft. of all valves and branches • 
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=D E S I· G N DATA Revised: 6/17/52 
SU BJECT 

U. C. R. L. COLOR CODE FOR IDENl'IFICATION AND SAFETY 

II. SPECIAL HAZARDS 

HAZARD 

HI VOLTAGE: 
- (Above 600V) 

Conduits, Junction boxes, atc., 
containing high voltage cables, 
where these are routed through 
areas in which general work is 
done. Not to apply to Switch
gear or equiprr~nt inside en
closures. Mark voltage on 
equipment as deemed necessary 
for safety. (See Piping, etc., 
I ) 

RADIATION: 

MERaJRY: 

: 

! ! 
A.S.A.! BASIC 1

11

: 

CLASS i,. COLOR .. \ 
i~BACKGR(J(JND } 

-I 

1 
D l Yellow 

I 
l 

D & V . L. Blue 
i 
i 
! 

D Orange 

'. 
j 

i 
1 
1 
i 
I 
I 

1 
! 
1 

• i 
I 
I 
I 

! 

PREPARED 

W. Carpender/ E. Steele 
CH E CK E D BY 

LETTERING 
OR BAND 

COLOR 

Black 

Violet 

. - Black 

REMARKS 

See Signs 
under "V" 
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III. ACCELERATORS AND ASSOCIATED EQU IPMENT* 

MAGNET PARTS 

MAGNET COIL PARTS 

I 
! 

. I . ....---

BASIC 
COLOR 

I Aluminum 

j Buf,r 
i 
i 

COOLING EQUIPMENT (other than water) l L. Grey 
i 
i 

POWER SUPPLIES: Ground Potential i Grey 
I 

VACUUM SYSTEM EQUIPMENT (See 
Vacuum system piping under I) 

INJECTORS 

ACCELERATING SYSTEM 

MISCELLANEOUS COMPONENTS 

STRUCTURAL STEEL 

i 
I' 

{. 
D. Blue i 

bli ve;:'Gi"een 

Bronze 

Aluminum 

L. Grey 

,i 

* Refer to Engineering Note l75-1-M66A! 

! 

i 
{ 

; 

i 

1 
i 
I 
I 
i 
I 
I 
I 

1 
I 
I 
t 

'-., --, 

I 
I 

I 
I 
I 
I 
I 
I 

I, 
I 
I 
I 
I 

SECONDARY~ 

COLOR 

I 
! , 

, 

REMARKS 

, , 
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GENERAL IV. 
~:==~~-===-=--==-=====--=====-=-==---=-====-=-====--=-==~-T====-=-~~=--=--===~r=============T=~==============~ 

LETT~ 
OR H~~IGHT I BASIC 

COLOR REMARKS 
COLOR I 

---=--======-=-===-================~,~===--=====--====~============~!================~ 

I SHOPS AND OFFICES! 
-~lor-scheme as applied to A~chine 

Shop by ~~ssrs. Barton and Harvie. 

Machine Tools: 
I 
I 
I 

Frame, Bed, etc. i Horizon 
Moving Parts, Guards t Handl.s 

Control Wheels, etc. [ 
Dados, workbenches, tables" I 

miscellaneous furniture, [ 
fixtures l Aqua (Dado 

t- Enamel) 

Walls (Mix to suit room) 

Ceilings (Mix to suit room) 

fENCES !ITQ ROADWAYS: 

Danger and Attention Areas, 
Barricades 

Road f&irkings, Lines, etc. 

NarE: USE RED .ill!1X FOR FIRE 

VEHICLES: 

, Lift Trucks, Busses, Trucks, 
Truck Cranes 

FLAMMABLE LIQUIDS: 

f 
f L. Green 

f Flat M1ite 

r 
t 
f. I Yellow 

I White 

f 

r 
I 
I 
I Yellow 
j Yellow 

j 
Labels for identifying contents 1 

of contniners are obtainable 
at the Safety Office 

Yellow 

CRANES: 

Hooks, Loadblocks, Control Pend-l 
ants, cabs(where advisable) ! 
Bridge, Trolley, etc. 

Yellow 
Yellow 
t. Grey 

"Spotlight i, 
Buff" 

I 
! 

f 

i Black 

I 

1 Black 
i Black 

I 

I 
Black 

Black 
Black 

I 

i 

iNo 

INo 
• ! , 

I 
! 
I See 

I 

I
see 

t 

i 
I 
\ 
i 
I 

! 
i 

I 

Standard Paint 

Standard Paint 

Signs "V" 

Signs "V" 

I Usual Colors -
I See ASA #A13 for I exact combirmtion 

! 
i 
I I Or to match room 
I 

I 



..., 
N 

<t 

·~ 

RADI'ATION LAB0,.QORY - UNIVERSITY OF CALIFORNIA. BERKELEY 

-n E S r G N D A T A Revised: 
SUBJECT PREPARED 

W Car 
U. C. R. L. COLOR. CODE FOR IDENTIFICATION AND SAFETY 

.V •. SIGNS 

EIRE PRGrECTION ~: 

Signs must be Red on White, or as Underwriter Standards, White on Red. 

HAZARD SIGNS: 

Signs must be Black on Yellow. Hazards include mechanical, electrical, 
fences, road areas. 

RADIATION ~f 

Lettering and symbol must be of Violet on a Pale Blue background. 
The standard A. E. C. s,ymbol for Radiation activity is: 

Violet 

DIRECTIONAL OR INSTRUCTIONAL §1flli2: 

All kinds shall be Black letters on White background, or the reverse, 
if desired • 

• Steele 



VI. SCHEDULE OF SUGGESTED PAINTS 
'.-~. ~ :~""'~ ,t> \- -.' .' ' ___ ~- ... -,.....,--:::.--r;-:--:_~.--~"-.:',t. .... : ...... ;~-;~-:-;_,t._ .;'r.{VJ"t,"--:..',.::",,-<' ~·-"'::'·f!:.~· ... .,../;,..ro:r.~'l;'I!f''i'''''!;" ... m~.! .. ~fi;.1e .. 

I I RECOM- RIMER, worn PRIMER, ON MAX. i 
FINISH I MENDED OR RUSTY CLEAN SUR- TEMP REMARKS 

1 THINNER SURFACES . FACES 
=-_., ..... _'-~~~ ... ~~,_._o_" ,_.,_._~,,-,, .. __ ., .... ,.,, ~ .... , I. ',.,., __ .' .. , .... ,_ '''" .. '_'' ..... ' .. __ ,~ .. ~.""",_, __ .~ . ____ ._ ... _ ..... -'-=, ...... ,."'_, ... 

Red I 1 
Rustoleum' 1 H-2 j 633 769 960 I 2500 

'-"'"'''"<='''''''-~'''::':''='''''''='CCI''·'''"::'':'''''::O'''-·:'''c:.:.'··:··_·", 

COLOR -- MANUFACTURER 

Orange Rustoleum (Flambeau-Red) I H-6 ! 633 769 960) 2500 
Yellow Rustoleum .. SO l 659 !I ! 

Aqua 

D. Green 

L. Blue 

D. Blue 

Violet 
White 
White 
Black 
,D. Brown 
L. Brown 
Buff 

Grey 

L. Grey 

Bronze 
Aluminum 
~live Green 

Thinners 

Sealer 

Primers 

Rustoleum (M-R:Yellow) l H-18 :1' 633 769 960 I 2500 
PittsburgLavax Focal Yellow I 23-78 Fuller 4080 1 
Rustoleum I I Mix II A":) 633 769 960 ~ 2500 ff S~e page 1.3 
DuPont Dado Enamel 1J8 Medium l i ~ 

,
. Rustoleum (Oliver Green) I H-12 ! 633 769 9f:JJ 1 2500 

II. 

010 Rust - Sele (Rust 782) I 1696 1 'I 
Rustoleum I. ! MiX "Bltj 633 769 960 2500 : See page 13 I Glidden Japalac· #1215 I I 

I Rustoleum (Interaat. Blue) H-8, 633 769 960· ! 2500 
I Pittsburg Lavax Mach. Enamel 1 2387 i ! '. 

II Martin Senours I 2225 ! !Radiation"" 
Amercoat , '33 White i I only 

I Rustoleum SO' I 2766 540 769 & 850 9f:JJ! 2500 
! Rustoleum ! H-5 633 769 960 1 2500 
I Rustoleum SO t 745 ,I 633 
! Rustoleum Hull Finish (Marine) 1358 I 363 
j Dupont Mach. Enamel ~potlight I 
I I Buff I 

Rustoleum LO I 583 I 785 
! Rustoleum (For Machinery) I A201 I 633 

i DuPont Mach. Enamel ¥orizonl 

I I Grey I . 

769 

769 
769 

Make up as needed I ", I I Rustoleum . 500 ~None req.) 769 

1 

Pittsburg Mach. Enam. Vista Gresn I 23-76 l I Fuller 4080 

Rustoleum (Slight Amber Color) i 633 I 
! Rustoleurn (Clear) ,i 540 1,: 

! Rustoleum 363 
I Rustoleum "Clear-Se1en for Wood 'j! I 
! a~d Fabric . 717 I 
I Rustoleum (Oxide? Insl.de & Out sl.de I 769 i 633 I Rusto1eum SO (Zinc Cr.) Inside Only 960 I 633 

9f:JJ 2500 ' 

960 12500 

(Not Usual~y J 

req.) '1 
I 

960 j 500
0 

2500 

2500 

I Fuller Zinc Cromate 1 4080 1 
I'Fa1e Blue" Jlarlin Seymour Nu HuDark Blue I 40 ,1 

1250
0 

l' 2500 

diaticn On!) 

en 
c 
III 
c. 
ro 
0 

~ -i 

• 
n · 
~ 

::0 

"" · , c 

t-t 
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• ::! 
0 

n z 

~ 
,.. 

@ 
> 

.m h'" 0" ::> 
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RADI·ATIDN LABOPATORY. UNIVERSITY OF CALIFORNIA. BERKELEY 6JliJ7A,T/52 ID'11;l9'B .. N0'11P~GE 
=n E S 1 G N D A T A Revised: '/. I .;; 

SU·.BJECT PREPARED 

CHECKED BY 
W. Carpender/ E. Steele 

U. C. R. L. COLOR CODE FOR IDENTIFICATION AND SAFETY 

VI. SCHEDULE OF SUGGESTED PAINTS (Continued). 

Em 'JAn - AQUA: 

Add dark green (Rustoleum #H-12) to white (Rustoleum #2766) to match 
standard panel. Use care; not much green is required. ~ 

MIX ~Bn -- LIGHT BLUE I -- -
Add dark blue (Rustoleum # H-8) to white (Rustoleum #2766) to match standard 

panel. Use care J not much blue is required. 
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA 

DESIGN DATA ' 1 NUMBER IPAGE 1 

22A OF 2 
PREPARED BY 

W. M. BROBECK 
FACTORS FOR CALCULATING, SPECIFYING AND 
MEASURING THREAD DIMENSIONS BY THE 
THREE-WIRE METHOD---60-DEGREE FORMS 

REVISED BY 

J. O. Turner 
REVISED BY 

For a detailed discussion of this procedure, see "MACHINERY'S HANDBOOK", 
20th edition, p. 1406. 

M: dimension Over wires 
D: major or outside diameter 
E: pitch diameter 
P: pitch 
W: wire diamenter 

E = D - X~ 
X = 0.6495P 

M = E + Y 
Y = 3 W - 0.86603P 

ISO METRIC (dimensions in mil1imeters):-

P W - x Y 

0.3 0.173 0.195 0.260 
0.35 0.202 0.227 0.303 
004 0.231 0.260 0.346 
0.45 0.260 0.292 0.390 
0.5 0.289 0.325 0.433 

0.6 0.346 0.390 0.520 
0.7 0.404 ' 0.455 0.606 
0.75 0.433 0.487 0.650 
0.8 0.462 0.520 0.693 
0.9 0.520 0.585 0.779 

1.0 0.578 0.650 0.866 
1.25 0.722 0.812 1.083 
1.5 0.866 0.974 1.299 
1. 75 1.011 1. 137 1.516 
2.0 1. 155 1.299 1.732 

2.5 1.443 1.624 2.165 
3.0 1.732 1.949 2.598 
3.5 2.021 2.273 3.031 
4.0 2.310 2.598 3.464 
4.5 2.598 2.923 3.897 . 
5.0 2.887 3.248 4.330 
5.5 3.176 3.572 4.763 
6 3.464 3.897 5.196 

DATE 

9/47 
DATE 

4/80 
DATE 



LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA NUMBER PAGE 2 
DESIGN DATA 22A OF 

AMERICAN NATIONAL THREADS (dimensions in inches):-

Threads per Inch P W X Y 

28 .0357 .029 .0232 .0561 
24 .0417 .029 .0271 .0509 
20 .0500 .032 .0325 .0527 . 
18 .0556 .0395 .0361 .0704 
16 .0625 .0395 .0406 .0644 

14 .0714 .045 .0464 .0731 
13 .0769 .045 .0500 .0684 
12 .0833 .055 .0541 .0928 
11 .0909 .055 .0591 .0863 
10 .1000 .063 .0650 .1024 

9 
I 

.1111 .072 .0722 .1198 
8 .1250 .081 .0812 .1348 
7 .1429 .092 .0928 .1523 
6 .1667 .108 .1083 .1797 
5-1/2 .1818 .120 .1181 .2026 

5 .2000 • 127 .1299 .2078 
4-1/2 .2222 .143 .1444 .2366 
4 .2500 .143 .1624 .2125 
3-1/2 .2857 • 185 • 1856 .3076 

Wires are available in LBL Machine Shop. 
Tolerance on Pitch or Major Dia. and on Dimension over Wi res must be the same. 
No tolerance required on wire diameter. 

EXAMPLE: (dimensions in inches) , 
Dimensi on a screw and nut with 2-1/8 di ameter and - 8 NS (Nat i ona 1 
Special) threads/inch, .0010 tolerance on the external thread, .0020 
tro1erance on the internal thread and .0005 minimum clearance. 

Basic E (Pitch dia.) = 2.1250 - .0812 = 2.0438 

For Nut: 

For Screw: 

E (min.) = Basic E = 2.0438 
E (max.) = 2.0438 + .002 = 2.0458 
M (Mi n.) (for go gage) = 2.0438 + 0.1348 = 2.1786 
M (max.) (for no-go gage) 2.1786 + .002 = 2.1806 

E (max.) = 2.0438 - .0005 = 2.0433 
E (min.) = 2.0433 - .0010 = 2.0423 
M (max.) = 2.1786 - .0005 = 2.1781 
M (min.) - 2.1786 - .0010 = 2.1776 

Wi re size, .081 

,., 
i.. 

"-

ISO METRIC procedure the same except specifying everything, including pitch. I 
in mill imeters. 

/nh 

I 
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RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA. BERKELEY DATE D.O. NO. PAGE 1 
7/21/70 23B OF 

3 PAGES DESIGN DATA 
SUBJECT PREPARED 

Nom 
ID 

3/8 

1/2 

3/4 

I 1/4 

I 1/2 

I 3/4 

2 

2 1/2 

J. Dols 
CHEVRON SEALS INTERNAL PAR TS CHECKED BY 

P. Bean 

"B" Revision, April 23, 1971 

~ .i~~3i1 r ~ 
.190 45° /'{ I 2-56 Thd I 
.044 Th'k tvo)I'),. ~ 2 place~ TI -/ lOOO~ I 

A3 1 r ITT : 
1 r 11' 

FIG 2 FIG 3 
PBESS lIRE RING LANTERN RING 

FIG l 45° 
MARCEL SPRllJG ~:::::$.~2:::: 

MARCEL SPRING 
GAP 

FIG 5 
GASKET 

FIG 4 
SEAT RING 

2-56 Thd 
(2 places) on

"c" B.C. 

FIG 3 LANTERN RING 

DIMENSIONAL DATA 

Fig Fig Fig Fig Fig Fig Fig F~g Fig 
2 & 3 4 5 I 2 8. 3 4 5 B.C. I 
A Dia A Dia 

A2 
A3 B Dia Ii Dia 

Ff 
C D E F G H HI J 

+0.002 + 0.002 Dia + 0.000 + 0 .000 Dia Dia Dia Dia Dia Dia Dia Rad 
-0.000 - 0.000 Dia +0.005 - 0.002 -0.002 Dia +0.005 +0.005 +0.005 +0.005 +0.005 +0.002 +0.005 Min 

0.395 0.377 0.368 0.520 0.855 0.873 0.882 0.625 0.500 0.750 0.500 0.750 0.780 0.795 0.083 0.063 

0.520 0.502 0.493 0.645 1.105 1.123 1.132 0.813 0.625 1.000 0.688 0.938 1.030 1.045 0.083 0.063 

0.770 0.752 0.743 0.895 1.355 1.373 1.382 1.063 0.875 1.250 0.938 1.188 1.280 1.295 0.083 0.063 

1.020 1.002 0.993 1.145 1.605 1.623 1.632 I. 313 1.125 I. 500 1.187 1.438 I. 530 1.545 0.083 0.063 

1.270 1.252 1.240 1.395 1.855 1.873 1.885 1.563 1.375 1.150 1.406 1.719 1.780 1.795 0.140 0.109 

1.520 1.502 1.490 1.645 2.105 2.123 2.135 l. 813 1.625 2.000 1.657 1.969 2.030 2.045 0.140 0.109 

1.770 1.752 1.740 1.895 2.230 2.248 2.260 2.000 1.875 2.125 1.844 2.156 2.155 2.170 0.140 0.109· 

2.020 2.002 1.990 2.145 2.605 2.623 2.635 2.313 2.125 2.500 2.156 2.469 2.530 2.545 0.140 0.109 

2.520 2.502 2.490 2.645 3.105 3.123 3.135 2.813 2.625 3.000 2.656 2.969 3.030 3.045 0.140 0.109 

3.020 3.003 2.988 3.145 3.730 3.747 3.762 3.375 3.125 3.625 3.188 3.563 3.655 3.670 0.156 0.125 
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RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA· BERKELEY 

SUBJECT 

t'Jote:-:' 

DESIGN DATA 

CHEVRON SEALS INTERNAL PAR TS 

! I/, 
Nom. free height E A~6 

.. 1/ 
-116 

Nom. working hei;Jht 1~;='.16 ~ 
//; / / / / vL 

~?, 
;,,:: ~///// 

'/ 
I I 
III 
II 
\' 

" " \' 1\ 
I' 
/1 
/I 

II 
Ii 

/1 

DATE D.O. NO. PAGE 2 

7/21/70 23B 
OF 1 -t, 

3 PAGE S 

PREPARED 

J. DaIs 
CHECKED BY 

P. Bean 

1 
I 

I 
I 
I 
I 

Body bore 

Shaft dia. 

I ! 1 Sr\aTt sroulc~ be II 

)-~-! pc;i511ed. /J 11\ 
1\ i i ?Oii luhrication .~ ~ i 

i desir .. able wher'e ~V''l / t U~ ISf~quent./7'f1~~ - .. _----

i 
t 
I 

L 

I Shaft Body Spring A-essure Gasket Lantern Seat 
A B C D I Dia. Bore Washer Ring Ring Ring 

Part no Part no Part nco Part no. Pact no 

3/8 
.875 4730- 4730- 4730- 4730- 4730- .812 .719 .688 .375 .878 40895 40875 40855 40865 40885 

Y2 1.125 4730- 4730- 4730- 4730- 4730- 1.000 .938 .875 .438 1.127 40896 40876 40856 40866 40886 

3/4 
1.362 4730- 4730- 4730- 4730- 4730- 1.000 .938 .875 .438 1.366 40897 40877 40857 40867 40887 

1 1.625 4730- 4730- 4730- 4730- 4730- 1.078 1.015 .938 .500 1.627 40898 40878 40858 40868 40888 

1Y4 
1.875 4730- 4730- 4730- 4730- 4730- 1.000 .938 .875 .437 1.877 40899 40879 40859 40869 40889 

lY2 2.111 4730- 4730- 4730- 4730- 4730- 1.000 .938 .875 .437 2.115 40900 40880 40860 40870 40890 

1% 2.250 4730- 4730- 4730- 4730- 4730-
.812 .750 .687 .376 2.253 40901 40881 40861 40871 40891 

2 2.62:: 4730- 4730- 4730- 4730- 4730- 1.000 .938 .875 .437 2.627 40902 40882 40862 40872 40892 

r)~ 3.125 4730- 4730- 4730- 4730- 4730- 1.000 .938 .875 .437 . c::.. 2 3.127 40903 40883 40863 40873 40893 

3 3.75/J 4730- 4730- 4730- 4730- 4730- 1.031 .968 .906 .500 3.753 40904 40884 40864 40874 40894 o 



RADIATION LAB0rATORY . UNIVERSITY OF CALIFORNIA· BERKELEY 4/;;771 lD2;'BNOj3P~;E3 DES 1 G N D A T A 
SUBJECT PREPARED 

J. DaIs 
CHEVRON SEALS INTERNAL PARTS CHECKED BY 

()/' r' .'i , ' .. ,-, ""'-- , ,~.& ,-. , 

Note: For your cross reference listed below are stock numbers, lOA drawings 
and old LRL Berkeley drawings. 

Size LRL Stock No. Old No. lOA Series 
Gasket 3/8 4730-40855 3G 6001 lOA 1591-1 ----- 1/2 4730-40856 3G 6o11 lOA 1591-2 

3/4 4730-40857 3G 602l lOA 1591-3 
1 4730-40858 2N 4711A lOA 1591-4 
1 1/4 4730-40859 4E 4001 lOA 1591-5 
1 1/2 4730-40860 3G 6031 lOA 1591-6 
1 3/4 4730-40861 3G 6041 lOA 1591-7 
2 4730-40862 2N 5301 lOA 1591-8 
2 1/2 4730-40863 4E 4311 lOA 1591-9 
3 4730-40864 2N 4241 lOA 1591-10 

!antern Ring 3/8 4730-40865 1K 7111 lOA 1601-1 
1/2 4730-40866 3G 1131 lOA 1601-2 
3/4 4730-40867 1G 129lA . lOA 1601-3 

1 4730-40868 988lA lOA 1601-4 
! 1 1/4 4730-40869 4E 3981 lOA 1601-5 
I 1 1/2 4730-40870 IG 1311A lOA 1601-6 
! 1 3/4 4730-40871 1G 133lA lOA 1601-7 I 2 4730-40872 2Q 2972 lOA 1601-8 

2 1/2 4730-40873 4E 4322 lOA 1601-9 
3 4730-40874 2Q 3392 lOA 1601-10 

Pressure Ring 3/8 4730-40875 1K 7101 lOA 1581-1 
1/2 4730-40876 3G 1141 lOA 1581-2 
3/4 4730-40877 1G 1351B lOA 1581-3 

1 4730-40878 9901 lOA 1581-4 
1 1/4 4730-40879 4E 4O11 lOA 1581-5 
1 1/2 4730-40880 IG 1361B lOA 1581-6 
1 3/4 4730-40881 1G 1371B lOA 1581-7 
2 4730-40882 2Q 2982 lOA 1581-8 
2 1/2 4730-40883 4E 4342 lOA 1581-9 
3 4730-40884 2Q31to2A lOA 1581-10 

?eat R1~ 3/8 4730-40885 1K 7121 101\ 16ll-1 
1/2 4730-40886 3G ll2l lOA 1611-2 
3/4 4730-40887 IG 138lA lOA 16ll-3 

1 4730-40888 9891 lOA 1611-4 
1 1/4 4730-40889 4E 402l lOA 1611-5 
·1 1/2 4730-40890 IG 1391A lOA 1611-6 
1 3/4 4730-40891 1G 140lA lOA 1611-7 
2 4730-40892 2Q 2992 lOA 1611-8 
2 1/2 4730-40893 4E 4332 lOA 1611-9 
3 4730-40894 2Q. 3382 lOA 1611-10. 

~1na Wa.!!le~ 3/8 4730-40895 4E 4352-1 lOA 1571-1 
1/2 4730-40896 4E 4352-2 lOA 1571-2 
-3/4 4730-40897 4E 4352-3 lOA 1571-3 

1 4730-~ 4E 4352-4 lOA 1571-4 
1 1/4 4730-40899 4E 4352-5 lOA 1571-5 
1 1/2 4730-40900 4E 4352-6 lOA 1571-6 
1 3/4 4130-40901 4E 4352-1 lOA 1511-7 
2 4730-40902 4E 4352-8 lOA 1571-8 
2 1/2 4130-40903 4E 4352-9 lOA 1511-9 
3 4130-40904 4E 4352-10 lOA 1511-10 

"'''''---
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~ADIATION LAB~rftTORY • UNIVERSITY OF CAL IFORNIA • BERKELEY .. AGE 

DESIGN DATA 1 of 
SU BjECr r8EPARED 

tf 0 He Brobs clc 
HEAT TRANSFER MT'W'iEN CONTACT SURFACES IN VACUU'd CHE 

Retyped 9-26-50 

HATZRIAL COPPER -SURFACES OPTICAllY FUT 

From Jacobs & Starr, Reviow of 3ciontific Instruments, Vol. 10, p. 140 

1.5 

CONDUCTANCE OF 1.0 
INTERFACE AT 25 C 

WATTS 

I~ DEG C 

o 

o 10 20 )0 

PRESSURE BETliEUl SURFACES 

Nots: Radiation Tra~~!er between black body surfaces at 20C = Approx. ~OO4 
. Watts/In2 D~g C. 

Therefore radiation can play no appreciable part in tr~f6r undor above 
conditiona. 

Note added Saptembe r 20, 1945: 
Data on heat resistance batween cold-rolled steel blocks tested in air by 

Brunot and Buckl.&l.nd of the G~n9ral Electric Co. (DaBign NeW1), Sept. 1948) ahow 
contact resistanc@ varying from 6 inches oquiv.;Uont length of steel with rough mschin;\d 
ru8ted surfaceD at z,ero pressure to 1/4 inch for c16<ll lapped surfaces .at 300~1o 
In gonc~al increase from zero to 300 pai cut the resistance to 1/2 to 1/30 
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RADIATldN LABORATORY - UNIVERSITY OF CALIFORNIA _ 

DESIGN DATA 
SUBJECT 

BRAZE FILLER METALS AND BRAZING PRACTICE 
(HARD SOLDERS, SILVER SOLDERS) 

BERKELEY DA TE 

8-14-64 
PREPARED 

D.D.NO. 

25A 
PAGE 1 

OF 
4 PAGES 

Ra~h Peters (~-19-48) 
CHECKED BY 

/?,P, &. J, /. 

A Revision: Revised & retyped, August 14, 1964, R. Reimers~~ 

BRAZE 
?ILLER 
METAL 

Handy 
& 

:tIarman 
Easy Flo 

Handy 
& 

Harman 
Sil-Fos 

\";-esting
house 
Phos-Cu 

Handy 
& 

Harman 
Braze 
Easy 

Handy 
& 

riarman 
Easy Flo 

MELTING 
POINr 

1160 

1185 

1310 

1240 

#3 1170 

GE:NERAL 

627 

641 

710 

671 

FLOW 
POINT 

COMPO- CONDUCTI
SITION VITY rp OF 

COPPER 

1175 

1300 

1350 

1325 

1270 

50% Ag 
15.5 Cu 
16.5 Zn 

635 18 Cd 

15% Ag 
80 Cu 

704 5 P 

92.75% 
Cu. 

732 7.25% P 

65% Ag 
20% Cu 

720 15% Zn 

15.5 .zn 
50% Ag 
15.5 Cu 
16.0 Cd 

628 3.0 Ni 

18% LRL 
1948 
23.9% 

H & H '64 

14% LRL 
1948 

4% LRL 
1948 

23% LRL 
1948 

18% 
H & H 
1964 

TENSILE 
STRENGTH 

KIPS/IN2 

35 Cu. joint 
35 - 45 brass 

joint 
> 50 stl. joints 

40 - 60 

20 - 40 

64.8 

USES 
(See Comments 

also) 

Most 
Metals 

Cu-to-Cu 
Only 

Cu-to.:.Cu 
Not for 
brass, bronze 

Silver 
& 

Others 

Tungsten 
Carbide to 
Steel 

30 - 35 cu joint Al bronze to 
35 - 45 brass II Stl. 

> 50 stl. joint Others 

Braze filIDs should be between .001 and .010 thick favoring the small clearance. Too 
tight a fit causes bare spots. Too large gives poor capillary flow and weaker joints. 
A film .0015 thick is twice as strong as one .015 thick. 

Bandy & Harman flux is always used except onPhos-copper and Sil-Fos copper-to-copper 
joints. This flux can be used on any filler metal with a melting point between 
11000 ::c (593 0 C) to 1600 0 F (871 0 C). 

For additional information see: Design Data 68 and 71; Brazing Manual, American 
Kelding Society . 
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RADIATION LABORATORY· UNIVERSITY OF CALIFORNIA· BERKELEY 

DESIGN D A T A 
SUBJECT 

BRAZE FILLER METALS AND BRAZING PRACTICE 
(HARD SOLI'ERS, SILVER SOLDERS) 

oA TE 

3-19-48 
PREPARED 

D.D.NO. PAGE I ... 
.OF 2 
4 PAGES 

Ralph Peters 
CHECKED BY 

A Revlslon: HeVlsed & retyped, August 10, 19b4, Reimers 

Locating shoulders are useful in brazing assemblies. Provide locating screws, clips 
etc., to hold assemblies while brazing. 

Use soft solder on brass bellows whenever possible. 

Specify if machining is to be done before or after brazing. It should almost always 
be done after. 

Electrical conductivity data are not conclusive. Those values given above which werE 
measured at LRL are the conductivity of the wire filler metal before using in a 
joint, which mayor may not be related to the actual joint resistance. ~Jestinghouse 
claims conductivity of a thin film of Phos-copper is 98';S that of copper. Butt joint 
with Easy-Flo and Sil-Fos are claimed to have conductivities 85% to 96% that of 
copper. 

Brazing always anneals metals. 

EASY-FLO melts at a lower temperature than any other filler metal. (.ATiTS Class. BAg-la 

Flux is always used with all Easy-}<"lo IS. This is a basic weakness because occasion
ally flux is occluded in a joint. For this reason Easy-Ji'lo is not recommended for 
vacuum tight joints. Try to make vacuum joints copper-to-copper, brazed with copper 
or Sil-}'os. If the use of Easy-1"lo on vacuum joints cannot be avoided try to design 
the assembly so that the EasY-l"lo joint is made in the shop a~cd all field assembly 
joints are copper. Special attention should be given to inspection and testing of 
Easy-rlo vacuum joints including thorough flushing with boiling water. 

Easy-Flo is definitely the best filler metal for furnace brazing most materials. 
It can be used on most metals. Do not use where fillets are needed (it is very fluic 
and has only a very short plastic range). Do not use as the first filler metal 
on a two-step assembly where the first filler is not to remelt when the second is 
done. It is good for the second filler on such an assembly. Use everywhere, except 
on the exceptions just indicated. Service temp. 400° F. max. Film thk.. 002!- 005. 
Do not use on Al)Mg. 
SIL-JiOS - A\{S Class. BCuP-5 

Use Sil-I'os, 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 
it for use on brass and bronze with flux, but Laboratory technicians, while admit
ting that it can be used on these materials evel'l without flux, nevertheless seldom 
use it on brass and bronze. In 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-::'lo. It does not embrittle copper as much as Phos-copper does 
on repeated reheating. Do not use Sil-Fos'on furnace brazing jobs. It will not 
flow properly. Brazing range: 1300 - 1500° }i'. Film thickness .001 to .005. 
Service temperature 300 0 F maximum. 
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PriOS-GOPFER - AIA[S Class. BCuP-2 

Phos-copper makes practically a foolproof joint on copper-to-copper tubing. No flux 
is required. ;;leaning is not critical; nor is heat control. Always use Phos-copper 
on copper-to-copper joints unless the joint will need to be remade. Phos-copper 
embrittles copper and should not be used on an assembly where the joint will be sub
ject to vibration or flexing. ':Jestinghouse recommends it for use on brass and 
bronze with flux. Laboratory technicia!:s, admitting that it can be used on these 
materials even without flux, nevertheless never use it on brass and bronze. The 
melting temperature is too high for these alloys. Phos-copper is perhaps the most 
fluid of all filler metals and flows very well by capillary action. Do not use 
in furnace brazing jobs. Never use on ferrous parts. (Phos-copper not purchased 
anymore. Used inf'requently as of ,June 1964.) Film thk .. 001/.003 svc. temp. 300°F ma~ 

BRAZE EASY (Formerly called Easy Silver Solder) Svc. Temp. 400 0 F Max. 

This filler metal has approximately the same characteristics as Easy-Flo, but has 
a higher melting point. Use it as the first filler in two-step assemblies, pos
sibly excepting copper two-step assemblies where Phos-copper or Sil-}i'os could be 
used. Use it even on copper two-step assemblies if it is a fuxnace brazing job. 
Braze Easy works well in the furnace. Phos-copper and Sil-Fos do not . 

EASY-FLO #3 - AWS Class. BAg-3 

rrhis. 'filler metal has a wider plastic range .than Easy-Flo. Use it on all appli
cations where heavy fillets are required except copper-to-copper. Use S11-Fos 
for fillets on copper-to-copper. Use with B-1 flux on stainless steel if stainless 
steel is subject to chloride corrosion. 

SUMMARY 

Use Sil-Fos on copper joints to be remade or requiring fillets. 
Use Phos-copper on permanent unflexed copper joints. 
Use Braze Easy on two-step assemblies. 
Use Easy-Flo everywhere else except in some ultrahigh vacuum systems. 

Note added, June 6, 1957: El'T 7911-11 M8 

'l'he 72-inch Bubble Chamber magnet coils were fabricated using internal sleeves 
and Easy :~lo. The 184-inch modification magnet auxiliary coils had similar 
joints made with Sil-Yos. The hollow copper conductor was 1 3/16" square. The 
following are probably true: (1) Sil-Fos joints ffi'e harder to bend and more 
likely to fracture than Easy-ino joints. (2) Easy-li'lo penetrates more easily into 
a joint than Sil-~'os. (3) ~:"lux. occlusions have not been a problem with Easy-::no. 
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Note added, R. Reimers, August 1964: References, Handy & Harman literature and 
correspondence, American Welding Society Brazing Manual. 

A. Ultrahigh Vacuum Filler Metals 

Some systems must be free of o~tgassing and contamination from cadmium, 
zinc, phosphorus, carbon and high vapor pressure impurities. In general, 
Easy Flo, Sil-Fos and Braze RT are not acceptable for these systems. 
Vacuum tube grade low vapor pressure filler metals such as the following-
Handy & Harman BT VTG, Braze 603 'lTG, Premabraze 615 VTG, Premabraze 630 VTG, 
Premabraze 715 VTG and other similar filler metals, all of which are com
posed of silver, copper, nickel, indium, and tin should be used. Their 
flow points are in the 705 0 C to 795 0 C region. They are items 42, 45, 48, 
and 46 of DeSign Data 71, respectively. Premabraze 715 is corrosion 
resistant BT and is not in Design Data 71. BT is specifically for ceramic 
joints. Premabraze 130 (82% Au, 18% Ni) excellent for UHV bakeable systems, 
wets 304, 316, 321, 347 stainless steel. Avoid use of flux. 

B. Braze Filler Metals for 300-Series S. S. (For 200 and 400 series, see refs.) 

C. 

Torch, furnace, induction, resistance, and dip brazing processes used. 
Furnace brazing temperature should be controlled ± 10 0 F. Vacuum brazing 
pressure of .01 to 100 microns used. Proper stress relieving at a tempera
ture belOi-l solidus temperature· of base metal helps avoid stress-corrosion 
cracking during brazing. Always degrease immediately prior to brazing. 
Carbide precipitation occuring during brazing of unstabilized stainless 
steel (301, 304) above 800 0 F can be lessened by use of 304L, 321, 347. 
Following brazes can be used: Easy :lno, Easy Flo #3, Premabraze alloys, 
Brazes 603, 630, and others. Each braze requires specific flux, atmosphere 
and temperature. See Handy & Harman literature, AWS Brazing Manual, DD #71. 
Clearances .0005 to .0035 depending on coefficients of expansion, heating 
rate and filler used. 

Handy & Harman Fluxes 

1. Handy Flux: all-purpose; suitable for most silver brazing; used on 
steel, copper, bronze, brass, nickel and others; Starts dissolving 
oxides at 800 0 F. Liquid at 1100° F. Working range: 1100° F - 1600 0 F 

2. Handy Flux Type B-1 is for brazing high chromium stainless steels, 
tungsten and chromium carbides and molybdenum alloys. Range: 1100 0

", 

to 1700° F. 

3. Handy Flux Type A-l is for brazing aluminum-bronze and other alloys 
containing small amounts of aluminum and titanium, but is not recom
mended for use ·with aluminum- or titanium-base alloys . 
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One-half x 1/2 x" 2ft bars of Tough Pitch Copper at 95% ACS 
were butt-joined the following methods: 

1. Easy Flo, Eas'y Solder 657, Sil Fos, and Phos Copper 
brazes by Heliarc in spaced bars at .002" spacing. 

2e Heliarc fusion welds following common heliarc practice { 
using pure Silver, Tough Pitch Copper, OFHC copper, 
372, and 939 filler rods. " 

Excess brazing and,welding beads were ground off to give a 
I 1/2 x 1/2 section at the "leld. " 

D.C. electrical resistance through 2 cm 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 joint, to give equal D.C. resistance. 

Method Joint Material 

Solder Easy Flo 
Easy Solder 657 
Sil Fos 

Weld 

. 
RN/mh 

,Phos Copper 

Silver 
T.,P. Copper 
OFRC Copper 
Anaconda 372 Rod 

(Silcon Deoxidized) 

. ~. ,", 

Anaconda 939 Rod 
(Phosphorous Deoxidized) 

Equivalent Copper Path Increase, 
______ ~p~e~r~joint - inches 

", 

'. '. 

,.037 
.048 
.055 
.121 

.123 

.138 
e135 
.154-

" .. .... .:: ..... 
• 180 

i "-" _________ ~, ______________________________ ,E 
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RECOMMENDED STANDARD BOLT HOLE LAYOUTS FOR LIGHTWEIGHT w. M. Brobeck 
FLANGES CHEcKED"'eorrected 12/13/5 r7 

bv E. Chuck 

These sizes are suggested for use on light equipnent where ASA flanges are 
not applicable. However, ASA flanges should be considered the basic standard for 
piping on permanent installations. The ASA sizes are included for reference. 

A reasonable effort should be made in future designs to use these light 
standard dimensions where applicable so that vacuum pump systems, test set ups, bla.~ 
flanges, drill jigs, etc. will become interchangeable and the salvage value of part!3 
increased. 

ASA Standard - 150 lbs. Recommended Light Standard 

Pipe Size Bolt Circle No.of Bolts Size of Bolts Bolt Circle No.of Bolts Size of Bolts 

1 3 1/8 4 1/2 2 4 5/16 
1 1/4 3 1/2 4 1/2 2 174 4 5/16 
1 1/2 3 7/8 4 1/2 2 1/2 4 5/16 
2 4 3/4 4 5 8 2 3/4 4 3/8 
2 1/2 5 1/2 4 5 8 3 4 3/8 
3 6 *4 5,8 3 174 4 3/8 
3 1/2 7 8 5/8 3 1/2 4 J/8 
4 7 1/2 8 5/8 3 374 8 3/8 
5 8 1/2 8 3 '4- 4- 8 3/8 
6 9 1/2 8 3 '4 4174 8 3/8 
8 11 3/4 8 3 4 4 172 8 3/8 

4 3/4 8 1/2 
5 8 1/2 
5 1/2 8 1/2 
6 8 lL2 
6 1/2 12 1/2 
7 12 1/2 
7 1/2 12 1/2 i 

8 12 1/2 : 

8 172 12 1/2 

Hole diameters are 1/8" larger Hole diameters to be 1/16" larger. 
than bolt diameters. than bolt diameters. 

\ 
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FACTORS FOR USE IN COOLING CALCULATIONS J. O. Turner 
REVISED BY 

I RESISTANCE LOSS IN ELECTRICAL CONDUCTORS AT VARIOUS TEMPERATURES 

PAGE 1 
OF 1 

DATE 

2-49 
DATE 

7-79 
DATE 

(Based on infonnation from National Bureau of Standards Handbooks 100 and 109) 

Temperature 

Watts/kg at 1 A/mm2 
current density 

kW/ton* at 1000 A/in2 
current density 

0c Aluminum-61% Copper-lACS 
lACS 

Aluminum-61% Copper-lACS 
lACS 

II COOLANT FLOW REQUIRED FOR 1°C TEMPERATURE RISE 

Coolant Liters/second GPM per kW CFM per kW 
@250 C per kW 

Water 0.239 3.79 -------
Transformer 

oil 0.607 9.62 -------
Alr B50 ----- 1800 

III THEORETICAL POWER REQUIRED TO PUMP COOLANTS 

Rate of flow Pressure Watts Horsepower 

*U.S. or "short" ton, 2000-1b. 
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FORMUT..AS FOR PARTICL~ ACC"l:L'Il:RATOR CATJCULATIONS ~. M. Brobeck 
USING "ELECTRON VOLT" UNITS' CH E CK ED BY 

Retyned: 9-19-50 

ET = total energy ) B • magnetic flux density - gauss 
) 10 

Ek II kinetic energy ) electron volts c - velocity of light a 3 X 10 cm/sec -) 
Eo II rest energy ) f5 - velocity/velocity of li~ht -
X = voltage gradient - vOlts/cm R - radius in cm -
e - charge in electrons f - rotation frequency in cycles/sec - -

centimeter units are retained to simplify the formulas 

NON-P..F.LATIVISTIC FORMUI..AS FOR LOW E~F.RG1ES * 
FIF.LD RELATmSTIC 

ALPHA ACTING FORMUT . ..A FOR. 
ANY ENF,RGY ErnCTRONS PROTONS rnU'J."P,RONS PARTICTES 

ANY 
§-2:;--2- I ZEk -3~ 46 .17xlO -6 JEk 32.67X10-6~ 2316x10-6 T 0 ~ p==-; E 2 e-= 1. 978xlO Ek k 

,,/ T J Eo '-.J 

~I [E;2-E2 MAGNE- Rma. -[ZEoEk 3.370JEk 1~.4 JEk 204.0 JEk 143.9JEk TIC ag..:. T - 0 
g- 300 Be 300 Be B B B B 

f= 300 Bec f= 
300 Bee 

2.80x10
6
B 1526B 764B 

27TET 271Eo 76SB 

RADIAL 
Relec _ ETf32 O.511xl0

6 "ELEC- 2E 93Sxl06. H!74xl0
6 

3729xl0
6 

TRIC -- Relec=2 Eo 
Xe Xe 

-I 

Fields acting 
in opposite RELATIONS IN MAGNETIC FmLD 
directions FCR ANY ENERGY I 

Il- l 

Y. R - X 
r.lB.g 1- 300Bp 300 BeR 

BOTH R:: 00 when sin e ~ ItS 
X" 300 B!3 Eo 

*Error does not exceed 1% if Ek is below 1% of Eo 

WMB:FP/ah checked by: R.P. W.M. Brobeck 
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W. C. Twichell 11/49 
PROPERTIES OF NON-MAGNETIC MANGANESE STEELS 
FROM JESSOP STEEL COMPANY 

REVISED BY 

J. O. Turner 
DATE 

3/80* 
REVISED BY DATE 

~ pro~p~e~r~·t~l~es~ ____________________ ~~ ____ ~.-~~~e~ss~o~P~lY~p~e~~~~ ____ . ________ _ 
#9 Super High Tensile E-200 

~C~he-m~i-c'~~1~:------~C--------------~.~3~57~.~4~5~~~~-------~~.~25~7r.74~5--~------

Physical: 
(Average) 

Mn 12/12.75 10.50/12.50 
Si .40/.60 .60 max. 
S .040 max. (.040 max.) 
P .090 max (.090 max.) 
Ni 3.10/3.40 7.50/8.50 
Cr 4.00/4.75 (.20/.30) 
Mo .40/.60 .50 max 

TS 
YP (. 2~~ offset) 
El-2" 
Red. Area 

Hardness 
Izod impact 
Charpy impact 

Bend 

Endurance limit 
(R.R Moore rotating 
beam) 

115-130,000 PSI 
85-100,000 PSI 
35-45'~ 
40-50%' 

B.H.N. 217 to 300 
85-90 ft. 1bs •. (680F) 
37-43 ft. lbs. (-500F) 

1800 around a pin equal 
to the thickness of 
material being bent 

64,000 PSI 

80-100,000 PS I 
30-60,000 PSI 
25-50~~ 
30-60~~ 

80 (680F) 
30 ft. lbs. (-700F) 

1800 around a 3/4" 
pin for 3/8" plate. 

Miscellaneous: Permeability: 
(-200 to 1000C) 

Mu = 1.003 to 1.008 
(H = 300) 

1. 003 to 1. 006 
(H = 1000) 

Specific Gravity 
Res i sti vity: 

(Microhm cm.) 
Coefficient of 
Expansion 
(OO-lOOOOC) 

Fabrication data (#9SHT and E-200): 

(as-rolled condition) 
7.9 
67.8 at 25.1 oC 

22.2 x 10-6/degree C. 

7.9 
69 to 71 

20 x 10-6/degree C 

Working properties: Drawing, bending and forming - good. Flame
cutting - good. Machining and drilling - fair. (Harder to machine than Type 
304. Stainless, but good finishes can be obtained). 

Welding properties (General Electric Co. recommendations): 

"Regarding ••••• the welding technique which we recommend for welding non
magnetic manganese-nickel steel, our Works Laboratory at Schenectady informs me 
that practically all welding on this type of steel within our company is done with 
the metallic arc process using a chromo-nickel flux coated electrode. The 
electrode most commonly used is Type 316 stainless {19%'chromium,13% nickel, 

2-1/2% mo1ybdenum) ••••• ~ 
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"Manganese nickel hon-magnetic steel has thennal characteristics similar to 
stainless steel and since it is welded with stainless steel electrodes the recom
mended welding technique, joint preparation, etc. is similar to that recommended 
for stainless steel. This same welding electrode and welding procedure may be used 
for joining manganese-nickel non-magnetic steel to plain low carbon steel ••••• 

"Welded joints in manganese-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. . 

"Managanese-nicke1 steel s do not readi ly 1 end themsel ves to other methods of 
welding. However, it is possible to use some of the other methods of welding 
on special applications ••••• " 

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

Stress relieving and fonning (Jessop Steel Co. recommendati.ons for E-200): 

" •••••• Stress relieving is desirable and in the case of the non-magnetic 
(steel) can be accomplished by heating of 9000F to 1l000F ••••• Time allowed 
for heating is usually 1 hour per inch of thickness. This stress relieving tempera
tureis 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-mag
netic 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 be done on non-magnetic 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 penneability on the austenites 
that respond to cold working may be undesirable •••••• " 

liThe (E200) non-magnetic steel can be cold bent to a 900 angle on a 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 penneability is not 
affected. 

"For hot fonning the material should be heated to 1300 to 14000F and fonned. 
Subsequent reannea1ing 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. 

Avail abil ity 

Jessop steels are available from the mill as plates, sheets, and bars. The 
maximum plate size at 1" thickness is 48" x 120". 

*The 3/80 revisions are based on a private communication from R. A. Hahn, 
Staff Metallurgist, Jessop Steel Co., Washington, PA 

JOT/nh 
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SU BjECT PREPARED • 

D Theo~or~o~~~i~e. Ma rtin CONVERSION CHART FOR V.C.R.L. PREFER..~D HEAT TRANSFER UNITS 

I-rAul ti~le' Quantity 
I Expressed in ---+~ 

I ! I 
I 

CHECKED BY 

Retyped 7-10-50 

To Obtain Quantity 
by ---Pt Expressed in. 

Preferred Unit 16 Symbol LQuanti:bY I. Conventional Units 
~~~=-__ ~-==-~~~.~~-~-'~~~~.~~==F=c=========~================~ 

0.3937 in. t cm 

~--------------------~-----------+--------------~~ 
I 

Length 
I 

i 
g. 
I. 
f 
~ 
I 
L_ 

I , 
< 

... r --" 
I I I, 

cm. 0.032S ft. 

0.1550 I 
1.076 x 10-3 ! 

I , 
0.0610 

} 
I in.3 , I fl' I ~ . 

. V Volume fr---------------~~--~-----+---------------4 i ' -f cm3 ft.3 

! 
3.531' x 10-5 

J fiL-~L~~.jf'.$;!'l;. . ..=;;:::=i=~===:::;:...=-::::,=-=:;:-="'===~~=====*========~l I ! f B.T.U. watt sec. I . 
I 

i.: Cp Specific l.. lb. of lb. °0 ! 

Heat ~~;-----------------~-----------+-----------------~J 

1S99 

I i cal watt see. 

If! gm °0 lb. °c 
1B99 I 

I ~ 4- - ,. 

i' 

k 

I 
l 

I 
I 
I 

f 
~ 

t 
I 

Absolute 
Viscosity 

l Heat 
f i Conductivity 

I 
*1 poise : 1 dyne sec/cm 2 

. J 
, centipoise* 
r 
~. 

centipoise 

centipoise 

cal 

sec.cm2 (OC/cm) -
B.T.U. 

hr.ft.2 fF/ft. 

watts 
-- cm °0 

= 1 gram/sec. em. 

I 
t72 x l!i~4 ,...' I 

2.42 i 
i 

12~()9 x 10-5 

< 

10.632 

0.04394 

2.54 

lb. 

"I 

lb. (mass) 
sec. ft. 

lb. (mass') 
hr. ft. 

(foree} 
ft.2 

watts 

°c in. 

watts 

°0 in. 

. watts 
cC in. 

I. 

see. 

, 

. ; 

I 
I 
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Symbol' 

H 

~ 
t· 
I 

I 
! q 

t 
I 
~ . 
§ 

--,-
! 
t. 

- ~ 
qJA ~ 

~ 

~ 
I 

-- - -

h,U 

* 

Quantity 

Unit of Heat 

Rate of Heat 
Flow 

Heat Flux 
-

- " 

Heat Transfer 
Factor 

-

Multiply Quantity 
J!;xpressed in 

, Conventional Units 
i 
! 
~ 
~ 

~ 

~ .J; 

I 
" 

I 
~ 
i 
:It 

l 
~ 
~ 
~ 

! 
i 
.' 
, 

j 
t,': 

l 

Calories * 

B.T .. U. 

B.T.U. 
hr. 

,B.T.U. 
sec. 

cal 
sec. 

h.p. 

cal 
2 cm sec. 

B.T.U. 

hr.ft. 2 

. ' ~ -~ .. --
BTU . . . 

hr. ft. 2 OF 

cal 
sec. cm2 bC 

1 calorie ~ heat to raise 1 gram of water lOCo 

Retyped 7-10-50 

To Obtain Quantity 
by Expressed in 

Preferred Unit 

4.187 1 watt sec. . (Joules) 

l 

1055 t watt sec. (Joules) 
I - J: 

t l 

I .293 t watt 

1.055 kilowatts 

• I I 4.186 watt 

z 
II 

746 
,. 

watt ~ 
~ -

I watts 
27.006 

in. 2 

t ,,-

j I 2.035 x 10-3 watts 
> in. 2 
~ , 

J it 
.... ""~ ~~'~"'-"~"""'-;'~if""""·"""""""- ---

-3.663 x 10 3 I 
~ -. 

27.006 

watts 
0C· 2 . ~n. " 

watts 

'\ 
\, 
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DESIGN DATA 
PRE P AR E D'H. Gordon, Martin 

CONVERSION CHART FOR U.C.R.L. PREFP.RR';:D HBAT 
TRANSFER UNITS 

Scalise 11-'4-49 

Convenient Factors for Use in Fluid Flow Calculations 

For air and water at 210 0 and 29092 in. Hg barometric pressure 

-

A. Velocity Head = ~ 
2g 

B. 

1. Air 

r· V (f.p.m.)] 4005 
L 

2 

( 
V (f.n.mo )] 2 
2.11 x 104 

= in. water (vel. head). 

= p.s.i. (vel. head) 

2. Water 

rVCfopom.)lj' 2 = P.s.!. (vel. head) 
l 732 

r V (f.n.s.)]. 2 = p.s.L (v~1. head) 
I 12.2 
'" 

Reynold.s No. Re VDP 
II a-

F 
l. Air 

Re II 512.5 VD 
V a vel. in ft. 

sec. 
-

D :: dia. in inches of round tube 

= ~ x cross sectional area for wetted perimeter 

2. Water 
'Re II 7.93 x 103 VD 

V It vel. in !.it.-
sec. 

D = dia. in inches of round tube 

-

other 

CHECKED BY 

shapes 

= 4 x cross sectional area for other shapes 
wetted perimeter 

HG: MM: DT~ /vp I .. ,.. 

• 

,. 

". ,'. 

. 

-. 



RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA - BERKELEY DATE 
q/27/51 

DESIGN DATA 

FRICTION FACTORS FOR PIPE FLOW 
Reference: Transactions of the A.S.M.E. 

0.1 

.09 

.08 

.07 

.06 

.05 

.04 

~ 
c:-

i 
~ 
IE 

.03 

.()25 

.02 

.ol~ 

'.01 
f+H+--l-+ 

.009 
~+fH-f-l .oos L.J..JL.LL,-J-d 

..,10 

!!l z 
5 
5 .()002 cr: 

~ 

~ 
'" cr: 

November, 1944 

. PREPARED:. 

CHECKED BY: 

2025 
.. , .07 .. , 
:"_1.06 
·1 

! • 1 05 

: i 
.! •.... i 04 

:; MU 1763 

'MU 1762 REYNOLDS NUMBER R' VO (V .n:. 0 v £l2) V IN SEC. , IN FT., INS!'.'<:: 

D.O. NO. 
36 

L. E. Brown 

W. Brobeck 

PAGE 
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J RADIATION LAB""ATORY. UNIVERSITY OF CAl.IFORNIA • BERKELEY DATE I(DoDo NOojPAGE 

.~ DESIGN DATA 7-11-50 37 1 
su a"'ECT PREPARED 

R. A. Nick.erson 
PROPERTIES OF METALS AT LOll TEMPERATURES CH E CK ED BY 

ALLOY & COMPOSITION Toc Y.S. T.S. Elong R.A. Impact Remarks 
1000 psi 1000 psi % 

ALUMINUM & ALLOYS, - (This data typical or that ror all AI. alloys) 

2S0 20 4.15 13.2 41.5 19 Iz Note: All 
-SO 4.15 15.2 47.5 20 Iz Aluminum Alloys 

-180 27 Iz retain their 
17-ST ! 20 45.5 68.0 15 15 c-v- toughness & 

-SO 46.5 70.0 16 18 c-v ductility to 
-30r:PF. loom 

24-ST t 20 43.7 70.1 23.3 12 c-v temperature data 
-80 46.4 74.1 25.3 12 C-V applicable dovn 

61-5T [ 20 39.2 46.0 21 to liquid Air 
-SO 41.7 50.4 22.5 temperatures. 

COPPER & ALLOYS, 

Pure Copper ! 20 
8.6 31.4 48 76 43 Iz 62. c-v 

- 99.98% Soft -SO 10.1 38.5 47 74 44 Iz 
-ISO 18.3 50.8 58 77 50 Iz 69 c-v 

Pure Copper { 20 43.3 45.8 16 55.9 720% Reduction -99.9% Rolled -180 50.4 53.0 19 55.4 
Cartridge Brass 20 28 51 49 78 66 Is Typical or be-

70-30 Cu-Zn -80 27 58 60 79 69 Iz havior ot brasse 
Annealed -180 30 74 75 73 79 Iz at lov 

L: 
temperatures 

Naval Brass 28.8 57.1 49.4 50.5 
60 Cu, 39.25 z'n, 

37.2 81.1 48.3 48.4 Annealed 
.75Sn 

Beryllium Copper 20 24.9 76.2 36 50 41 Iz Typical example 
2.56 Be _~ -80 29.1 86.7 38 54 40 Iz or property 
(Solution Treated -180 50.0 112 41 57 40 Iz changes in 

(Aged) 20 125 187 2.6 5 2 Iz precipitation 
-80 147 202 4 5 3 Iz hardenab1e alloYf 

-180 155 214 3 6 3 Iz 
Manganese Bronne 20 24 72.4 28 44 20 Is 

38.85 Zn, 1.43 Mn -80 27 75.5 31 43 22 Iz Annealed 
1.25 Pb, .9 Sn -180 28.8 94.8 37 41 20 Iz 

Is, Standard Izod V notch; C, Charpy; V, Charpy V notch 



J 

RADIATION LABn~ftTORY • UNIVERSITY OF CALIFORNIA· BERKELEY DATE (DoD. ~ 
DES I G N DATA 7-11-50 37 . 2 

SUBJECT PREPARED 

R. A. Nickerson 
PROPERTIES OF METALS AT LOW TEMPF.RATURES CH E CK ED BY 

. 
ALLO! & COMPOSITION Toc y.S. T. S. E10ng R.A. Impact Remarks 

1000 psi 1000 psi % -
NICKEL & ALLOYS 

"A" Nickel 24 62 23.5 75 216 C V 

1 99.4 Ni, .1 Cu, -80 235 C V Annealed 
.15 Fe, .2 Mn, -190 86 22 58 234 C V 
.05 Si, .1 C, 24 133 1.06 58 185 C V 

} Cold Drawn .005S -80 205 C V 
-190 155 3.12 54 210 C V 

24 54.4 93.4 32.7 45.5 195 C V I -80 236 C V Hot Rolled 
-190 81.8 122.5 46.7 57.2 227 C V 

Monel 21 31.3 78.7 57.5 75 189 C V 100 Iz) 
671 Vi, 30 Cu, -183 49.5 115.3 49.5 72 184 C V 119 Iz)Annea1ed 
1.4 Fe, 1 Mn, 24 93.7 103.8 19 72 216 C V .1 Si, .15 C, -80 100.9 117.45 21.8 71 219 C V Cold Drawn .01 S -190 212 C V -

21 67 92 31 70.6 216 C V 
-183 91.5 128 44.5 216 C V Forged 
-253 96.4 142 38.5 ) 

"K" Monel 24 94 130 C K 
] Quench 175CPF 66 Ni, 29 Cu, -80 133 C K 

2.75 Al, .9 Fe, 
.25 Mn, .15 C, 
.5 Si 

Magnetic 
Transformation 24 125.9 157.3 15.5 37.4 27 C K 1 Quench "!«e < -135°C Soft Quench -80 134.6 171.6 17.3 41.1 28 C K (See note on Be-<-101°C Aged Cu) 

Incone1 24 36 94 31 65 130 C K 1 Quench 17500F 78.5 Ni, 14 Cr, -80 42.5 106 40 64 133 C K 
6.5 Fe, .25 Mn, 24 147 132 70 49 58 C V 1 Quench Be Age .2 Cu, .25 Si, -80 155 164 10 51 63 C V 52s<'F. No .08 0, .008 5 appreciable de-

drease in proper-
ties of unaged 

,-

C, Charpb'; V, Charpy V notch; K, Charpy Keyhole notch; Iz, Izod incone1 to 
-315 F -193°C 



\ 
RADIATION LAB~r.ATORY • UNIVERSITY OF CALIFORNIA. BERKELEY DATE 

DESIGN DATA 7-11-50 
SUBJECT PREPARED 

R. A. Nickerson 
PROPERTIES OF METALS AT LOW TEMPEPcATURES CHECKE:: BY 

Toc Y.S. T.S. Elong R.A. Impact 
1000 pd 1000 psi % • 

ALLOY & COMPOSITION Remarks 

-----------------+----+-~~~----~+_----_P----~----~~------------
STAINLESS STEELS 

302 
.11 C, 16.2 Cr, 20 44.8 93 
11.5 Ni -180 118 220 

304 20 32 
87.6 .06 C, 18,25 Cr, -185 

9.7 Ni 20 
-76 

91.5 
103 

316 20 119 
135 .07 C, 18.41 Cr, -76 

9.88 Ni, 2.8 Me 

321 
.05 C, 19.04 Cr, 
9.15 Ni, 
Ti 8 x %C 

347 
.07 C, 18.97 Cr, 
10.29 Ni, .95 Cb 

20 36 
-76 38 

20 85 
-76 89 

20 50 
-76 52 

20 128 
-76 135 

87.2 
225 
152 
196 

133 
186 

86 
143 

1.31 
174 

92 
146 
145 
165 

, 

48 
55 

69 
44 
22 
29 

23 
31 

45 
46 

22 
32 

41 
40 
14 
33 

rerritic &: Martensitic Stainlesse. of the t~ 

52 
75 

81 
63 

64 
67 

73 
60 

79 
74 

69 
67 

76 
69 
60 
63 

118 Is 
118 Is 

llater Quench 
20100r 

119 Iz - i'- Annealed 
119 Iz ~ [Annealed 

"' Ie 66 Is Cold Dra1m. 
68 Is oJ (-18<1'C,-65 Iz) 

89 Is ) A & CD 
77 Is J (-18OOC, 80 Is) 

178 C V ~ Water Quenched 
161 C V' } 19OO0 F 

89 C V 11 Annealed &: 
75 C V ~ Cold Draun 

123 C V i W. Q. 20000r 
115 C V ~ (-18oPC, 115 CV) 

31 C V I~ Annealed & 
36 C V II Cold Dra1m. 

403, 410, 416, 420, 430, 440 C, 446 fthould be avoided for 10v 
temperature service. 

References: 

RNtah 

American Society 'or ~ta1s Handbook & referenoes therein on Lov Temperature 
properties. ASMB, ASTM Symposium on "Effect of Temperaturo on MetalsD , June 23, 
1931. 
U.S. Dept. of Commerce .. Bureau of Standards Reaearch Paper 1882, 40, 1948 

"Infiuence of Lov Tomperatve on Plechanica1 Properties of 18.811 ) 

International Nickel Co. Technical Bulletins 
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:n E S I G N D A T A 
SU BJECT PREPARED 

CALCULATION OF ULTIMATE PRESSUIBS OF KINETIC VACUUM SYSTEMS 
USING RUBB~R GASUTS AND OTHER VOLATILE MATERIALS* 

Marvin Martin 
CHECKED BY 

(1) L 
P~ D bF + 5 (Expressed in different units from 

those used in original article) 

Pco = Press. @ infinite time (ultimate press.) (p) 

F = Fore pressure (p) 

b - Constant involving back diffusion through diffusion pump 
b = 0.001 for most diffusion pumps pumping air 

L 

S 

Ay 

At 
Pv 

Po 

b : 0.1 to 0.8 for H2 and He 

= Leakage rate(? Ft3jmin.) 

= Pump speed (Ft3jmin.) 

= Exposed area of volatile material (in2) 

- Cold trap area (in2) 

- Saturation vapor pressure of volatile material (Il) (see curves) 

= Pressure at time to (p.) 

~ .... ~-
= Indicates summation of similar terms for other vola tile rna. terlals 0 

(2) 

* From: 

The formula for pressure vs. time including outgassing effects is: 

P _ P - .2 (t-to) (, - .§. (t-to») 
o e v t Poe 1 - e v 

v - Volume of system (Ft3) 

t-to = Pumping time (minutes) 

Pv is usually taken from curve @ 24 to 36 houI'S. 

Further reduction of'P with time is attributed to impoverishment of surface 
in volatile constituents. 

The preceding relations, recommended by Distillation Products, Inc. to 
calculate the ultimate pressure in systems containing volatile materials, 
are ba8~d on the assumption that the volatile material exhibits a constant 
vapor pressure at its surface. This usually results in a pessimistic estimate 
of pressure due to surface impoverishment with time. 

Ultimate Pressure in High Vacuum s~tems by B.B. Dayton, Symposium on 
Electron Microscopy, Ch1cago, 6-12-48. DiStillation Products, Inc. 

--,-----------------------' 
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_.> SYSTEMS' USING! RUBBER GASiiliTS AND''''OMR'VOLA'TILE MATERIALS- , 

DESIGN DATA NO., 39 
M.' Martin, " 
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CALCULATION OF ULIIMArS PRESSURES OF KH:rETIC VACUUl1 SYSTEHS 
USDJG RUBBER GASKETS ArID OTHER VOLf~TILE l:ATERIAL 

DESIGN DATA No.v iV.'· 
M. Hartin ' 
9-22-52 Page 4 
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LAWRENCE BBKEYSArGON - OIVASlf 0ACALIFORNIA I NUMBER 

40B 
I PAGE 1 

OF 2 
TITLE PREPARED BY DATE 

D. Vorkoeper 12/50 
PIPE, CONDUIT, AND TUBING BENDERS REVISED BY J. U. I·urner, DATE 

AVAILABLE IN LBL SHOPS C. Hai nes 7/67 
REVISED BY J. U. I urner, DATE 

C. Hai nes 4/80 

TUBING BENDERS: 

TUBE SIZE BEND RADIUS 
TYPE MAKE 0.0. Inches TO CENTERLINE LOCATION -- -- mm Inches -
Hand Green1ee* 1/4 19. 1 3/4 Sheet Metal 

Shop 
II 5/16 19.1 3/4 
II 3/8 25.4 1 
II 1/2 31.8 1-1/4 , 
II 5/8 41.3 1-5/8 
II 3/4 47.6 . 1-7/8 
II 7/8 57.2 2-1/4 
II 1 69.9 2-3/4 

*This Greenlee bender wi 11 handle 1/16 11 wall tubing. -, 

Hand Parker 1/2 38.1 1-1/2 II 
" 

Model H624 , -

5/8 47.6 1-7/8 II 

3/4 57.2 2-1/4 II 

7/8 66.7 2-5/8 II 

1 76.2 3 II 

1-1/8 85.7 3-3/8 II 

1-1/4 95.3 3-3/4 II 

1-1/2 114.3 4-1/2 II 

Hand Parker-Exacto1 
Model 412 1/4 14.3 9/16 

1/4 19. 1 3/4 
5/16 17.5 11 /16 
5/16 25.4 1 
3/8 23.8 15/16 
3/8 31.8 1-1/4 I."! 

1/2 31.8 1-1/4 
1/2 50.8 2 
1/2 63.5 2-1/2 

.-

5/8 38.1 1-1/2 
5/8 63.5 2-1/2 
3/4 44.5 1-3/4 
3/4 76.2 3 



LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA 

DESIGN DATA 

TUBING BENDERS, CONTID: 

TYPE MAKE TUBE SIZE BEND RADIUS 
0.0. Indies TO CENiERLINE 

mm Inches -
Hand Parker-Imperial** 1/8 9.53 3/8 

II II II 3/16 11. 1 7/16 

1/4 14.3 9/16 
5/16 17.5 11/16 
3/8 23.8 15/16 
7/16 34.9 1-3/8 
1/2 38.1 1-1/2 
5/8 57.2 2-1/4 
3/4 76.2 3 
7/8 76.2 3 

II II II 1 88.9 3-1/2 

PAGE 

OF 

LOCATION 

2 
2 

Assembly, 
Sheet Metal 
Machine Shop 
Tool Crib 

Assembly 
Machine Shop 
Tool Crib 
Assembly, 
Sheet Metal 

**These Parker-Imperi al benders are made ptimari ly for refrigerati on tubi ng. 

PIPE AND RIGID CONDUIT BENDER: 

TYPE MAKE NORMINAL BEND RADIUS 
PIPE SiZE TO CENTERLINE LOCATION 
Inches mm Inches -

1/2 82.6 3-1/4 Machine Shop Hydraulic Black Hawk 
Model S-130 

II II 3/4 114.3 4-1/2 
II II 1 146. 1 5-3/4 
II II 1-1/4 184.2 7-1/4 
II II 1-1/2 209.6 8-1/4 
II II 2 241.3 9-1/2 

Maximum size for this bender is 2" Schedule 40 Pipe. It is primarily for 
bends up to 900 or offsets. Additional shoes can be made to bend tubing 
sizes or special bend radii. 

ROLLS: 

II 

II 

II 

II 

II 

The bending rolls in the Welding Shop can be adapted to roll large radii tubes. 
The following rollers are on hand: 

/nh 

Tube Size 

3/4 11 0.0. 
111 0.0. 
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RADI'ATION LABORATORY - -UNIVERSITY OF CALIFORNIA - BERKELEY J r1::5l* 'D.I;!. NO'J PAGE =n E S I G N D A T A ~ - 42 1 01 

SUBJECT 

R.F. R>~ IDSS IR CAPACITY LOADED QUARTER WAVE TltABSMISSION e LIKES 

P~fti Martin 

CHECKED BY 

* 

-

·Corrected 7-24-51 
The R.F. power required to produce a given voltage on the capacitor which terminates 

a fore-shortened quarter wave transmission line depends upon: 

llapaci ty ----- C, Farads 

Frequency - f, Cycles/sec 

Outer and Inner Conductor Diameter - D and d, inches 

Resistivity of the (l)nductor Material -- International Annealed Copper 
Standard is assumed in these fonml.as. 

nese factors are related by the following formula: 

(1) P a J}5 B· !3 t:J I t::~ 2Q~ - •• -, Watts 

Where go = Characteristic impedance of line = 1)8 LoglO R 
• 

Xc 
Q = Length of line, radians _tan-l = 27TL 

ao l\ 

Xc = Capacitive Reactance 1 
2""'fC 

Land)... are length of line and wavelength corresponding to 
frequency, f, in consistentun1 ts 

The above fo~·-'.IIBy be used to calculate the power in any line, lbUt:'aegiects"elid _ 
losses in the shorted end of the line and losses which occur in the terminating capacity. 1 

- Current and voltage 
variation with length 



flA01!ATION LABr>RATQRY • UN1 VE4ISI TV· OF. CAL I·FORN I A • BERKELEY DATE 

. fI) .1: SI':(; ,N 'D\A T A 4'll/n 
SUBJECT "1' ...... Lou !a Oapu1t7 t.4e4 ~ ..... , ~.II1_U-. PREPARED 

~1Iutia 
CHECKED BY 

fa 4ed.p pNbl.Iu 1"t u .. .u.n. to t1Dd all opt1mulll .... tr;r, 1 ••• , eM 
vh1eh v1ll ~ toM least power \0 procb1ee • given 'Yoltage _ th. _pacltcJr. 
!he _ttache4 am. , __ the w.r1aUe et fr (propcriiaaal to IIIr&mt adldttance) 

With I"UpMt \0 the .-'her ~ • 
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SU llJECT 

. . 
RADIATION LAB0rATORY • UNIVERSITY OF CALIFORNIA· BERKELEY 

=D E S I G N D A T A 

Relation Between "Q" and Shunt Impedance In Capacity 
Loaded Quarter Wave Transmission Line, at Resonance 

1. DEFINITIONS: " 

Q- ZIT. (energy stored) - WU .. WL - - -energy lost/cycle P R 
, . , 

where lJ .... 21T £ -
U - energy stored at voltage V -

PREPARED M" M.'lrtin i 
lfitchell Dazey 

CHECKED BY 

P CD power required to obtain voltage V . -
L - inductance/unit length of line -
R - resistance/unit length of ~ine -

(See D. D. #42 for ~t'her Symbols) 

Shunt Impedance: 

2. RELATION BETWEEN Q AND % s 

Q:: .z-s 
~ ... 

o (
.1L + Si~ 28 ) 

2 4 
.....:;O"-.-S-l.Il-· -2""-"'6=---

. 

for e:: Tf/2 (Zero Capa.city) 

11M:plc 

(FolloWs frem 1. above) 

: . 

- 1 
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RADIATION LABORATORY· UNIVERSITY OF CALIFORNIA. BERKELEY DATE 

DES 1 G N D A T A 8/5/52 
SUBJECT PREPARED 

IMPEDANCE OF A LOOP COUPLED TO A CAPACITY LOADED·, QUARTER 
WAVE TRANSMISSION LINE 

B. H. Smith 
CHECKED BY 

~ X 

• rt~ 
dr 

D. Mack 

L I 1 
I , 
I ~ - - 0 

c-'- 1 Z,s 
v • i I 0. I ,..--

t W~~ V= Capacitor Voltage 

Vi' ~ = Loop Voltage 

HJ _ I = _j V cos ~x Vhere ~ 
~ 2rr.r 2nrZosin~L 

v.t :ft.di=~"E.d:=-
Assume ~ « 1/4 0 

V ,;-wuV cos ~xj 2 bdr .. :e 2".Zo sin L r 

12 -3-
2 

and Impedance 

=~ 
r .. -+ 

jwIJ. Js H • ds 

Converting to Inches, Megacycles/sec., and Volts 

V· = .014 bfV cos J3x Log (...L.. ~VOI ts 
'R, Zo sin 13L 10 1- ~ 

D 



RADI'ATION LABOrATORY - UNIVERSITY OF CALIFORNIA. BERKELEY 

:D E S r G N D A T A . 
SUBJECT PREPARED 

MAGNETIC PERMEABILITY OF COLD WORKED 18-8 STAINLESS Nickerson, R. 
STEELS 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 it's transformation 
to the low temperature magnetic ferrite is a stability measure of the 
austenite and magnetic permeability is a sensitive measure of the 
amount of transformation occurring. 

The accompanying graphs on pages 5 and 6 report the results 
of magne.tic permeability 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 is 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 permeability. 

USE OF THE DATA: 

For steels of composition other than those shown on the graphs, 
it is possible to estimate the permeability in the following manner: 
From the chemical composition of the stainless steel, stability 
fac tor ~ may be computed: . ~ 

~ '='% Ni - ~%cr +1.5~ Mo - 20)2_~Mn - 35 x % C + 15 l-· 12 2 .-: 

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. 

The steel of the unknown permeability can be expected to have 
a-~ curve; corresponding to that shown on the graphs for a similar 
value of A. From the permeability curves, it may be seen that the 
permeabili ty increases rapidly with cold work for 6 valu~ which 
are negative, and less rapidly, the greater the value of • 

range. 
This data applies to 

C 
Mn 
Si 

.03 - .20 
0.4 - 4.0 

.3 - .5 

stainless steels in the composition 

Cr14 - 25 
Ni 7.5 - 21 
Mo 0 - 3.0 

....... 
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%Cold Wk 6 
>'(j :;; 

AISI C Mn S1 P S Cr N1 Other T.S. Hard ~ ;;; 
- :::: ~ 

less than less than ~ 301 .074 .88 .34 17.5'5' 7.76 .15'Mc 100,000 5'% ~80-82 -7.92 H 
t"I '" » 
H 0 

1-3 ,; 

321(1) .05'6 1.5'8 .48 18.23 10.36 .24T1 95',000-100,000 3-6 RB82-85 -3.40/3.60 I-<l = 0 
0 z 
"%j ,... ,. 

.064 n '" 321(2) 1.61 .47 18.31 10.26 .68T1 95',000-100,000 3-6 RB82-85 -4.40/4.60 J .. ~ 

0 c~ 
> 

t"I ~~ t:;t '" , rn-< 

304 .043 .92 .42 .011 .007 19.00 10.66 95',000-100,000 5-8 RB85-90 -2.45' ~ , 
0 I-1c 
!:d C)3 
~ < 
t".l z~ 

347 .055' 1.78 .58 .014 .015' 18.36 10.67 .95Cb 1105,000-115,000 8-12 RC21-25 -1.90/-2.2C t:;t II> -
~ 

I-' -< 
0) 

00 
I ... 

302 .126 .63 .40 .015 .008 18.40 8.99 120,000-130,000 12-16 RB93-96 -1.49 0) >0 ,. 
(J) o-J~ 
1-3 >6 
:t> '" 

308 .068 .89 .43 .016 .006 11.74 125,000-140,000 H z 

17.90 20-25 Rc25-28 - .80 -
!2: » 
t"I 
t%j 

'" (J) '" 
307 .154 .49 20.65 9.61 

(J) '" 3.92 -+1.93 "" '" (J) 
,... 
'" 1-3 -c 

t%j 

316 .054 1.67 .31 17.52 13.37 2.39Mc +1.00 L"'.J 
t"4 
(J) 

I 

310 .198 2.27 .90 .021 .005' 24.33 20.65 +12.12 
o 2$'"0 \.11. 
x ..... '" , 
~ () !;: 
'" Pi' " 

1\)0 

0)" 
'" (1) '" 
o "i ~ 

I ~ 
\.11.'" 

'" (f) I-' 
-< 0 

~ 
I---

f.: 
!l1 

\ • z 
0 

~ 
" Gl t: 
'" 
7' 

\ 
til 
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) ~GNETIC PERMEABILITY OF COLD1,tIIORKED 18-8 
STAINLESS STEELS 

DESIGN DATA NO. 44 Pg.5 
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RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA. BERKELEY 8/~;/51 1
0

4;' No'l ~A:1': DESIGN DATA 
SU BJECT PREPARED 

ELECTRON vfORK FUNCTIONS 0 F THE EI..EIvlENTS H. P. Hernandez 
CH E CK ED BY 

EmfENT H'ORK FUNCTION ELEMENT \'lORK FUNCTION 
¢nt, VOLTS ¢In, VOLTS 

Ag 4.28 Li 2.3.9 

A1 3.74 Hg 3.46 

As 5.11 ~1n 3.95 

Au 4.58 Ho 4.27 

B 4.5 Na 2.27 

Ba 2.29 Nd 3.3 

Be 3.37 Ni 4.84 

Bi 4.28 Os 4.55 

C 4.39 Pb 4.02 

Ca 2.76 , Pd 4.82 
" ::Cb 3.99 Pr 2.7 

Cd 3.92 Pt 5.29 

Ce 2.7 Rb 2.13 

Co 4.18 He 5.1 

Cr 4.51 Rh 4.65 

Ce 1.89 Ru 4.52 

Cu 4.47 Sb 4.08 

Fe 4.36 Se 4.72 

Ga , 3.96 Si 4.1 

Ge 4.56 Sm 3.2 

Hi 3.53 Sn 4.11 

Hg 4.52 Sr 2.35 

Ir 4.57 Ta 4.12 

K 2.15 Te 4.73 

La 3.3 Th 3.41 



RADIATION LABOPATORY • UNIVERSITY OF CALIFORNIA· BERKELEY 

DESIGN DATA 
SU BJECT PREPARED 

H. P. Hernandez 
ZLECTRON vJORK FUNCTIONS OF THE ELEJiBNTS CHECKED BY 

ELEMENT lofOR!( FUNCTION 
¢In, VOLTS 

Ti 4.09 

Tl 3.76 

U 3.74 

V 4.11 

Ii 4.50 

Zn 3.74 

Zr 3.84 

The data for work functions is taken from the article "Electron Work functions 
of the Elements II , Journal of Applied Physics, June 1950, which lists measurements 
published during the period 1924 -- 1949. 

For most of the elements values obtained by thermionic, 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, ¢m; and the standard 
electrode potential EO 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. 

HPH:ah 
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RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA· BERKELEY DATE D.O. NO. PAGE 1 

DESIGN D A T A 10/11/51 47A OF 2 

SUBJECT PREPARED 

SURFACE FINISHES, Ralph Frey 
TYPICAL APPLICATIONS AND RELATIVE COSTS CHECKED BY 

J.G.Turner /s/ 
Revised 2117/60 

Although relative costs will vary with part design and available shop facilities, 
finer finishes cost more money. This should be kept in mind when drawings and 
specifications are made. It should be especially remembered by both designers 
and shop men when considering finishing for appearance only. 

PAGES 

The table below shows typical applications and relative cost of the various surface 
finishes. This relationship is graphically illustrated on the next page. 

Visual comparison gauges are available in the Mechanical Engineering Department. 
The shops have profilometers for actual measurement when this is necessary. 

ROUGHNESS 
HEIGHT VALUE 

. (MICROINCHES) 

1 

2 

4 

8 

16 

32 

63 

125 

250 

500 

1000 

2000 

TYPICAL APPLICATIONS 

.licrometer anvils, mirrors, high 
grade gages 

Shop gages. comparator anvils, metal 
to meta I faces 

Vernier caliper faces, sliding contact 
under heavy loads. precision roller 
and ball bearings, seal faces moving 
relative to flexible seals retaining 
gases 
Sliding contact under high load such 
as cam faces and journal bearings. 
good grade ball and roller bearings, 
seal faces moving relative to flexible 
seals retaining liquids and greases 

High speed shaft journals under 
moderate load, commercial grade ball 
and roller bearings. ball and roller 
bearing seats, nO· ring grooves for 
static seals. valve plugs and seats, 
cylinder bores, gear teeth 

Sliding contact under light loads. 
splined shafts. key seats, facing for 
friction clutches and brakes, solid 
metal gaskets, mating faces of pre
cision parts. gear teeth. highly 
stressed parts. piston O.O,s 

Mating faces of machine parts (no 
motion), for appearance on outside 
faces, to obtain size dimensions to 
decimal tolerances 

For a great variety of non-critical 
assemblies. such as housing parts. 
facings on pipe flanges trueing up 
and stock removal, sizing to decimal 
tolerance 

Flange facing using soft «askets, 
clearance dimensions (airfits). for 
rough machine parts. for stock removal. 
for trueing up or to obtain size to 
fractional tolerances 
Prim&rily for stock removal only 

For stock removal prior to finishing 
cuts 

For stock removal prior to finishing 

TYP ICAL METHODS 
OF 

PRODUCING FINISH 

Lapping, polishing, super finishing 

Lapping, polishing, super finishing, 
micro-hosing 

Grinding, micro-honing, lapping 
superfinishing, burnishing, polishing, 
etc. 

Grinding, honing, lapping, rolling, 
polishing. burnishing, etc. 

Grinding. rolling, lapping, honine, 
some moulding and extruding, etc. 

Grinding, turning, milling, broaching, 
reaming, honing, extruding, moulding, 
boring. etc. 

Shaping, grinding, broaching, turning, 
milling, extruding, permanent mould 
casting, drilling, boring, etc. 

Shaping. turning, milling, grinding, 
boring, forging, rolling, extruding, 
drilling, permanent mould casting 

Shaping, turning, milling, rough 
grinding, shearing, forging. boring 

Shaping, turning, milling, sand 
casting, sawing, planing 

Rough turning, planing, milling 
torch cutting, sawing, etc. 

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

APPROX. 
R&LATIVE 

COST 

40 

35 

30 

26 

20 

15 

10 

7 

5 

3.0 

1.5 

1 

The above table is copied from Oak Ridge National Laboratory report ORNL-1051. -



RADIATION LABOPATORY • UNIVERSITY OF CALIFORNIA· BERKELEY 

DESIGN DATA 
SUBJECT PREPARED 

SURFACE FINISHES, Ralph Frey 
TYPICAL APPLICATIONS AND RELATIVE COSTS CHECKED BY 

~--------------------------------------------------~----------------~ 

I 
i 
I 

The following curve graphically illustrates the relationship between cost 
and surface finish. 

I 2 .s 4 5 G 78910 20 40 60 80/00 500 1000 2000 

SURFACE FINISH - MICRO-n~CHES 

( 
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I IRQQi; ~nsile Tensile stress Axial load Root 
Thds per inch .area stress ibs/sq in. with Ibs with . Thds per inch area 

Size Die UNC UNF sq in. area torque of torque of Size Dia UNC UNF sq in. 
sq in. lin. -lb 1 1n.-lb 

0 .0600 80 .00151 .00180 46,296 83.3 1/2 .500 13 .1257 

1 .073 64 .00218 .00263 26,043 1/2 n 20 .1486 
68.5 

1 n 72 .00237 .00278 24,638 9/16 .5625 12 .162 

2 .086 56 .00310 .00370 15,713 58.1 9/16 n 18 .189 

2 " 64 .00339 .00394 14,756 5/8 .625 11 .202 

3 .099 48 .00406 .00487 10,371 50.5 5/8 n 18 .240 

3 " 56 .00451 .00523 9,657 3/4 .750 10 ·302 

4 .112 40 .00496 .00604 7,391 44.6 3/4 n 16 ·351 

4 " 48 .00566 .00661 6,754 1/8 .875 9 .419 

5 .125 40 .00672 .00796 5,025 n 7/8 
40.0 

14 .480 

5 " 44 .00716 .00830 4,819 1 1.000 8 ·551 

6 .138 32 .00745 .00909 3,986 36.2 1 " 12 .625 

6 n 40 .00874 .01015 3,570 11/8 1.125 7 .693 

n 8 .164 32 .01196 .0140 2,178 30·5 11/8 12 .812 

8 n 36 .012§5 .01474 2,068 1 1/4 1.250 7 .890 

10 .190 24 .0145 .0175 1,504 26.3 11/4 n 12 1.024 

10 " 32 .0175 .0200 1,316 13/8 1.375 6 1.054 

. 216 24 1 3/8 n 12 .0206 .0242 957 23.2 12 1.260 

12 n 28 .0226 .0258 897 11/2 1.500 6 1.294 

1/4 .250 20 .0269 .0318 629 20.0 11/2 n 12 1.521 

1/4 n 28 .0326 .0364 549 13/4 1. 750 5 1.74 

5/16 .3125 18 .0454 .0524 305 13/4 " 16.0 12 2.12 

5/16 n 24 .0524 .0580 276 2 2.000 4.5 2.30 

3/8 ·375 16 .0618 .0775 2 " 12 172 13·3 2.81 

3/8 n 24 .0809 .0878 152 2 1/4 2.250 4.5 3.02 

7/16 .4375 14 .0933 .1063 108 11.4 2 1/4 n 12 3.60 

7/16 " 20 .1090 .1187 96 2 1/2 2.500 4 3·72 

2 1/2 " Note. See page 2 for data source and other ·pertinent information. 
12 4.49 

'ran.ne Tensile strese Axial load 
stress lbs/sq in. with Ibs with 
area torque of torque of 
sq in. 1 in. -lb 1 in.-1b 

.1419 70.5 10.0 S (I"" 
E';~lli 

.1599 62.5 ~g]~ 
:,~~ .182 48.8 8.89 ~!J>8 

.203 43.8 ;i~ 

.226 35.4 8.00 ~&lt;! 
>-3 >-3 

.256 31.25 f,J(I)t! 
~~ 
(1)(1); .334 20.0 6.67 
{Jl(l) 

!ii' 
~lJ!flJ ·373 11·9 

.462 12.4 5.71 ~~5 
"'0(1) 

·509 11.23 Iffi~ 
.606 8.25 !I~ 5.00 

.663 7.54 tllH§i 
K~ 

.163 5.82 ~ 4.44 ~. ;;; 
(l)eI ~ .856 5·19 l'Hit;J ro 

(I)~'" <l H 

.969 4.13 4.00 ~(;;~ f-I. 
CIl 

1.073 3.73 . ~~ f-I. 
1'3 0 

~(I) ::s 1.155 3.15 3.64 ~§ · Sl 1.315 2.71 (I) 

~~ (f) 
1.405 2.37 .§ 3·33 (1)(1) (I) 
1.581 2.11 .. ~ ro 

~~ 
Ii 

1.90 1.50 CIl 
2.86 ~5< 

(J) 
p., 

2.19 1.305 
Sij~ 

ro 
CIl 

2.50 1.00 2·50 ~S 
i.llE'; tj 

2.89 .865 · ~ 

i§ d 
3.25 .684 · 2.22 

~~ 3.69 .602 +" ';;(1) CD ".!;J 
4.00 .500 '-

2.00 

.435 I-' 4.60 I-' 
I 
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.0\ 
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RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA. BERKELEY DA TE D.D.NO. PAGE 

DESIGN DATA 1-23-73 48A 
SUBJECT PREPARED 

Lee R. Glasgow 
THREADS - LOADS AND STRESSES PER UNIT TORQUE CHECKED BY 

1. The tabulated values for stress per unit torque (siT) and load per unit 
torque (piT) were derived from the following formula which came from 
Machine Design Magazine, Reference Issue, "Fastening and Joining", 
5th ed, chapter 4, 11 Sept 1969. 

T = KDP 
T = applied torque-inch-lbs 
K = torque coefficient which is made up of three components~ 

K~ represents unit torque wasted by friction on the bearing 
face of a nut or bolt. ~ 50% of total. 

K2 represents unit torque wasted by friction on contact flanks 
of the threads. ~40% of total. 

Ks represents the useful unit torque that produces bolt tension. 
~10% of total. 

D = nominal screw or bolt diameter-inches 
P = bolt tension or clamping load - lbs 

The table is based upon a torque coefficient of K = .2, which is an average 
value for components as normally obtained from stock. If lubrication is 
applied then an average value of .15 should be used for K and the table 
values of siT and piT should be multiplied by .2/.15 = 1.33. The same 
torque creates higher stresses and loads under lubricated conditions. If 
a more exact value of K for a specific requireme.nt is desired, it can be 
computed from the formula given in the Machine Design reference above. 

2. Only one value is given in load per unit torque column for both fine and 
coarse threads. Theoretically there is a slight difference, due to the 
difference in helix angle and pitch radius, that would show up in the 
derivation of K, but the difference is so small relative to the effect 
of friction that its significance is lost. 

3. These data should be more realistic than the previous D. D. 48. The 
old data were based upon the theoretical maximum resultant tensile 
stress obtained when the torsional shear stress and tensile stress com
ponents are mathematically combined (see Bolts, Nuts, and Screws, 
Lamson and Session Company, pg 151, LBL Engineering Library, TJ1330, 
L24l, 1944.) The data presented in this note were determined from 
actual tests which showed that design can be based upon the tensile 
component alone. 

4. Table data in this note were checked against data from several other tables 
and corresponds quite well. A very good torque value chart for screws and 
bolts of various materials and tensile strengths is available in the 
P. R. Sturtevant Co. I s "Torque Manual", 7th ed, pgs 38 thru 41. This 
manual is in the Engineering Library Catalog Section. 

LG:er 

OF 2 
2 PAGE S 
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RADIATION LABORATORY UNIVERSITY OF CALIFORNIA BERKELEY 

:-:n E S I G N DATA 
SU BJECT PREPARED 

R. Meuser 
STUD SPACING FCR GASKETED FLANGES 

CHECKED BY 

SeA LISE 

This table shows stud spacing (inches) based on 8000 psi on root diameter of 
stud and 330 psi gasket pressure (based on area of undeformed gasket). 

This 330 psi pressure :1'..as proved 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 a closer spacing. 

~ .. I I ~GASJ(ETS i 

bi 
I 1/4 - 20 I 
t i r-- ~ 

t 5/16 - 18 i 
I 3/8--- 16 ---r 

i 

Single ,I 

1/8 Sq •. 
I 

STUD SPACING - INCHES· 

Double 
1/8 Sq. 

I Single 
3/16 Sq. 

& 
Single 
1/4 Sq. I 

Double Double 'I Double 
3/16 Sq •. 1/4Sq~ I 3/8 ~ 

& I ! • 
Single, j 

! 3/8 Sq. I ! 

5.2 ! . 2.6 i 3.5 I 1.7 I 1.3 i 0 87 I 
-----~,-----+! ____ -+! ____ .... 1 ---·-----11 

i 5.8 ; 2.9 ; 2.2 : 1.4 I 
; 303i 2.2 I 

8.7 

6.6 13.2 4.4 
! I : ' I 
! 7/16 - 14 ! 18.0 I 9.0 12.0 i 

~.. ~----~: ----..,..-------'---·-1----·--;-, ------{ 
6.0 3.0 

I ~ I! , 
t 1/2 - 13 ---L- 24.4 .J ____ ~:2 ' 1~,_ •. _3 __ ....,.: ___ 8_._1_-;.-! _6_._1_-'-; __ 4_._1_----i 

1~-U~~~~_7-.-~!_2_0-.9_-.:~~-1-0-.-5-41-7-.-8-.~!_~5_.2_~ 
~/8 - U I 39~~~.6_j-2-6_.1-~Ir---13_·1--111----9-.-8-+-1-6-.,-5--!I 

3/4 - 10 I 58.6 I 29.3 I 39.0 I 19.5 II! 14.6 II 

I i! I ---l------_._-----.j -;--. I 

/8 I 81 Ii 6 I 4 2 I 1 20 'l 1 7 - 9 .3 40. i 5. I 27. e.,J 3.5 
r-----------_!~-----~------~I------~----~-----!-------~ 

I 71.2 I 

9.8 

35.6 26.7 17.8 8 53.4 1 107 

--"'-' 
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DES I G N D A T A 2.-2.'l-52 52 \ OFt 
SU BJECT PREPARED 

COOLING TUBE. "SPACING VS. MAXIMUM TEMPERATURE D. VANCE 
DlFFERENCE ON VN\FORMLY HEATED 16 GAGE. (.0(05) CHECKED BY SCAL\SE 

C.OPPER SHEET O~AWN BY SEEGl'1ILLE.1l 
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RADIAT!DN LABORATORY - UNIVERSITY OF CALIFORNIA - 8ERKELEY 

DES I G N D A T A 1 
j:;UBJECT PREPARED 

T. W. ;v]acomber 
CH~W,ACTERISTICS OF PURE TUNGSTEN FILAMENTS CHECKED BY 

Pure Tungsten Filament at 2500 0 K 
(Assumes no heat conducted away by end clamps) 

~------------~------------~------------~-------------T----------~------------~------------~----------~' 

! ______ d ____ ~----A----~----V----~-----W----+_----i--~------i/-V--~-----i/-W--_+----L-.i_fe __ ~1 
i DIA~EiER HEATING VOLiAGE DROP INPUT !1 EMISSION HOURS TO ! ! (INCHES) CURRENT (VOLTS/INCH) (WATTS/INCH) CURRENT (MA/VOLT) (~A/WATT) EVAPORATE I 

i (AMPERES) (MA/INCH) 10% OF 'IIT. I 
~----------+------------4--------------~------------~----------4-------------~-----------4------------~ 
? I I !~. _V_A_R_IA_T_JO_N __ P_ER_:~ ____ d_3_/_2 ____ ~ ____ d __ -_1/ __ 2 __ ~ _______ d ______ r-_____ d ____ ~-~---d-3-1-2--__ I::-____________ ~i _______ d ____ ~1 
i I I I I i ! .0006 .0908 9.35 I .848 I' 3.62 .387 I .426 II 101.2 j 

.001 .1953 7.24 1.415 5.03 .833 I " '168.6 I i .002 .552 5.12 2.830 12.06 2.36 "I 337.2! 

i .003 I 1.015 4.18 4.245 I 18.09 4.33 "i 506. i 
I .004 f 1.562 3.62 5.660 I 24.1 6.67 I' I 675.! 

i .005 i 2.i84 3.24 I 7.075 30.2 9.31' " 843.! 

~ .006 2.870 I 2.96 8.49 35.2 12.24 .. 1.012.! I .007 3.62 I 2.74 9.90 42.2 15.42 " 1,180

0

, j 
I .008 4.42 2.56 11.32 48.2 I 18.85 " 1.35.!! 

~~ _____ ._0~0_8_5 __ ~ _____ 4~.~8_4 ____ t-i _____ 2_._4_8~ __ +-____ 1~2~.0~2 ____ 4-____ ~5~1~.~2 __ ~1 ____ ~2~0~.~6 ____ +-____ ~ __ '_' __ ~----I~.~4-3~4. 

I :~~~ ::~:J I ~::~ II ;;:~: I :;:! ~::: :: l'::~::.1 
I .012 8.12 2.09 16.98 72.4 34.6 "2.020. I 

! .014 10.23 1.936 19.81 84.4 43.6 "2,360. l ; ., i 
g .015 11.35 1.870 21.22 90.5 48.4 2.530. 1 

I .016 12.50 1.810 22.64 96.5 53.3 I ' 2.700.' 

; .018 14.92 1.708. I 25.48 108.5 I 63.6 " I· 3.040. I 
l·02017.47 1.620

1

1 28.30 120.6 74.5 .. ! 3.370. ! 
j .025 24.41 1.448 35.4 150.8 104.1 .. 4.220. i 
1 .. i .030 32.1 1.322 42.5 180.9 136.9 5,050. i 
: ;034 38.7 1.242 48.1 ! 205. 165.2 "5,740. 

I " i _ .035 40.4 1.224 49.5 211.. 172.5 5 .. 900. 

l .040 I 49.4 1.145 56.6 241. 211. "6.750. 

l .050 69.1 1.024 70.8 302. 294. "8.430. 

j .060 .9-0.8 .935 84.9 _ 362. 387. "10,120. 

j .070 114.4 .866 99.0 422. 488. ", li,800. 

ll!, .080 139.8 .810 ·113.2 482. 596. "13,500 . 

. 090 165.8 .763 127.4 543. 71', "15,180 .. 

-t .100 195.3 .724 141'.5 603. 834. tI !6, 860. 

I .110 225.3 .690 155.6 664.' 96-1. 

I .120 256.8 .661 Ii 169.8 724. 1,095. 

I .125 272.9 .648 176.9 754. 1,164. 

i . 1 30 289 . 5 , 63 5 1 84 . 0 784. 1 , 235. " 

i8. 600 . ..J 
20. 200. I 
2 1.100. i 
2 1.900. I 

I .140 323.5 .612 198.1 844. 1,380, 

. 145 341. .601 205.2 875. 1.450. i 23.600. 

24.500 • 

I 25,300. I 

I " I :::;~~: I 
~------------~----------~------------~----------~----------~----------~----------~------------. 

NOTE: The heat carried away by end clrunps is proportional to current only. 
is 0.23 watts per ampere. 

Tn. or IV fi1tl.l1~nts it 
, 

I 



D. D. :.0 . 

.'.= i\ .'. .:: 2 
S~ BJECT ~ ?PEP"~2r::.D 

~. '\:1acorr;ber 

----------------------------------------------------------------------------------------~--------------------.~ 

rare 7UIlgS ten Filament Te~!1'pe ra t:.lres 

following cons tan ts gi ve char2.cte~i sties ~'- t : ~wer ~t~C l1i ghe:- ~e~;)e:r8. tu.:-,es ~han 2500 K, 
~~~ing characteristics O~ Page 1 as ~~l~Y. 

OK I A v ','I i/v i/w 

IAMPERES VDLTS/ WATTS/ "~ A / 1 ~4 ~ ~ MA/VCLT MA/WAT7 
I :<CH I :< C r. 

800 . 097 .0250 .2.,,2xlO- 3 
I 

L .• 75xl0- 3 I 
900 : 25 .0375 i I 

1000 ! 61 .051:0 -3 ,. : B.f.L.xlQ , 
, 

1200 .2:32 .099 i 2~3oX10"2 
I 

1800 548 .371 I .2035 , .50:-:10 
.. ,.., 

.I:, • 0 ~ x. 1 0 - 4 7.33Xl0· 4 

1900 .608 . ",39 .2S7 *7.G5X!O-'" ·~1 .7t.7.Y~O-3 "'2.87Xl0" 3 
L 

2000 .671 .51/; ~:: 41.7, ::;.37X10"' 3 C'.~GXjO-3 ",.80;( 10 
-.::;; 

2100 .733 .507 ,/'37 i .32x:0 
.. 2 

2 . 2 ~ ;~ ~ 0 - Z 3.02xiO- 2 

2200 .798 .636 546 _~.!',SX:0-2 -'> 
.~. 70>: iO t- B. ! ex i 0-2. 

i 
2300 .86t. .764 I .677 , -1 - 1 - 1 .37xl0 .75:< ~ 0 2.02:0:10 

I 
2400 .933 .888 I .325 .389 .438 .471 i I 2500 f ."co 1 .00 i 

, .00 1 .0 /) 1.00 ~ . co i 
-' 

2600 1.050 1 123 1 .202 i 2 .. ~ ~ "-. 1 5 2.000 I 

2700 1 .12 . . 25 1 • L'. 2 5.33 4.30 3 ~o , . , " 
2800 1 17 1 .38 

* For thorium multiply by iO,Oeo. 

REFEREf;CSS: Applied Electronics, :-:. 1. T. Staff, 19<;3. p. 86. 
'l'he Characteristics o.f Tu..'1~.::stcn P'ilo.rne!1ts o.s FU:lctio~"ls of Temperature", 
by Drs. H. A. Jones & Irving Langmuir, Genera]. i:::lecJ"I.ic ReView, June, 
pp. 310 - 319. This design data was copicc: L:-om UCil.L Chart X·-1161. 
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DES I GN DATA 6/~/52 

OF 
56 C 1 PAGE S 

SUBJECT PREPARED 

A. Schmidt, D. T • Scalise . 
CHECKED BY 

MAGNET DESIGN INFORMATION -, 
E. Kane. L. E. Brown 

A REVISION 1 - 5 - 5 5 (SCAliSE) - CONDUCTOR PROPERTIES B " 10-21·55 " 
C " 2-26-64 " 

Speci.f1c RE:5ISTIVITY "p Heet COIl- Specific 

CONDUCTOR \'Ieight (Michrohm inches) ductivity Heat Linear Coer. 

at 20 C. at 20 C. of Thermal 
Lbe. at at (watts) ( Watt sec.) Expansion. -- in. Uc per °c. Cu. In. 2OC. 40C. OC ~t ~120C Lbs.uC 

ALUMINUM 

Internat'l AI. 
Std. (99.58% AI) .098 1.11 1. 20 (p.00453(t+225) 5.4 430 23.9 x 10-6 

COPPER 

Internat'l 

Annealed Cu. 
-6 

Std. (99.91% Cu) .321 .679 .732 p-. 00267 (t+ 234) 9.76 175 16.8 x 10 
,SILVrn , 

, (99.98% Ag) .380 .64 .69 p=. 0025 (t +230 10.52 106 18.8 x 10-6 

B 

\ FORMULAS INDEPEtIDENT OF MATERIAL 

< Ampere turnes for gap / .. 2.02 x (gauss) x (inches gao) 

I Joules/Cu. In. stored energy ) .. 0/15.35) x (kilOgausB)2 

\ of Magnetic field in air 
" ). <:pounds fo~ce on c;nductor 0/1750) x (kilogauss) x (amperes) x (inches length) 

/Pounds force between > · 4.496x10- 8 
x (amps. in ) x (amps in J ~ inches length condo ) \long parallel cond'uc;tors one condo 'other condo - inches between condo 

A 

<'PoundS forces between pole faces ) '" (1/1. 735) x (:ilOgaUss)2 x (sQ. inches area) 

CO!IDUCT~ FORMULAS DEPENDING ON MATERIAL AND TEMPERATURE -
Coefficiellts Coef. at any 

at 40 C. temperature 

-~\ 
(.059) 

AI. ) 
proportional to 

(kilowatts) x (tons) (.118) Ctt _ (Megamp-turns)2 x finches mean'\ 2 pw \turn length! 
(.131) Ag 

C 

< (202) 
Al >-(Ampf?rQs) 
Cu ~(kilowattS) ,/ .. , (469) " (sQ. inch) --

(525) Ag (tons) P 

.< (4.95) All ( (Sq. inches ) (2.13) Cu V (kilowatts) x (tons) j p 
--Cross ~ection (1. 90) Ag (vol ts) x (parallel paths) w 

/ (1.20) Ai>- ( inches mean) 

( SQ. inches ) or \ ( .732) ,Cu (Megamp-turns) x turn length 

, Cross Section ' ( .69) Ag (vol ts) x (parallel pllths) P 

. POR RECTANGULAR COtIDUCTOR LOSING HEAT FROM TWO EDGES 

( Degrees C. rise) «.0281 Al) 
.. (.0094) Cu (10- 6) I (1nches width)2 x (amperes )2 p 

at center -k-
(.0082) Ag SQ. In. 

(watts) 
(;60 ) Al \ (ampere~ ) - .. / (.366) CUI (10- 6) x (inches width) x P (sq. in. edge surface) 

\ (.345) 
SQ. in. Ag 

- -------
SYMBOLS: p" resistivlty; ",II specHic weight; ka heat conductivi ty 

REFERENCES: UCRL Chart X-I027; Chern. Physics Handbook. Circular 31 Bureau 'of Standards 
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DATE 

6/9/52 . 
RADI'ATION LIIBOPI'ITORY UNIVERSITY OF CALIFORNIA" BERKELEY 

~D E S r G N D A T A 
PAGE 

1 
SU BJECT PREPARED 

CALCULATION GUIDE FOR INTERNALLY COOLED HAGNET COILS 
L. E. Brown 

CHECKED BY 

S C~I..,s.e:. 

This Design Data applies to coils wound with square hollm-r conductors; 
nected electrically in series and hydraulically in parallel. 

layers con-

11~ 

r ~ t(Q+y)~ Z • 

I _NI_ m 
- N - nt 

VIEW e 

p = 10-3 .cEI) = 10-3 (i2R) = 1,0-6 or WK 

F .2..!! (KIM) .iliU 2 AN . = 1010 Lr p = Lr 

d2 = ..it- (Q2 _ k F) 
rr N 
2 rr 2 A-G --d 

- 4. 

Q = ~ (for water) III 9.!! 
4T m 

~ :::;: Ti+ ~':L~ mean cond. tempo 
. 2 

1 
S = 12 IT D'tm 

R = f' 1I TIN 
A 

VI ='.rr DrLwF 
2000 

K from Design Data #30 
H,q, and d from Design Data i¥lO 
For Coolant other than water, 

see Design Data /129 
For UCBL stock Conductors sea 

Design Data 1158 
For resistivity, see Design 

Data #56. 

etY 1:. 

~ '" ~ tlt ti .. '" <i .. ... 
)0- S " 

,. ,. 
:5 

,. .... j .... oJ 
.J 

'" W \AI ... W 
Z 

~ z oJ % Z 
0 0 ~ 0 0 

5C\ll':MATIC~ 

ONE LAYER O~ 'lIURNs SERIES ELECTRICAL· CIRCVIT h~G 
PARAU,E<L. HYD~AVI.'C. CIRCIJIT .1'11 .. 2. 

LIST OF SYHBOIS 
A e conductor cross sectional area 
n = mean diameter of coil 
d a conductor hole diameter 
E : magnet voltage 
F = space factor (not including 

space for clamping terminals 
or protecting enclosure.) 

H = head loss to coolant 
I = magnet current 
K = pOl·ler per ton of condo at 1000 

Amps/in.2, see D"D. #30 
L = axial length of coil assembly 
m m number of layers hydraulically' 

in series 
N =: number of turns 
NL: num~r of "ampere turns 
n = number of laJ~rs 
P = magnet power 
Q = total flovl rate of coolant 
q :: f10\01 rate per cooling circuit 
R = coil resistance 
T.: effective radial depth of coil 
S = cooling circuit length 
T = average coolant temp. 
Ti- initial temp. of coolant 

L1 T ... coolant temp .. · rise 
t = nwnber of turns per layer 
W = total "!eight of conductor 
loT = specific weight of cond.,mat'l. 
X = unit axial cond.tol. & allovr+ 

insulator thickness 
Y = unit radial cond"tol. & allo\Ol 

+ insulator thickness 
Z = Hax. radial depth of winding 
Q = conductor size 
f = resistivity of conductor mati 1 •. ~ 

at mean temp. 

UNI1'S 
Sq. In., 

In .. 
In. 

Volts 

psi 
Amps 

KW/ton 

In. 

Aropttlr'ns 

KH 
GPM 
GPM 
Ohms 
In. 
Ft. 
°e o 
oC o 

°e. 
Tons 

lbs/cuin 
In. 

In. 

In. 
In. 

ohm in. 



Outside 
Dimensionsa Hole 

Diameter 

HOllOH ~QUARE:-

. 255±.005 in. 
(6.48±O.l3mm) 

.340±.D05 in. 
(8.64±.l3mm) 

. 467±-OOS in. 
(11 • 86±. 13mm) 

. 640±.005 in. 
( 1 6 . 26± . 1 3mm) 

. 124 ±.004 in . 
(3. 1 5±. 1 Omm) 

. 184±. 004 in 
(4.67±.10mm) 

.27S±.OOS in. 
(6.99±.13mm) 

.402±.00S in 
(10.21 ± .l3mm) 

SOLID ~CTANGUlAR:-

1/16 x 1/2 in. 
(1. 59x12. 7mm) 

1/8 xli n. 
(3.18x25.4mm) 

Corner 
Radius 

" 030±. 010 in . 
(.762±.254mm) 

.030±.010 in . 
(.762±.254mm) 

.047±.016 in . 
(1. 19±. 40 mm) 

.047±.016 in . 
(1.19±.40mm) 

Effective 
Area 

. 052±. 004 ; n. ~ 
(33.55±2.58mm ) 

.088±.005 in.~ 
(56.77±3.23mm ) 

.lS'±.008 in2
2 (101.3±5.16mm 

.281±.Oll in.~ 
(l81.3±7.09mm ) 

.031 in/ 
(20.0mm ) 

.125 inZ 
2 

(80.6mm ) 

Space b 
Factor 

.80 

.76 

.72 

.69 

E1ectrica1 b Resistance 
20°C 140°C 

160c 172c 
525d 564d 

94.4c 102c 
310d 335d 

52.9d 57.1 d C! c 
174 187 

29.6d 31.9d cJ c 
97.1 lOS 

268CI 289c 
879d 948d 

66.5d 71. 7d ci c 
218 235 

r'1ass/ Ca t. 
Unit b No: 
length 614S-

.201 e 

.299f 

.340~ 

.506 

.607e 

.903f 

1.-0ge 

1.62f 

.120e 

.179f 

.483e 

.719f 

24179 

24180 

24181 

a. The recommended standard sizes of square conductor were selected such that (1) maxiumu~ilization 
is made of existing sizes and (2) the ratio of areas for successively smaller conductors is approxi
mately constant (1.64 to 1.79). 

b. The tabulated space factor, resistance, and mass/unit length are based on nominal dimensions. The 
condu~~ivity.~sed was 98% of the International Annealed Copper Standard. Space factor = Effective 
area 7 (0.0.) . 

c. Micro-ohms per foot 
d. Micro-ohms per meter. 
e. Pounds per foot. 
f. Kilograms per meter. 
REFERENCES: For square conductor specifications: Eng. Notes 203-16 M3A, 303-30 M3, Specification M 13 
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RAD I AT I ON LAOORATORY. UNIVERSITY OF CALIFORNIA BERKELEY DATE I D.~~ No'1 PA;E ~ 

DES I G N D A T A 6-25-'52 
SUBJECT PREPARED 

R B Heuser 
LIQUID IJITp.OGE:r CONSm'1PTION OF TFJiPS CHECK ED BY 

D. ".. Scalise 1 • 

- PROPERTIES OF NITROGEN 

Boiling Point -195.8 deg. C. 

Latent Heat of Vapor.ization 90,500 \olatt see./lb. 
161,000 '·mtt see./liter 

Heat of Gas froiTI Boiling Point to room 100,000 "'att sec./lb. 
temperature (20 C.) at constant pressure 

Density of Liquid ~O292 lbs./cu~ in. 
50.4 lbs./eu. ft. 
1.78 lbs./li ter 
.808 gInS./CCe 

Specific Volume of Gas at 20 C., 14.7 psia. 13.8 cu. ft./lb. 

695 cu. ft. gas 
cu. ft. liquid 

LIQUID NITROOEN CONSUMPTION 

. BASIS CONSUMPTION 

Calculated evaporation rate for unshielded trap, 0;37 cu, in./hr. --with emissivity = 1.0, radia.ntly heated by a sq. in. rad. surface 
large enclo~lre at 20 C., stem conduction ne-
glected. 

0.87 litersLhr. 
sq. ft. rad. surface 

Observed evaporation rate for several types of 0.43 cu. . l' -J.n. nr. -unshielded traps sq. in. rad. surface 

1.0 litersLhr. 
sq. ft. rad. surface 

Calculated evaporation to cool stainless steel 5 cu. in. lig. Nitrogen 
from 20 C. to -195.8 C. cu.in.stainless steel 
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RADIATION LABOPATORY • UNIVERSITY OF CALIFORNIA. BERKELEY 

~D E 5 I G N D A T A 
SUBJECT 

APPROXIMATE FecAL LENGTH OF WEDGE HAG!lETS WITH UNIFCRM 
HAG NETIC FIELD 

V 
Cbject 

P A. GE 

1 

CHECKED BY 

Image 

Assumptions: 1. Focal length is long conparad to path lengtb througb field (ioe. 
greater than ten times as large) 

2. Field is affect! ve over angle i (about one-half gap distance 
should be al101,fad beyond the edge of the magnet for fringing 
field) 

R :: radius in magnetic field 
¢ :: angle through which oorun turns 
e = angle between edges of magnet 
F ci focal length = 1 

--L+--L 
a b 

Horizontal focal length (in plano of paper) b ~ 
e 

:ertieal focal length = ~ 

Note that the two focal length are equal if ¢ III 26 

For derivation see Engineering ?lote 3320-01 M-52 

For focal length when path throuGh magnet is not small compared to focal length see 
W. G. Cross RSI Vol. 22, No. 10, p. 717, October, 1951. 



RADrATION L.\81'~~TORY • UNIVERSITY OF CA'.IFORNIA • BERKELEY DATE PAGE 

DESIGN DATA 10/3/52 1 
SUBJECT PREPARED 

C
.--- I ROCKWELL HARDNESS SCALES CO~IPARED WITH BRI~'NEL HARDNESS NUMBERS 
_ At"iD WITII TIIEBRINNEL HARDNESS RANGES OF SO:VIE CO~L\10N METALS 

CHECKED BY 

H. Paul Hernandez 

o 

: -::-: '-----.-~~:...----:--~:. 
:·:·-:·-.:.:L-;~· -

( .. ~~~ r.:'~~T:c t·;~· .~ .. U; __ : .. i-~.~: -

This chart can be used to: 
1. Sel ect Rockwell scal es for hardness testing. 
2. Convert tolerance of a Rockwell hardness number to BHN tolerance. 
3._ Give the relationship of an unknown metal when given its hardness. 
4. Reduce catalog and handbook data to a common reference so that they can be compared. 

The metal Brinnel hardness ranges, as shown in the shaded areas, are approximate 

and are shown to indicate relati ve hardness. 
These Rockwell scales are applicable where the metal thickness or the metal hard 

case depth is greater than ten times the depth of the ball indentation. Where the metal 
or hard case thickness is less than ten times the depth of ball indentation, use the 
Rockwell superficial scales which are not given here. 
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SU B.JECT 

RADIATION LABOrATORY· UNIVERSITY OF CALIFORNIA. BERKELEY 

DESIGN DATA 
PREPARED 

CHECKED BY 
R. A. Nickerson HEAT CONDUCTIVITY OF METALS AND ALLOYS 

Heat Conductivity of Metals and Alloys Found On The Accompanying Graph. 

Ag. High Purity Silver 
OPHC Oxygen Free High Conductivity Copper 
ETP Electrolytic Tough Pitch Copper 
P~. ~1osphorus Deoxidized Copper ' 
Au. High Purity Gold 
AI. High Puri ty Aluminum 
2SAl. Alcoa 2S Aluminum 
Be. Beryllium 
Hg. Hagnesium 
Mo. Molybdemun 
70-30 70-Copper, 30-Zinc Brass 
Dow FSI 3-Al, IZn,O.3Mn, Magnesium Alloy 
Zn. High Purity Zinc 
Be. Cu.AT Beryllium Copper 
" "A " " 
II II HT II " 

" "H " " 
Ni. High Purity Nickel 
Cd. High Purity Cadmium 
Fe. Electrolytic Iron 
8C Steel AISI 1080 

Solution Heat Treated & Aged 
Solution Heat Treated 
Cold vlorked, S.H.T. & Aged 
Cold Worked, S.R.T. 

Monel 67Ni, JOCu, Fe,Mn,C,Si,S 
18-8 AISI 304 Stainless Steel 
Co. Cobalt 
Pd. Palledium 
Pt. PIa tinum 
Cr. Chromium 
Ta. Tantalum 
Sn. Tin 
Pb. Lead 
Graphite 
Bi. Bismuth 
W Tungsten 

Note: 
I. Almost all aluminum alloys (and states of work hardening and 
aging) have heat conductivities at 20C of 35 to 49% IACS 
2. Most Lead alloys are fran 7-12% IACS 
3. Most Nickel alloys are from 3-7% IACS 
4. Most Magnesium alloys 20-35% IACS 
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TEMP. 

~r~l;I~: 'hE 

ZO 

"'1$ 
Ag 

OFHC 

102",,'1 PD 

Au 

Al 

2SAl 

Be 

~~I ;~'30 
i::f Dow PSI 

LEGEND 

High Purity Silver 

Oxygen Free High Conductivity Copper 

Electrolytic Tough Pitch Copper 

Phosphorus Deoxidized Copper 

High Purity Gold 

H1gh purity Aluminum 

Alcoa 28 Aluminum 

Beryllium 
Magnesium 

Molybdenum 

70 Copper 30 Zinc Brass 

3-A1.1Zn, O,3Mn, Magnesium Alloy 

Zn Higb Purity Zinc 

·1ITlSSffi' 

Jo:!;::L 

BeCuAT 

BeCuA 

SeCuHT 

SeCuR 

Ni 

Cd 

Pe 

f~11 ~~~:I 
po" 

Beryllium Copper, Solution Heat Treated & Aged 

Beryllium Copper, Solution Heat Treated 

Beryllium Copper. Cold Worked. S. H. T. & Aged 
Beryllium Copper, Cold Worked, S. H. T. 

High Puri ty Nickel 
High Puri ty Cadmium 

Electrolytic Iron 

ArSI 1080 steel 

67Ni, 30Cu, & Fe, Mn, C, Si, S 

AISI 304 stainless steel 

Cabal t 

Palladium 

n 
~ 15 Ta 

~ . 
J U ~ 

Platinum 
Chromium 

Tantalum 

C 

Gra 

Bi 

• 
1. 

2. 

3. 

4. 

5. 

Tin 

Lead 
Graphite 

Bismuth 
Tungsten 

NOTES 

Almost all Aluminum alloys (& states of work 

hardening & aging) have heat conductivities 

of 35 to 49% 1. A. C. S. at 200e. 

Most Lead alloys are from 7-12'l. 1. A. C. S. 

Most Nickel alloys are from 3-7% LA.C.S. 

Most Magnesium alloys 20-35% LA.C.S. 

Most Iron-base alloys pass by 7.5% at 930°C. 

*Expressed as Percentage of Copper 

(International Annealed Copper Standard) 

at. 20°c. 

I.A.C.S.= .9311-
c.l = 9.911. Watts = 3.91 Watts 

~ °Ccm cm2 (oClcml 

200 ,00 .00 500 600 700 800 900 1000 
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RADIATION lAB~rATORY • UNIVERSITY OF CALIFORNIA. eERKELEY 

=0 E S I G N D A T A 
SUBJECT PREPARED D. Vorkoeper 

TAP DRILL DEPTHS --- W. M. Brobeck 

Nooinol 
Pipe Size 

Threads 
Per Inch 

FOR AMERICAN STANDARD TAPER PIPE THREADS 

I
I 

Tap Drill Normal Depth Minimuo Depth 
Size of Tao Drill of Tap Drill 

_ ... _-
Revision 2/18/54 

Normal Thread 
Engagement for 
Tight Joints 

1/8 27 11/32 1/2 5L16 1/4 
~·---iI4 ~-r-~--~3~~r.4~--~--~~~6---r----3~~----~ 

-----3/8---i---=-i-;;~:---·- - 19/3~ 3/4 7Li6 378 
1/2 ~4 237~~ 15 /i6'---+---9~VJr-:1-7-6 --+----=1"-L.j i=-:2---I 

_~-_ - ..... 3.74 14 15/16 15/16 5/89116 

---i-1/4 ii-ii~;--f-ij~2 i:i;Z ~;Z ii*~7---~ 
1-1/2 11-172 1-23/32 1-1/4 3/4 11/16 
2 11-1/2 2-3/16 1-1/4 13/16 3/4 

Depths less than normal should be avoided as special taps are required. 

FOR AMERICAN ST A.."IDARD SCREW THREADS 

TAP STYLE 

I I Plug I i 
IStarti~Preferredl, Bottom ~! 

No. of Inc~l¥~ete Thre~ds 
7-9 I 2 1 2-5 /1-1 1/2 i , Additional Tap i Tap Drill 

Sere" 
, 

"1." or Drill Depth Leng.t.h , 
Size I 

Requirod of Point i 

i 

6-32 j 5/16 5/32 1/16 .033 
10-32 i '/16 5/32 1/16 .048 

1 '4-20 1 1/2 1/4 1/8 .060 
5/lb-18 1/2 1/4 1/8 .082 
-J/8-16 5/8 5/16 l/B .094 
1/2-13 5/8 5/16 1/8 .127 
5/8-11 1 1/2 1/4 .160 
3/4-~-l 1 ~,<2 1/4 .197 

1-8 1- 1/4 5/8 1/4 .262 

Alw.ys drill through if possible. 

Tap 1/2 deep means 1/2" of perfect threeda. 

*This number of incomplete thread~ can be 
reduced by grinding taps. 

I 
I 

I 
I 
I 

I 
P.:..RT:;CT 
Tr3SAD 

I 

~. 
J 

"1," 

~. 

\l 
LENGTH OF 

POINT 

) 
"-

" 

) 

! 
\ -

( 

. " 
' .. ', 
-.," . /"::-" . 

. '0 .. ~ 
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RADI'ATION LABORATORY· UNIVERSITY OF CALIFORNIA· BERKELEY 

DES I G N D A T A 
SU BJECT 

TAP DRILL DIANETERS FOR AMERICAN STANDARD SCREW 
THREADS IN VARIOUS NATERIALS 

PREPARED 

L. Brown 

Materials Monel, Higb Bronze,Carbon Aluminum ~abbitt,Dural, 
Sere Speed Steel Cast Steel, Cast Brass Fibre, Bakelite, 
Sizes Copper, Drop Cast Iron Hard Rubber 

Forged Steel, Mild Steel Sheet Brass 
Stainless Steel Sheet Nickel 

J-----v-----r--~~- Tool Steel __ '--____ .. ___ .~.1 t~ Netal 
Size Threads Basic TAP DRILL FOR PERCENT OF FULL THREAD 
of Per Incl: Major 50-60 Decim 60-70 Decim. 70-75 Decim, 75-80 Decim. 

S6rew" NC NF Dia. Percen1 Equiv Percent Equiv. Percen Equiv Percent Eauiv. 
o - 80 .0600 55 .0520 I 3/64 .0469 I 3/64 .0469 5b .0465 
1 64 - .0730 1/16 .0625 .. '1;53

6 
.0595 II 53 •• 00

5
5
9
9

5
5 5~~ .0550 

1 - 72 .0730 52 .0635 J./. .0625! 53 )-' .0595 
2 56 - .0860 49 .0730 50 •0700 1 51 .0670 I 51 .0670 
2 - '64 .0860 4$ .0760 49 .0730 i 50 .0700, 50 .0700 
3 48 - .0990 45, .0820 46 .0810 I 47 .078~ i 47 .0785 
3 - 56 .0990 44 .0860 45 .0820! 45 .08~0 46 .0810 
4 40 - .1120 42 .0935, n .0890 \ 43 .0890 44 .0860 
4 - 48 .1120 40 .0980 I 42 .0935 i 42 .0935 43 .0890 
5 40":'= .1250 36, .1005 37 II .1040 i 38 .1015 3~ .0995 
5 - 44 .1250 35 I .1100 36 .1065 37 .1040 38 .1015 
6 32 - .1380 32 .1160 34 ! .1110 ! 35 .1100 36 .1065 
6 -- 40 .1380 31 .1200 32 ~ .1160 I 33 .1130 33 .113L-
8 32 -- .1640 28 .1405~ 29 1 .1360 il 29 .13601 30 .1285 
8 - 36 .1640 27 _~ 28.. .14,05 l' _0.-22.. _ . .tt1).§.9j, 29 .1360 

10 "'21; - .1.90021-. - 23 _ .1540! 25 .1495! 26 .1470 
10 - 32 .1900 18 .1695 19 .1660 I 20 .1610 I 21 .1590 

1. Tap drills for materials listed are given as a general guide but are not intended 
to apply in all oases. 

2. For tap drill sizes to give 7l%three.d. (:lTa~nal t2ul. ~ far any scre't1 size 
8ubtract one divided by the pitch fram the O.D., i.e. N tap drill is 
(2t) - (1/8)= 2 3/8. 

3. Drills never cut unders1~e. 



L.AWRENCE BERKELEY LABORATORY UNIVERSITY OF CALIFOR~tA BERKELEy D ATE 

J." "~5E NO. J ;~; ~ REVISED 
0 E 5 I G N 0 A T A 10/3/73 . 

PREPARED 5UOJ.CT RECTANGULAR AND O'RING RUBBER GASKET GROOVES F. REINATH . 
FOR STATIC VACUUM SEALS ONLY 

CH ECK ED F .. BIERLEIN" 

(For Dynamic and Pressure Applications, See Parker Seal Co. Literature) 

- ~ I I r rm ~ ~.GAS"'ET "10TH ~- U ~NOM.GAs«'£T .IOTH 

~;~.,O> ~ C})450 
M n rrr'" Filnrn 

145°< si B ; -i~H~r- I ~ 1 - SHSr- F 0 

1"'7"7"" \,. ~----*- ~,;(~.~,--I 
! v/: IL'/A 1 

" 
! ,-

l A l ~~HAI~ - -
5QUARE REGULAR SQUARE RECTUSULAR 

NETAL-TO-METAL METAL-TO-METAL 

Note: Unless otherwise shown, internal corners to be Y64 radius max,and external corners to be broken. 

Table I: Square & Rectangular Gaskets (Listed under "Packing" in LB L Stores Book 

Gasket Dimensions Groove Dimensions 
Nominal Actual 

Rectangular 
SQ. Width X Ht. S T A B C D G* 1/ * K'lf L** E F J 

1/8 x 3/16. .145 .208 .125 .155 .075 1/8 1/16 
.130 .193 .130 .161 .081 

3/16 3/16 x 9/32 .208 .301 .188 .108 .140 .233 .071 .103 1/4 3/16 1/8 3/32 3/64 
.193 .286 .193 .113 .146 .239 .077 .109 

114 V4 x 3/8 .270 .395 .250 .146 .186 .311 .093 .137 5/16 1/4 5/32 118 1/16 
.255 .380 .255 .151 .193 .318 .100 .144 

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 
.380 .567 .380 .226 .287 .4 74 .148 .207 

1/2. 112 x 3/4. .520 .770 .500 .295 .370 .620 .188 .268 1/2 3/8 1/4 3/16 1/8 
.505 .755 .505 .305 .380 .630 .198 .278 

• These 3 Sizes Not In Regular Stock. ** Tolerance±l!64 '* Tolerance + 1/64 -C' 

CONSI DERATIONS IN THE CHOICE OF GASKETS 
To be regarded only as general comments, not as hard and fast rules 

A. REGULAR vs. METAL-'IO-METAL GASKE~. Regular (non-metal-to-metal) gasket grooves are cheaper to machine and the gaskets may be further 
c~pressed if found to be leaking. Metal-to-metal gaskets are used where alignment of parts is essential, where it is desirable to hide 
the gasket from the vacUUlll, or where electrical contact is required. 

E. SQUARE VS. RECTANGULAR GASKE~. Rectangular metal-to-metal gaskets are easier to install and are better retained in the grooves than 
the square metal-to-metal gaSkets. Square metal-to-metal gaskets are used only where required by space limitations. 

C. O-RlNGS VS. SQUARE OR RECTANGULAR GASKE~. Within the range of LRL stock sizes and where metal-to-metal gaskets are req,uired, O-rings 
may be preferable, as the grooves are cheaper to machine than grooves for square or rectangular gaskets and no shop time is needed for 
making the gaskets. The dimensions shown in Table II (X dia.) provide a small interference between the side of the groove and t~e inside 
diameter of the O-ring to insure self-retention. NORMALLY A RECTANGULAR O-RING GROOVE IS SATISFAC'IORY; WHERE ADDITIONAL SELF-RE§NTION IS 
IESIHABLE THE OPrIONAL UNDERCUT GROOVE CAN BE tEED. O~rings may be used on rectangular cover plates, provided, of course, that the 
peripheral length is properly selected and that the inside cOrner at each intersection of the grooves is chamfered. The a-rings listed in 
Table II in bold-faced type are LRL stock Sizes, but stock should be checked for a particular size before incorporating it in a design. 
O-rings made up by the vulcanizing of round stock by the shop should be avoided. 

D. SIllGLE VS. lXlUBLE GASKE~. Ai; opinions vary widely, the prospective operators of a new piece of equipment should be consul ted rebard
ing the use of single or double gaskets. Double gaskets with pumpouts are frequently used on large and medium sized cover plates, and, 
where access to gaskets is difficult, double gaskets are less likely to leak, and if leaks occur the space between the gaskets ffiay be 
punped out to minimize the leak. On the other hand, if the inner gasket leaks and there is no pumpout between the gaskets, or tr£ pumpout 
is closed, the result is a slow leak. Double gaskets on, say, a cover plate on a tank permit vacuum testing of the gaskets, wit~out vacuum 
in the tank, by pumping on the space between the gaskets. It is highly desirable, therefore, when double gaskets are used, to provide at 
least one pumpout and preferably more on large cover plates. Single gasket grooves, of course, are cheaper to machine and occupy less space. 

NOTES 
1. Cutters for machining grooves for square and rectangular gaskets to dimensions shown in Table I are on hand in the l-lachine Sc.op. 

2. All gasket contact surfaces should be 63, or better, finish. 

3. Rectangular gaskets 1/8 x 3/16 are to be used only where space will not permit a larger size. (1/8 sq. gaskets are no longer stocked.) 

4. When placing a stretched O-ring in the groove, the ring should be given a twiEt between thumb and forefinger such that the ring will 
not roll out of the groove. 

5. The sq,uare and rectangular gaskets are procured under LRL Standard Specification No. M93. Tne hardness range of this !!YeAR ::.ate rial 
is 55-65 durometer. 

6. Depths of grooves for metal-to-metal contact allow about 34 =4 percent compression of unrestricted portion of gasket for rec~ang~ar 
gaskets an<J. about 42 ±3 percent for the square gaskets. Based on the area of the gasket face before clamping, this results in ,,:oout :f)O 
psi for the rectangular gasket and atout 500 psi for the square gasket. Jeptr~ of O-ring grOOVES allow about 30 ±5 percent compression 
.~th a resulting preGsure based on the projected area of about 350 psi. 

7. ~e a-ring grooves are for extemal presslU'e only. 
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O· RINGS 

LBL stock shown by dot in margin. For stock no's • 
& other additional information see laboratory 
Engineering Standard Reference no's 396-398 • 

TABLE II: Q·RINGS • 
STANDARD SE.RIES • 

AN NO. Actual Size Nom.Size Groove Dimensions 
10 ::! W 1: 10 00 W XDia .--=F Y ± Z :t • 

AN6227B-I .114 .005 .070 .003 
,. X K, .12' .113 -+ .015 .0". -+.00' • . .00. 

AN62278-2 .145 

I I I 
,(, )i, K~ .159 

I I 
-.000 

I 
-.000 

AN6227B-3 .176 ~', )(, )t, .191 

1 1 
$ 

AN62278-4 .20a 
, 
" 

11;, K. .223 

AN6227B-S .230 Y. Yo K, .2S. • 
AN6227B-6 .30t .005 .070 .003 )f, l{, K, .317 .00. .113 +.015 .Q.48 +.00. 

AN6227B-7 .-
r 

.070 I 
,. Yo K, .380 

• .8'0 

.113 _.000 .048 _.000 
" 

.103 h ll, 

t 
... 006 

AN6227B-8 .362 ii, .378 .151 .060 -.000 
AN6227B-9 .42" ~ 

l{, Yo l\', ..... 7 .010 l , , 
AN6227B-10 .... 7 Yo IJ{, l\', .510 .010 

AN6227B-ll .,.. .005 .103 .003 l1, Yo ;;, .573 .010 .151 .... 015 .069 -+.006 
AN6227B-12 .612 

1 ! 1 
Yo 'K, l\', 

I I 
-.000 

! 
-.000 

.637 

~ 
• 

AN62278-13 .67" IJ{, Yo ;;, .699 

~ AN6227B-l~ .737 Yo ')(, l\', .763 • 
AN62278-15 Yo X 

..... 009 
.73" .006 .139 .()Q.4 1 .761 .205 .G.3 - .000 

AN6227B-16 .796 .006 .139 .00' 1~, lK, Yo .814 .010 .205 + .015 .003 -+.000 0 

AN62271>-17 . 859 I I I y, IX X .187 

I I 
-.000 

I 
-.000 

1 ! AN6227B-18 .921 I'{, 1)(, Yo .950 • 
AN6227B-19 .98" 1 Iy' X 1.013 

AN6227B-20 I.CW6 1" 1)(, X 1.076 • " 
AN62271>-21 1.109 .006 . 139 .00. IX 1 ~;, Yo 1.140 .010 .205 +.015 .0.3 +.000 

AN6227B-22 1.171 

) I I 
1)(, 1 k. X I I 

-.000 

I 
-.000 • 1.202 

I ! AN6227B-23 1.23'" Iy' 'X Yo r.266 
AN6227B-2~ 1.296 1)(, 11{, X 1.379 • 
AN6227B-25 1.3.59 lY. I ~'I X 1.302 

AN6227B-26 1.411 .006 .139 .00' 1 k. llJ{, Yo 1..e5~ .010 .705 t.015 .0.3 +.000 • 
AN6227B-27 I."'" .006 .'39 .00' 1}J I~ X 1.518 

I 
. 205 -.000 .093 -.000 

AN6227B-28 1.475 .010 .210 .005 1~ lV, )(, 1.513 207 

~ 
., .... ..... 010 • 

AN6227B-29 1.600 l l l lYa 2 )(, 1.639 

~ I 
-.000 

AN6227B-30 l.ll5 1~ 2 !. )(, 1.765 ~ • 
AN62271>-31 1.150 .010 .210 . 005 ,v. 2y' )(, 1.892 .010 .297 +.015 ., ..... +.010 
AN6227B-32 1.975 

I I I 
2 2Ye )(. 

I , I 
-.000 

I 
-.000 • 2.018 

t J 
AN62278-33 2.100 2y' 2~ )(, 2.1" 

AN6227~3~ 2.225 2y' 2Y. )(, 2.270 • 
AN6227B-35 2.350 2y' 2y' )(, 2.397 

AN6227S-36 2.415 .010 .210 .005 2'1 27/ )(, 2.523 .010 

T 
+ms .14" +.010 • " 

AN6227B-37 2.600 .010 

I I 
2 Y. 3 K, 2.649 

I -r I -.000 

AN6227B-38 2.725 .015 2" 3y' K. 2.780 ! • " 
AN6227B-39 U50 ~ 2!;. 3!4 )(, 2.006 
AN6227B-40 2.975 3 3y' )(, 3.032 • 
AN62278-41 3.100 .015 .210 .005 3X 3Y, )(, 3.159 .010 

i 
-+ .015 . I".e +.010 

AN6227B-47 3.225 

1 I 1 
3y' 3 ~~ Yo, 3.285 

I -T I 
-.000 • 

AN6227B-~3 3.350 3Ye 3Y. )(, 1."11 

J 
AN6227B-~4 3."15 3!-) 3y' )f, 3.531 • 
AN6227B-~5 3.600 3Y. • K, 3.66" 

AN62278-46 3.725 .015 .210 .OOS 3Y. .. v, )(, 3.790 .010 • 791 +.015 ., .... +.010 • 
AN6.227B-47 1.150 

l I I 
3Y. .. M 'f, 3.016 

I 1 
- .000 

I 
-.000 

! I AN6227B-~8 3.915 • .. y. )(, ... 0·42 0 
AN6227B-~9 ".too .. y, ·X )( . ".168 

AN6227B-50 ".225 .Y. 4V. K, .c.795 • 
AN6227B-51 ".350 .01.5 .210 .005 .. v. .. y, 'f, ... .e21 .297 +.015 ., .. " +.010 . 010 
AN6227B-52 ..... 75 

j 
"Y. 'f. 

l 
.297 -.000 ., .... -.000 • .210 .005 4Y, ".547 

AN6227B-88 ".475 .'175 .006 "'Y, 5 X ".547 385 I T 
+.011 

AN6227B-53 • 600 l 1 
.. y, 5y' V. ".673 l 

_.000 • l AN6227B-54 4.71.5 4l/. 5 ~~ X ".800 

AN6227B-55 4850 .. v. 5y' X 4.926 • 
AN6227B-56 ".975 .015 .275 .006 5 5X X 5.052 .010 .385 -+ .015 .191 + .012 

AN6227B-57 5.100 .023 

I I 
5y' 5y' X 5.106 I I 

_.000 

) 
- .000 • 

l 
AN6227B-58 s.ns l 5 ~~ 5 ~4 Y. 5.312 

~ AN6227B-59 .5 350 5 ~~ 5 ?~ " 5.439 " • 
AN6227B-60 5."75 sX 6 X 5.565 

• 

STANDARD SERIES Con't. 

AN NO. Actual Size Nom.Size Groove Dimensions 

T 10 + W 10 00 W lxDia. -+ y + Z + 
AN6227B-61 >.600 .023 27S . 006 ~ Y. 6 ~ • Y. 5.691 .010 .lU t.OlS .191 +.012 

AN6227B-62 5.725 

1 1 1 
s% 6" y. 5.'11 I I 

-.000 

! 
.000 

" S , . by' Y. l l AN6227B-63 .5 sso " 5.9U 

AN6227B-6~ 5.975 6 bY) Y. 6.070 

AN6227B-65 6.115 6 ~~ 6 );.- }, 6.322 

AN6227B-66 6.475 .023 .27S .006 6 Y1 7 Y. 6.575 .010 .315 +.OlS .191 +.012 

AN6227B-67 6.725 ! I 1 
6~ 7" Y. 6.827 I I 

-.000 

1 
-.000 

" 

1 l 
AN6227B-68 6.975 7 7Y, Y. 7.080 

AN6227B-69 7.225 .030 7' ' 7~ Y. 7.332 " 
AN6227B-70 1.475 .030 7 ~ a Y. 7.591 

AN6227B-71 7.715 .030 .175 .006 7 ~4 Il!.-' Y. 7.8'3 .010 .las t.015 .191 t.012 
AN6227B-72 7.975 

1 I I 
8 • !Ii Y. '.006 I 1-1' I 

-.OOC 

AN6227B-73 8.475 !}) 9 Y. 8.501 l AN6227B-7~ 8.975 0 9Yz X 9.106 

AN6227B-75 9.-475 9 ~i 10 X 9.bll 

AN6227B-76 9.975 .030 .275 .006 10 10 Yz X 10.116 .010 .31S t.OlS .191 +.012 

AN6227B-77 10.475 

I I I 
10 Yi 11 h 10.670 

I 1-1 I 
-.000 

AN6227B-78 10.975 11 11!.1 X 11.125 l AN6227B-79 11.4'5 II !1 12 l, 11.630 

AN6227B-80 11.975 12 12X X 12.135 

AN6227B-81 12.·"5 .030 275 .006 12% 13 X 12.6"0 .010 .385 t.01S .191 t.Ol1 

AN6227B-82 12.975 

I I I 
13 13 }J X 13.1"5 

I ) 
-.000 

) 
-.000 

AN6227B-83 13.475 13 Y, " X 13.6$0 ! l AN6227B-U 13.975 14 14 Y, X 1".155 

AN6227B-85 14.475 14 ~ i 15 X '4.660 

AN6227B-86 14.975 .030 .275 .006 15 BY, X 15.165 .010 .385 t.015 .191 .011 

AN6227B-87 15."75 + t t 15 Y, 16 X 15.670 .010 .385 -.000 .191 -.000 

LIGHT SERIES 

AN NO. Actual Size Nom.Size Groove Dimensions 
10 + W + 10 00 WXDia :::!: y + z ± 

AN6230B-I 1.609 .010 .139 .00' lh IV, " 1.647 .010 .205 +.015 .093 +.OOc; ., 
AN62301>-2 1.73 .. 

I ! 1 

1~ 2 X 

I I 
-.000 

lOT 
1.172 

AN6230B-3 1.859 1 ?~ 2Ye 
,. 

1.198 l " AN62308-4 1.9'" 2 2y' X 2.023 
2Y. 2" X AN6230B-5 2.109 " 2.14a 

AN6230B-6 2.23" .010 .13' .00' 2y' 2J.-l Yo 2.274 .010 .205 +.015 .003 "'.000 

AN6230B-7 

1 I I 
2' . 2Y. X I I 

-.000 

I 
-.000 

2.359 " 
2.39Q 

1 l AN62301>-8 2."114 2Y, 2~ Yo 2.52" 

AN6230B-9 2.609 2 ~;, 2Y. ~~ 2.650 

AN62301>-1O 2.13 .. t.Q15 2 Y. 3 X 2.780 

AN62308-11 2.859 .015 .139 .00 • 2 ~,. 3 ~~ Yo 2.905 ,010 .205 +.015 '\.093 t.OO , 

AN62301>-12 2.984 

I I I 
3 3y' X 3.030 

I I 
_.000 

I 
-.000 

! l AN6230B-13 3.109 3 ~t 3" X 3,156 
" 

AN6230l>-U 3.23' ly' 3X Yo 3.2Bl 

AN6230B-15 3.350 3y' 3y' X 3.406 

AN6230B-16 3."'" .015 .139 .00. l}J l~ X 3.532 .010 .205 +.015 .091 .... 000 

AN6230B-17 

) I I 
3' . 3y' .. ' J,657 I rT I 

-.000 
3.609 " " 

AN6230~18 3.73. 1 Y. .. Yo 3.7'2 

~ AN6230B-19 3.859 lYe "X Yo 3.008 

AN6230B-20 J.9U • .. ~ X ".033 

AN6230S-21 '.109 .015 .139 .00 • .eX .. ~.~ Yo •. 158 .010 .20S ..J...015 .093 ... 009 

AN6230B-22 4.23. 

I 1 I 
.. y. .. y, Yo ".284 

! j 
- .000 

) 
- .000 

~ ~ AN6230B-23 ".359 .. y, .. , X ..... 09 ,. 
AN6230B-2~ ..... 84 "'X .. v. Yo ... 53" 

AN6230B-25 '.609 4V. "Ve Yo ... 660 

AN6230S- 26 ".734 .015 .130 .00. ... ~~ 5 Yo ".785 .010 .205 +.015 .093 ~.ooo 
AN6230S- 27 ".859 ~ I j 

,}. .5 ~~ Yo ".910 

j I 
- .000 

l 
-.000 

AN6230S- 28 ".98" 5 5y' X 5.036 

~ ~ AN6230S- 29 5.109 .02.? sX 5Y. Yo 5.169 

AN6230S- 30 5.23' .023 5Y. 5Y, X 5.294 

AN6230S- 31 5.359 .023 .139 .00' 5' . 
" 

.5 ~ .. Yo 5.419 .010 .205 +.015 .09) +.00. 

AN6230S-32 5."84 

I I I 
5~ sv. X 5.'''5 

j I-r I 
-.00: 

AN6230S- 33 5.609 5h 5.Va " 

l 
/0 5.670 

AN6230S-34 5.73' , Y. 6 Yo 5.796 

AN62308- 35 5.859 sY, 6y' Yo 5.9J1 

AN62JOS-36 5.9'" .023 .1J9 r 6 6~ X 6.0"6 .010 .205 +.015 .093 t.OO' 
AN6230B-37 6.23' 

I I 
6 ! .. 6}'i Yo 

j I 
-.000 

j 
.000 

6.191 

AN6230B-38 6 ....... 6Y, 6~ X 6.548 ! ~ AN6230B-39 6.734 6 ~~ 7 " 6.798 " 
AN6230S-40 6.98" 7 7Y. X 7.0"9 

AN6230S- ~I 7.2l<t .010 .139 .00 • 7y' 7Y, " 7.107 .Ola .205 +.015 .093 ·-.000 /, 

AN6230B-42 

I I I 1y' X 

I I 
-·000 

I 
_ .000 

7 .• U 7V, 7.557 
AN6230S- ~3 7.734 7 ?4 8 X 7.8Ci8 l ! AN6230B-~~ 7 .• " X I 'Y. 8.059 

AN6230S· 45 8.234 8" aX ,. 
8.309 " " 

AN6230B-46 IYz 8~ X .205 +.015 .093 +.000 1."8" .030 ,139 .()Q.4 '.560 .010 

AN62308-~7 

I ) 1 
a y. 9 Yo I j 

-.000 

1 
- .000 

8.73 .. 8.811 

AN62)()1- ~8 • 9!{ Yo l ~ 1.91. 9.062 

AN6230S- ~9 9.234 9 ~~ 9 ! i Yo (1312 

AN62308- SO 9X 9?/, Yo 9."84 9.563 

AN6230S-51 9.73 .. .030 .139 .00. 9 J~ 10 Y. 9.8 I .. .010 .20.5 4- .01.5 .093 +- .009 

AN62301- 52 9.984 .139 10 Y. X 10.064 .205 - .000 .093 
-.000 

.030 .00. 10 .010 
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Notes (numbers refer to sub-tscr!pt':mpbers:intable)' 

(1) This is the value ordinarily taken from the reference. \:fhere the in
formation given in the reference was different the resistivity at 20° 
C. (68°F.) has been calculated and is shown in parentheses. 

(2) The Resisti vi ty P is the specific 
2 

f =~= ohm~cm 

resistance and in c g s units 

=·ohm - em (Ref. 3) 

or, multipled by 10-6, microhm-cm. 
The tabulated values for microhm-inches were obtained by dividing the 
values in microhm-cm by 2 .• 54 with slide-rule accuracy. 

PAGE 2 
.pf 
-L4AC'!S 

(3) The value for 100 percent conductivity at 20° C.~for the International 
Annealed Copper Standard is 0.5800 microhm-l cm- (Ref. 10) 
The values in this column = 1.724/R where R is in microhm-cm. 

Also called "volume conductivity" referred to standard copper. 

(4) The resistance R at a temperature, to C., can be calculated from the 

(5) 

(6) 

(7) 

(8) 

relationship-- r: 1 
R = Ro Ll + atJ where Ro = resist. at 0° C. 

t = ° C. 

a = temp. Coef. 
(Ref. 4) 

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

at 0° C. 

at 19.6° C. 

at 18° C. 

at 50° C. 
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- I, ... , 

Resistivity at 20° C. II> 

Conductance Per- Temp. Coeff. of c 

~ 
CD , , 

l <-

Material Microhm-in' (2) cent IACS"(3) Elect. Resist.(4) Reference '" Micro~' ~ 
n ... 

Per °C. 0 

a TemD. C i ELJ!.IM~I·f L"i:) ~ , 
c+ c -(t , 

Aluminum(99.996 Al) 2.655 1.05 64.94 .00429 20 1 -

~ -c AntimoyV'(fu11y annealed) (39.8 ) 15.7 4.3 .00515 o to 100 2 ~ 

CD 
Arsenic (37.9) 14.9 4.6 .0042 20 5 () r 

J c+ • Barium 9.8 3.9 :18 .0033 20 5 '1 c 

~;3 0; Beryllium (6.66) 2.6 26 .00667 20 2 e~ l:I:J~ Bismuth (120) 47 1.4 .004 20 5 
f:~ 

-
Cadmium(99.9 fully annealed) (7.42) 2·9 23 .0043 o to 100 2 00, 

..... c Calcium (3.',l4) 1,.5 46 ~ .00457 2 C4H l 

Carbon ( graphi te) 1375(~) 542t~) O.lt~j 2 ~~ Q: 
~o • z· CeriUm 78 31 2.2 5 • 
~>-:j · Cesium (20.8) 8.2 8.3 .00478 -80 .. ,+2" 5 · 
~~ 

· 
Chromium (e1ectro-chromium) 14.1 5.6 12.2 2 CD>-f o~ 

Cobalt (99.91) (6.22) I 2.5 28 .00551 gto 100 2 :E :a>~ 
Copper ("pure tt) 1.67)01 .?6 103 1 ~~ ~~ 
Gallium 53.4~r)1 21(5j 3.2(5) 1 3: til :a>~ 
Gold ~O - 1000 ct ~ (2.3 I ·9 73 .00365 2 · g , 
Indium (9.03) I 3.6 19 .00394 2 · 'Iridium 5.3 1 2.1 33 .00392 o to 100 2 C4 a • 

9.71 
! 

3.8 18 i • Iron 1 2 • • ~ad 20.65 j 8.1 8.3 2 r • 
~Gsium 4.46 I 1.8 39 .0040 20 5 ~ 

~ 

!Mercury 95.783 I 38 18 .000P9 20 5 ~ 

~ ~l,.bdenum 5.7 j 2.2 30 .0050 o to 140 2 i aa 
!Nickel 6.84 i 2.7 25 2 
~sm1um " 9.5 1 3.7 18 .0042 o to 100 2 j 
!palladium (annealed) 10.8 I 4.3 16 .00377 o to 100 2 
!Platinum (10.58) l 4.2 16 .00392 o to'l:OO '2 Q ~ N 
!Rhodium (4.7) i 1.9 37 .00457 o to 100 2 '" '" ~, n ... 

Rubidium I 
4·9 3 14 

,. »-
~~ 12.5 3! 2 '" '" c '" I r Silicon 85 x 10 1 33 x 10 -- 2 ~ c '" ~ . \JJ 

~i1ver(extremeley pure, mel ted j 
1.59 1 .63 108 .0041 o to 100 1 ''''tJ 

~ ~( and annealed in Vacuo) 1 g. 
dium (4.8) I 1.9 36 .0054 20 5 <t ~~ =:s ~trontium 22.76 ! 8.9 7.6 2 c+ 

~ulphur(rhombic) 2 x 10
23 I 7.9 x 1022 , N I -- 2 

~ ~antalum (13.5 ), 5.) 4' 13 .003A2 o to 100 2 
Te11u"'''um 2 x 10~t;)j " ." I 7.9x1O f''- - 1 10 

»- I 
Gl 

~ I :;: ~ 
.. ~--.. ---.---- .--. 
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Resisti vi t" at 200 C. Conductance Per~ en 
Temp." Coeff. of c: 

~. :..; ID 

cent 1ACSi;3) 
... 

Material. Mlcrohm-,l) Microhm-in' Elect. ,Resist.(4) Reference ~ '" (2) n 

~ 
~ 

oer °C. 
Temn-. C. 0 a 

~ -OJ. ~r·:t~~:r.T 1".1,';:) ::II 
~ 

I» ~ 
c+ ~ 

Tin 11.5 4.5 15 .0042 20 5 • ~ -
(88 ) .00469 fj 0 

Titanium 35 2.0 2 z 

Tungsten 5.; 2.~ 31 .00510 o to 170 2 (J ... 
0 ~ 

III 

Uranium 60 1 24en 2.9 1 ~~ 
0 

26(7) o ~ 
Vanadium 10 6.6 1 ~ 00 

llI:J ~ 
'nne (Po11'crystal.1ine) 5.916 2.3 29 1 \!,.'"O -< 

Zirconium (44.6) 18 3.9 • 0043 A 2 ~ m, 
if~ 1-4 c 

~~ 
z 

MISCELLANEOUS METALS 
~ ;: 

CD ~ ~ C+O II> .... ~ -
Advance (See Constantan) ~.i _.I • , :~ 

04 
-< 

Alume1 33.3 13 5.2 10 .... ~ o ~ 

Brass (4--7 2-3 29 10 :~ ,. n 
~ 

Bronze 13-18 5-7 11 l(!),: t-i : 
~~ ... 

Cast Iron 57-114 22-45 34:.': 10 xC/l > ~ z 
C2lrome1 70-110 28-43 2.5-1.6 10 -CI ~ 

Constantan 47-51 18-20 3.5 10 c+ 
\!,. . 

Ferrite 9.5 3.7 18 10 UI II! 
Hadfield Manganese Steel 29-67 11-26 6-2.6 10 

::II 

~ 
.. 
'" l!nvar 75 30 2.3 10 ... 
'" 

42.5-45 17-18 
-< 

Monel 3.9 10 ~ Wood' 8 Metal. 51.7 20 3.3 10 .-. 
ALUMINUM ALLOYS ~ 

(99.996 Al) 2.6548 1.04 65 .00429 20 1 
2S (99.0 + AI) dondition 0 2.922 1.15 59 .0115 10 to 30 1 n " N % ::II 

2S condition H-18 3.025 1.19 57 1 '" '" ~o n ... 

3S condition 0 3.448 1.36 50 
.. ~ ~~ 

1 :; 1:'4 ~ I ;;: 
condi tion H-12 4.105 1.61 -42 1 

• 0 \on 
III \.0) 

condi tion H-14 4.205 1.65 -41 1 
-< "tI 

0 

condi tion H-18 4.310 1.70 40 1 .-. 
!" <I 

llS condition T-3 4.310 1.70 40 1 t:S 0 
c+ 0' . 

US condition 0 3.448 1.36 50 1 N O'z 
0 

condition T-6 4.310 1.70 40 1 
17S condition ,0 3.831 1.51 45 1 ~~ 
~, condition T-4 5.747 2.26 30 1 ~ '" 

~"* - , 



D - 1 ( M ) 

Resisti vi t, at 200 C. Conductance Per- (/I 

Temp. Coeff. of c: 

'" Material Microhm"'l) Microhm-in(2) oent lAOS (3) Elect. Resist. Reference ~ 
L. 

'" 
per °0. (4) ~ 

n 
-4 

0 
a Temo. O. 

~ ALUMINUM ALLOYS " --~ .. ~." ~ 
e 

c+ -
() ~ 

18S condition 0 3.448 1.36 50 1 .. -
condition T-61 4.310 1.70 40 1 ~ 0 

(>' z 

24S condition 0 3.448 1.36 50 1 
(I r-
() ~ 

cornU tion T-4 5.747 2.26 30 1 ~ '" 0 

I-'.~ '==' : 25S condition T-6· 4.310 1.70 40 1 () 0 .. 
325 condition 0 4.310 1.70 40 1 e.-u I:El ~ 

~~ 
-< 

condition T-6 4.926 1.94 35 1 m, 

A-51-8 condition 0 3.135 1.23 55 1 (I H 1-1 c: 

~~ 
z 

condition T-4 3.831 1.51 45 1 COl ~ 
fa '" condition T-6 3.831 1.51 45 . 1 c+o :2 " ..... ~ (/I -

52S condition 0 4.926 1.94 35 1 ~~ 
-4 
-< 

;:."r, condition H-38 4.926 1.94 35 1 ..... I-f '==' ~ 
53S condition () 3.831 1.51 45 1 :~ > ~ 

condition T-4 4.310 1.70 40 1 H 
~ ~ ~~ condition 1;;06 4.310 1.70 40 1 

"I 

fCll > ~ 
56S condition 0 5.945 2.34 29 1 

z -
g ~ 

condition H-38 6.386 2.52 27 1 . 
61S . condition () 3.831 1.51 45 1 '" i fA '" ' 

condition T-4 4.310 1.70 40 1 " i " '" condi tion T-6 4.310 1.70 40 1 r-

'" 
75s condition T-6 5.747 2.26 .30 1 

-< 

~ 
13 AlloY' DC 4.421 1.74 39 1 ~ 

43 AlloY' SC,PM.DC, (As Cast) 4.660 1.84 37 1 ~ 
SC, PM (Annealed) 4.105 1.61 42 1 fA 

85 AlloY' DC / • .'1 .-'. -,) 6.1'8 2~43 28 1 
108 Alloy SO 5.562 2.19 31 1 
Allcast SO, PM (As Cast) (6.39) 2.52 27 1 2 ;: l\) 

(Stress Relieved) (5.75) 2.26 .30 1 '" '" ~e n .. 

Solin heat treated and aged (5.75 2.26 .30 1 ~ t-t ~ --.J~ 
e • '" I '" Solin heat treated and stress re- e 

~ (4.79) 1.R9 36 1 '" ~ 
lieved -< 0 

A-108 Alloy PM 4.660 1.84 37 1 
.... 
(I e = 113 Alloy SC 5.747 2.26 30 1 c+ ~? I 

0-113 AlloY' PM 6.386 2.52 27 1 
N 

z 
01 

122 Alloy SC condition 1~2 4.205 1.66 41 1 ...t • I 

SC condition T-61 5.225 2.06 33 1 ~o~ 
PM (As Cast) 5.071 2.00 34 1 .. "I" 

~ '" " :l.0' 
--~.- _ .. ---



D - I ( M I 

Material 

ALUMINUM ALLOYS 

1-132 Alloy condition T-551 
142 Alloy SC condition T-21 
_ SC cornU tion T-571 

SC condition T-77 
PM condition T-61 

195 Alloy SC condition T~ 
SC condition T-62 

B-195 Alloy PM condition T-4 
PM condition T-6 

214 Alloy SC 
A-214 Alloy PM 
218 Alloy DC' 
220 Alloy SC condition T-4 
319 Alloy sc 

PM 
355 Alloy SC condition T-51 

SC condition T-6 
SC condition T-61 
SC condition T-7 
PM cornU tion T-6 

365 Al10ySC condition T-51 
SC condition T-6 
SC condition T-7 
PM . condition T-6 

Rad 1-8 SC,PM (As cast) 
(Stress Relieved) 

360 Alloy DC 
380 Alloy, 4-9 Alloy DC 
750 Alloy PM 
40 E Alloy SC 

SC - Sand Cast 

COPPER ALLOYS 

"Pure" Copper (spectographi cally 
pure) I 

Resistivit at 200 C. Conductance Per- Temp. Coeff. of 
Elect. Resist. 

per °C. (4) 
icrohm~) Mlcrohm-in(2) cent IACS(3) 

5.945 
3.918 
5.071 
4.660 
5.388 
4.926 
4.660 
4.926 
4.789 
4.926 
5.225 
7.184 
8.210 
6.386 
6.158 
4.010 
4.789 
4.660 
4.105 
4.421 
4.010 
4.421 
4.310 
4.205 

(6.53) 
(5.95) 
4.660 
6.386 
3.831 
4.926 

2.34 
1.54 
2.00 
1.84 
2.12 
1.94 
1.84 
1.94 
1.P.9 
1.94 
2.06 
2.83 
3.24 
2.52 
2.42 
1.58 
1.89 
1.84 
1.61 
1.74 
1.58 
1.74 
1.70 

·1.66 
2.57 
2.34 
1.84 
2.52 
1.51 
1.94 

PM - Permanent Mold 

1.6730 •• 66 

29 
44 
34 
37 
32 
35 
37 
35 
36 
35 
33 
2A. 
21 
27 
28 

. 43 
36 
37 
42 
39 
43 
39 
40 
41 
26 
29 
37 
27 
45 
35 

103.06 

a I Temp. C. 

DC - Die Cast 

.0068 20 

Reference 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

~ 
'"d 

~ 
f: 
~ 
CD 
o 
ft ... .... ~ g "d 
I-'~ 

S'~ 
~rn 
tQ 

f!~ 

~S! 
.... >; 
ctt2J 
tQ~ 

g,~ 
x Cil 
CD 

g 
III 

[ 
>
I-' 
I-' 

~ 
tQ 

en 
c 
III 
'-

'" n .... 

n " 
% '" 

'" '" n " 
" t"t • ~ . ~ 
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D· I (M I 

en 
c 

Resistivity at 200 C. Conductance Per- Temp. Coeff. of CD 

~ 
'-
'" Material ~crOhm"'l) ~crOhm-if2) cent IACS(3) Elect. Resist.(4) Reference n 

't1 .... 

Der °C. 3 
a TemD. c. i "" COPPER ALLOYS ~ 

~ 
c+ • It .... 

OFHC(OXygen-Free Hard Copper) (1.70) (.67-) 101.7 15 ~ 
;; 
z 

Copper (Annealed) It ~ 

Electrolytic Tough Pitch Copper 0 ~ 

CD 

1.71 .67 101 .00392 20 1 ~~ 
0 

(99.92 Cu - 0.04 0) c : .... 
Deoxidized Copper(99.94 Cu - 2.03 .80 85 1 ~~ t:t:I ~ 

0.02 p) Annealed -< 

r~ tn, 
Gilding Metal(95 Cu- 5 Zn) 3.1 1.2 56 .00231 20 1 1-4 c 

z 
Annealed ~~ ~ ;: 

Commercial Bronze(90 Cu - 10 Zn .00186 
tAl z ~ 3.9 1.5 44 20 1 c+O en 

.. Anne~ed .... ~ -

!I 
004 

Rod Brass(85 Cu - 15.~ annealed 4.7 1.9 37 .0016 20 1 -< 

L01l Brass annealed 5.4 2.1(: 32 .00154 20 1 c ~ 

Cartridge Brass annealed 6.2 2.4 28 .001484 20 1 > ~ 

Yellow Brass annealed 6.4 2.5 27 1 ~ : .., 
Muntz Metal annealed 6.2 2.4 28 1 :.. ~ fCll z 
Leaded Commercial Bronze -

4.1 1.6 42 1 • 
annealed g · 

Loll Loaded Brass annealed 6.6 2.6 26 1 tAl ~! 

"" Low LeadGd-Brass -Tttbe(-anneal"9d) 6.6 2.6 26 1 l " 
Medium Leaded Brass(annealed) 6.6 2.6 26 1 § I 
High Leaded Brass (annealed) 6.6 2.6 26 1 ~ ! 

Extra~igh Leaded Brass (annealed) 6.6 2.6 26 1 ..... 
Free Cutting Brass(annealed) I 6.6 2.6 26 1 ~ 
Leaded Muntz Metal (annealed) 6.2 2.4 28 1 

CD 

Free Cutting Mantz Metal(annealed) 6.4 2.5 27 1 I 

Forging Brass (annealed) 6.4 2.5 27 1 
Architectural Bronze(annealed) 6.2 2.4 28 1 n " :z: "" N~ Admiral t;r Metal (annealed (7.0) 2.8 24.65 1 '" '" n " " ~ .L~ 
Naval Brass (annealed) (6.8) 2.7 26 1 :; I:"" ~ ~;;l 

• 0 ~ Leaded Naval Brass (annealed) (6.6) 2.6 26 1 CD 

Manganese Bronze (annealed) (7.1) 2.8 24 1 
-< "'d \,.t.) 

0 

AlumintJlll Brass (annealed) (7.5) 3.0 23 1 
..... 

? (I 

~ 
0 Phosphor Bronze 5 percent Grade A 9.6 3.8 18 1 ~~ Phosphor Bronze 8 percent Grade C 13 5.1 13 1 

N 
0 

Phosphor Bronze 10 percent Grade D 16 6.3 11 1 ~ 

~~ Phosphor Bronze 1.25 percent 

I 3.6 1.4 48 1 ""'~I Grade E . '" ~ -:- (~ 
-~~ 

-_.- -
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., 

'" ~, Resistivi ty at 20° C. 
c:: 

Conductance Per ... Temp. Coeff. of .. 
<-

Material Microhm~1}Mlcrohm-iY2) 'cent IACS(3) Elect. Resist. Reference t' '" 0 
-4 

per °C.(4) "d 

~ 

a. Temp. C i '" ~ 
C> 

CQPPER ALLOYS -c+ ~ 

II -4 

~ 
0 

~~-Ricke1, 30 percent 37 14.6 4.6 1 z 
r 

~ichel Silver 18 percent Allof A 29 11.4 6 1 Q) ~ 
0 .. 

Jlcke1 Silver 18 percent Al10yB 31 12.2 5.5 1 &;3 0 

o : 
~11i con Bronze, Type A Anneal ed.l (25 ) 9.8 7 1 -4 

00 I.:I:J ~ 
~ilicon Bronze, Type B Annealed. (14) 5.5 12 1 ~i -< 

P JterceJlt Aluminum Bronze Annealed 9.8 3.9 17.5 1 
til. 

S'H 1-4 c 
~O'.'Percent Aluminum Bronze z 

13.67 5.4 12.6 1 fi~ Q ;: 
Annealed III z ~ 

~e!711111E1 Copper Solin treated, c+o '" 10 3.9 17 1 "'»11 -
:t -4 

quenched -< 

Ber7111um Copper Sol'n treated, 6.8-9.8 2.7-3.9 f8 o ~ 

quenched and preclp. bard. 21 1 
~ ~ 

~eaded Tin Bronze (12) 4.8 14 1 1-4 ~ !: 
~~ ." 

ueaded Tln Bearing Bronze (16) 6.2 11 1 ~ ~ 
fUl z 

Looadsd Send-red Brass (9.6) 3.8 18 1 -
~ 

Leaded Yellow Braes (6.6-9.6) 2.6-3;sr' 18-26 1 c+ . 
algh strength Yellow Brass (9.6-14) 3.8-5.7 12-18 1 ~ .. 

III '" '" ;ti cltel 811 ver (34-43) 14-17 4-5 1 " & '" UumlmE Bronze (12) 4.8 14 1 r 

'" -< 
Hitenso BB-~l ~99.00 Cu 1.00 Cd) 1.98 0.78 87.0 Anaconda ~ Hiteneo C- 5',' 98.~:~ Cu 0 ff ~n 2.88 1.13 60.0 I ub1ication B-28 LEAD'" w,6Ys 0 • a C,. ) 

.... 0 
~ 

Corroding 1ead(99.73 percent + Pb.) 20.648 8.1 8.3 .00336 20 to 40 1 III 

Percent Antimonial Lead, heat 
treated, quenched, and aged 150 22.0 8.7 7.88 1 
days. lCr 0 " :z: '" N 

Hard Lead, Heat treated, quenched 24.0 ~ '" '" ~ C> 9.5 7.2 1 (t) o " 

;l. " ~ ~~ and aged 150 days '" t"1 '" C> • '" I '" 
~ Percent Antimonial Lead, heat til C> 

"" (t) ~ "'" w. treated,quenched,and aged 150 ::"'26.5 10.4 6.5 1 P- o .... I 

days ~ II ~. Ij 

50-50 80ft solder 15.6 6.1 11 1 ( c+ C> 

H ~~ ~ead base babbits 28.2-28.7 11.1-11.3 6-6.1 1 "" 0 
\IJ 

L..A 

o These'are~ca'd1rtiUiJi ,brohzes wi h good machi ~abi1i ty and hi~ h conductivity. -1='-0 : 

Conductivity'vaiue's"are for ! 
".,,'" oft a.nnea1ed metal. ~ '" 
~ ~ 

----- --------



D - I (M) 

• en 

ResistivitJ at 20° C. Conductance Per- Temp. Coeff. of c: 
CD 

t 
L. 

Material Microhm-,. \ M1crohm-i~2) cent IACS(3) Elect. Resist. Reference '" 0 

I, per °C.(,,-, 'ij ~ 

<1 Tempe C 0 
~ 

MAGNESIUM ALLOYS t1 " ,. 
ID ~ 

~99.BO'·Mg) (polycl'7stalline) 
c+ ,. 

4.46 1.76 38.6 .01784 20 1 (J ~ -
rl 0 

~zlo AM-C59S Wrought 18.0 7.1 9.7 1 z 

~z10 AM-265,Dowmetal H(As Cast) 11.5 4.5 15.0 1 CD ,.. 
() 

,. 
CD 

Heat treated 14.0 5.5 12.3 1 ~;B 
0 

c = Heat treated and aged 12.5 4.9 13.8 1 ~ 

~o AM-26O, DoWletal C 14-16.5 5.5-6.5 10.5-12.3 1 8 ~ t:r::I ~ 
~~ 

-< 

~z10 AM-263 , D:>wmetal R 17.0 6.7 10.1 1 m, 
~etal M, Mazlo AM-.403, AM-3S 5.0-6.7 2.0-2.6 25.7-34.5 1 f~ 1-4 c: 

f.l!. &i 
z 

~zlo AM-G52S, Dowmetal FS-l 9.3 3.7 18.5 1 a :; 
(II ~ : Dowmeta! JS-1 13.5 5.3 12.8 1 c+o en 

~ .. -
Mazl0 AM-C57S, Dowmetal J-l 14.9 5.9 11.6 1 -4 

-< 

Dowmetal 0-1, Maz10 AM-G58S 11.8-16.2 4.6-6.4 10.6-14.6 1 ii c ~ 

Mazlo AM-65S, Dowmetal D 13.8 5.4 12.5 1 :.. 0 ,. 
1-4 tot : 

NICKEL ALLOYS g,~ " I 

fCll 
:.. ~. 

z -
a~ea nick~(99.95 Ni + Co) 

,. 
6.84 2.7 25.2 .0069 :6'to~lOO 1 c+ . 

aA" Nickel(99.4 Ni + Co) 9.5 3.7 18 .00474 20 to 100 1 \!. • 01 '" 
aDa Nlcke1 (95 Nl - 4.5 Mn) 14 5.5 12 1 " 

8-
,. 
'" "Zn Nickel (94 Ni - 4.5 Al) 43.3 17.0 4.0 1 ,.. 
'" Cast Nickel 21 8.3 8.2 1 
-< 

~ Monel 48.2 19.0 3.6 .0011 20 to';l00 1 ~ 

Cast Monel 53.3 21.0 3.2 1 ~ 
"I" Monel 58.3 22.9 3.0 .00018 20 to 100 1 fD 

asa Monel 63.3 24.9 2.7 1 
Haste110y A 126.7 49.8 1.4 .Zero 20 to aoo 1 
fiaste110y B 135 53 1.3 1 2 " 
Haste110y C 11'3 52 1.3 ~ro 20 to 800 1 '" ~ N 

o " .L~ Haste110y D In 44 1.5 Almost 0 20 to 800 1 ~ t"4 ~ 
o • '" "'~ Incone1 98.1 38.6 1.8 .000125 20 to 500 1 0 

~ CD ." 

Incone1 X 124~8) 49 1.4 13 -< 0 W 
~ 

Inca110y (97 38 1.8 14 (J 
~ ::s 

Nichrome (60 Ni 24 Fe 16 Cr) 112 44 1.5 .00017 20 to 100 1 c+ 0 
N 0'. 

Nichrome IV (80 Ni 20 Cr) 107.9 42.4 1.6 .000219 20 to 100 1 J'z 
0 

Ni Resiat •.. ~., 1 (175)(5) ~(5) .98~U 12 
Ni Resist. Type 2 (175)(5) (5) .98 12 ~;! 

"".., 
~ ~I 

L-......-. ________ ~ 
.~ 

_._--- ---
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In 

ResistivitJ at 20° C. Conductance Per- Temp. Goeff. of 
c 
tD 
<-

Material Microhm-~~ Microhm-i f2) cent IACS(3) Elect. Resist. Reference ~ 
.., 
n 

°C. (4) ~ 
.... 

per 
0 

r--" Temp. C ~ ., 
(l • 

NICKEL ALLOYS 
c -c+ • <I .... 

(35 Ni - 50 Fe - 15 Cr) ~ 
0 

100 39 1.7 .00031 20 to 500 1 z 

Constantan (Wrought) 49 19 3.5 "'.000025 20 to 500 1 <I 
,... 
• () tD 

Ver,r high Permeability Alloys ~~ 
0 

16' 6.3 11 6 o ~ 
78.5 Permalloy 78.5 Ni .... 

() 0 l:I:J g 
Modified 79 Permalloy 79 Ni - 58 23 3.0 6 :~ 

-< 

+ 4 Mo m, 
~ c 

_:,. MDmetal 77 Ni + / au + 1.5 1 60 24 2.9 6 (1) ~ z 

65 26 2.7 - 6 ~~ c::l < ,',. Supermal1oY' 79 5 Mo .., 
III Z ., 

High Permeability Alloys for higher f!~ In -
field strengths ~ .... 

E~ 
-< 

50 Per cent Ni type alloys 45 18 3.8 6 o !i: 
Monimax 79 31 2.2 6 : ~ > ~ 
Sinimax 89 35 1.9 6 ~ ~ 

~~ 
.., 

Constant Permeability Alloys > ~ fCll z 
45-25 Perminvar 19 7.5 9.1 6 -• 
7 -45-25 Perminvar 80 31 2.2 6 g · 
Conpernik':. 4' 18, 3.8 6 tD 

III 
.., ., 

Temperature Compensation Alloys 
i '" .., 

30 Percent Ni Type 80 31 2.2 6 
,... .., 
-< 

32.5 Percent Ni Type 80 31 2.2 6 
~ Rectangular Hysteresis Alloys ..... 

50 Percent Ni Type Alloys 50 20 3.4 6 0 
~ 

65 Permalloy 25 9.8 6.9 6 III 

Masnetostrictive AlIO,18 "A" NicKel 8 3.1 22 6 
Insulated Powder Alloy 2-81 Per- 106 .3.9 x 105 6 Malloy n ... 

% ., l\) .., .., 
~c n ... 

TIN ALLOYS '" . ...:r~ .., ., 
c ~.., I .., 

• c VI ... 
"Pure" Tin(99.8 +)(polycrystal1ine) o to 100 

-< '-'> 
11.5 4.5 15.0 .00447 1 d' 

Antimonial Tin Solder(95 Sn - 5 Sb) 14.5 5.7 12 1 I-' c 
<I 

Tin-5ilver Solder(95 Sn ~ 5 Ag) 10.4 4.1 17 .00423 o to100 1 ::s ~~ c+ 
Eutectic Solder(63 Sn - 37 Pb) 14.5 5.7 12 1 1):1 z 

0 

Tin Foil 12.1 4.8 14 i White Metal 15.48 ,'6.1 11 .f:-.o; 
... ..,Gl 
• .., 
Gl_1-' 
:;:1-' 

. - - ~ 
., , ----- -.-._-----



D· I (M I 

; en 

Resistivit] at 20° C. Conductance Per- Temp. Coett. ot 
c: 
ID 

t' 
.. 

Material Microhm~, ~crOhm-if2) cent lACS (3) Elect. Resist. '" Reterence n 

'ij ... 
; J per °C.ill 

a Temp. C ;. :a 
ZINC ALLOYS • c 

c+ -• CD .... 
ftP\lrQQ Zinc, 5.916 2.32 '29 .00419 o to 100 1 

~ 
;; 

,Zamak - 3 6.3694 2.50 Z'! .003774 o to 100 1 
z 

CD .. 
Zamak - 5 6.5359 2.57 26 .0035Z'! o to 100 1 0 • ID 

~~ 0 

&smale - 2 6.8493 2.69 25 • 1 c : 
Commercial Rolled Zinc 6.06-6.10 2.39 28 1 ~~ ... 

j!.'"tI I.Zl g 
filley 40 6.22 2.45 28 1 -< 

~ rIl, 
.n1l07 15 6.31 2.48 Z'! 1 :;0>-3 

~ c: (l)H 

~.~ 
z 

Cl :: 
PLATINUM ALLOYS 01 z ~ C+O en 

.... ~ -
Platinum Type A(99.99 Percent Pt) ~~ 

... 
10.6 4.2 16 .00364 20 to 100 1 -< 

Platinum Type B(99.9 Percent Pt) 10.8 4.2 16 .0036 20 to 100 1 ~I-f C ~ 
CDtrJ 

Platinum Type C(99.5 Percent pt) 11.4 4.5 15 .0035 20 to 100 1 m;:tl > ~ 
H ~ !: Platinum Type D(99.0 Percent Pt) 14.9 5.9 12 .0034 20 to 100 1 ~~ ... 

Platinum-5 Percent Iridium 19 7.5 9.1 .0020 9 to 100 1 x Cll > g 
z 

Platinum-10 Percent Iridium 25 9.8 6.9 .0013 o to 100 1 CD -
c+ "" 

Platinum-25 Percent Iridium 33 13 5.2 .00065 o to 100 1 ~ · 
ID 

Platinum-5 Percent "lnthenium 31.5 12.4 5.5 .0009 G to 1000 1 til '" :a 

Platinum-10 Percent Ruthenium 43.0 16.9 4.0 .0008 o to 1000 1 PI " 
Platinum-1 Percent Nickel 12.7 5.0 :14 .0033 o to 100 1 B. 51 
Platinum-2 Percent Nickel 15.0 5.9 11 .003 o to 100 1 ~ 
Platinum-5 Percent Nickel 23.3 9.2 7.4 .002 o to 100 1 ~ 

96 Percent pt~ Percent W 36.9 14.5 4.7 ~ 
UI 

PALLADIUM ~LOYS 

Palladium 10.8 4.2 16 .00377 o to 100 1 n " x ~ N '" (;J) Pd - 40 Ag 42 17 4.1 •• 00002 20 to 100 1 n " ~~ " . 
60 Pd - 40 Cu(Annealed and quenched)35 14 4.9 .00032 20 to 100 1 '" :a -..J;;l 

o tot ~ 
~ 60 Pd - 40 Cu Cold worked and heated 3 5 1.4 49 .00224 20 to 100 1 

~ . 
\..,) 

to 3000 C. • '"tI 
0 
~ c 

CD c 
IRON ALLOYS =:s ~~ e+-

N 0 

t'" 
Carbon Steels 0.06 C.,0.38 Mn I .. 

13.0 5.1 13 1 ~ ,,/. 

(1006 range) 0,," 
" ." C) I 

"" ~ ~)I , 
en . ~ 

~'. 

- ".--



~ 

D· 1 (M I 

til 

Resisti vi t] at 20° C. Conductance Per- Temp. Coeff. of c 
CD 

t <-

Material Microhm-cC ' Microhm-i f2) cent IACS(3) Elect. Resist. Reference '" n 
I, per °C.14) 

'1:j -I 

'1 
0 

(1 TemR. C >I 
~ 

'" IRON ALIPXS S ". 

~ c+ ". 
(t .. 

Carbon Steels (cont.) -r.:q 0 z 
0.08 C.,0.31 Mn(1010 range) 14.2 5.6 12 1 I-' 

(t ,.. 
0.23 C.,0.635 Mn(1020 range) 16.9 6.6 (') ". 

10 1 III ci- 0 

0.415 C.,0.643 Mn(1040 range) 17.1 6.7 10 1 '1." o ~ I-'.~ -I 

0.80 C.,0.32 Mn(1078 range) 18.0 7.1 9.6 1 (')0 tzl g Ill'"'d 

;~ 
-< 

1.22 C., 0.35 Mn 19.6 7.7 8.8 1 m, 
Alloy Steels I-t c 

z 
0.23 C,1.51 Mn,0.105 Cu 20.8 8.2 8.3 1 ~.~ Cl ~ 

0.325 C,0.55 MQ,0.17 Cr,3.47 Ni 27.1 10.': 6.4 CD '" c+o Z '" til 

0.33 C,0.53 Mn,0.80 Cr,3.J8 Ni 26.8 10.5 6.4 1 .... t-xj -
~~ 

-I 
-< 

0.325 C,0.55 Mn,0.71 Cr,J.41 Ni 28.0 11.0 6.2 1 t:J ~ 
0.34 C,0.55 Mn,0.78 Cr,3.53 Ni, 28.9 

.... ..; 
11.4 6.0 1 ~~ >- ~ 0.39 Mo I ~ !: 

0.315 C,0.69 Mn,l.09 Or,0.073 21.0 8.3 8.2 ~~ ." 

1 >- g Ni fCll z -0.35 C,~~9"*,o.88 Cr,0.26 Ni ". 

0.20 Mo I 22.3 8.8 7.7 1 g . 
III 

0.485 C,0.90 Mn,1.98 Si,0.637 CD '" 42.9 16.9 4.0 1 '" '" au [ '" ,.. 
High Alloy Steels '" -< 

-. 1.22 C,13.0 Mn,O.22 Si ., 68.3 26.9 2.5 1 ~ 
0.28 C,0.89 Mn,28." Ni 84.2 33.1 2.0 1 I-' 

~ 0.08 C,0.37 Mn,19.11 Cr, 71.0 V.9 2.4 1 CD 

8.14 Ni,O.60 w 
0.13 C,0.25 Mn,12.95 Or 50.6 19.9 3.4 1 
0.27 C,0.28 Mn,13.69 Cr 52.2 20.5 3.3 1 
0.715 C,0.25 Mn,4.26 Or,18.45 W'41 9 

n ." N :r '" 16.5 4.1 1 '" '" ~ a 1.075 V • n ." 
~ t"' ~ ~ ". 

Iron Manganese A11oys(Values taken from graph) a • '" I ;;: 
a \.It 

26 Percent Mn 67 26 2.6 9 CD "tI \.u 
-< 0 

30 Percent Mn 68 V 2.5 9 ~ 
(t 

35 Percent Mn 68.5 27 2.5 ::s a 
9 ci- a 

40 Percent Mn 69.5 27,- 2.5 9 1:'1 ~~ 
42 Percent Mn 70 28 ; 2.5 9 0 

45 Percent Mn 71 28 ; 2.4 9 ~~ 48 Percent Mn 72 28 2.4 9 ."."" 

". '" 
" I-' :;: ~ 

--- ._.- -



0- I (M I 
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Resistivit:) at 20° C. Conductance Per- Temp. Coeff. of ~ 
c: 
III 
<-

Material Microhm-C1h ~ ~crOhm-i~2) cent IACS(3) Elect. Resist. Reference "d 
,., 

'1 n 

per °C.(4) ~ 
-4 

a. Temp.C i '" IRON ALLQI§.( Cont. ) S' >-
~ 
>-

~ 
-4 

Malleable Iron 0 
(\) z 

ASTM Spec AJ.,7-33 Grade 35018 30 12 5.7 8 Q r-

~~ 
>-

AS'l'M Spec 147-33 Grade 32510 32 13 5.4" 8 III 
0 

Almealed Carbon Steel Castings o ~ 
\!."tI -4 

0.07 - 0.20 Percent C 13-14 5.1-5~j . :.' 13 7 ~. ~ ~ 
-< 

0.20 - 0.45 Percent C 14-16 5.5-6 .. ) --. 11 7 S'~ til, 
("'j 0.45 - 1.50 Percent C 16-20 6.3-7it9 -'.' 9.6 7 ~~ 1-004 c: 

z 
LOll'" Carbon "Ingot" Iron 10.7 4.2 16 11 OJ Q < 

~o ,., 
Bessemer Steel 14.0 5.5 12 11 .... ~ z '" 

~ 
en 

Cast (Carbon) Steel 15.0 5.9 11 11 -
~~ -4 

-< 
Malleable Iron 32.0 12.6 5.4 11 (\) tzJ o ~ 
Cast Iron 100.0 39.4 1.7 UI ~ > ~ 1 
Nickel Steels g,r: .-i ~ I 

AISI 301 72 28' 2.4 6 fen .., I 

AlSI 302 72 28 2.4 6 > ~, 

£ -
AISI 302 B 72 28 2.4 6 >-

AISI 30) 72 28 2.4 6 OJ • I 

III 

AISI 304 72 28 2.4 6 ~ 
,., 
'" " AlSI 308 72 28 2.4 6 ' a. ,., 
r-

AlSI 309 72 28 2.4 6 ~ 
,., 
-< 

AISI 310 72 28 2.4 6 I-' 
0 

AISI 316 74 29 2.3 6 ~ 
AISI321 72 28 2.4 6 
AISI 347 73 29 2.4 6 
36 Percent Ni(Invar) 81 32 2.1 ·6 
42 Percent Ni 70 28 2.5 6 n " 50 Percent Ni 48 19 3.6 6 % '" I\) ,., ,., 

4 Percent Silicon Iron 60 24 2.9 6,1 n " .L ~ " t"4 >-S • ~ ...J -4 

0 I ,., 
III "tI VI 
-< 0 W 

I-' 
(\) 

0 t:S 
~ ;"1 
N ~ ~, 

0 

~o~ ! 

LP:fg ~~~I 
, .. _-_._----
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RADI'ATION LA8"r,~TORY • UNIVEIlSITY OF CAl.'FORNIA • BERKELEY 

DES I G N DATA 

HEAT TRANSFER BY RADIATION FOR A SHALL BODY IN A 
LARGE ENCLOStJRE. 

L. Polentz 
,CHECKED., .. BY L B 

. " 'rQ\J11 
D. T. SCA...LJ..se 

M = 36.8 E((TI + 273) 4 _ (T2 + 273\4J for units used herein 
~ 1000 1000 J 

c = eroissi vi ty of small body = 1.0 for curves 0010\-1. 
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T~~~M.~ONZE 

'

NICKEl flECltOot ... 
oot:LD I NG BRCWZE'" 

AlU .. _M ~ 
EAS' FLO ., 
NlC~fl ElfCYtOOES 

ALUMINUM tIIONZ! 
lASY FlO H 

ALU-"'»«)M 8IIOO4ZE 
lAS' FlO ., 

AlUMINUM 8IIOO4ZE 
EA~Y FLO .S 
I'HOSI'tiOtt Il1OHZ! 

~%~('} 

ALUMINUM UONZ! 
KAD<G SOLDEII 
lASY FLO ., 
PHO!>PMOII eaONlI 

~%'=k{', 

l:w:fo~ 
PHOSPHOII BaOMZI 

~%~{" 

BlAZING SOlOiii 
EAS' FLO ., 
I'HOSftIOI NONZ! 
SAJCON IIONZl 

~ I!A(Nl[ t' 1 

EAS' FLO ., 
NICKEl. EI.fCTaOOtS 

AlU","",-,M 8IONU 
MAZING SOLDEII 
(4ST_ 
EAS' 1\0 .5 
NICIfL fLfCTR00t5 
1'H05'«OR IIONZ1 

~~ PeZ;;:E t', 

EASY FlO ., 
N1C~fl flfC1IOOES 

EASY 1\0 '5 
NlCl<l\ flfCltOOES 

lASY FlO ., 

['mY"flO '5 

EASY I\O-;U 

lASY FlO ., 

lASY FLO ., 

lASY FlO ., 

I EASY flO .$ 
MOfti 
NlCl<EI. ElfCRODI$ 
Hi Iif$lST 

EASY FlO .3 
SOlOff 
WflOlNG BeONlf I'} 

EASY FlO '5 
I'HOSPhOt ~ 
!'>OlOEll 
11·1 STAlNlfSS 

lASY FlO ., 
I'HOSPMOII UONZI 
SOlDB 

EAsy FlO'5 
SOI.OEII 

ALUMINUM iitOOOIZf· 
NAZING $OUl8 
lASY FLO '5 
PHOSPHOII UONZf 
PHOSftIOI COHBI 
SAJCON I\IOHZ£ 

:~?N; IlRCHZ£ ( 'I 

.... ZING sou:a 
lASY FLO ., 
I'HOSftIOI COHBI 
SAJCON IIONZl 
SI.·FOS 

~PC;~t" 

I~OSWU 
MONa 
PH05I'IOOOI II!ONlf 
I'HOsr>tOII COl'Ptli 
SlUCON UONU 

I SIL·FOS 

~Wf":R!Qo('Nn-(') 
IIIAlI'IG SOUSI!I 

COI'PtIi 
lAS. FlO '5 
"'OSI'ttOII IIIOHZE 
PHOSI'HOII COf'f9I 
SAJCON~ 

I SIL·FOS 
~"ICIiDI"'aoI"JC',J 

~o., 
PhOSI'ttOI 610HZ! 

~~ BRtNZ£'" 

lASY FlO H 
fHOSftIOI UOMlI 
SOUlaI 

IWy RO is 
PliOSPHOa DIIOOCZI! 
SOUl6I 

lASY FlO .5 
SOUlEII 

ALUMlNUM~ 
lAS' FlO ., 
I'HOSftIOI COI'1£l 
SAJCON 1I0NZf 

~M:~~ BRO<ZE (,) 

MAlINC-sowa 
EASY flO 45 
I'HOSftIOI UOfaE 
PHOYHeI COPI'8I 
SAJCON NONZ! 
SI.·fOS 

!?~oc. 8IIOHZ£,', 
lASY FlO 45 
MONEl. 
PHOSftIOI PONZE 
PHO$PtIOI COPI'EIt 
SAJCON DIIOHl:E 
SIl·FOS 

~N; BRa'<Z£t') 

Alu.wNOM·~ 
EASY FlO ., 

~M.~'" 

I~~'~ 
$OUIEII 

rwD\()ll 
~1IONZf 

fMDOWZE 
NAZ»<C SOLDEII 
lASY FlO ., 
~C~ 
SoUCON UOHZE. 

:~~~'" 
AlUMINUM iIONZE 
IV.ZlNG SOI.OEII 
lASY FlO ., 
PHOSI'HOII COHBI 
SAJCON ..oNlI 
SJ.·FOS 

~pc; IIRONZE {, } 

~.s 
I'tIOSI'tIOII UONZE 

~%~'" 

~UONZE 
lASY FlO 'S 

I~.~ 

'lASY FlO 4S 

~~ 
lASY FLO '5 
PHOSPHOII IIOoQE 

~%,=,,} 

EAS' flO;'5 SOlD9 , 

~~ 

lAS' f\O ~S 
5Olll8 

~!t~mYfft 
25 Cr·2l! ~ SYfft 

~~ 
SOUJe!I 

~~&:U:: m:t 

W'l'Rl)':l5 

~11Hl. 
UtV~ 
25 Cr·20 Hi STEIl. 

EASY FlO '5 
SOlO8 
WaIlING NOT 

IfCClMMENDED 

IUS'! flO 13 
SOI.otlI 
25 Cr·12 Nl STaI. 
2S C,·20 Hi STU!. 

I~oswa 
SOlOS 
STEIl. 
25 C,·12 Nl SYfft 
25 C,·20 Ni STaI. 

IUSy 11(0 .5 
MONa (Mel 
SOi.DElI 

EASY 1\0 'S 
NIOta aKTIOOES 
SOlO8 
11·1 STANfSS 
2S C,·12 Hi ST!!l 
25 C,·20 Hi ST\!Il 

~NICI<a 
EASY FlO '$ 
MONa 
SOlDO 

DFS IGN D.lT A NO. 68 
June 19, 1951 Page 1 of 1 

NOTE, THE FILLER METALS SHOWN IN THE RECTANGLES ARE USED TO JOIN THE eASE ~'TERI"S SHORN IN 
THE COLUMN KEAOS B¥ THE FOLLOWING PROCESS, 

A·METAL ARC WELDING ,', 
B·CARBON ARC WELDING 
C· INERT GAS SHIELOED ARC OELOING 
D·DXY.ACETYLENE WELDiNG OR BRAll~C 
E·GAS .ELOING OR SOLO(QING 
r·FURNACE BRAZING 
C·ATOMIC HYOROGEN WELDING 

PROCESS OR METAL PREFERENCE CANNOT BE SHO~ ON THE CHART SINCE THIS nEPE~DS O~ THE APPLICATION. 

FILLER 

METAL 

APPRO""H( JOtNI~G PROltSS[S 

CO"POS I T ION "'EL T I ~G PC I NT . 'f j.T;T c·l -[,:'r l71Z l 
SOl-OER Pb·5O. So·5O on 
L[AO Pb· 100 620 

!t~,~te 45 -----*·.1to..f~lL~~ C4.I~._. - - - '-- :~H·-·--·-1.~"""J, 
SIL·ros ,') Cu·80, ~·IS, P·S 
PHOSPHOR COPPER ,'} Cu· 9], p. 7 
BRAZING SOLDER ·----Cu·-;Q.·zn.so -- --.-
NICKEL SILVER Cu·46.S.Ni·10, 5,·0.1. Zn·4].4. P·.02 
PHOSPHOR BRONZE $n·S to 10. " .. 25. Cu·S.1 
5 I L I C"iiH"SROH U"- --- C;;. 97 '--si:'j'- -.. - - -- -' 
ALUIIIIINUM BRONZE Cu·89, Al.IO. r •• 1 1950 
COPPER Cu· 100 Iqeo 
HASTElLOY-O--'-' -- -N,:8'5: (;':3. ·Si·IO 20~0 

CAST IRON C.J, r.·97 2100 

.~~p:f:I~~CKEl.--"'-.~~\~ ~r:~o-, ~u·S~. -".!-·14
. ~7~,~_. ·-m~ 

MASTEL LOY B Ni ·65, ""·30. re·S 2'00 
~ _____ .. ___ . ~.1..8Q,Jr'J~, r.·6__ 1400 
25 (,·20 NI STEEL (,·25, Ni ·zo. F.·SS HSO 
MONEL Nt-67: Cu·30. re·1 1.80 
1.5 (:.[·.11_."J S.T~U _ C,·ZS, "'jo12. r.·6~ 2S00 
18·8 STAINLESS C,·18, NI.e. F •. 7. 2600 
NICkEL NI·99 26,0 
~H.b._._______ Fe .. 9?!. __ .. _ 2680 
80 '01·20 Cr ... ,. SO. c,· 20 1700 

(I) ROOS _EQUIRE SPECIAL COATING OR FLUX. 

,', BRIGHTEN SURFACE OF SILICON BAONZl WITH [MEAY AND COAT .ITH FLU. BEfORE SOLOE~IN(.. 

e), WElOlk( 8~o""r (FOR OCU,lING' OEflNITl!)Iw pH'; ......... 5 HANOAOCK (19"1' -,., (~0UF ()f '''[IAl JO''''· 
1,.(, PPOC(SSES WH(FO'lIN THE FILLER METAL 15 A ~f)"" f[FiRO:"'S "'(TAL 00 ALLOY *~OSE ~4lLTII\C POI".t 
IS HI(,H[I' THAN lorJO-r, OUT LO.[R THAt. THOSE Of THE "'ETAl':, rfl,..C J('I~.(('l.· T.-.tR[ AR( ~l"'EPA,l 
VAPI[Tt[S Of DPOhlE 'IIt[U'JINC' PODS LOw fl'YI P.f, ".\I''1(A~[5( 3Rut,ll.I\"'YAl AQASSA.M' 8~"'ltN( POO 
THE COf'P[fof C",,,Tf:.~' VAnl£S FRO" ~7 TO ~1. ilN( F"ROf.t 39 TO 41 A~D TH( OAlAP,C£ ("O"'~SISTS OF IPO"
TI"'. ~"NCAN(S[ ",...n SIlICOt ... 

I') 

I', 
00 ~OT USE SIL·FOS oq FH05PHOR CG~Pl~ ro~ JClhlNC IkON OR NICKEL BASE M[TAL. 

WH[N W[TAL ARC IS INOIC:ATEO. r.or.$ A<.tl rLLx COATr[). 

I SHUl DfvUOPMfNT 

~"""'"Q 0.0-...... 
JUNl l....:.~ .. 

"""'_._ .. _ ..... .!I •• __ .! \.. _ ____ 4_ .... Jf __ _ ~ e:L.._" V"l. ____ , __ ... _"" "" _____ _ 

COM'A .. ' TZT-207 A 
vG .... GAH SUPIII:R'S£DO, ZT·leA 
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LA~ORATORY 

DESIGN DATA lINI\!:HSIry Of I.~ALIFORNIA 71 A Oc t. 28, 1964* OF 3 
(~[ R .... [ LEY 

~ 1I f~ J E l' T P flE p. A fl [() 13 Y 

Richatd Reimers 
PRECIOUS BRAZE FILLER METALS CHi:.CKI'-.1) ny 

J. o. Tu r n e r 

SOLIDUS LIQUIDUS SUPPLIERS 
NUMBER (1) (2) ( 1 ) (2) COMPOSITION Std. Gr ad es VTG Grades TRADE 

(% by wt.) NAMES 
OF °c OF °c (3) (4) 

1 (5) 3571 1966 3571 1966 Rh (100 ) B.G 

2 (5) 3225 1774 3225 1774 PI ( HiD) a,O,G B,O,G 

PI (75 ) Pd (20) 
3 (5) 2993 1645 3083 1695 Au (5 ) 0 0 205 

4 2827 1553 2827 1553 Pd(100) B.O.G B,G 

G. H .l. J • 
5 (5 ) 2651 1455 2651 1455 Ni (100) M. K.N 

6 2516 _ 1380 2570 1410 Au (75) Pd (25) 0 0 201 

7 2300 1260 2381 1305 Au (87 ) Pd ( 1 3 ) 0 0 210 

8 2192 1200 2264 1240 Au (92 ) Pd (8) G G Pa lor 0 

9 2260 1238 2260 1238 Pd (60) Ni (40) B B PM129 

10 2246 1230 2255 1235 Pd (65) Co (35) G G Pa leo 

11 2120 1160 2250 1232 Ag (7 0 ~ Pd (30) B PM485 

12 2165 1185 2221 1216 Cu (60 ) PI (40) G Cuplat 

Ag (64 ) Pd (33) 
13 2100 1149 2190 1199 Mil (3 ) B PM441 - -
14 1960 1071 2150' 1177 Ag (80) Pd (20) B 8 PM447 

Ni (36 ) Pd (34) 
15 2075 1135 2136 1169 Au (30) G Palniro 4 

-
Au (50) Pd (25) 

16 2016 1102 2050 1121 Ni (25) G G Pa I n i r 0 1 

17 (5) 1981 1083 1981 1083 Cu (100 ) H.L . -

18 1769 965 1967 1075 All (65) Ni (35) 0 D 131 

1846 1008 2050 1121 Ag (75 ) Pd (20) PM440. 
19 1830 999 1962 1072 Mn (5 ) B.D P~lmasil 5 

1835 1002 1950 1066 
20 1785 974 1835 1002 Ag (90) Pd ( 1 0 ) 8 B PM431 

21 1945 1063 1945 1063 Au (100 ) 8.0.G B.O 

Ag (89.5) Pd (10) 
1 23 lB46 1008 1927 1053 Ni ( .5) G Palnisill0 . 

1787 975 1904 1040 Au (72 ) N i (22) 
24 17B5 974 1900 10:.18 Cr (6) B.D.G PM265.128 

25 1841 1005 1898 1037 
Au \7U)NI ta) 
Pd (B) G Palniro7 

* Distributed January 1966 



LAWRENCE RADIATION NO. DATE PA(jE 
2 LABORATORY 

DESIGN DATA UNIVERSITY OF CALIFORNIA 71A OCt. 28, 1964* OF 3 BERKELEY 

!.: 't 

SUBJECT PREPARED BY . , 
Richard Reimers 

PRECIOUS BRAZE FILLER METALS CHECKED BY 

1. 0, Tu rne r c 
SOLI DUS LIQUIDUS 

COMPOSITIDN 
SUPPLI ERS 

TRADE NUMBER (1) (2) ( 1 ) (2) 
(% by wt.) S td.G r ad es VTG Grades NAMES 

of °c of °c (3) (4) 
Cu (62) Au (35) PM243, 

26 1787 975 1886 1030 Ni (3) B,O,G 129,Nicoro 

Cu (78 ) Au (20 ) 
27 1787 975 1877 1025 In (2) G Incuro 20 

1832 1000 186B 1020 PM26 0, 
2B 1814 990 1850 1010 Cu (65) Au (35) B,D,G B,D 406, -

1 B14 990 lB59 1015 PM242, 
29 1805 9B5 1 B41 1005 Cu (62.5) Au(37.5 B,D,G 401, -

Ag (62.5) Cu(32.5 
T50, 624 30 1425 774 1850 1010 Ni (5) B,D 

31 17BO 971 1850 1010 Ag (95) Pd (5) B B PM42 B 

32 179B 980 1832 1000 Cu (60 ) Au (40 ) G 

1832 1000 1787 975 
33 1742 950 1778 970 Au (50 ) Cu (50 ) D,G 0 402, -

Cu(B7.75) Ge (12) 
34 150B B20 1769 965 Ni (.25) G B,D,G Gemc 0 

35 1762 961 1762 961 Ag (100 ) B,D,G ( 
1778 970 B, C, 850, 1 B5, 

36 1745 952 1760 960 Ag (85) Mn (1 5 ) D,G B52, S I L85M . 
PM255, 130 

37 1742 950 1742 950 A·u (82 ) Ni (1 8 ) B,D,G Nioro 

1652 900 1742 950 Ag (54) Pd (25 ) PM492 
3B 1650 B99 1740 949 CU (21 ) B,G Palcusil 25 

Au (81.5) Cu(16.5) Nicoro 
39 1670 910 1697 925 Ni (2 ) G BO 

Au (81.5) Cu(15.5) 
40 1652 900 1670 910 Ni (3) 0 409 

Au (60) Cu (37) 
41 15BO 860 1652 900 In (3) G Incuro 60 

Ag (65 ) Cu (20) 
42 i 565 852 1650 899 Pd (15 ) B PM490 

Ag (52 ) Cu (28 ) 
43 1615 879 1650 899 Pd (20) B PM443 

1643 895 Au (75 ) Cu (20 ) PM261, 050 
44 1625 885 1640 893 Ag (5) B,D,G Si Icoro 75 

1666 908 1670 910 
45 1630 8BB 1630 B88 Au (80) Cu (20 ) B,D,G PM238,403,-

1450 7BB . 1 B05 985 Cu (B5) Sn (B) 
1,6 1225 663 1565 852 Ag (7) C,D,F 7 , 071 , S I L 7T 

1520 B27 Ag (58) Cu (32 ) PM491 , 
47 1515 B24 1566 852 Pd (10) B,G palcusill0. 

Au (60) Cu (20) 40B, 
4 B : 1535 835 1553 B45 Ag (20) D,G S i Icoro 60 

Ag (6B) Cu (27) PM478, 
49 1485 B07 1490 Bl0 Pd (5 ) B,G , Pa I.cus i I 5 

50 1275 691 1475 B02 Ag ~~p Sn 6 Cu ~2B'j~) Ni 2.5 0 630 

* Distributed January 1966 
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" LAWRENCE RADIATION NU. DATE PA,;I.: 3 

LABORATORY 

DESIGN DATA UNIVERSITY OF CALIFOr':NIA 71A Oct.2B. 1964* OF 3 8ERKELEY 

SUBJECT PREF1AR[D flY , 
Richard Reimers 

PRECIOUS BRAZE FILLER METALS (Hl...(f\lii tly 

J. O. Turner 

SOLI DUS LIQUIDUS SUPPLIERS 
NUMBER ( 1 ) (2) ( 1 ) (2) COMPOSITION TRADE 

(% by wt. ) Std. Grades VTG Grades NAMES 
of °c of °c (3) (4) 

Ag(71 .15) Cu(28.1) 
51 1436 780 1463 795 Ni(0.75) G N i c u s i I 3 

Ag(71.5) Cu (28) , 
52 1436 780 14133 795 Ni ( .5) ° 715 

Mn (5) N i (2 ) 
53 1385 752 1445 785 Ag (85) Cu (28) C,O 165,655 

54 1436 780 1436 780 Ag (72 ) 
301. BT. 

Cu (28) B,O,F,G SIL72,Cusil 

1265 685 1436 780 Ag (63) eu (27) 630, 
55 1220 660 1346 730 In (10) O,G Inc u s i I 10 

Ag (57) Cu (33) 
56 1120 604 1345 729 Sn (7) Mn (3) C 57 

1115 602 Ag (80) Cu (30) 60, 160, 
57 1095 591 1326 719 Sn (10) B,C,O,F 603,SIL60T 

Ag (130) Cu (27) 
58 1125 607 1310 710 In ( 13) C 260 

Ag (61. 5) Cu (24) 615, 
59 1166 630 1301 705 In (14.5) D,G Inc us i I 15 

60 (6) 450 232 450 232 Sn (100 ) A,L;J 

61 (6 ) 
I 313 156 313 156 In (100 ) A, E, H, L, J 

-
NOTES: 

(1 ) Lis t i ng is arranged in old e r 01 deGreasing liquidus .temperatures. Above liquidus temperature no 
solid exists; below solidus temp. , no I i qu i d exists. For elements and eutectics, liquidus temper-
ature == solidus tempe ra tu re. 

(2) Suppliers disagree on sol i [Jus and liquidus temperatures. Come companies lis t of, o t he r s DC, some 
lis t both. A II tempe ratures lis ted by SUPIlI iers are given til show the var iat ion. 

(3) Letters in this column rei e r to the lis t 01 suppliers be I ow. 

(4 ) VTG means vacuum tube g r a tl e. Suppl iers in til i s c~lumn have very pu re braze I i II e r metals in the 
, alloys indicated. The t r ad e names lor regular grade and VTG are the same. II VTG i s desired, 

specily it when ordering. 

(5) These I i II e r metal s wet molybdenum and tungsten. 

(6 ) Brazing is performed at or abore 800°F by del ini tion. Tin a.nd indium are not braze lillermetals. 

LIST OF SUPPL I ERS: ** 
A - Consol idated Mining & Smelting G - Western Gold & Platinum 
B - Engelhard Industries H - American Smelting & Relinin!i Co. 
C - Goldsmith Brothers J - Belmont Smelting & Rei ining 
0 - Handy & Harman K - Cohn Corporation 
E - Indium Corporation 01 America L - A.D. Mackey 
F - United Wire & Supply M - Pacilic Metals 

N - Internat ional Nickel 

** Wa I I Colmonoy Corporation, 19345 John R St .• De t r a it makes t hi r teen types a I Nicrobraz, a nickel-

/ 
, base bra z e a I loy containing various c 01111.1 ina t ion s 01: chromium; b 0 ron; ira n ; carbon; s iii con; 

p h,o s p h 0 r us; manganese; tungsten; tungsten carbide. The·se alloys have highabrasion and corrosion 
resistance and hi g h temperature strength. a brazing range 01 1700 - 2200 F. and are especially 
suited lor III rna c e brazing a I stainless steels. 

* Di stri buted January 1966 
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DATE 0.0. NO. 

5-15-56 7'2 
PREPARED 
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~: ______________________________________________________________________________________ L-_______ L __ . __ F __ r_e_l_·_s_e_n __________ ~ 

The accOMpanying chart shows graphically the comparative strengths of commonly used 

structural sections together with their corresponding weights. The data shown are the 

allowable bending moments. and. for circular sections only. the allowable torsional 

moments. both in inch-pounds. 

The values of these moments are given by the vertical location of the dots preceeding 

the description of each section. The moments are for loads which pass through the 

section centroids. The direction of loading for non-synmetrical sections is shown in 

their respective column headings. 

The moments shown on the chart produce stresses of 15.000 psi in bending and 7.500 psi 

in torsion giving safety factors of 2(Lased on yield point) for mild steel. Use of 

these allowable stresses does not imply that they are suitable for all design 

situations. Neither does it relieve the designer of his respon~ibility for the safe 

design of structural elements. 

Srr.1PLE BENDING Enter the chart at the bending moment which the section must resist and 

select the deSired section. 

S I I,IPL E TORS I ON This chart is applicable in torsion onl.y to circular sections. Enter 

the chart at the torque which the section must resist and select the desired circular 

DIFFERENT ALLOWABLE STRESSES Specific applications may require a different allowable 

hending stress S' or tor~ional stress 8 s " Multiply the actual bending moment M by 

15000 or the actual torsional moment by 7s500 to obtain a moment M'. Then enter the 
~ s' 
clJart at [,1' and select the desired sectIon. 

The allowable moments shown on the chart were computed from: 

~i = S '7 

Where: 

S = Arbitrary allowable bending stress 15.000 psi 

Z = appropriate section modulus of the section 

The allowable moments shown on the chart are applicable to torsion of circular sections 

only since for such secti"ns the polar moment of inertia is equal to twice the area 

moment of inertia and since the allowahle torsional stress is frequently taken as one 

half the allowable bending stres~. 

T h i~; mat e ria 1 i s rep rod 11 (~ e d IV i t h t lJ e fl e rrJ! iss ion 0 f n" e: ric 11 I t urn I F, n gin e p r i n G ". T h P 

.i nil r n:t I 0 f the A In e ri call Sue i '; t.Y 1):- 1\ f! ric u It!! r H I ~~ n r: in'; e r s . fro m Vo 1 U:11 e 34. No.8. 

August 195:3. 
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RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA· BERKELEY DATE D.O. NO. PAGE 1 
DESIGN DATA 10/5/55 73' J:AGES 

SUBJECT plj.E!'A,RFn 

C G OR BARE I P. S'I . ) Kt:.LL'ER a GANNON SPA IN F ' 1...\ ron pipe sIze W E BARRUS 
~~~~~~~~--~ 

PI PE WITH FLAN GES ~.E;:EOC:.~ri~~;59 
FLANGES IN LINE ___ " C"--l .,.:' OJ , +1 0 d 

C 4=--!-7"+1 
-0 2 2 MUST BE 1IAGGERFD '~ :j r:t:\B i 

, /'. "'~, I i 

"D..~-0l\~1~\~J,,1+{D--+ s+L 0 +2: 
I.~"""'~ . ..J. \N-:7~-_/jL 'J ,\ \~¥') -0 2 
( .: ~ , " !", I / 

~-. -------- i ;; i ~ L ''"--- I .-/ 2"MIN 
. j l' u ,.~ I ,"] • 

i r--I MIN. //7//// / 
d D 



0- 1 ( M ) 

2. :5 0 L 8 C ~,'5 \' \ K Q H 1.:.. ... S A S T 0 

~h,~i~)i,~i_~i-l~I~I~I~' ... -. .......\.-.--;;:r::.:..,.,L_J..! __ ~--j.:..-+ 
!l)jf\) :f,) 1''0 : - '~- - ~-

t iI.JlL_,\i;·-,_· _'IJlj[\)'U, .f\,) ,l)Jjf\)1.UI- -I" "'-
~~~_:~1~Jlg'I~~:~.~.4.q,?:, :~-:yI' J -1.0> p"'-, 

. ..D I"p.".'-!J, ,f,-).N ,Iv I, - ~ -:- · .. {lJ 
--,-,I,)..'~""'-" UJ '>llm \.LJ' __ "'_' '\~i\. 'J;'I1J 1"1-' . "~I ['~:jLv:!_I::'>.!,-:\ I" I." ('+9" -'j,-q.-l \ .' ,,' OJ 
+:-- ,-}::.."., Ul 'UI 'IIJ 'rv' N -', - : - -
~~i~l~iu;o:;~lI,~~~}I,~\~·;;~t-'~I\:' i)~lu!:;YI=i6~I\!) ~ " 
~~'[~;~lrJ~'; :l1>~";::I- ~I) i~1 iWIj\l~-_I~ ~ () 
{))\-I:N!,.a:(\:I -; N1-'I'J\Wf'" .-./ T -'j'\) -,1\) I.PI(/' -.p> : 
'!Jl i .6.TtIQt}i"i·Cu· f\J : rv-;f\') -r .-:. !' -.:::. ":':"" 
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RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA BERKELEY 

DES! GN DATA 
SUBJECT 

SPACING FOR MAlLABlE IRON 
FITTINGS AND 8AI~E IRON PIPE 

c ~ ~ + A 
,6..,: vF a + B2. 

DATE 0.1). NO. PAGE J 
10 -2 b' 55 73 O~AGES 
PREPARED 2.·f 
KELLER 8. GA.NbION 
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~CH-E-CK~E~D~~~-~~----~ 

W.P. Carpender 
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F:. 2: 

FOR EL80WS TEES & CROSSE..S, 
SCREWE.D TYPE.. 



SUBJECT 

c 

RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA. BERKELEY 

DESIGN D A T A 

SPACING BETWEEN PI PES 
FOR PiPE \IiJRENCH CLEARANCES 

DATE D. D. NO. 

10-28-55 73 
PREP~.RED 

. \ 
PAGE.l1. -

OF \ 

4PAGES 

KE.LLER 8. E:.t:.NNON 
'N. E.BARRU 5 

CHECKED BY j-2o-'~ 

w. P. Car pender 

UNIONS 

"THf_ ::'";;:;;:;~ S SHOWN B'E.LOVv WER~ OBIA.\N.ED FR.OM UN\DN5 \N !:lTD I:K 
T/~BL~ ~:::OR UNlOt--l= APPUES TO 1501..B. MALlABLEIRCN ONL'f. 
MF6R S . 5,\;:::'5 W)P,Y Vr.::..RY BE "TWEE.N LARGE B. SMALL SIZE 5 
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COMPARISON OF INFORMATION RECEIVED FROM MANUFACTURERS '" '-

'" n 
-l 

Alloy Name Hiperco 27 Hiperco 35 Vanadium Permendur - or - 2 V. PermenQ.ur 8g!~ I 

en0-3H :1 Composition Co - 27% Co - 35% Co - 49f,; V - 2%; Fe - 49% 0-3~~ 
en:x>::o ~ 

Fe - 73% Fe - 65% ~2 :. 
-l 

o = 0 

Allegheny-Ludlum ~> z 
Manufacturer Westinghouse Electric Corp. Arnold Eng'g. Simonds Saw Telegraph Constr. r 

& Steel Co. & Maintenance Co. ~a :. 

'" ~ 01 

England o II 1:1 : 

~I 
-l 

llI:J ~ 
Handling and About like Very fragile, -< 

rIl, 
machining char- brittle cast brittle, and M c: 

~~ z acteristics iron crumbly; hard Abo u t 1 ike b r itt 1 e cas t i ron Gl < 
before final to machine: ~ :I '" 

~~ 
2 ~ I 

armeal sometimes ~I breaks from en!;) 

light shock s 
.. :x: 1:1 !i: 
"1:.18 :I> ~ , in handling f;;oo I-i !: 
e:~ .., 

Final anneal Hold at 1697°F for six Hold at 13500 - Hold at 14500 F for 00-3 > ~ 
> .. 

.. ~ ... after machin- hours in wet H2 or amrnogas o 14500 F for four six hours in dry ~:x: 
ing Cooling rate not critical. hours in dry H2 --- --- H2. Cool at 90F/ OH 

(_600 F dew point) min. * .. 'Z. ~ 
'" Cool at lOOOf / ~~ ~-1 

hr to 6OO0 F* ~~ -< 
."" 

Max:1mum Size 2500 lb. 900 lb. 350 lb. 900 lb. 
~~ ---------- ~o 

Melt 'Z. 
0 

MaJdmum var1a- By telegram - 2% Insignificant Insignificant Insignificant Insignificant 
tion magnetic By telephone - 5% 

()Q "\I properties be- Disagreement among differ- '" ~o . '" '" tween melts ent W sources - 10% G'E "\I 
:. ..0 :. - '" ........... ~ , 0 

'" ~'" c:.., 0 VI 

Approximate - -< Ie ..0 , 
$4.00/1b. $6.00/1b. $6.00/lb. $4-$4.50/1b. $2.ao/lb. f price FOB plant 1'-\ 0 

~ ~ 
-;j 0 

Normal shipment 8 - 10 weeks - 12-14 weeks 12 weeks 10 weeks ~. 

z \...,. ; 0 , 
*Bozorth (R.M.Bozorth. - "Ferromagnetism" - McGraw Hill, pages 203-204) states that maximwn permeability is only '1 

Vl o ~ 
slightly sensitive to cooling rate, with a slight edge in favor of the faster rate. "\I",," 

:. '" " '" ..... UI 
--
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RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA· BERKELEY 

DESIGN D A T A 

"HIPERCO ti AND "PERMENDUR" HIGH COBALT, HIGH MAGNETIC 
SATURATION ALLOYS, PROFERTIES, FABRICATION, ESTIHATING 
COSTS 

Forming 

DATE D. D. NO. 

10/9/59 
PREPARED 

J. O. Turner 

Parts are normaDJ produced ot the se alloys by hot rolling, machining 
'toBhape ,:and anne&l.ing. Forging 1s uncertain and should be used only as 
a last resort. ""\ '" 

"Jchining ') , } . 
/ 

Permendur and Hiperco 27 may be machined using a similar procedure to 
that for ~ good quality cast iron. The following points may be found use
ful. Coolant and lubricant should be of thin lubricating oil consistency. 
Tool tapping should be done with a carbide tool. If possible tap rough 
formed part before it has been reduced to final dimensions. For turning 
and milling a fairly flat topped tool is used but the angle is not critical. 
The important lOOint is to avoid running off square edges in milling, or 
turning the end of the piece; and hence use a large radius piece for mill
ipg and 'or turning, ,tum from either end to meet in the middle. A fairly 
high fiIlish may be obtained. It is advisable to machine on slow speeds 
and use fairly coarse feeds. 

Hiperco 35 is much more fragile than the other two alloys and must be 
machined and handled with extreme care 0 

General 

All machining or working of any kind must be done before final anneal 
except light surface grinding of not more than 2-3 mils per pass. 

1 Warpage during ~ea1 wp.1 be{ s1igh~ - no~ more ~han a {rew mils which 
can be removed by griilding. " 

After final anneal, the alloys are quite fragile an:l must be handled 
wi th care to avoid breakage. 
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*From "Machinery's Handbook", pages 412-413, 20th edition. (/) 
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0- -

plus « H ~ • =J t- c2 = max. moment plus = down = down = minus = up minus = up f1 
don 0 

.-~ - - .- .~. --- _ ..... _-

~~~ 
z 

lO r-co • 
EQUAL t-01ENTS AT 4 

vL
4 -s t"' H CD 

.0214 vr.2 .0214 vr.2 0 
1. SUPfDRTS AND CENTER. ~ :::r.:t .207L -.000206 ~ .000615 _ :E: 000 0'" 

EI E;Ix.1Z • LEAST STRESS EI co UJ ~~ -_. c=: .586L .:7L 
(/) t:J) '" rt 

;~ 
UJ-< 

· , 
Me 

m 1-3 C)~ 

I~ .577L::r:l 

.196L .0192 wr..2 
.0223 wr..2 4 vL4 ........ ::0 < 

2. ZEro SlDPE AT ENIl3 -.0000780 ~ .000512 EI ..... H Z ... 
EI t:1 0· '" 

~ '" ~ -... 
80 

-< 
00 

~;J ... 
>n 

.0177 vL2 ,.0230 vL2 vL4 ~~ • 3. NO END DEFLECTION C- .57lL::J .2145LL .18310 0 .000446 EI >-I~ 
@ >ci (f)Q '" HH z -z~ • 

n · END AND CENTER 
.164L .0135 wr..2 .0248 vL2 vL4 

vL4 '" 4. DF'.F'LECTIONS EQUAL. Z 

E.554L::f.2::L 

.000268 EI .oqo268 EI '" '" MINIMUM OVERALL DEFLF£TION ,. ... 
r-... 
-< 

vL4 wr..4 
, 

5. ZEro SlDPE AT SUProRTS ."......... C .55lL::J .::L 
.159L .0126 vL2 .0252 wL2 .000317 n- .000237 -

EI 

n ." b x '" 
.0057 vL2 .0284 vL2 wr..4 ... '" , 

e. NO CENTER DEFLECrION ~C :J~ .106L n ." +-0 .000759 EI 0 ,. • , . 
.52310 .2385L L :; t:1 ~ S~ 

• 0 

~ <: 
0 ~ 

INFLECTI<ll POINT AT '1 0 

.0312 vL 2 vL4 vL4 ~ 7. CENTER. 

~~.500L~~ 
0 0 .001l3 EI -.000162 EI 0 -.J" 

ZmJ JQ1ENT AT CENTER ro (fl' 
'd ~z ro 
'1 0 

~ 

..... " e. CENTER AT MAXIMUM 

~ t_.346L_l~ .0383 WL2 .0533 WL2 WL 4 
wL 4 ............ HEI GlT AOOVE SUFfDRTS NONE .00387 EI - .000613 El ..... ~ 



1lL-'1Il-. 
~ 

~ 
f-' 
< 

100,000 

Current Density 
amps/ i n2 

10,000 

1,000 

4r-. 

Specific electrical energy in the coil is equated to 
the copper specific heat energy and the following 
expression derived: 

(~)2 t = f T2 Cp 
v - dT 

T P 
1 

= Time, seconds 2 

= 
2 ~~::I::t:·!:"t:o'-U-

t 
i/a 
Tl 
T2 
~T 

v 

= 
Current density, amps/in 
Initial temperature

6 
°c 

Final temperature, C 
Temperature rise, °c 

5117811 
1 

z , 45'7"1 

10 

p 

z 

= 
= 

= 
= 

= 

Specific weight, .321 Ibs/in3 

Electrical resistivity, 0.68 x 10-6 ohm-in 
at 20°C 
Specific heat watt-sec 

, Ib Oi( 

.. 
~ 
.~ 

20°c Upper Lines 
40°C Center Lines 
80°C Lower Lines 

, 4 !I 1178,1 

100 
2 , 4 !I 87891 

1,000 
z , 45871" 

10,000 

Example: A d. c. magnet wound with copper conductor is operating at a current density of 
10,000 amp/in2 and at a temperature of 40°C. If all cooling is removed, how soon 
must the electrical current stop flowing to prevent the conductor from exceeding 
100°C if the heat capacity of the cooling medium is neglected. The temperature 
will rise 60°C from 40°C to 100°C in 44 seconds. 

Cp and p are functions of temperature. These curves are based on linear extrapo
lations between Cp/p values of 260 x 106 at 20°C to 181 X 106 at 140°C, 
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Lawrence Radiation Laboratory 
UNIVERSAL maSSION CHART: THERMIONIC EMISSION VB TEMPERATORE FOR VARIOUS WORK FUNCTIONS 

U N.VE~SAL... EMISSION CI-IAR,T * 
T.·n;'~MION'c., EWliSSIO ....... AS A FUNCTION 

OF TE.MPe~A"'URe AND 'WORK FUNC.TION 
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA 

DESIGN DATA 
PAGE 1 

OF 1 
TITLE PREPARED BY 

I. Halpern 
DATE 

12/8/64 
STANDARD WIRE ROPE SLING SINGLE LEG WITH END LOOPS 
UCLBL STMJDARD CR.ANE LIFTING EQUIP~'1ENT 

REVISED BY DATE 

P. Bringham 4/78 
REVISED BY DATE 

1-4---------l..e/V$TH-----------~ 

ROPE Rated 
Diameter nJRC Capacity H L STOCK LENGTHS 
Inches Construction Pounds Inches Inches Ft. +1/4", -0 

1/4 6 x 19 1100 4 1/2 9 3, 4, 6, 8, 10, 
3/8 6 x 19 2400 5 1/2 11 3, 4, 6, 8, 10, 
1/2 6 x 19 4400 7 14 4, 6, 8, 10, 12 
5/8 6 x 19 6800 8 16 4, 6 
3/4 6 x 19 .9800 9 18 6, 8, 10 

NOTES 

1 - Material to be Plow Steel or better 
2 - Non-galvanized IHRC Construction Wire Rope 
3 - Stainless steel cast sleeves or UCLBL approved 
4 - 5/1 Safety factor (Breaking strength to rated capacity) 
5 - Loop fonned by rope end opened up into two .groups of 3 strands each 

and laid back together at junction such that each group encircles 
through rope in opposite direction 

6 - LBL use of wire rope slings restricted to those constructed 
per LBL Specification M464 

12 
12 



SUBJECT 

RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA· BERKELEY 

DESIGN DATA 

RELATIVE DIELECTRIC STRENGTHS OF VARIOUS GASES 
AND NITROGEN-VAPOR MIXTURES* 

DATE 

3/16/67 
PREPARED 

D.O. NO. PAGE 1 
OF 

91 2 PAGES 

Bob H. Smith 
CHECKED IV / y/i--' . . / 

~/ Uf./ .. ·~~p,.. 

(From "American Institute of Physics Handbook" Second Edition, D. E. Gray, Ed. 
Copyright 1957, 1963, by permission of McGraw-Hill Book Co.) 

Gas or N2 vapor mixture 
saturated at 

23°C and 760 i'nm Hg 
total pressure 

Fluorotrichloromethane, CClsF ........... . 
Tetrafluorodichloroethane, C2C12F4 ..... . 
Trifluorotrichloroethane, C2ClsF3 ....... . 
Sulfur hexafluoride, SF6 ................ . 
Difluorodichloromethane, CC12F2 ......... . 
Boron trichloride, Pe13 ....•............. 
Methyl iodide, CH3I ...................... . 
Sulfur dioxide, S02 ........•............. 
Phosphorus trichloride, PC13 ............ . 
Thionyl chloride, SOC~.····· ... ···· ... ·· 
Carbon tetrachloride, CC14········· ..... . 
Chloroform, CHC13.···· .... ·.··.··•·· ... ·· 
Sulfuryl chloride, S02C12 ............... . 
Chlor ine, C12 ........................... . 
Carbon disulfide, CS2 ................... . 
Fluorodichloromethane, CHC12F ........... . 
Hydrogen sulfide, H2S ................... . 
Ethylene, C2H4 ...................•....... 
Titanium tetrachloride, TiC14 .•......•... 
Methyl formate, HCOOCH3 .... · ............. . 
Trichloroethylene, CHC1:CC12 .....•....... 
Ni trous oxide, N20 ..............•..•..... 
Phosphoryl chloride, POC13 .....•........• 
Dichloromethane, CH2C12 ..........•....... 
Acetylene, C2H2 ...... ' ..••.•.............. 
Trichloroethane, CH2CICHC12 •............. 
Ethyl amine, C2HsNH2 ....•............•... 
Chloromethane, CH3Cl ...•.............•.•. 
Dimethy 1 amine, (CHs) 2NH ..•...••••....••. 
Ac etaldehyde, CH3CHO ..•.•............••.• 
Fluorochloromethane, CH2ClF ...•..••..•... 
Carbon monoxide, CO ..•.•..•..•...•.•••••. 
Tetrachloroethane, CHC1~HC12"""""" 
Sulfur dichloride, S2C12 .••.....••.••••.• 
Ni trobenzene, C6HsN0e ..•.....•..••.••••.. 
Methyl bromide, CH3:& •••.••.. ' ....•..•.•.. 
Ethyl ether, (C2Hsho •••••..•.•••••...... 

Pressure 
of vapor, 

mm Hg 

725 
760 
306 
760 
760 
760 
370 
760 
113 
110 
105 
180 
. .. 
760 
330 
760 
760 
760 

12 
570 
65 

760 
34 

400 
760 
. .. 
760 
760 
760 
760 
... 
760 

6.8 
12·5 
0·3 

760 
495 

Relative 
dielectric 
strength 

3·0 
2.8 
2.6 
2.4lt 
2.4 
2·3 
2.2 
1.9 
1.9 
1.65 
1.65 
1. 58 
1. 56 
1. 55 
1. 50 
1.33 
1.30 
1.21 
1.17 
1.16 
1.15 
1.14 
1.11 
1.11 
1.10 
1.08 
1.06 
1.06 
1.04 
1.03 
1.03 
1.02 
1.02 
1.02 
1.02 
1.02 
1.00 

*The relative dielectric strength is defined as the ratio of dielectric strength 
of the gas or nitrogen-vapor mixture to that of nitrogen at atmospheric pressure 
and room temperature, when measured in the same gap. Taken from Charlton and Cooper, 
Gen. Elec. Rev. 40,438 (1937). , 
~Hochberg and Sandberg, J. Tech. Phys.(U.S.S.R.) 12,65 (1942). 
+lBndolt-rernstein, "Physikalisch-Chemischen Tabellen," vol. III, p. 1264. 
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SUBJECT 

RADIATION LABORATORY. UNIVERSITY OF CALIFORNIA. BERKELEY 
DESIGN DATA 

RELATIVE DIELECTRIC STRENUTHS OF VARIOUS GASES 
AND NITROGEN-VAPOR MIXTURES* 

DATE D.O. NO. PAGE2 

3/16/67 91 ~AGES 
PREPARED 
Bob H. Smith 

CHECKED BY 

(From "American Institute of Physics Handbook" Second Edition, D. E. Gray, Ed. 
Copyright 1957, 1963, by permission of McGraw-Hill Book Co.) 

Gas or N2 vapor mixture 
saturated at 

23°C and 760. rum Hg 
total pressure 

Methane, CH4 .......................... . 
Ethyl alcohol, C2HSOH .......•.......... 
Dichloroethane, CH2CICH2Cl ............ . 
Ethyl chloride, C2HsCl ................ . 
Ni tromethane, CH~02 .................. . 
Benzoyl,chloride, C6HSCOC1 ............ . 
Thioacetic acid, CH3COSH .............. . 
Acetone, CH3COCH3 ....... ~ ............. . 
Dibromoethane, CH2BrDH2Br ............. . 
Air ..................................•. 
Methyl acetate, CH3COOCH3 ............. . 
Ethylene oxide, C~~2 ............... . 

Benzaldehyde, C6HSCHO ................. . 
Acetic acid, CH3COOH .................. . 
Methyl alcohol, CH30H ..........•....... 
Formaldehyde, CH20 .................... . 
Bromo benzene, C6HsBr .................. . 
Ethyl acetate, CH3COOC2HS ............. . 
Tetrachloroethylene, CC12:CC12 •........ 
Carbon dioxide, C02 .......•............ 
Aniline, C6HsNH2.··.·.··.···· ••• ·· •. ···· 
Oxygen, 02·························.···· 
Toluene, C6HSCH3 ...•.. · ..•.....•....... 
Benzene, C6Hs ................. · •....•... 
Ammonia, NH3(over NH40H) ......•..•.•... 
Chlorobenzene, C6HSC1 .•.•..•.•........• 
Methylamine, CH3NH2 ..••.•.•....•.•..•.. 
Diethyl amine, (C2HS)2NH ........•..•.•. 
Difluoromethane, CH2F2 •.•..•.•......... 
Hydrogen, H2 •....•.•.••••.......•....• 

Pressure 
of vapor, 

rum Hg 

760 
52 
70 

760 
34 

est. 0.2 

210 
12·5 

760 
195 
760 

0.6 
14 

110 
760 

ca. 4 
86 

ca. 18 
760 

ca. 0.3 
760 

25 
85 

10·5 
760 
215 

Relative 
dielectric 
strength 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0·98 
0·98 
0.974: 
0·95 
0·95 

0·95 
0·94 
0·94 
0·93 
0·93 
0·91 
0·90 
0.88 
0.87 
0.86+ 
0.86 
0.84 
0.82 
0.81 
0.81 
0.78 
0.69 
0.54+ 

*The relative dielectric strength is defined as the ratio of dielectric strength of 
the gas or.nitrogen-vapor mixture to that of nitrogen at atmospher~c pressure and 
room temperature, when measured in the same gap. Taken from Charlton and Cooper, 
Ge. Elec: Rev. 40,438 (1937). 
tHochberg and Sandberg, J. Tech. Phys.(U.S.S.R.) 12,65 (1942). 
+I.andolt-OOrnstein, "Physikalisch-Chemischen Tabellen," vol. III, p. 1264 . 
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TABLE OF IONIZATION POTENTIALS OF THE elEMENTS ~ 
c: 

)M Finkpinhurg-llumbut'h, runlzatiun .. ncrglcs of atoms und atum ions. Nuturwiss, -12,35,1955, IUJd Ll:;itzin,Soc.Sr.i.frnn.Commellt.physlco-math.IO,vlJl -1,1938, ~ ';, 
- - n _ 

:;~D Z = Atomic number of the element. Wr = IoniZation potential for thl' nE'utral unexcited atom in Joules/Kllomole X 10". ~ :-: 
1 ~ r ~ 

eU I = Ionization potential of the neutral unexcited atom in I'V, pli r = Ionization potential of the singly Wlexcited atom in ('v. ~::::;; 
1 2 • _ m 2J Ort"l 

pUr = Ionization potential of tbe dOUbly unexcited. atom In ('V, etc. ~ :r)( ;:, C;; ~ ., 

3 ;JIto 0 n ~n~6 
o 3 =t ",..,-
~.» ~-<~ 

Figures in italics are measured values. Figures in [) are values llIeasured approximately. Figures in straight type are extrapolated values. ;; -4 O::! i: ~ 
Figures in ( ) are by Lisitzin with approximation formula to about ± 3% of calculated values: 0.. ~ ~ 

01 Z ,. 

Z Elo, If" /, t Fit e I t F • VI • VI • ('/ • U • V/ • {II I' V/ • V/ • L'/ ".'/ d'J • U / t {'I "'/ I d'/ It/'/ t 1.'/ g r-m~ Z~ mf'nt I. I. 1. • • • J, • • .. 11 It U .. 11 .. 1 f U I' .. 

>ZOt__---., . , ~ 

I H 1311.3 13.S976 - - - - - - - - - - - - • - - - - - - - 0.. N 0-
I- -------------------------------------- G c: 

2 He ~371.0 21.6&0 54.400 - - - - - - - -- - - - - - -- - - - - :J ~! ..... 
I- --- ---------I----------------------------------------\-:J >.N V 

3 Lt 520.0 5,390 7~,U 122,42 - - - - - - - - - - - - - - - - - II· > rn 
f-- ------------------- 1- -----------------------__ _ Z .... 

4 B4' S9S.g 9.3l10 18.21 153.85 217.46 - - - - - - - - - - - - - - - - ~ ~ (5 (J) 
I-- ------------------------------------- ..., m Z 

5 B ROO. I 8.296 25.15 31.92 2~9.30 340,13 - - - - - - - - - - - - - - - _ ~ _ 

~ C 1086.5 IJ .f64 24,376 --;;;; ~ 391,99 489.84 ---- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----~ ~ 0 G) 
- I---- ------ - 0 .... 

7 1'1 1402.6 11.54 29.60 47.426 77.45 P7.86 ~~1,93 666.S.l - - - - - - - - - - - - - .... m
Z 

Z 
--- ------r-----------------------------I- m 

8 0 IS!!.4 13.614 35./5 54.93 77,3P 11J.87 1J8.08 739,11 811,12 - - - - - - - - - - - -- z ~ 
I-- --------------------- 935.S --------- ------------------------1- ." ~ 
II.' 1&80.2 17.4/8 .fI.9S 62.6~ 87.23 111.21 167.12 18S,1I ~ 1101,8 :z: ~ ..... 

I-- -- t--~i- 207,2 23\1,1 1195,4 • i- ~ V 
10 s. 20711,8 21,UP 41,07 ±O.I 97.16 126,1 167.9 ±O,I ±O.I ±O,3 1360.2 » 
~-- t--7I"ii _ ---~ 29U.1 H64,7 '- \- ~ 

11 Sa 495.7 6.1J8 47.29 ±O.I 98.88 138.6 l,t,1 t08.44 ±O,l ±O,I ± 0.3 161a,9 

I- . . t-- 7iiT ""ib6.iI --- 3~~,O 1I67,2 17~I,2 ---1 
12 MK ,3,.3 7.644 16,03 0.1 109.J 141,23 ±O.I 1126,J 265.81 ±O.I ± 0.1 ± 0.3 195~.7 --, 
I- -±--t-- ---.-- ----,-------- \- ~ " 2U,~ ., 513 3\1H.6 HI 5 2071.3 22088 13 Al ~17.1 5.984 /8.82 28.44 119.96 153.8 190.4. ±O.I .8, 330.1 ± 0.1 ± O~I ± 0.6 . 
~ -- ------'1- --------- 301,0 --- ---~ 622.8 2'36.0 --------------- ------

14 ~i 7R6.S 8.149 16.34 33,46 45.13 166.73 205,1 216,41 ::!c0.1 351.8 401.3 ±0.2 ±0.2 ±O.O 2666.0 - -
-- -------- ----\-

220 '1 °63 J 30U.a 372.8 4'''' 476 660.0 610.7 2815 3060 5 I~ I' 1017.S 10.65 111.6~ JO.16 61.J5 66.01 ..., ±O,I ±0.2 ••.• ± 3 ± 0.2 ±O,3 ± l' - - ~;:; ~ 
- . \- """"12T"!iii:O 32iiT ---~ 50,,6 567 651:4\705.5" ~ 9 ------\- ::: ~ '" 

16 S IIg9.0 'O,J61 23.4 U.S 47,29 ± 0.1 ± 0,1 280.99 ± 0.1 278.9 ± 0,2 ± 0.2 ± 4 :I.: O.~ :t: 0.4 ± 2 34112.. - - " .., IV 

---------- ------------------------ ------1- ,.... (i, 
5J 3 67.8 96,6 IH.~ J485 100,3 4'5 J 53U.!! ~,02.Q 667 719,3 806.9 36,1 39310 0 co ~ 

17 (;1 1255.2 JJ.Ol 23.80 39.9 , ±0.2 ±O,3 ±0.1 ' ±O,1 ,. ±0.2 ±0.3 ±' ±O,2 ±0.5. ±2 ' - - .. C> ..,1-----
I-- ~"9IT 1~:I.U \4:i';4 122.0 ~ 538.6 62iiT" ~ ~"HM.i) 0i5:'7 4TiT" --.----\- ~. 0- 0 

18 Ar 1519.8 15.755 27.6 10.90 59,79 -'-0.1 ±O.:l ±OA :::0.1 ±O~~ ±0.2 ±0.2 ±0.2 ±0.4 ±IO ±o.a ±0.6 ::1: 2 UOd - :t: ~ -------------~ ------------------------------ ... I-- 31 5 61 1 ~2.6 119,4 11 7,U 154.3 t76.0 503.tl M2.7 tl2S.7 716.7 787.tl 878 965.7 1031 '(l03 40104 C/l' 0 

Ig K 418.7 4.339 .S/ 1.9 , ±0.4 ±O,' i:O,' ±06 ±O.I ±0.3 :t:O.2 ±0.2 ±0.3 ±0.5 ±13 ±0.3 ±I or3' a "'. 
- 67 3 -~-,-~ ~ 14:1.3 ~ 211.3 [,111.6 ~"""'i25.7 ~ ~9iiO" 10HU 115:15i1iI'~ ;:.":" ~ 
20 fa 5~1I.5 6.111 11.87 ~J.21 . ±I :1.:1 ±US :iO.4 ::In. 7 ::c0.1 ±o.~ :::0.2 :::0.3 ±0.4 ±0.6 ±20 ±o,:i ;il:::" ::r ~ 
--- • ----I-I-I-):W 15U.2 I~O,2 -mo~ 686,4 ~~92'9.illOlO,2 ~ 1209,5 )2';i2~ 

21 :,;,' on.d 6.56 1Z.89 24.75 ,3.9 91,11 ± 1 ::1: I :t. O.a =- 0.5 ± 0.11 ::r. 0.2 ± 0,3 ± 0.2 ± 0.4 ± 0.5 ± 0,6 ± 20 ± 0.4 ± I ::: 5 

. 43 "4 99 8 ~ -1-'-1 -~ 1Il:I:12i6:il 265 ~ 7iitI.l ~ -:yw.o 1046,5 Ii32 ~ ~ ~ 
~"Ti 658.6 6.83 13.57 2h,14 .-' ::. I :i 1 i:O.5 ± 0.6 i I ± 0.2 ± 0.4 ± 0.:1 ± 0,5 ± 0,6 ± I ::!c 30 ± 0,4 :!: 2 C;; : 

I-- " ~ ~ 23iJ.2 --uo- --:i08 3:i6.l ~ 9"75.l ~ 1170.3 l260 138O'1Wi:e ~ 
28 V 660.2 6.74 14.2 29.7 46.0 65,2 1.8.9 151 ±1 ±2 ±0.6 ..±l±l _±0.2 ±0.5 :±:O.S ±0.7 ±0.6 ±I ±30 ±0.5 
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TABLE OF ION1ZA nON POTENTIALS OF THE ELEMENTS (continued) 

-~~~-- \ \ \' \ \ ~ ~~-------l ---~ 
I, I I, I 1.\ 1.1 I, I, I, I, I.. lui I" I 1111 lui 1 .. \ I.. I" I I .. I I .. I I .. 

," ,1' tl" tl' t/' ,F ,I' ,t' ,I' .t· d' tf.' til d' ,/' .u ,I'd' tl' 

~~ Il'r I tI;'~.;I 1 6.764 16.49 31 (SI) 73 90.6 161.1 18S :WY :!,~ :!i2 :!YII a5' ;1,;:1,\1 1011.,; 1fJ\I~.~ 11><1.\1 laOI I:S!.:. 15~:. 
1---- __________________ ------~~~~ ±I :t o.2 ±O.tI :::0.:1 ~~I.fI :::1 '" I :: :1:. 

7.M! I5.6J 33.69 (5:l) (70) 100 190.24 190.' 221 2411 211~ alb ~ ~ ~ ~ ltii'T "'i':iT:i':U ~ !:.:iT ___ I I---------------~------~~~ ±I ±1 :;:1 ±0.3 :::11.7 :;:0.4 -: I - I ~::I 
~li I Fr 7.i~.O '.9u 16.1,\ 30.64 (56) (,g) 10:1 13? lSI :!3U ~n:! 291 ~ ~ ~ ~ 4~~.4 ~ ~ ~ ~ 

_______________ ~~--- ::':0., ~::,I :,:2 ±I ±I :t;1 ±0.6 '::1 :c:Il.4 ~ I.:, ·,1 

•. .\6 1'.U5 JJ.49 (5;1) (112) (JOII) IJ:I \t;~ 1115.9 2'U.O ~~~~~~~~~ 1:;~5 
___ _ _______________ ~~~~~ :::1 ±:! ±I ±I =,~ :::lI.' =:1 ~:~".l ·~I:. 

:!~ ~;\,i 736.5 •. 633 1~.r 36.16 (50) (,II) (lla) (U3) 16~ 200 224 321.-1 ~ ~ ~ ~ ~ ~ ~ J:.Tl i~ .. :f.'l ___ _ __________________ ± __ ~~~~ ±I :;::2 :':1 :!::! :;::! "I :·,1." , .. 11.:. 

:!~ ,'u ,45.3 7 .• 24 20.29 36.83 (59) (113) (109) (118) (l1l2) 2,011 241 205 a70 ---.or- 4au-~ ~ ~ ~ ~ IIiii'I ___ _ ____________________ ~~ ±I :::1 ±I =:1 ±2 :::1 :;:2 :::2 .0:1 ~-l 

ao ZII 006.0 9.391 17.96 39.70 (62) (!!6) (114) (144) (ISS) (224) 247 --- 3il421--rn- 49t ~ 5iiO t;'i!l ~ 7~:' r.:- ------------------------~---~ ±I ,-:t
2 

±I :;:a xl :::2 _- :::1 
~ "a 57"6 ~ 20.S1 30.70 ~~~~~ (231) (2,1) ______ -----.;:-------------------

'.b~ 15.93 34.Z1 4S.7 93.1 (123) (155) (l1l9) (226) (2110) --- ------------ ---------

:!:. ~III 710.~ 

';' :I ..... :.! '\1 

G. .00.3 J:! 
1--1-1 1---------- ----1M. 6" 9 --- --- ------ --- --- --- --- --- ------ --- ---

9.~1 ... '0.1 28.3 SO.I ~~'-O.1 127.5 (160) (1116) (~J') (2.4) 
--.- -"-- --- ---6riT -.-, - ------------ --- --- --------- --------- --- ---
~ 21.'; 32.0 42.9 ±O.I l·o~~ 15S (202) (~U) (2~:!) 

J51llr 1 1"2,2 I/U4 -;;;---;;;-~ !~071 ~II.~, 1030, ---;;;- (24M) (201) ------------------------------
I-- __ ___ _ ______ ~ __ . _ :to .• ~ __ _ 

~\ I \
/3.996 2U6 36.9 ~H 64.7 ~8051 Illo~, i~~1 -;;--(300) ----------

J7 --;.;- 402.8 -;;;; ~7.S6 -.-u-~ -;:;-~ IiUT l:i'tI---U;U -.;;;- --- ------------ ---------------
xO.1 ± I ±2 

-- ~~~~~~~~~~~---------------------------
___ ___ ___ ___ ___. ±O,I ± I ± 2 • 

39 Y 6IC'.5 6.H 12.23 20.5 6U! 77.0 ~ ~ --;;;-;;- )46.2 -I-U-I - -wi! -:;;;- --- --- --------- --- ------

~
_ _ __ ' _ :1:0,2 ~LI ~rj 

4U Zr 6511.4 6.8J~ !t.9:! U,N 3:1.~7 82.3 ~ -1-10- --;;-~ ~ :!~~ --------- --- ------ --- --- ---
___ ___ ___ ___ ___ ___ ___ ___ :1: 0.2 :L:! ______________ _ 

U ~h 663.6 6.88 13.90 28.1 38.3 50 llO.4 It4 141 105 I~O tO~~.~ --- --- --- ---

--------- --- ------ ------------~ --- --- --- ------ ---' 
42 !Ito 6/!'.1I 7,131 IS.'2 211.6 46.. 61.2 67 131 15j 10. 1114 21U --- --- ---

.\!!\ 9"6.2 :\:1 

1--1--1---
s .. Y4lI.4 J' 

"r :it) 1350.3 

J~ ~r 54;.11 

~ -;:- 611 •. 5 7.32 ~ ---;u- (.;-~ "(;) ~ ~ -;;-~ ~ ------ ------ ------ --- --- ---
I-- ------------~~ __ '~~~~~~~ (IUO) (110) 1112 tlU 225 - - - - - - - 1- -

45 1110 719.7 [--,tI Pd ~Uj 5 

4, ~ ,306 

'0 \ ,d \ 1'07 5 

4U III 051'.1 

~ 
au 1 So 70 •. 2 

IS.92 (67) 7.46 32.8 (lU5) (40) (H5) :!:!;, :!50 (147) (126) 

8.33 19.12 (3) I'U) (60) (90) (111) (1:12) (155) (1.0) 261 

------ ------------ --- --- --- --------- ------ --- --- ------ --.--
7.S74 2l.4~ 36./U (52) (70) (1l0) (116) (laU) (162) (I~') 

----1------ ---------__ - _________ ---_ -----_ ----
8.991 16,904 44.5 (55) (73) (114) (115) (146) (170t' (1\15) 

----1--- --------- --------'---- --"-- --- ------ ------ - __ --------- --- ---, 
S.;~S 18.~6 2~.1J 58 (77) (91l) (l21) (1U) (l7!!) (204) 

1--1 1-------------- - ___ -----------_ ------ - __ _ 
7.3321 14.6 1 J{)~7 1 ~60~1 91 (IU3) (120) (1;.1) (176) 121a) ~- - -~~ •. .,-- - -- - -
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TABLE OF IONIZATION POTENTIALS OF THE ELEMENTS (continued) 

z I 1-:1.
meDt 

WI, 
t L'll , F

I
, .v 

I, eUI , Il' 
I, 

.(1 
I, ,VI, I tV I, • V I, , VI" 

51 Sb 833.6 8.64 !~75 u.s 41.1 !308s 119 (132) (157) (184) (211) 

,(I 
I .. ,TJ I" tV 

I" 
<1: 

I" 
tU

lu 
t['l

n 
tI' 

I" , '.J •• , f:' I" e, 
I .. 

Uh ~~~-J-'--J-S-~~~~(IH)(~------------------------------

53 J ]006.9 ~ ---;;;;- -3-J-~ -.-,\- :3
2 

~; ---;;;- (200) (~20) --------- --------- --- ---------

>1 X, 1169~ '12.127 --;;;;--;;;-~~-;;- ~~ 12~ ---;;- (2311) ------------------------------
~ or 

SSll'S 3~S.6 -;;;; -;;;;- ~~i6i ~ ~ ~ ~;; ~~ ~ ------ --------------- --- ------

. -- ---- ------3'1" --- --.,- --- --- ---}"i"4 ~ ------~ -. -- --------- --- ------
,6 lIa 560.6 :'.810 10.00 ± I (49) (6.) (110) (93) 127 ±4 ± 5 - - - . - - - - - - -

,7 La 5U.4 ~~-;;;;~~~o;;-~~ ~6~ ~O! ---------------------------

5ti I', 1666.5J [6.911 j;;-~-;;;-u;;)~~ (122) o;;n-~ ::: ------------ --------- ---
--- --- ------ ------------ --- --------- --- --------- --- ------ ---

5D Pc [555.6J [:'.76J (KY) (106) (l~~) (WI) (162) 1117 

------ --- --------------- --- --- --- ------ ------ ------------ ---
W :'i,\ [60~.1I1 [6.31) (Ill) (l2U) (147) (171) 

------------------------------------ --- --- --- ------------ ---
61 J'm - (135) (1;4) (173) 

--------- --- ------ --------- ------ --- ------------ --- --- ------
62 ~ru '40.1 :'.6 [11.2J (161) (1111) 

------ --- --------------- --------- ------------ --- ---------
63 Eu !>46.S :'.67 11.21 (IR7) 

--------------------- --------------- --- ------------ --- --- ---
64 Gd 59U I 6.16 I [12J 
f- ----1--1--1--1--1--1--1--1--1--1--1--1--1--1--1--1--1--1--

65 Tb [6;0.2J [6.74J 

f-- ---------1-1-1-1-'-'-'-,-,-,-,-66 lly [657.8J [6.821 - - - - - - - _-_ - - - - - - - - - - --
f- -- ------ --- --------- --- --- --------- --- --------------- --- ---

67 110 - - - - - - - - - -

f-- . ----------1---------~ ~ - - - - - - -' - - - - - - - - - - - - - -
-------- ----------------------------------------

60 Tm - -- - - - - - - - -- -- -. .. - - - .. -. - - --

f-- -----------1---------7U Yb 597.9 6.2 12.10 - - .• .- - - - ---- - - - - .• -. -. • --

f- -------------------------------------- ---
71 Lu 593.3 6.U 11.7 (I~) 

72 [ Hf 530.5 S.$ 11.9 (21) (31) ---1---------------------'---'---'---'---'---'---'---'---'---'---'---
;. Ta 7'~.7 7.7 ~60~< (22) (~3) (45) -- - - .. ,1-' 

~ w 770.0 7.9~ l~L: (24) (35) (411) (61) - - .- •. - - - - -- '='='='=.= 
~5 R. ~.W.I 7.~7 I!ts (26) (311) (51) (65) (7W) 
f- _- --. - ------------------ ------ --- --- --- --- --- --- --------- ---

76 o. ><3D.U &.7 ~\ (25) (4U) (~') (611) (~3) (99) 

f--- ------------------------ ----------------
.; It ,,;~7.6 9.2 11·g.
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TABLE OF IONIZATION POTENTIALS OF THE elEMENTS (continued) 

, 1:" .l' " tI' 

" 
tV,., tV 

" , VI, t UI" 

1 

• v, I' f.', 
Il ~. 

t {' 

'" 
t ("" I '("" .L' ' .. ,p 

'" \ ,/J, .. t UI .. t If'M 

18.54 ~ (41) ~~~~ (127) (146) I - I - I - I - I - I - I - I - I - I -
1-1-1 1-- -- ------------------------

20.5 (30) (H) (58) (73) (96) (I H) (133) (153) 711 I Au 8~9.; 9.22J 

~I~I H>06.5 1~IIX.751 -;;:;-~ ~ ~ ~ (120) ~ ~I---I---I-.. -I---I---I-.--I---I-.--I---I---
--,--1 /---1---1---1---1----1---1---1---1-----1-----1----1---1----1-----1----1----1----1---1----.----

to.42 129
.
8 I 50 I (04) I (81) I (US) I (\17) I (14~) I (1M) I - I - I - I .. I - I - I -. I -, I - -

-·--1 I~I~ --;;;;- --;;;;-~ ~ ~ ~ ~ ~ -_-- --_-- --_-- --_-- --_-- --_- -_-- --_-- --.-.-1--,-.. -~I I TI ~~9.1 6.106 

112 I 1'1> .15.1 

1-1-1 1-1-1-1-1-1-\-\-\-\-\-\-\-\-\-\-\-\-\-\-;1l~.0 7.281 19.J 2S6 45.J ~~~~~~_-__ -__ -__ -__ -__ -__ -__ -_._.-_._-_ 

(61) 1 (73) (112) (132)(154) (176) - -' - - _ - - - - -

83 I HI -------
8.2 19.4 27.3 (38) 

~ " 1--~-1I-7'-6--11~1'-,.~""',:- 2~.;:: ~:: <'-1)- --(5-1-)- --(--,1\-)- --(-01-)- -(-1-38-)- -(-1-60-)- --(1-83-)- ---- ------ ---, - ----- --- ------ ---- ----

;UO.~ "4 I Po 

I-- ~ ~ --- ------ --- ------------ --- --- ------ --------- ---
~6 Rn 1036.; 10.71; -±'1.8 ± '1.0 (H) (55) (67) (97) (Ill) (106) (190) t::- -- 398 225 33"S ------ ------ ------------ --------- --------- --- -----
~ h 383.9 ±O.IO ±'1.8 ±'U (43) (50) (71) (84) (117) (133) (107) 

tiS ~ 509.1 5.277 10.144 (;') (";) ~ ~""(;) ('iOa) OWl ~ ---j--- ------ --- ------ --- -----

6 80 ~ -- -------- ------------------------------------
89,\r 064.5 ±·0.8 ±·o.. (49) (62) (76) (Q5) (109) (123) (164) 

\lO Th I~·~.O -;;;;;- ---;;;-~ (;) (;.) ~ 0;;;) ~ --------------------------
I- -------------------------------------- -------

91 "A (84) (100) (l15) (l3M) (154) .--- --------------------_._----------------
92 I l' 386.0 

\ 
! 

L __ =._~ 1(104) (121) (137) ()62) 

--~--~--~--~--~--~--~--~--~--~--~--~~ 

(FROM: Backpr-Goudsmith. Atomic Energy States. New York 1932. Uyterhoeven. Electrical glow-discharge lamps. 
Springer. Berlin. 67. 1938, W.L. Granowski. Electric current in gas. State pub .. 'techno theoret. Lit., 

Moscow-Leningrad, 413. 1952). 

LEGEND: eUMs 
eU I 1 

Element 1 

~ e U II. 
to 

eUl • 

Excitation potential for metastable levels. 

Ionization potential of the neutral unexcitpd atoms. 

HI He N Ne Na Ar Kr Hg 

10.2 19.72 2.37 16.57 2.12 11.49 9.86 4.66 
" C ,. 

12.7 20.51 3.56 Hi.66 4.27 11.66 10.51 5.43 
--

13.59 24.56 14.55 21.56 5.14 15.76 13.94 10.44 eV 
-----
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" DES I G N D A T A 93A - OF 3 
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) 

PREPARED BY DATE 

Richard Reimers 4/67 
LBL STANDARD STAINLESS HIGH-VACUUM FLANGES, 
DIMENSIONS AND APPLICATIONS 

REVISED BY 

Richard Reime rs 
DATE 

3/80 Rev.A 
REylSED BY DATE 

Type 304 stainless steel 2.75 11 (69.85mm) outside diameter high-vacuum bakeable 
fl anges are stocked here. Thi s note gi ves i nformat i on about these fl anges ~Jhi ch 
have been found to be very useful as a standard for use wi th 300 series stai nl ess 
steel tubing from .750 to 1.750 inches o. d. Recent suppliers have been MOC 
Corp., Varian, Granville-Phill ips. 

, 

1. 

2. 

., 
J. 

4. 

,5. 

00 not braze these flanges. 
316L, or' 321 stainless steel 
possible. These flanges may 
stainless steel. See Varian 

Weld them. Use types 304, 304L, 316, 
tubing. Internal welds \t/herever 
be welded to materials other than 
brochures. 

Outer part of rotatable flan!)es is Type 303 stainless (non weldable), 
not type 304 (~Je1dable). 

Advertised temperature range: -1960 to +500 0 C. (Reliability 
above 3000C decreases.) 

Handling: Keep flanges hydrocarbon free and keep seal edge nick-free. 

Use high temperature lubricant Fel-Pro C100 (Varian #953-0031) on 
scre\'/s and between nuts and flange to prevent galling. First 
tighten bolts finger tight, then tighten them in order 1, 4, 2, 5, 
3, 6. See figure 1. -16 foot lbs. torque recommended. 

F /8. / 

No SCALE. 

J 
(f) 

I -_. + _ .. _-_. 

I 
@ 

4 
6. Gaskets: Varian recommends that a ne\'J copper gasket be used each 

time that a seal is made. Bring the flanges up just metal-to-rneal. 
During the time that a system is being set up and debugged, many 
peopl e use the Viton "A" gasket 4730-51142, Hhich only requi res 3 
bolts to seal and is reusable if both flanges and gaskets are 
treated with care, i. e., no nicks in flange and no foreign 
material on gasket or knifedge. Note system bakeability is 
limited if Viton used. 

7. Gaskets are LBL #4730-51141 (copper) or 4730-51142 (Viton). 

8. Washers are not required for hardware discussed in this 0093. 
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DESIGN DATA 93,1l, 

~---------A--------__ ~ 
E--------l 

t-----G-------I 

DRAWING III 

I 1- :'1 -I 
I i ~C::;;:~;,.:~i\s,:' ,J: l=r 

DRAWING V 

1-- A .. ' 

I t---I--. -E------I-"I 
DRAWING VII 

Double-sided Flange 

~---------A----------~ 

E---~ 

1---- B -'-----I 
F 

1-*---- G ---1l1-t 

DRAWING IV 
(Shown welded to tubing) 

DRAWING VI 
(Shown welded to tubing) 

~---------A--------~~ 

~-------E-----~ 

t------G ---~ 

DRAWING VIII 
(Shown welded to tubing) 

OF 3 



ROTATABLE FLANGES 

Note: All rotatable flanges are 2.750 inches outside diameter and use 1/4-28 UNF screws 1.250 inches long. Screws 
are Varian part no. 953-5020. All rotatable flanges have six .265" diameter bolt holes. Screws may also 
be purchased from Ferry Company or MOC. Must be type 304 or 316 S.S. 

.Varian LBL Nom. 1.0. BCD E F G H 
Model Stock (std. Owg. (Set- (Rec. 
Number Number Tube 0.0.) No. (1.0) (Thick) back) ,(B.C) (Step) (Clear.) Depth) 

954-5072 4730-51134 

4730-51135 

Blank I I I .500 2.312 1.560 .300 

954-5075 

954- 5073 

954-5074 

954-5071 

Non-stock 

Non-stock 

.750 

1.000 

1.250 

4730-51133 1.500 

IV 

IV 

IV 

IV 

.760 

1.010 

1.260 

1. 510 

.500 .209 2.312 

.500 .209 2.312 

.500 .209 2.312 

.500 .209 2.312 

NON-ROTATABLE FLANGES 

All non-rotatable flanges are 2-3/4 inches nominal and 2.73 inches actual 0.0. 

.035 

.035 

.035 

.070 

Vari an LBL Nom. I. O. BCD E F G 

1.560 

1.560 

1.560 

1.560 

.300 

.300 

.300 

.300 

Model Stock (Standard Owg. (Set- Bolt Holes Screws 
Number Number Tube 0.0.) No. (1.0.) (Thick) back) (B.C.) (Step) (Relief) No. Oiam. Thd. Length 

954-5077 4730-51139 Blank V .500 2.312 6 .265 1/4-28 1.250 

954-5066 Non-stock .750 VIII .755 .500 .209 2.312 1.370 6 .265 1/4-28 1.250 

954-5067 Non-stock 1.000 VIII 1.055 .500 .209 2.312 1.370 6 .265 1/4-28 1.250 

954-5068 Non-stock 1.250 VI 1.260 .500 .209 2.312 .070 6 

954-5076 4730-51138 1.500 VI 1.510 .500 .209 2.312 .070 6 

.265 

.265 

1/4-28 1.250 

1/4-28 1. 250 

95~5069 4730-51137 1.500 VI 1.510 .500 .209 2.312 .070 6 1/4-28* 1/4-28 .875 

952-5001 4730-51140 1.500 VII .750 2.312 6 .265 1/4-28 2.000 
4730-56658 1.500 1604553 1.000 2.312 6 1/4-28* 1/4-28 .875 

*Tapped bolt holes (LBL) 
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For simple low-field bending magnets (B < 10 kG) a mllllmum pole -tip can be 
found by the use of this De sign Data when the useful field width and the allowable 
field variation are given. The pole tip may be contoured as shown on Fig. 2 or have 
a simple square edge. 

Comparing the width of a simple square pole tip with the width of a contoured 
pole tip can help establish the early design and cost estimate. Accurate coordinates 
required for manufacturing a contoured pole tip can be obtained by using self
optimizing programs such as NIL or SMIR T. 

How to Use: 

To find how far the pole tip must extend be yond the edge of the usable field, x, 
when given the field uniformity 6B in pe rcent, use Fig. 1. The total pole -tip width 
in half gaps is: p =, w + 2x, where w is the required usable field width in half 
gap s . 6B = ± (B - B 0) / B 0 • 

The approximate shape of the pole tip would be similar to one of the shape s in 
Fig. 2. The effects of iron saturation and of coil currents are neglected. The 1% 
data has been checked with POISSON at 0.5, 10, and 15 kG. The POISSON solutions 
for fJ. = 00 and Bo = 10 kG are within 2% of the analytical solution(l) at all points. 
The Bo = 15 kG solution deviates froITl the fJ. = 00 solution by 3% because of satur
ation of the SAE 1010 steel. These curves are not recommended for general use 
above 10 kG. 

The pole tips shown on Fig. 2 have a contour that extend s to a height of two half 
gaps. The two curves in Fig. 1 intersect at a field uniformity of about 5% indicating 
that the square pole tip can be narrower when the midplane field variation is greater 
than 5%. The curves in Fig. 1 would have intersected at a different point had the 
contours of Fig. 2 extended to a point higher or lower than two half gaps. 

Example: 

A low-field bending magnet is to have a magnetic field uniform within 0.2% at 
the midplane and over a width of 6 half gaps. What is the minimum width of a con
toured pole tip? Of a square pole tip? 

Solution: 

From Fig. 1 a contoured pole tip having a 0.2% allowable variation requires 
0.97 half gaps to be added to each edge of the pole. The contoured pole width required 
then is p = 6 + 2 (0.97) = 7.99 half gaps. From Fig. 2 a pole tip that satisfies 
these conditions has a shape somewhere between the 0.01 and the 1. 0% curves. A 
square pole tip requires 1. 55 half gaps added to each side to obtain the same 0.2% 

'accuracy. The square pole width required is p = 6 + 2 (1.55) = 9.10 half gaps. 

! 
( 1 ) 

Further discussion is given on Engineering Note M3967 by Vadim Kopytoff 
October 5, 1967, "Analytical Solution of Magnet Pole Shimming Problems. II ' 
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The purpose of this standard is to establish a uniforITl systeITl of graphic sYITlbols 
in vaCUUITl technology. 

The graphic sYITlbols are a shorthand used to show graphically the functioning 
and interconnections of vaCUUITl cOITlponents in a single-line scheITlatic or flow 

diagraITl. 

A single -line diagraITl is one in which the graphic syITlbols are shown without regard 
. to the actual physical location, size, or shape of the cOITlponents ...... ,"' ... c.' ";; '.::' 

.. \1". ',~-, ... " . :, •. ; 
". " . .....:',. .> <c· '"c .... ", '''''.'. " •. ',,,, ,,' ' .. .',.', , " .. "'. 

A syITlbol shall be considered as the aggregate of all its parts. 

The orientation of a sYITlbol on a drawing, including a ITlirror iITlage pre sentation, 
doe s not alte r the ITleaning of the syITlbol. 

A sYITlbol ITlay be drawn to any scale that suits a particular drawing. 

Arrows should be oITlitted unless necessary for clarification. 

.. ' 

VACUUM GAUGES BAFFLES VALVES 

general symbol Q general symbol $ general symbol --i><i-

_ith '001 orientation 
~ 

manometer, 

~ 
ambient $ gate or slide -m-

liquid level 
_irhout .eol orientation 

$HI refrige'roted gate, with bypass port -W-
manometer, cp uenote7 

diaphragm 

$ poppet or globe, 
sorbent In-line or angle --tx1-

McLeod ~ 
'6. nole" 

.. ' 1[J boll -tel-

~ thimble trap thermocouple 

[! butte rAy or -i#-quarter swing 

Plranl ~ -£-solenoid 

lonlzallon, ~ AND ~ cold cathode VACUUM CHAMBERS ACCESSO.,ES pneumallc 

lonlzallan, 0? 0 bellows-sealed ""'" 
hot cathode 

-{><}-
general symbol I Vacuum I throttling or 

~ ~ 
ct'lomber 

Knudsen calibrated leak 

~ 
bell jar 

residual gas analyzer .n air admittance -t>< 

t stopcock -e-0 view port 2-way, 2-positlon 
radlaacllve 

stopcock -0/ 
~ blind flange port ~ 

3-way, 2-position 
nude or door 

I •• "01. 6 stopcock -0/ 3-woy, 3-posllion 
o· 

c 
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PUMPS FEED-THRCUGHS LINES AND CONNECTIONS 

MECHANICAL PUMPS: r6J- 1 + generol symbol generol symbol 

1 connected + liquid-seoled, ~. 1 single~stoge 
see note 4 

rototing T liq u id-seoled, ~ not connected + -v "';~,E".~<'ii:. compound 

1_ ,-
. blower, lobe type, -®- sliding --=r-single-stage flexible line --'VV'-

f~ blower, lobe type, 
-H~r bellows-sealed compound demountable coupling II 

turbomolecular -@- + , 

electricol 

DIFFUSION PUMPS: 

dn-general symbol 

diffusion, oil ctJ-
Uti note 1 

diffusion, mercury ~ 
diffusion, booster rn-' .. no'. 1 

~ ... :;,,*,:;,\,' diffu sion-ejector W- " _,.' : ~.,:y;'i"':·:::l:>,~,~,;7;'{~;';;\·'~AL 
" 

,', .. ,. 
see note 2 

ejector rJ-
SORPTION PUMPS: rJ 

/ 
NOTES 

general symbol Optional: Vacuum line (50lid) 

1 Add chemical name of S omiHed on (ryo ponel&. 

~ 
oil below symbol. (ryogenk line, 

gette r-evoporotion Optional: . 
(doH"d) optional. 

see note 3 
2 Add chemical nome of 10 spectfy type of nude 

fluki below symbol 
gouge, a.d.d after N the 

sputter-ion ~ 
Use element ,ymbol 6 proper leH.; or I.Her, 

I I 3 for deSignation of from vacuum gouge, 
I I geNer mot.riol. II.t abov •. 

~-~--
Minimum dlometer of For oth.rs substitute 

cryo 4. dots five limes lin. 7 IN with nome of 

width . coolant or cooling 

••• note 5 

~ 
Typical (ombinollon of symbols: ~ 

cryo-sorbent 
lB (0) pneumatic gate ~ol.e with A 

~ &eot orientation. ~b) solenoid 
operated oir-admi"once .01 •• 

-:E - NOTE: - This list of symbols is reprinted from AVS Tentative Standard 7. 1 - 1966. . 
, 

0 

I 
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F. Caplan, Kaiser Engineers, Oakland, Calif. 

For thick-walled cylinders under internal pressure 
only, Lame's solution can be written: "" 

s 

v\'here 
S = l'.Jaximum circumferential stress, occurring 

at the inner surface, psi. 

II II'IIII-rt 
12 10 9 

50 DO 
D Outsi de di ameter (i nches) 0 r 

Pi = Internal pressure, psi. 
D and R = Outside diameter and radius, re>pcc

tively. 
d and r = Inside diameter and radius, respec

tively, in the same units as D or R. 

• Reference: F. B. Seely, "Resistance of Mate,·ials". Joh II 
Wiley and Sons, Inc. 

I 
8 7 6 

R Outside radius (inches) / 

6000 

Note: If scale values of D are multiplied by 10, then scale 
values of d must be multiplied by 10; if scale values 
of Pi are di vi ded by N, then scal e vol ues of S must. 
be di vi ded by N. 

-7000 

8000 

9000 
,.-... 
'iii 

10,OGO~ 
d>-

:; .., 
VI 

~ 
0-

"0 
E 
2 
c: 

0... 

-- 20,000 

:Xl,OOO 

4D,OOD 
50,000 

-100,000 
20J,000 

7000 

8000-

.-. 
-iii 9000 
...:;, 
..,-

10,000 .., 
e 
Ui 
"0 
C 
d> 

.2 
E 
:::> 
~ 

0 
Vl 

20,000 

"'.OOO~ 
40,000 
50,000-

=1 
100,OOQ~ 
200,000 

0'" 

~ 
<? 0-'" 

\::::<::' 

~rl'" 
~,., 

~<::i 

. b~ Example: 
e,' ,<::- What must be the inside diameter of c 9.00 

b inch 00 cylinder, with 13-,400 psi i:,'er:1a! 

R·=f"?rence line 

pressure, if stress shall b~ limited ~.) 2.J,OOC 

psi? 

~--~9.~OOX---~---

5 

13,400 

Align Pi=13,400 with S=20,000 cod <00-

ti"ue to Reference iine. Align this in~er. 

section with 0==9.00 and reed d·-'..!.OO j'lC h r.':'O. 

Reprinted with permission from DESIGN NEWS August 1, 1960 
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These formulas are applicable to stress problems that arise in the following 
situations: Reinforcing frames for rectangular ducting in test chambers, wind 
tunnels, containers, etc., under internal and external~pressure*conditions; 
reinforcing frames for rectangular openings in cylindrical and spherical pressure
shells where the radius of curvature is large relative to the frame dimensions; 
concentrated loadings on rectangular frames transmitted by hinges and latches, as 
exemplified in'test cells, missile instrument compartments, ~ind tunnels; structures 
such as building frames, culverts, etc. 

Loads, on top and bottom members, and side members, must be the same- self
equilibrating. All load cases may be superimposed and the moments added when 
different loadings are combined. 

Moment is positive when the inner side of the frame is in tension. 

w = applied load per W = total applied load. 
unit length. * A check should be made for stability-type failure. 

I moment of inertia of 
frame cross section. 

Reprinted with permission from PRODUCT ENGINEERING Nov. 23, 1959. 
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I --'I' t jJ~ "::::~~2A 
z -H:--~A , 

"G' N';4:m:P ~Iu f 
THREAD 

3/8 ON 7/a & 

'''SIZES 

V UNION NUT 

UNION 
GASKET 

NOM. B 1 

-~3:: -, 
y 

-r'4t-- ::;;~~:17 
--I t-". (I 

~ f--- NI- .~~ 

SEE NOTE #2 

IV UNION NIPPLE fOA 
NON METALLIC TUBING 

"'" H'X9A ··0·' UNF-2A THREAD 

1. ...Ll 
z - - A B 

1~{r; en 
/(3/80N7IB.'''&oI''B l StZeSONLY 

V"II HALF UNION 

T. B. Lewis 

S I Z E, CAT A LOG U E N U M B E R&D I M E.N S ION S (SEE NOTE 101 

TY'E~--------r---------r---------'---------'---------'---------'----------

1/4 3/. 1/2 3/4 7/. 11/8 

4730-16170 4730-16171 4730-16172 4730-16173 4730-16174 4730-16175 

4730-16193 4730-16194 4730-16195 4730-16196 4730-16197 4730-16197 4730-16197 

'" 5330-22218 5330-22221 5330-22223 5330-22227 5330-22230 5330-22230 5330-22230 

IV 4730-16161 4730-16162 4730-16163 4730-16164 4730-16165 4730-16165 4730-16165 

4730-16133 4730-16134 4730-16135 4730-16136 4730-16137 4730-16137 4730-16137 

VI 4730-16155 4730-16156 4730-16157 4730-16158 4730-16159 4730-16160 

V" 4730-16176 4730-16177 4730-16178 4730-16180 4730-16181 4730-16182 4730-16183 

VIII 4730-16138 4730-16139 4730-16140 4730-16141 4730-16142 4730-16142 

IX 4730-16151 4730-16152 4730-16153 4730-16154 4730-16154 

4730 16148 4730 16149 4730-16150 4730 16150 
XI See Type XI Dimensions Below 

XII 4730 16184 4730 16185 4730 16186 4730 16187 4730 16188 4730 16188 

XV 4730-16166 4730-16167 4730-16168 4730-16169 4730-16169 

A 3/16 6/16 1/16 11/16 27/32 27/32 21/32 

8 1/4 318 1/2 3/4 1 1 

C .433/.423 .610/.600 .780/.770 1.000/0.990 1.3801(370 1.380/1.370 

o 1/2-20 11/16-16 7/8-14 1 1/8-12 11/2-12 1 1/2-12 1 1/2-12 

E 9/16 3/4 15/16 1 1/8 1 1/2 1 1/2 1 1/2 

F 5/8 13/16 1 " 1/4 1 3/4 1 3/4 

G 1/8 NPT 1/4 NPT 3/U NPT 3/4 NPT 1 NPT 1 NPT 

H 1/2 1/2 5/8 314 1/8 7/8 

.3181.313 .443/.438 .5681.563 .849/.844 1.110/1.105 1.110/1.105 

25/64 9116 23/32 1 1 318 1 3/8 

9/32 13/32 17/32 25/32 1 1/32 1 1/32 

5/32 
1---""-

I
z T l/r, 3J40N 3J4. 71S 6 

t'''SIZES 

:/ Z .253/.255 .378/.380 .503/.505 .753/.755 .8781.880 1.004/1.006 1.129/1.131 

SHOULDER ON 7/8" '" '''SIZES ONLY 

3/' L{'''ON 112 SIZE AA 5/16 5/16 3/8 5/8 3/4 3/4 

B8 .318/.313 .443/.438 .5681.563 .849/.844 1.068/1.063 1.068/1.063 

1 112 ON J,4, 7/8 1111·' SIZES ~~::~+---::.3::-23:C/.::-32:C8--t---.~-,,~:...::-:~::-T--t--'~::/::"'3~:::7:C:--+---.854':3:.:/./:'.::...:::......+---I.:.~/:...,:.:;~::..~;:..20-l---, . .:::~~.::/'-'~PT:..:.,20--+-------
VIII UNION PLUG IX 

"R" SAE FLARE 
TUBING SIZE "0" UNF - 2A 

THREAD 

XI UNION COUPLING WITH 
SAE FLARE FITTING THREAD 

fj "'''H'X 
"O"UNF-2A\ "0" UNF-2A 

THREAD ~ THREAD 

L -L 
• -t=- A 1---=1- • 

~j ~~~~~~ ~ 

UNION NIPPLE WITH 
MALE PIPE THREAD X UNION NIPPLE WITH 

FEMAI,E PIPE THREAD 

SEE NOTE #2 

ff.f.j
"e"HEXjV '~~~:~-2A , , , 

1 ... I 

, f~~Uf I 1-83 

f.--1114 ~ 1 f-u 

\ I f 31S ON 7fSIII1"SIZESONLY 
SEENOTEe P l 

XII UNION COUPLING WITH 
NON·METALLIC TUBING NIPPLE 

~ 3f80N7/81111"SIZESONLY SEE TYPE VII 
FOR DIMENSIONS 

SEE TYPE VII FOR 
OUTSIOE DIMENSIONS 

XIII COUPLING XIV 
HALF·UNION 
PLUG 

JJ .22 .34 .47 .72 .97 .97 

T Y P E XI DIM ENS ION S 

PanNa. 16189 16190 

Size 1/2 UCRL X 3/8 SAE 7 1/2 UCRL X 1/2 SAE7 

v 
w 

3/80.0. , 20 o. 
1 7/32 

7116 

7/. 

1, THIS IS NOT A WORKING DRAWING. 

ORDER BY INDIVIDUAL PART NUMBER. 

2. SIZES SHOWN ARE 0.0. OF METALLIC 
TUBING, I,D, OF NON.METALlIC TUBING. 
EXTERNAL DIMENSIONS OF 7/S" FITTINGS 
ARE IDENTICAL TO I" AND THEREFORE 
WILL NOT FIT 7/8 I,D, HOSE OR PLASTIC 

TUBING, 

1 11/32 

17/32 

7/8 

NOTES 

3. 1/8 AND 3/1e SIZES ARE NOT RECOMMENDED 
FOR GENERAL USE AND ARE NOT STOCKED, 

4. SUB-NUMBERS OF O-RINGS CORRESPOND TO 
THOSE OF THE AN·tl227 SERIES, 

5. ALL PARTS EXCEPT GASKETS ARE MADE Of BRASS. 

16191 16192 

1/2 UCRL X 3/4 SAE7 341)CR X 3/4 SAE7 

3/40.0. 3/40.D. 

1 .3/4 1 3/4 

25/32 25/32 

, 1/4 11/4 

8. , .. UCRL FITTINGS SHOULD BE USED 

WITH CAUTION BECAUSE Of THE LACK 
Of SOLDER JOINT fiTTINGS FOR 1" 0.0. 

TUBING (TYPES K, L &, M TUBING ARE NOT 

MADE IN '" 0.0. SIZE). 

7. TYPE XI IS ueRl·TO-SAE FLARE FITTING 
fOR REfRIGERATION &, MARINE TUBING' 

a fOR 7/8 AND 1" SIZES THIS DIMENSION IS 
2" (6 BARBSI. 

a. fOR PROCUREMENT SPECIFICATION AND 
DRAWINGS, SEE Mel 600042. 

10. 4730-1&1.11)1 IS TYPICALLRL STOCK CATALOGUE 
NUMBER USE THIS WHEN CAlliNG OUT STOCK 
NUMBER. 
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LRL TUBING FITTINGS, TYPICAL APPLICATIONS 

ANY OF THE FITTINGS SHOWN IN THE LEFT HAND COLUMN MAY BE 
USED WITH ANY FITTING OF THE CORRESPONDING SIZE IN THE RIGHT HAND COLUMN 

NON-METALLIC 
TUBING 

____ ~--4-
METALLIC 

TUB I NG 
VI 

\ 
V -+--++-IIl4rri 

PiPE FITTING 
OR NPT TAPPED 
HOLE 

PIPE 
x 

VI METALLIC 
TUBING 

~ i:ID E3-t--

~~%~Ef' ~METALLIC 

XIII 

KEROTEST VALVE 
OR SAE REFRIGERATION 
FLARE FITTING 

SOFT SOLDER SEAL 

NON - METALLIC 
XII ~TUBING 

-to@ez%~ 
XIV 

PAGE 2 
OF 
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Old LBL Drawing Conversion to LBL Stock Numbers and 
Figures on Engineering Standard Reference No. 623 

Old LBL O.D. LBL Stock No. ESR 623 
Drawing No. Tube 4730- Fig. No. Descriptioa 

Size 

10AlOll-) 1/4 16110 
10AlOll-4 3/8 16111 ThroAdpiece, Union; 
10AlOll--S 1/2 16172 I lokle NPl' and Tube 
l0A1011-6 3/4 16113 Eltd. 
lOAlOll-1 7/8 16114 
10AlOll-8 1 16115 

1QAl.021-3 1/4 16193 
10A1021-4 3/8 16194 
10Al021-5 1/2 16195 II Washer (II¥car) 
lOAlO21-6 3/4 16196 
10AlO21-8 1/8 & 1 16191 

lOA1031-3 1/4 16161. 
10Al031-4 3/8 16162 Tn11piece, Union; 
10Al031-5 1/2 16163 IV HOse or Flexible 
10Al031-6 3/4 16164 Tubing End. 
10Al031-8 1/8 & 1 16165 

lOAl041-3 1/4 16133 
10Al041-4 3/8 16134 
10Al041-5 1/2 16135 V Nut, Union 
lOA1041-6 3/4 16136 
10Al041-8 1/8 & 1 16131 

lOA1051-3 1/4 16116 
10AI051-3 3/8 16177 
10Al051-5 1/2 16118 
10Al051-5.5 5/8 16119 VII Threadpiece, Union; 
10Al051-6 3/4 16180 Tube End. 
10Al051-7 7/8 16181 
lOAl051-8 1 16182 
10Al051-9 1-1/8 16183 

lOAl061-4 3/8 16151 
10Al061-5 1/2 16152 IX Tailpiece, Union; 
10Al061-6 3/4 16153 Mo.le NPr End. 
10Al061-8 1/8 & 1 16154 

10Al071-5 1/2 161ltS X 'l'n11piece, UDion; 
10Al07l-6 3/4 16149 Female NPr &ad. 
lOAlon-8 7/8 & 1 16150 
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Old LBL Drawing Conversion to LBL Stock Numbers and 
Figures on Engineering Standard Reference No. 623 

O.D. 
Old LBL Tube LBL Stock No. ESR 623 

Drawing No. Size 4730- Fig. No. Description 

10AloB1-1 1/2 x 3/8 ~1~ 16189 
10Al081-2 1/2 x 1/2 1 16190 Xl Threadpiece, Unionj 
10AloBl-3 1/2 x 3/4 (1) 16191 (1) SAE Thd. End 
10AloBl-4 3/4 x 3/4 (1) 16192 

10Al171-3 1/4 16155 
10All71-4 3/8 16156 
10All71-5 1/2 16157 VI Tailpiece, URion; 
10Al171-6 3/4 16158 Tube ERd 
10All71-7 7/8 16159 
10A1l71-8 1 16160 

10A1l81-3 1/4 16138 
10A1181-4 3/8 161.39 
10A1l81-5 1/2 16140 VIII Tailpiece, Union; 
10All81-6 3/4 16141 Plug 
10All81-8 7/8 & 1 16142 

10All91-3 1/4 16184 
10A1l91-4 3/8 16185 Threadpiece, Union; 
10A1l91-5 1/2 16186 XII Bose or Flexible 
10All91-6 3/4 16187 TubiDg End 
10A1l91-8 7/8 & 1 16188 

10Al201-3 1/4 16128 
10Al201-lt. 3/8 16129 
10Al201-5 1/2 16130 XIII Threadpiece, Union; 
10Al201-6 3/4 16131 Nipple 
10Al201-8 7/8 16132 

10A2061-3 1/4 16143 
10A2061-4 3/8 16144 
10A2061-5 1/2 16145 XIV Threadpiece, Union; 
10A2061-6 3/4 16146 Plug 
10A2061-8 7/8 & 1 16147 

10A2071.-4 3/8 16166 
10A2071-5 1/2 16167 XV Tbrendpiece, Union; 
10A2071-6 3/4 16168 Fem1e NP1' EIld 
10A2071-8 7/8 & 1 16169 

-
~ -
c 
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DESIGN D A T A 7-8-70 99 
OF 

3 PAGES 
SUBJECT 

VACUUM VESSEL DESIGN - Minimum Wall Thickness 
of a Cylindrical Shell for 15 psi EXTERNAL Pressure 

PREPARED 

D 
o 

L 

F. S. Reinath 
CHECKED BY 

E. F. McLaughlin Graph #1 - Steel {Mild or Stainless} to 1000F and 9000 F 

= Outside diameter 

= Length of unsupported cylindrical section plus 1/3 depth of domed heads, 
if used, as defined by ASME Code. 

Chart gives tiD where t = minimum shell thickness. 
o 

Curve #l} 
" #2 

" #3 
11 

11 

#4 

#5 

ASME Boiler and 
Pressure Vessel 
Code 1968 {

Division 1 (General) - for 9000 F 

Division 1 (General) 11 1000F 

Division 2 (Restricted»:' 11 lOOoF 

Von Mises' EqUation>:,>:,} 
As sumes perfect geometry 

Bryan's Equation*>:' and collapsing pressure of 15 psi 

>:<Division 2 may be used only if design, construction, inspection, and maintenance 
for the full life of the vessel all are under LRL control. 

>;':>:<Trans ASME 53, No. 15, pp 207 -218 (1931). Because of uncertainties in materials 
and geometry it is strongly recommended to use the ASME Code except for special 
cases. In such special cases vessels should be tested to 30 psi external pressure. 
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7-8-70 99 
OF 

3 PAGE S DESIGN D A T A 
PREPARED 

SUBJECT VACUUM VESSEL DESIGN - Minimum Wall Thickness 
of a Cylindrical Shell for 15 psi EXTERNAL Pre s sure F. S. Reinath 

CHECKED BY 
o 0 Graph #2 - Aluminum Alloy to 200 F and 400 F E. F. Mc Laughlin 

D = Outside diameter 
o 

L = Length of unsupported cylindrical section plus 1/3 depth of domed heads, 
if used, as defined by ASME Code. 

Chart gives tiD where t = minimum shell thickness. 
o 

Curve #1} ASME Boiler and { 
Division 1 (General) - for 

II #2 Pressure Vessel Division 1 (General) for 

" #3 
Code 1968 

Division 2 (Restricted)':' for 

" #4 Von Mises ' Equation':":' } As sume s perfect geometry 
" #5 Bryan' s Equation':":' and collapsing pre s sure of 15 

400
0 F 

200
0 F 

200 0 F 

psi. 

':'Division 2 may be used only if design, construction, inspection, and maintenance 
for the full life of the vessel all are under LRL control. 

':":'Trans ASME 53, No. 15, pp 207 -218 (1931). Becaus e of uncertaintie s in materfals 
and geometry it is strongly recommended to use the ASME Code except for special 
cases. In such special cases vessels should be tested to 30 psi external pressure. 
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RAOIATION LABORATORY _ UNIVERSITY OF CALIFORNIA· BERKELEY DATE D.O. NO. PAGE 3 
OF 

DESIGN D A T A 7-8-70 99 3 PAGES 

SUBJECT PREPARED 
VACUUM VESSEL DESIGN - MiniITlum Wall Thickness 

F. S. Reinath 
of a Cylindrical Shell for 15 psi EXTERNAL Pressure \--------......;,,----f 

CHECKED BY 
o 

Graph #3 - Annealed Copper to 150 FE. F. McLau hlin 

D = Outside diameter 
o 

L = Length of unsupported cylindrical section plus 1/3 depth of dOITled heads, 
if used, as defined by ASME Code. 

Chart gives tiD where t = miniITlum shell thickness. 
o . 

Curve #l} AS:tvlE Boiler and Pressure {Division 1 (General) - for l50
0

F 

11 #2 Vessel Code 1968 Division 2 (Restricted)':' _ for 1500 F 

11 #3 Von Mises
1 

Equation':":' } AssuITles perfect geoITletry 

11 #4 Bryan 1 s Equation':":' and collapsing pressure of 15 psi 

':'Division 2 ITlay be used only if design, construction, inspection, and ITlaintenance 
for the full life of the vessel all are under LRL control. 

':":'Trans ASME 53, No. 15, pp 207-218 (1931). Because of uncertainties in ITlaterials 
and geoITletry it is strongly recoITlITlended to use the ASME Code except for special 
cases. In such special cases vessels should be tested to 30 psi external pressure. 
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SUBJECT 

RADIATION LABORATORY _ UNIVERSITY OF CALIFORNIA· BERKELEY 

DESIGN DATA 
VACUUM VESSEL DESIGN - Minimum Wall Thickness 
of a Cylindrical Shell for 15 psi EXTERNAL Pressure 

DATE 

7-8-70 
PREPARED 

F. S. 
CHECKED BY 

D. D. NO. PAGE 1 

99 
OF 

3 PAGES 

Reinath 

Graph #1 - Steel (Mild or Stainless) to 1000F and 900 0 F E. F. McLaughlin 

D 
o = Outside diameter 

L = Length of unsupported cylindrical section plus 1/3 depth of domed heads, 
if used, as defined by ASME Code. 

Chart gives tiD where t == minimum shell thickness. 
o 

Curve #1 } 
11 #2 

11 #3 

11 #4 
11 #5 

ASME Boiler and 
Pres sure Ve s sel 
Code 1968 {

Division 1 (General) - for 900 0 F 

Division 1 (General) 11 lOOoF 

Division 2 (Restricted)':' 11 1000F 

Von Mises 1 EqUation,:,,:,} 

Bryan1 s Equation':":' 
Assumes perfect geometry 
and collapsing pressure of 15 psi 

':'Division 2 may be used only if design, construction, inspection, and maintenance 
for the full life of the vessel all are under LRL control. 

*':'Trans ASME 53, No. 15, pp 207 -'218 (1931). Because of uncertaintie s in materials 
and geometry it is strongly recommended to use the ASME Code except for special 
cases. In such special cases vessels should be tested to 30 psi external pressure. 
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OF 
DESIGN D A T A 7-8-70 99 3 PAGES 

SUBJECT VACUUM VESSEL DESIGN - Minimum Wall Thickness 
of a Cylindrical Shell for 15 psi EXTERNAL Pressure 

Graph #2 - Aluminum. Alloy to 200 0 F and 400 0 F 

D = Outside diameter 
o 

PREPARED 

F. S. Reinath 
CHECKED BY 

E. F. Mc Laughlin 

L = Length of unsupported cylindrical section plus 1/3 depth of domed heads, 
if used, as defined by ASME Code. 

Chart gives tiD where t = minimum shell thickness. 
o 

Curve #1} ASME Boiler and { 
Division 1 (General) - for 

" #2 Pressure Vessel Division 1 (General) for 
11 #3 

Code 1968 
Division 2 (Restricted)':' for 

11 #4 Von Mises 1 Equation':":' } As sume s perfect geometry 
11 #5 Bryanl s Equation':":' and collapsing pressure of 15 

4000 F 

200 0 F 

200 0 F 

psi. 

':'Division 2 may be used only if design, construction, inspection, and maintenance 
for the full life of the ve s s el all ar e und e r LRL c ontr ol. 

':":'Trans ASME 53, No. 15, pp 207-218 (1931). Because of uncertainties in materials 
and geometry it is strongly recommended to use the ASME Code except for special 
cases. In such special cases vessels should be tested to 30 psi external pressure. 
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RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA. BERKELEY DATE D.O. NO. PAGE 3 
OF 

DESIGN D A T A 7-8-70 99 3 PAGES 
SUBJECT PREPARED 

VACUUM VESSEL DESIGN - Mininmm Wall Thickness 
A F. S. Reinath 

of a Cylindrical Shell for 15 psi EXTERN L Pressure I-CH-E-C-K-ED-B-Y---------f 

o 
Graph #3 - Annealed Copper to 150 FE. F. McLau hlin 

D = Outside diameter 
o 

L = Length of unsupported cylindrical section plus 1/3 depth of dOITled heads, 
if used, as defined by ASME Code. 

Chart gives tiD where t = miniITlum shell thickness. 
o 

Curve #l} ASME Boiler and Pressure 
11 #2 Vessel Code 1968 

11 #3 Von Mises 1 Equation 0::>:' 

11 #4 

{

Division 1 (General) for l50 0 F 

Division 2 (Restricted)o:, - for l50 0 F 

} 
AssuITles perfect geometry 
and collapsing pressure of 15 psi 

O:<Division 2 ITlay be used only if design, construction, inspection, and ITlaintenance 
for the full life of the vessel all are under LRL control. 

o:<o:<Trans ASME 53, No. 15, pp 207 -218 (1931). Because of uncertainties in ITlaterials 
and geoITletry it is strongly recoITlITlended to use the ASME Code except for special 
cases. In such special cases vessels should be tested to 30 psi external pressure. 
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DESIGN DATA 
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ELLIPTICAL CHAMBER STRESSES AND DEFLEC TIONS 
UNDER UNIFORM PRESSURE. LOADING 

DATE 

7-7-70 
PREPARED 

R. T. 
CHECKED BY 

J. O. 

D.O. NO. PAGE 1 
100 

OF 
2 PAGES 

Avery 

Turner 

Stresses and deflections of long, uniforITl-wall, elliptical chaITlbers can be calculated 
by these equations and graphs. p is uniforITl internal pressure (+) or vacuum (-). 
Positive sign (+) taken for deflections away from centerline and for moments pro
ducing tension on inside of wall. Suitable units are diITlensions and deflections in 
inches, p and s in psi, and M in inch-lbs per inch of axial chamber length. 

Stre s se s and deflections are lowe r near flange s and bulkhead s. Re sistance to buck
ling should be considered for nearly-round tube s. Analysis assumes wall t and 
deflections 6 are small compared to a and b Moment equations agree with 
Roark. Actual deflections within elastic range of test chambers reported in Engi
nee ring Note M4106 (UC ID-3288) are ",,10% greate r (good agreement) than value s 
computed from equations herein. For de rivations and additional data, see 
Engineering Note M4074A (UCID-321S). 

EQUATIONS 

Moment at minor axis: 

Moment at major axis: 

Moment at any point x: 

Bending stre s s: 

Hoop stre s s: 

Combine d stre s s: 

Deflection at minor axis: 

Deflection at major axis: 

where 

----+ Major 
-"u---

Axis 

t 

p = (internal pressure) - (external pressure) 

M 

s 

6 
a 

D 

= Ml + (1/2) px
2 

[1 - (b/a)2 J 

= Mc II = 6Mlt 2 

= P b t- 1 {I _ [1 _ (b/a)2] (~/a)2} -1/2 

= C 1 pa 4 /D 

4 = - C 2 pa ID 

= Et 3 I [12 (1 _. fl.2)] = flexural rigidity. 

(For values of K 1, K2, C l and C 2 , see graphs on page 2.) 
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DES I G N D A T A 
SUBJECT 

ELLIPTICAL CHAMBER STRESSES AND DEFLECTIONS 
UNDER UNIFORM PRESSURE LOADING 

Moment Coefficients 

0.3 

0.2 

O. 1 

DATE D.O. NO. 

7-7-70 100 
PREPARED 

R. T. Avery 
CHECKED BY 

J. O. Turner 

o ~ ________ -L __________ ~ ________ ~ __________ ~ __________ ~ 

o 0.2 

0.06 

C 1 
J 

0.04 

0.02 

o 
o 0.2 

0.4 0.6 

Ellipticity Ratio, b/a 

C . 2 

Deflection Coefficients 

0.4 0.6 

Ellipticity Ratio, b/a 

0.8 1.0 

0.8 1.0 

PAGE 2 
OF 

2 PAGE S 
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DATE 

5/4/73 

PREPARED 

J. Gunn 
CHECK ED BY 

D. D. NO. 

101 
PAGE 1 

OF 
2 PAGES 

W. Pope 10. Norgren 

Key stoning 1 and reduction of radial dimension m.ay be quickly e stirna ted within 
±. 5% for square copper conductor having a round hole (diam = 1/2 S) when 
bent under a tensile load. Curves (page 2) were derived from measurements 
of bent sections of five conductor sizes 0.251 in. to 0.555 in.: hole diameters 
were approximately one-half outside dimensions. Bending was performed under 
typical winding conditions using the Mechanical Shops I winding machine. Data 
scatter indicates ±. 5% accuracy. Bent sections may be examined at Building 77 
Assembly Shop. 

f 

An example illustrates the usage of the curves: 

A O. 340 in. square hollow conductor (net area 
A of 0.087 sq. in.) is to be bent to a 0.730 in. 
radius using a winding tension force F of 520 
lb. 

Average tensile stress = F = 520 6000 psi = 
(during bending) A .087 

Bend radius coefficient R .730 2. 15 = - = = 
S .340 

To find keystone coefficient and radial reduction 
coefficient, enter chart at Rls = 2.15 and read 
upward to intersect 6000 psi curves. 

Read left to find: 

Then: 

or 

And: 

or 

Key stone coefficient: 
Radial reduction coefficient: 

W/S = 
H/S 

1.039 
= 0.965 

Predicted keystone dimension (W): 

W /S = 1. 039 
W = 1. 039 x S = 1. 039 x 0.340 = 0.353 in. 

Predicted radial dimension (H): 

H/S 
H 

= 0.965 
= 0.965 x S = 0.965 x 0.340 = 0.328 in. 

lKeystoning: Bent cross section is wider at inner radius, narrower at outer 
radius, compared to nominal dimension • 

MG:mp 
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA BERKELEY 

DESIGN DATA 
DATE ID. o. N0'1 PAGE 

Feb. 1978 102 lof2 
SUBJECT PREPARED 

L. E. Brown 

RADIATION LENGTH FOR ELECTRON ENERGIES GREATER THAN 50 MeV CHECKED BY 

Radiation length(XO) is a property of matter, (just as.are densit~, cond~c~ivity. etc.) and ~s cu~tomarily expres~ed in ~rams ~er 
square centimeter .. To determine the distance (in centlmeters). s1mply dlvlde Xo by the denslty (1n grams per CUblC centlmeter). 

For engineering purposes the values tabulated below are adequately accurate for energies above 50 MeV. For more details consult 
the reference* and it's bi b 1 i ography I 7 

Element 

Actinium 
Aluminum 
Americium 
Antimony 
Argon 

Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 

Bismuth 
Boron 
Bromine 
Cadmium 
Calcium 

Cal ifornium 
Carbon (graphite) 
Cerium 
Cesium 
Chlorine 

Chromium 
Cobalt 
Col umbium 
Copper 
Curium 

Dysprosium 
Einsteinium 
Erbium 
Europium 
Fermium 

Fluorine 
Francium 
Gadol inium 
Gall ium. 
Germanium 

Gold 
Hafnium 
Helium 
Holmium 
Hydrogen 

Indium 
Iodine 
Iridium 
Iron 
Krypton 

Lanthanum 
Lead 
Lithium 
Lutetium 
Magnesium 
Manganese 

\ 

Symbol 

Ac 
Al 
Am 
Sb 
A 

As 
At 
r.a 
Bk 
Be 

Bi 
B 
Br 
Cd 
Ca 

Cf 
C 
Ce 
Cs 
Cl 

Cr 
Co 
Cb 
Cu 
em 

Dy 
E 
Er 
Eu 
Fm 

F 
Fr 
Gd 
Ga 
Ge 

Au 
Hf 
He 
Ho 
H 

In 
I 
Ir 
Fe 
Kr 

La 
Pb 
Li 
Lu 
Mg 
Mn 

Z 
Atomic 
number 

89 
13 
95 
51 
18 

33 
85 
56 
97 
4 

83 
5 

35 
48 
20 

98 
6 

58 
55 
17 

24 
27 
41 
29 
96 

66 
99 
68 
63 

100 

9 
87 
64 
31 
32 

79 
72 
2 

67 
1 

49 
53 
77 
26 
36 

57 
82 

3 
71 
12 
25 

A 
Atomic 
weight 
g. per 

gram atom 

227 
26.98 

243 
121. 76 
39.994 

74.91 
211 
137.36 
247 

9.013 

209.00 
10.82 
79.916 

112.41 
40.08 

251 
12.011 

140.13 
132.91 
35.457 

52.01 
58.94 

92.91 
63.54 
247 

162.51 
254 
167.27 
152.0 
253 

19.00 
223 
157.26 
69.72 
72.60 

197.0 
178.58 

4.003 
164.94 

1.0080 

114.82 
126.91 
192.2 
55.85 
83.8 

138.92 
207.21 

6.940 
174.99 
24.32 
54.94 

Oensity at 68°F (20°C) 
g per lb per 
cu cm cu in. 

2.699 
11. 7 
6.62 3 

1. 784 x 10-

5.72 

3.5 

1.848 

9.80 
2.34 
3.12 
8.65 
1. 55 

2.25 
6.77(a) 
1.903(b~ 

3.214 x 10-.) 

7.19 
8.85(c) 
8.57 
8.96 

8.55 

9.15 
5.245 

1. 696 x 10-3 

7.86 
5.907 
5.323(d) 

19.32 
13.09 

0.1785 x 10-3 

6.79 -3 
0.0899 x 10 

7.31 
4.94 

22.5 
7.87 3 

3.743 x 10-

6.19(e) 
11.36(f) 
0.534 
9.85 
1.74 
7.43(9) 

0.09751 
0.423 
0.239 

0.0645 x 10-3 

0.207 

0.13 

0.067 

0.354 
0.085 
0.113 
0.313 
0.056 

0.081 
, 0.245(a) 

0.6876(bl 
0.116 x 10-3 

0.260 
0.322(c) 
0.310 
0.324 

0.309 

0.331 
0.1895 

0.0613 x 10-3 

0.284 
0.213 
0.192(d) 

0.698 
0.473 

0.0064 x 10-3 
0.245 

0.0032 x 10-3 

0.264 
0.178 
0.813 
0.284 -3 

0.135 x 10 

0.224(e) 
0.41(f) 
0.019 
0.356 
0.0628 
0.270(g) 

Atomic 
volume 

cu cm per 
g-atom 

9.996 
20.77 
18.4 

13.09 

39 

4.898 

21.3 
4.62 

25.6 
13.0 
25.86 

5.33 
17.03 
69.84 

7.23 
6.66 

10.8 
7.09 

19.01 

18.28 
28.98 

20.01 
11.8 
13.64 

10.20 
13.64 

24.3 

15.71 
25.7 
8.54 
7.1 

22.44 
18.27 
12.99 
17.76 
14.0 
7.39 

Xo 
Radiation 
length 
g. per 
sq. cm. 

6.06 
24.01 

8.72 
19.55 

11.94 
6.07 
8.31 

65.19 

6.29 
52.69 
11.42 
8.99 

16.14 

42.70 
7.96 
8.31 

19.28 

14.94 
13.62 
9.92 

12.86 

7.32 

7.14 
7.44 

32.93 
6.19 
7.48 

12.47 
12.25 

6.46 
6.89 

94.32 
7.23 

63.05 

8.85 
8.48 
6.59 

13.84 
11.37 

8.14 
6.37 

82.76 
6.92 

25.04 
14.64 

(a) Face-centered cubic. (b) At 32 F (0 C). (c) Close-packed hexagonal. (d) At 77 F (25 C). (e) Hexagonal. 
(f) Rolled Lead. (g) Alpha; beta = 7.29 g per cu cm (0.263 lb per cu in.); gamma = 7.18 g per cu cm (0.259 lb 
percu in.). 

* Rev. Mod. Phys., Vol 46. No.4, October 1974. Yung-Su Tsai author. 

Radiation 
Distance 

cm. 

8.90 

1. 32 

2.09 

2.37 

35.28 

0.64 
22.52 
3.66 
1.04 

10.41 

18.98 
1.18 
4.37 

2.08 
1.54 
1.16 
1.44 

0.86 

0.78 
1.42 

0.95 
2.11 
2.30 

0.33 
0.53 

1.06 

1. 21 
1.72 
0.29 
1.76 

1.32 
0.56 

154.98 
0.70 

14.39 
1.97 
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA - BERKELEY Fe~~~~78 (D. ~~;O'I ;~ DESIGN DATA 
SU BJECT PREPARED 

L. E. BrO\'In 

RADIATION LENGTH FOR ELECTRON ENERGIES GREATER THAN 50 MeV CHECKED BV 

Ato~ic Xo 
Atomic Radiation 

Z weight Oensity at 68°F (20·C) vol ume length Radiation 
Atomic g. per 9 per 1b per cu em per g. per Di stance 

Element Symbol number gram atom cu em cu. in. g-atom sq. em. cm. 

Mendel evi um Mv 101 256 
Mercury Hg 80 200.61 13.546 0.4894 14.81 6.44 0.48 
Molybdenum Mo 42 95.95 10.22 0.369 9.39 9.80 0.96 
Neodymium Nd 60 144.27 7.00(a) 0.253(ah 20.61 7.71 1. 10 
Neon Ne 10 20.183 0.89999 x 10-3 28.94 0.325 x 10 

Neptunium Np 93 237 
S:902(b3 0:3ZZ(b) 3 Nickel Ni 28 58.71 6.59 12.68 1.42 Nitrogen (Nb see Cb)~ 7 14.008 1. 250 x 10- 0.0451 x 10- 37.99 

Nobel ium No 102 247 
22:57(c) 0:Si54(c) Osmium Os 76 190.2 e.43 6.68 0.30 

Oxygen 0 8 16.00 • 1. 429 x 10-3 0.0509 x 10-3 34.24 
Palladium Pd 46 106.7 12.02 0.4343 8.88 9.20 0.77 
Phosphorus (white) P 15 30.975 1.83 0.066 16.92 21.20 11. 58 
Platinum Pt 78 195.09 21.45 0.775 9.09 6.54 0.30 
P1 utoni um Pu 94 242 19.00 to 19.72(d) 0.686 to 0.712(d) 12.27 

Polonium Po 84 210 6.19 
Potassium K 19 39.100 0.86 0.031 45.47 17.32 20.14 
Praseodymium Pr 59 140.92 6.77(a) 0.245(a) 20.82 7.76 1. 15 
Promethium Pm 61 145 7.52 
Protactinium Pa 91 231.1 15.4 0.556 15.00 5.93 0.39 

Radium Ra 88 226.05 9.96~·~ 10-3 O. 3~9~8 x 10-3 45 6.15 1.23 
Radon Rn 86 222 6.28 
Rhenium Re 75 186.22 21.04 0.756 8.85 6.69 0.32 
Rhodium Rh 45 102.91 12.44 0.447 8.27 9.26 0.74 
Rubidium Rb 37 85.48 1. 53 0.0553 55.87 11.03 7.21 

Rutheni um Ru 44 101.1 12.2 0.441 8.29 9.48 0.78 
Samarium Sm 62 150.35 7.49(e) 0.271(e) 20.07 7.57 1.01 
Scandium Sc 21 44.96 2.99(f) 0.108(f) 14.89 16.55 5.54 
Selenium Se 34 78.96 4.79 0.174 16.48 11.91 2.49 
Sil icon Si 14 28.09 2.33(b) 0.084(b) 12.06 21.82 9.36 

Silver Ag 47 107.880 10.49 0.3790 10.28 8.97 0.86 
Sodium Na 11 22.991 0.9712 0.035 23.67 27.74 28.56 
Strontium Sr 38 87.63 2.60 0.094 34 10.76 4.14 
Sulfur (yellow) S 16 32.066 2.07 0.0748 15.5 19.50 9.42 
Tantalum Ta 73 180.95 16.6 0.600 10.9 6.82 0.41 

Technetium Tc 13 98 
6:24(a) 0:225(a) 

9.69 
Tell uri um Te 52 127.61 20.45 8.83 1. 42 
Terbium Tb 65 158.93 8.25 0.298 19.26 7.36 0.89 
Thall ium T1 81 204.39 11.85 0.428 17.25 6.42 0.54 
Thorium Th 90 232.05 11.6;ig) 0.421(9) 19.90 6.07 0.52 

Thulium Tm 69 168.94 9.31 0.336 18.15 7.03 0.76 
nn Sn 50 118.70 7.2984(h) 0.2637(h) 16.26 8.82 1.21 
Titanium Ti 22 47.90 4.507 0.163 10.63 16.17 3.59 
Tungsten W 74 183.86 19.3 0.697 9.53 6.76 0.35 
Uranium U 92 2'38.07 19.07 0.689 12.48 6.00 0.31 

Vanadium V 23 50.95 5.89~·! 10-3 0.220 -3 8.35 15.84 2.60 
Xenon Xe 54 131.30 0.2130 x 10 8.48 
ytterbium Yb 70 173.04 6.96(i) 0.25I(i) 24.86 7.02 1.01 
yttrium Y 39 88.92 4.47(j) 0.16I(j) 19.89 10.41 2.33 
Zinc Zn 30 65.38 7.133!b) 0.258(b) 9.17 12.43 1. 74 
Zirconium Zr 40 91.22 6.489 j) 0.234(j) 14.06 10.19 1. 57 

(a) Hexagonal. (b) At 77 F (25 C). (c) Arc-melted button. (d) Observed values at 77 F' (25 C). (e) Rhombohedral. 
(f) Calculated. (g) Arch-melted iodide. (h) Beta tin. (1) Face-centered cubic. (j) Close-packed hexagonal. low 
hafnium. 

Assuming that molecular binding can be ignored. the following relationship holds for mixtures or molecules 

Wei ht of M 
(M) of proportions (P). 

Radiation length of M = • Proportion of constituent ) 
~ Radiation length of constituent 

Example: Water formula H20. 

Hydrogen. Z = 1. A = 1.0080. Xo = 63.05. P = 2. 

Oxygen. Z = 8. A = 16.00. Xo = 34.24. P = 1 

2 x 1.00BO + 1 x 16.00 _ 18.016 
Xi) (H20) = (2 x 1.0080 + 1 x 16.00) - (0.03197 + 0.46729) 

63.05 ~ 

Example: Air, 

18.016 
0.49926 

Nitrogen (N2). Z = 7. A = 14.01. Xo = 37.99. P = 76.9% 

Oxygen (021. Z = 8. A = 16.00. Xo = 34.24. P = 21.8% 

Argon (Arl. Z = 18. A = 39.994. Xo = 19.55. P = 1.3% 

. 0.769 + 0.218 + 0.013 1.0 
Xo (Alr)= (0.769 + 0.218 + 0.013) = (0.02024 + 0.00637 + 0.00066) 

37.99 34.24 19.55 

* Rev. Mod. Phys •• Vol 46. October 1974. Yung-Su Tsai author. 

io 



TITLE PREPARED BY U. nuu ~t;:::'1 . DATE 

J. O. Turner June 1979 
COMMERCIAL ISO METRIC MACHINE SCREWS, 
BOLTS & NUTS 

THE PRESENT SITUATION 

REVISED BY DATE 

REVISED BY DATE 

Since the 1976 International Standards Organization Conference on Metric 
Fasteners, manufacturers in all industrial nations except the USA have been 
conforming to the ISO list of Recommended Sizes and Threads for Commercial 
Screws, Bolts and Nuts •. (See TABLE I.) This ISO list introduces two new 
fastener sizes--M1.6 and M2.5 to replaced four previously used sizes in the 
same diameter range. All other sizes are interchangeable with select DIN 
and SI commercial screws previously used thoughout Europe. However, many 
of the old DIN and SI intermediate sizes have been relegated to 112nd Choice ll 

status (see TABLE II). 

By now, 1979, most ISO 2nd Choice thread sizes, as well as several pitch 
and size variants used by Japan and other countries have been phased out of 
commercial production. Foreign equipment items manufactured worldwide will 
have all fastening scre~/s and bolts matching sizes in TABLE I. 

COMPARISON WITH U. S. SYSTEM 

As can be seen from the comparison data in TABLE I, more than half the 
metric sizes listed have thread O.D's close enough to share clearance holes 
with corresponding U.S. screws. Conspicuously missing, however, are metric 
screw diameters matching those of our popular 2-56, 6-32, 1/411 and 3/8 11 sizes. 
The American Society of Mechanical Engineers wishes to add an M6.3 screw 
size to match the diameter of our 1/411 scre\'i when the USA converts to metric 
fasteners. The IISecond Choice ll M3.5 does closely match our 6-32 in diameter, 
but is rarely stocked by suppliers. 

The U.S. tap-drill sizes listed in TABLE I are, with the exception of the 
three sizes in parentheses, fully adequate alternatives to the corresponding 
metric dri 11 sizes recommended for commerci al screw-thread fits. The actual 
di arneter di fference is ascerta i ned as follows: 

Nominal screw diameter minus pitch of screw = recommended tap drill size. 
Metric tap drill size x .03937 = size in inches. 
Locate nearest ~ri11 size on U.S. drill chart. 

Example: M3 - .5 = 2.5 mm: x .03937 = .0984 11 ; #40 U.S. drill is .0980 11 
diameter. 

CALL-OUTS 

All coarse-Thread Series metric screws and bolts are denoted by nominal 
diameter in mm and length in mm as follows: M6 x 25; M12 x 25. No mention 
of thread spacing is required, even on engineering drawings. For the Fine-Thread 
Series, the pitch (spacing between two adjacent threads) is also given in mm: 
M12 x 1.25 x 25. 
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It should be noted that Fine-Thread Series fasteners smaller than M8 
(approximately 5/16" diameter) are not used commercially, even on microscopes 
or cameras. 

CHECKING FASTENER SIZES ON FOREIGN EQUIPMENT 

On new equipment (post-1977) a measurement across the thread 0.0. with 
an inch-reading micrometer on vernier caliper will suffice. Reference this 
to the "measured 0.0. range in inches" column of TABLE I. (Coarse and fine 
pitch versions of M8 and larger screws can be distinguished by eye, or by 
counting the approximate number of threads in a half-inch span.) 

On pre-1977 European items, use the same techniques, referencing to both 
TABLE I and II. On pre-1977 Japanese equipment (or pre-1965 French or Italian 
items) an inch or metri c thread gage shoul d be used to detenlli ne the pitch 
of any M3, M4, or f'115 screws. 

NOTE: Some of the U.S. NF (National Fine) screws found on vintage American 
transits, balances, microscopes, etc. are frequently confused with metric sizes 
of very similar diameter and thread spacing: 3-56 with M2.5, 4-48 with M3, 
6-40 with IvJ3.5 and 8-36 with M4. -- --

HELP FROM BLDG. 25 

The Bldg. 25 Micro-development Shop will gladly loan metric taps and dies, 
furnish replacements for lost or broken screws and answer questions about 
specific metric threads. 

TO PURCHASE METRIC ITEMS 

Probably the only U.S.-based supplier stocking a good selection of metric 
fasteners is METRIC & MULTISTANDARD COMPONENTS CORP., Hawthorne, N. Y. 10532; 
Tel. (914) 769-5020. (Bldg. 90 Engr. Library has catalog.) The following 
suggestions will expedite orders: 

l. 
2. 
3. 

4. 

5. 

EXAMPLE: 

DRILLS 

Order only screw sizes listed in TABLE I. 
Specify one of these lengths in mm: 2,4,5,6,8,10,12,16,20,25,30,35 etc. 
Specify material: Brass, Steel (plain or plated). Stainless Steel 
or one of 3 grades of heat-treated steel for socket head and hex head 
cap screws (see Catalog.) . 
Specify head style: Flat, Pan, Cheese (semi-fil1ister) Oval, Socket
head Cap, etc. (U.S.-style Round head no longer made in ISO fastener 
series.) 
Order'minimum quantity of 100, each size. 

M10 x 40, Grade 12.9 Steel Socket Head Cap Screw ••••••••• 100 ea. 

.•.. 

LBL will shortly stock metric drill bits in the 1 to 10 mm range in 
increments of 0.1 mm. 
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OF 

Nominal Size 
Dia in mm 

M 1.6** 
M 2 
M 2.5 

M 3 
MA 

M 5 
M 6 

M 8 
M 8 x 1 

M 10 
M lOx 1. 25 

M 12 
M 12 x 1.25 

M 16 
M16x1.5 

M 20 
M 20 x 2 

M 24 
M 24 x 2 

M 30 
M 30 x 2 

M 36 
M 36 x 3 

DESIGN DATA 100 1038 

Pitch 
in mm 

0.35 
0.4 
0.45 

0.5 
0.7 

0.8 
1.0 

1. 25 
1.0 

1.5 
1. 25 

1. 75 
1. 25 

2.0 
1.5 

2.5 
2.0 

3.0 
2.0 

3.5 
2 

4 
3 

TABLE I 
COMMERCIAL ISO METRIC SCREWS BOLTS 
AND NUTS AND COMPARABLE U.S. SIZES 

Tap Drill Approx. Measured* Suggested U.S. ~earest U.S. Size 
Size Threads 0.0. range Drill Size nomlnal u.u. Kange 

in mm per in. in inches -----.'i":::a=-p-.,-,ll;...,'-=e'="'a r=a=n-=-ce::--4 inches 

1. 25 
1.6 
2.05 

2.5 
3.3 

4.2 
5.0 

6.75 
7.0 

8.5 
8.75 

10.25 
10.75 

14.0 
14.5 

17.5 
18.0 

21.0 
22.0 

26.5 
28.0 

32.0 
33.0 

72 1/2 
63 1/2 
56 1/2 

51 
36 1/4 

31 3/4 
25 1/2 

201/4 
25 1/2 

17 
20 1/4 

14 1/2 
20 1/4 

12 1/2 
17 

10 1/4 
12 1/2 

8 1/2 
12 1/2 

7 1/4 
12 3/4 

6 1/4 
8 1/2 

.058-61 

.075-78 

.093-96 

.112-16 

. 150-55 

.192-98 

.230-37 

.307-15 
II. II 

.384-92 
II II 

.461-70 
II II 

.617-28 
II II 

.773-85 
II II 

.929-43 
II II 

1.163-79 
II II 

1.397-415 
II II 

(#55) 
#52 
#45 

#40 
(#30) 

#19 
(# 8) 

17/64 
"J" 

nQII 
11/32 

"Y" 
27/64 

35/64 
9/16 

11/16 
45/64 

53/64 
(7/8) 

1 3/64 
1 7/64· 

1 9/64 
1 19/64 

#50 
#44 
#36 

#31 
#18 

# 5 
1/4 

"Z" 
" 

1/2 
" 

43/64 
" 

53/64 
" 

1" 
" 

1 1/4 
" 

1 1/2 
" 

0-80 .057-60 
1- 72 .069-72 
3-56 .094-98 

4-48 .108-12 
8-36 .153-60 

10-32 . 185-93 
1/4-28 .242-49 

5/16-18 .301-10 
5/16-24 "" 

3/8-16 
3/8-24 

1/2-13 
1/2-20 

5/8-11 
5/8-18 

3/4-10 
3/4-16 

1"-8 
1"-12 

.366-74 
II II 

.489-99 
II II 

.612-23 
II II 

.734-47 
II II 

.980-97 
II II 

1 1/8-7.1.104-22 
1 1/8-12 " " 

1 3/8-6 1:350-72 
1 3/8-12 "" 

NOTES: * Permissible thread-O.D. tolerance allowances for ISO & U.S. commercial 
fasteners are slightly broader than the "measured 0.0. range" given above. 

** M 1.6 is the conventional dividing point between standard range and mini
ature fasteners. ISO commercial threads continue downward as follows: 

M 1.4 (See Table II) 
M 1. 2 (x O. 25 ) 
M 1 (x 0.25) 

M 0.8 (x 0.2) 
M 0.6 (x 0.15) 
M 0.5 (x 0.125) 

MO.4(xO.1) 
M 0.3 (x 0.08) 
M 0.25 (x 0.075) 

Sizes M 1.4 thru M 0.3 are fully interchangeable with same size and 
pitch screws of the U. S. Unified National Miniature Series (UNM) 

3 
4 
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TABLE I I " 

SPECIAL OR DISCONTINUED METRIC THREADS FOUND ON LBL EQUIPMENT 

Nomi nal Approx. Approx. 
Size (dia. Pitch threads O.D Comments 
in mm) nm per in. inches 

M 1.4 .30 85 .053-55 Now ISO "2nd Choice; much used on pre-1977 
instruments. Still som.e use; screws stocked. 

M 1.7 .35 72 1/2 .065-67 Discontinued DIN, 51, JIS size. 
M 2.3 .40 63 1/2 .087-89 II " " " " 
M 2.6 .45 56 1/2 .100-03 " " " " " 

M 3.5 .60 42 .133-37 Now ISO 2nd Choice"; screws not stocked. 
Found on some pre-1977 microscopes, etc. 

M 3 x .6 42 1/2 .111-15 Discontinued JIS and old CNM series thread 
M 4 x .75 34 .149-54 pitches. Used thru 1977 on many Japan 
M 5 x .9 28 .191-97 item; to 1965, some French & Italian items. 

M 4.5 .75 34 • 173-76 ISO "2nd Choice"; rarely used; not stocked • 
M 7 1.0 25 1/2 .270-275 " " " " " 

M 7 x .5 51 .270-73 Special Fine threads widely used on sleeve 
M 7 x .75 34 II II mounts of switches, pots, etc. Taps, dies, 
M 8x .75 34 .309-14 nuts available, but not commercial screws. 

M 8 x .5 51 .309-14 Special Fi ne threads used for rni crorneters, 
M 10 x .5 51 .386-92 lead screws, lens-mount sleeves, Custom 
1>'1 10 x 1 25 1/2 II " fine-adjustment screws, etc. Taps and 
M 12,14,16xl " dies available, but not commercial screws • . . . . . . 
M 12 x 1.5 17 .461-410 DIN automotive 

M 14 2 12 3/4 • 540-50 ISO "2nd Choice"; rarely used • 
M 14 x 1 .5 17 " " Electric conduit threads; bearing nuts. 

M 14 x 1.25 20 1/4 .543-47 Universal Auto Spark Plug thread; also 
insulated lead-thrus,early LBL vacuum tanks. 

M 15 x 1.5 17 .582-99 S~ecial Bearing Locknut threads found on 
M 17 x 1.5 " .660-67 foreign-made, power-driven equipment at 
M 20 x 1.5 " .776-84 LBL; machine tools, positioning devices, 
M 25 x 1.5 " .974-82 spectrometers, etc. Taps, dies available 
M 30 x 1.5 " 1.170-79 as well as various styles of locknuts. 
M 35 x 1.5 " 1.366-75 

M 18 2 1/2 10 1/4 .692-704 ISO "2nd Choice"; rarely used 
M 18 x 1.5 17 " " " " " (fi ne pitch) 

M 22 2 1/2 10 1/4 .852-64 ISO "2nd Choice"; rarely used 
M 22 x 1.5 17 " " " " " (fine pitch) 

M 27 3 8 1/2 1.048-61 ISO '2nd Choice"; 1976, bolts available 
M 27 x 2 12 3/4 " " " " " (fine pitch) 

Abbreviations: DIN---German Industrial Standard JIS---Japan Industrial Standard 
SI----Systeme Internationale CNM---Old French Standard 


