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.’ In t roduct ion 

T h e  S P E A R  v a c u u m  sys tem is o f a l l  m e ta l  const ruc t ion  a n d  o p e r a tes  a t 
p ressu res  in  th e  1 0  -9  Torr  r a n g e . T h e  p r imary  g a s  l oad  du r i ng  o p e r a tio n  resul ts  
f rom b e a m - i n d u c e d  deso rp tio n  f rom th e  v a c u u m  c h a m b e r  wal ls .  These  deso rp tio n  
ra tes a re  ex t remely  h i gh  in  th e  case  o f h yd roca rbons  a n d ,the r e fo re , these  spec i -  
f icat ions p lace  a  ma jo r  emphas i s  o n  e l im ina t ing  hyd roca rbon  c o n ta m i n a tio n  
sou rces  . 

These  spec i f icat ions a n d  p rocedu res  h a v e  b e e n  wri t ten to  se rve  two p r imary  
pu rposes :  

(1)  To  i nsu re  th e  c lean l iness  a n d  v a c u u m  integr i ty o f S P E A R . E  system, 
c o m p o n e n t o r  p r ocedu re  wh i ch  m ight  j eopa rd i ze  S P E A R  o p e r a tin g  capabi l i ty  
wi l l  b e  a l l owed .  

(2)  To  assist  S S R P  pe r sonne l  a n d  use rs  in  choos i ng  c o m p o n e n ts wh i ch  a re  
c o m p a tib l e  wi th S P E A F I a n d  wh i ch  h a v e  b e e n  d e te r m i n e d  th r o u g h  tes t ing  
a n d  eva lua t i on  to  m e a s u r e  u p  to  S P E A R  qual i ty  a n d  rel iabi l i ty  s tandards .  

S h o u l d  th e  occas ion  a r i se  whe reby  th e  use r  fin d s  th a t dev ia t ion  f rom th e s e  
spec i f icat ions is necessary ,  th e  r eques t sha l l  ta k e  th e  fo r m  o f a  wr i t ten 
c o m m u n i c a tio n  to  S S R P  d e ta i l i ng  a l l  m o d i f icat ions a n d  / o r  a l ternat ives.  Th is  

r eques t wi l l  b e  fo rwa rded  to  th e  des i gna te d  S L A C  representa t i ve  a n d  a  wri t ten 
app rova l  o r  den ia l  i ssued.  

A n y  m o d i f icat ion o r  dev ia t ion  incorpora ted ,  b u t n o t s ubm i tte d  fo r  approva l ,  

is d o n e  a t th e  use rs  r isk a n d  wi l l  const i tute cause  fo r  re ject ion.  
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I. Component Procurement Specifications 

A. Flanges 

All vacuum flanges shall be of the ultra high vacuum "knife edge" type. 
The flanges must be capable of withstanding temperature excursions of -127' 
to 4500 c. Nominal flange O.D. dimensions shall be 2-3/b", 4-l/2", 6", 8", 
lo", 13-l/4". Actual flange dimensions shall conform to those shown on 
Fig. 1, IA, IB. 

Flange material shall be 304 cross forged stainless steel with a tinimum 
hardness of Rockwell 80 B. In addition, the material shall meet the following 
sections of mil. spec. 862 B:* Chemical composition 3.1; material processed 
per 3.2 and 3.2.1; billet inspection per 3.5; workmanship and uniformity 
per 3.8. 

B. Flange Bolts 

Ultrahigh vacuum flange bolts shall be fabricated from 300 series high 
tensile non-magnetic stainless steel. Bolt heads shall be of the twelve 
point type. It is recommended that the bolts be silver plated to eliminate 
both the problem of galling and the contamination hazard represented by the 
normally used high temperature thread lubricant, which is readily picked up 
and transmitted by gloves, tissues, tools, clothing, etc. Bolt diameters, 
threads, and lengths shall be matched with flange sizes as shown in the 
table below: 

FLANGE 0. D. TRREAD IXNGTH NO. REQ'D. 

2-314 i/4 - 28 l-l/4" 6 
4-112 5/16 - 24 2" 8 
6 5/16 - 24 2" 16 
8 5/16 - 24 2-l/4" 20 
10 5b6 -34 2-l/4" 24 

c. Gaskets 

All gaskets for UHV knife edge type flanges shall be OFHC copper, half hard, 
.080 t .003" thick. The material must be free of nicks, scratches and 
blemishes. Imperfections may not exceed .004" in width and .0005" in depth. 

*Mil. Spec. 862 attached. 
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Gasket O.D. and I.D. shall conform to the following tabulation: 

FLANGE 0. D. GASKET 0. D. GASKET I. D. 

z-3/4 1.895 + .002 1.451 " .005 
4-l/2 3.243 ' 2.506 l1 
6 4.743 " 4.006 " 
8 6.743 " 6.007 o 
10 8.743 " 8.007 I1 
13-l/4 11.587 n 10.810 1( 

Gaskets shall be recleaned before use according to Section III F. of these 
specifications. 

D. Feedthroughs 

1. Electrical 

The feedthroughs used for electrical connections into the system shall 
be of the ceramic-to-metal type. No glass to metal feedthroughs shall be 
used. The preferred installation method is one in which the feedthroughs 
are mounted in a flange of the knife edge type as specified in Section IA. 
This flange would then be bolted to a mate on the chamber or other compo- 
nent. Feedthroughs may also be welded directly to the chamber in those 
instances where a flange connection cannot be used. Weld joint design 
must conform to normal UHV practice,and care must be excercised to prevent 
the weld from putting undue stresses on the ceramic. Voltages and 
currents carried by the feedthroughs must not exceed the manufacturer's 
ratings. Cleaning of feedthroughs shall conform to Sec. III A of these 
specifications. 

2. Mechanical 

Mechanical feedthroughs,which impart a rotational or linear movement 
to any component,must adhere to the applicable sections of this specifi- 
cation with regard to materials, cleaning, fabrication, bakeout capability, 
etc. Feedthroughs shall join to the system by means of a knife edge 
flange as specified in Section I A. 

Detailed drawings showing all parts exposed to vacuum shall be submitted 
for SPEAR approval. Feedthroughs which have bearings exposed to vacuum. 
will be evaluated regarding their UHV suitability. Feedthroughs which contain 
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D. Feedthroughs, Mechanical (Continued) 

parts that cannot be cleaned to SPEAR specifications will not be 
approved. 

E.l.Bellows - Welded Diaphragm Type 

The welded stainless steel bellows,in particular,deserve special attention 
to detail because of their close fitting convolutions. Hydrocarbon contami- 
nation of surfaces or particulate matter trapped in the crevices of these 
convolutions is for all practical purposes there to stay. Experience at 
SLAC has proven that post-manufacturing chemical cleaning is of little value 
in removing such contamination. Once contaminated in this way, bellows 
assemblies shall not be used. The criteria for obtaining bellows which do 
meet the cleanliness requirements of the ultra high vacuum system is simply this: 

a. Cut and form the diaphragms and end plates without increasing the 
contamination level of the stock as supplied by the mill. 

b. Thoroughly chemically clean all component parts as specified. 
c. Following cleaning, assemble and weld the parts following the 

procedure described in the Handling and Assembly section. 

Service Requirements: All bellows made to these standards must be guaranteed 
to withstand repeated thermal cycles at 200' C. concurrent with the axial and 
offset stroke specified on the detailed drawings accompanying the order. 

, Cutting and Forming: Clean, white (electron tube manufacturing type)* nylon 
gloves must be worn by persons handling the strip stock during cutting and 
forming the diaphragms. Gloved hands which come in contact with the press 
shall only do so in such a way as not to transfer contamination to the dia- 
phragms. Those parts of the cutting equipment and hydroform press which come 
in contact with the diaphragms shall be free of any projection which cause 
indentations or dimples in the formed part. Likewise the finished diaphragms 
must be free of scratches and other surface imperfections. At no time during 
handling or storage shall bare hands touch the diaphragms. All parts shall 
be kept covered during the time between forming and chemical cleaning. 

Chemical Cleaning: Chemical cleaning of bellows diaphragms shall conform to 
stainless steel chemical cleaning as covered in Section III/??f these specifi- 
cations. 

*Available from: Peninsula Maintenance Supply Co., 1050 Middlefield Rd., 
Redwood City, Ca. 
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E. Bellows (Continued) 

Handling and Assembly: When unwrapping cleaned diaphragms in preparation 
for welding, they shall only be handled by new, clean, electron tube mfg. type 
nylon gloves. Gloved hands which touch clean parts must not be allowed to 

come into contact with surfaces which have not been cleaned in a like manner. 
The welder must be alert at all times not to touch his face, clothing,tools, 

bench, stools, etc. Actuation of switches, adjustment of welding torch, etc. 
must be performed with gloves removed. Gloves which do come in contact shall - 
be immediately replaced with a new pair. New gloves shall also be used at 
the beginning of each shift and following period breaks. 

All those parts of the welding apparatus which come in contact with(or 
even close proximity to)the diaphragms being welded, must be thoroughly cleaned 
and wiped down with approved solvent and lint free tissue. Trichloroethylene, 
trichloroethane or Freon TF may be used. This will be followed by wiping 
down with another tissue using electronic grade methanol. The welded convo- 
lution shall be re-wrapped in new tissue immediately following welding and 
inspection. The handling criteria for assembly of the convolutions, inserting 
the spacer rings, welding the core and associated steps shall be the same as 
for welding the diaphragms, namely: using new gloves at the same intervals; 
gloved hands which touch the bellows parts touch only similarly cleaned sur- 
faces;/&: B inery which comes in contact with or close to the bellows shall 
be wiped down with the same solvent procedure as before. The copper spacer 
rings must be thoroughly cleaned to the same standards as the diaphragms with 
one exception: the Pickle / Passive step 6 is omitted and a copper cleaning 
solution such as Enthone "Actane 36” or MacBermid Metex chemical polish - "BCB" 
substituted in its place. All other cleaning parameters remain the same. 
All handling, welding, and leak testing shall take place in a Clean Room which 
follows current vacuum industry practice for ultra high vacuum cleanliness 
and is acceptable to the SLAC representative. Vendor shall submit a "clean 

room" proposal which is acceptable to the SLAC representative prior to its use. 

Weld Quality and Workmanship: Unless otherwise approved, all welding shall 
be by tungsten inert gas (GTA) fusion process without the use of filler rod. 

It is important to state that leak tightness alone is not the only 
criterion for the acceptability of weld quality. The appearance and workman- 
ship of the welding is equally important. All weld bead shall be continuous 
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E. Bellows (Continued) 

and uniform in height and width. Discontinuities or interruptions which 
are l/3 larger or smaller than the normal bead width or height shall be 
cause for rejection. Rewelds or repairs to such welds shall only be made 
with specific approval. Under no circumstances shall any weld bead touchup 

with the use of files, rotary burrs, etc., be permitted. 

Material Certification: Vendor shall furnish original source certifications, 
including physical and chemical test reports,of all materials which are a 
part of the final assembly. In the case where these reports are not available, 
the vendor shall provide evidence that the materials being used are in fact 
those specified. 

End Fittings: All bellows end attachments such as collars, flanges, weld 
rings, etc., shall be made from solid stock material, either plate,.sheet or 
forgings. No cast material or fittings made by rolling strip stock into a 
ring and welding the ends will be acceptable. 

Inspection: A representative shall be permitted access to these areas of 
the plant where processing or fabrication of SSRR units is taking place at 
the time. 

Leak Testing: Following welding, bellows shall be leak tested using a mass 
spectrometer helium leak detector. To avoid contamination from the rotary 
mechanical pumps, the leak detector shall be located outside the clean leak 
check area. The leak detector test port shall be extended into the clean area 
through an opening which is sealed around the test port extension. Unwrapping, 
handling, and rewrapping of the bellows during leak testing shall also follow 
the previous glove restrictions: periodic glove changes; no contamination 
transfer, etc. Use of the leak detector,including periodic maintenance, shall 
conform to the manufacturer"s recommendations. During testing, the helium 
nozzle must be directed at the gap between the copper spacer wires inserted 
between each convolution so that the gas will enter the void between the 
convolutions I D weld and the copper ring. No indication of leakage is 
permitted when tested by a leak detector with minimum helium sensitivity of 
1to 2 x lo-lo std cc/set per division. In the event that the leak detector 
fails to meet the minimum sensitivity set herein, and the vendor chooses to 

test the bellows with less sensitivity, the responsibility that the bellows 

so tested meet the minimum requirements for leak integrity rests with the vendor. 
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E. Mel 1 ows ( continued) 

The roughing pump used to evacuate the bellows prior to leak testing shall be “trapped” 
with a clean, re-charged molecular sieve type foreline trap to prevent passage of oil 
vapors into the bellows. The molecular sieve trtLp shall have a valve installed on the 
base plate side of the trap. Periodically the sieve material in the trap shall be processed 
by closing the valve and plugging in the internal bakeout heater for a period of at least 6 
hours. The trap must cool to room temperature before opening the valve. 

The internal vacuum plumbing which joins the test plate, the leak detector and 
roughing pump shall be thoroughly cleaned with approved solvents prior to testing the 
first bellows. 

The rubber gasket used as a seal between the bellows being tested and the base 
plate should be a low durometer, small cross section, rubber O-ring held in an “H” 

shaped metal ring. The O-ring shall be new and thoroughly cleaned with soap and water. 
No grease or other lubricants shall be used on the O-ring. The lower O-ring in the “H” 
ring (that which contacts the base plate) can be very thinly coated with Apiezon vacuum 
grease. Wipe off any excess grease with lint-free tissue. The “H” ring should have a 
step machined on the top side, just outside of the O-ring groove, as an aid to center the 
bellows in the O-ring. The top of the bellows shall be covered with a flat plate during 
leak test. Use the same O-ring conditions as the lower O-ring which contacts the bellows. 
If desirable, clean, new, flat rubber sheet may be used as a vacuum seal in lieu of O-rings. 

Marking: All bellows shall be marked to identify the alloy of which the convolutions 
are made, for example, 364,347, etc. If the alloy is vacuum melted 347, it shall be 
marked 347VM. Marking may be by electric vibrator pencil or by the “electric-etch” 
process. Markings shall be on the end flange only. 

Shipment: Each bellows which is accepted shall be completely wrapped with new aluminum 
foil immediately following leak testing. It will then be placed in a new polyethylene bag 
and the open end heat sealed. This package will then be placed in its own corrugated paper 
carton. Shipment of individually boxed bellows may be made in a larger corrugated 
cardboard carton. Maximum size is not to exceed eight (8) bellows per carton. It is the 
vendor’s responsibility that the cartons selected be able to withstand the abuse received 
by whatever means he chooses for shipment. 

E. 2. Bellows - Formed Type 

Formed bellows, which are recleanable, are permitted but it should be recognized that 
they are very limited in axial movement and lateral offset as compared to welded bellows. 

Forming must be by hydroforming or mechanical forming. Roll forming is not 
permitted. Welding must be by fusion butt weld. Lap welds are not permitted. 
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E. Bellows (continued) 

Service requirements, weld quality and workmanship, material certification, 
end fittings, and inspection shall be as specified in I. E. I. Chemical cleaning shall 

conform to Section III I. of these specifications. 

F. Vacuum Gauges 

Vacuum gauges must be capable of measuring the range from .5 Torr to lO-ll 
Torr. This may be done by means of two separate gauges operated from a dual range 
control unit. Gauges must be of the nude type mounted on flanges of the knife edge 

variety as specified in Section I A. The gauges must be bakeable to 450’ C. In the 

event of inoperative filaments, the filament should be replaceable. 
The gauge for high pressure (. 5 Torr to 4 x 10B6 Torr) should have the specific 

value for emission current supplied with each gauge. The gauge degas must be accom- 
plished by electron bombardment. 

The UHV gauge shall contain two independent filaments so that if one filament 
becomes inoperative, a change of an external connector would permit continuation of 
pressure measurement without vacuum interruption. Gauge degas must be by electron 

bombardment. The UHV gauge cable shall be capable of withstanding repeated thermal 
bakeout cycles. 

The control unit for the gauges shall be a single module from which both gauges 
are operated. The control unit shall be capable of the following functions: gauge selection 
by means of a single switch: automatic range changing, emission adjustment; two (2) 
process control function switches and range selectors. The unit shell be rack mountable. 

G. Pumps 

Pumps used on any apparatus or components which interface with the SPEAR vacuum 
system shall be of the sputter ion type of either diode or triode configuration. 

1. Diode Pump 
The active elements in the diode type pump shall consist of an anode and a set 

of Titanium cathode plates. The anode must be at high positive potential with respect 
to the cathode plates. The pump body shall be at ground potential. 
2. Triode Pump 

The triode pump elements shall consist of an anode, a set of Titanium cathodes, 
and two collectors. The cathode must be at a high negative potential with respect to 
the anode and collector. The pump body shall be at ground potential. 

The pump body must be fabricated of 304 stainless steel. The pump insulators 
shall be of the ‘Ye-entrant” type with sputter shields mounted in a manner which 
prevents conductive coatings from forming on the insulators. The pump inlet flange 
shall be of the knife edge type as specified in Section I A. of these specifications. 
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G. Pumps (Continued) 

Prior to shipment the pump shall be baked out under vacuum at 400° C., 

pinched off and shipped under vacuum. 

H. Valves 

All valves used on beam lines 
shall be of all metal construction. 

or systems which interface with the SPEAR vacuum 

1. Pumpout and Appendage Valves 

Valves used for pumpout and attachment of various appendages are preferred to 
be of the l-l/2” right angle type. The entire valve must be capable of being repeatedly 
baked to 450’ C. ineither the open or closed position without damaging the valve seat, 
drive mechanism or bellows. The valve design must allow the valve to be operated in 
any orientation, To provide maximum conductance, the main seal disc must be fully 

retracted when the valve is in the fully open position. Replacement of the metal sealing 
gasket must be possible without removalof the valve from the system. Valve flanges 
shall be of the knife edge type as specified in Section I A. 

2. Isolation Valves 

Pneumatic, remotely operable, beam line isolation valves shall be of the gate type, 
6” nominal size with the actual clear opening being not less than 5.88”. The main valve 
seal shall be of gold, which is forced against a stainless steel sealing surface by means 
of a high pressure gas filled bellows. Sealing pressures must be in the range of 300-600 

psig. The closed conductance with atmospheric pressure on one side of the valve shall 
be less than lo-l2 liters per second. The nominal closing time from full open shall be 
1 second. The nominal sealing time from full closed shall also be 1 second. The valve 
operation shall be by means of a pneumatic actuator which can be controlled remotely. 
The valve shall be bakeable in either the open or closed position. In the closed position 
it shall be capable of withstanding repeated 200’ C. bakeouts. 

Manually operated beam line isolation valves shall be of the straight through type, 
bellows sealed, with the sealing mechanism being a confined copper gasket which is pressed 
against a stainless steel knife edge. Gasket removal and replacement must be possible 
without removal of the valve from the system. The entire valve must be capable of being 
repeatedly baked to 450° C. in either the open or closed position without damaging the 
valve seat, drive mechanism or bellows. 

Valve flanges shall be of the knife edge type as specified in Section I A. Valve 
materials permitted to be exposed to the vacuum system are gold, OFHC copper, 304, 
304L, 316, 316L, 321, 347 stainless steel, Inconel600 and 718. 
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H. Valves (continued) 

3. Fast Acting Valve 

Specifications not yet developed. 

J. Materials 

Materials used in the construction of any component or system which interfaces 
with SPEAR vacuum shall be metallic or ceramic in nature. No elastomers or organic 

materials shall be permitted. 
The materials used must conform to the following unless otherwise specifically 

approved: Stainless Steel (304, 304L, 316, 316L, 321, 347); Aluminum (1100, 6061): 
Gold (vacuum cast, 99.999 %), Copper (OFHC), Inconel(600, 718), and ceramics. 
(There are a wide variety of ceramics used for feedthrough purposes. No attanpt wiH 

be made to list them, but the manufacturer and catalog number must appear on any 
material list or drawing where ceramics are utilized. ) 

II. Fabrication Technique 

A. Material Certifications 

The user shall furnish original source certifications, including physical and 
chemical test reports, of all metal and ceramic materials used. In the case where 
these reports are not available, the user shall provide evidence to the SPEAR represen- 
tative that the materials being used do in fact meet SPEAR requirements. 

B. Surface Preparation 

No operation which might result in contaminants becoming embedded in the 
material shall be used. Grinding with resin bonded wheels, using rouge, emery cloth, 
crocus cloth or similar abrasives is prohibited. 

C. Machining Lubrication 

No lubricant may be used which results in material contamination that cannot be 
removed by the required cleaning methods. No Sulphur bearing lubricants are permitted. 
Recommended lubricants are: 

Stainless Steel - Polar Chip Tap Magic 
Mfg. Lubri-Cool Inc. Mfg. Steco Corp. 
Glendale, Ca. Little Rock, Ark. 

Aluminum - Alumicut ReltonA-9 
Mfg. Mistic Metal Mover Mfg. Relton Corp. 
Princeton, Ill. Arcadia, Ca. 

- cut Max 
Mfg. E. S. Houghton 
So. San Francisco 

Cower 
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- HI. Chemical Cleaning 

The following chemical cleaning procedures which are presently used at SLAC have 
been determined to yield the best results on UHV materials. All parts made from the 

materials listed which interface with the SPEAR vacuum system shall be cleaned according 
to these specifications. A proposed step by step cleaning process shall be submitted for 
approval when approved materials other than those listed are to be used. 

The SLAC facility is capable of cleaning aluminum and stainless steel parts to these 
specifications up to a maximum size of 20” x 20” x 12’. 

A. Ceramic- to-Metal Feedthrowhs 

Ceramic-toMetal feedthroughs present particular cleaning problems in that there 
are usually cracks and crevices which may trap acid cleaning solutions. Those feed- 
throughs having potential trapped areas shall be acid cleaned. Cleaning shall be 

accomplished as follows: 
1. Vapor degrease in Trichlorethylene for 15 minutes. Place feedthroughs on 

side in a stainless steel basket. 
2. Oven dry at 150° F. for approximately 2 hours. 

B. Welded Bellows Diaphragms 

Welded bellows present cleaning problems similar to feedthroughs in that the 
convolutions represent areas that trap chemical solutions. Therefore all parts must 

be chemically cleaned prior to welding and subsequent handling must be done in a manner 
which does not contaminate the bellows. Any bellows assembly which is contaminated 
following final welding is considered not recleanable and will not be used. 

The cleaning procedure for bellows diaphragms is as follows: 
1. Pieces shall be suspended on a stainless steel holding fixture in such a way that 

diaphragms or parts do not touch each other. 
2. Degrease in trichlorethylene vapor for 5 minutes. 
3. Cold running tap water rinse for 1 minute. Immersion rinse preferred over spray 

rinse. 
4. Alkaline* soak clean for 5 minutes at a temperature of 190’ F. 
5. Cold rumGng tap water rinse for 2 minutes. Not in tank 3 above. 

6. Immerse in a stainless steel pickle solution consisting of: 
1 part 42O Baume Nitric Acid 
1 part 48 % Hydrofluoric acid 
1 part distilled water 

Solution shall be at room temperature. Immersion time is approximately 
1 minute. Do not over-etch. 

7. Cold running tap water rinse for 2 minutes. Not in tank 3 or 5 above. 
*Enthone Brass Cleaner, Mfg; Enthone Inc., New Haven, Corm 
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III. Chemical Cleaning (continued) 

8. Immersion rinse in cold de-ionized or distilled water for 2 minutes. 
(minimum resistivity of 500,000 ohms) 

9. Immersion rinse in hot (150’ F.) de-ionized or distilled water for 2 minutes. 
(minimum resistivity 500,000 ohms) 

10. Electronic grade methanol rinse. (See attached specification) 
11. Oven dry at 150’ F. or blow with dry nitrogen gas preferably taken from an 

evaporated liquid source, Dry, high purity (99,99%),water-pumped nitrogen 
bottled gas may also be used. 

12. When dry, remove from rack using cleaq white nylon gloves. Wrap individual 
pieces in lint-free tissue or new aluminum foil. 

C. Vacuum Flanges 

Prior SLA C inspections and experience have determined &at new vacuum flanges 
are not sufficiently clean, and an additional cleaning must take place before they can be 
used in a UHV system. Flange cleaning shall be accomplished by the following steps: 

1. Vapor degrease in Trichlorethylene for 5 minutes. 
2. Cold running tap water rinse for 1 minute. 
3. Soak in E&hone Brass Cleaner at a temperature of 190’ F. for 5 minutes. 

Brush with nylon bristle brush if necessary. 

4. Cold running tap water rinse for 2 minutes. 
5. Immerse in the following solutions: 

Nitric Acid 42O Baume . . . . . . . . . . . . . . . . . 97% byvolume 
Hydroflouric Acid 48%. . . . . . . . . . . . . . . . . .3% by volume 

Solution shall be at room temperature. Immersion time 30-60 seconds. 
6. Cold running tap water rinse for 2 minutes. 
7. Cold distilled water rinse for 2 minutes (minimum resistivity of 500,000 ohms). 

8. Hot (150’ F.) distilled water rinse for 2 minutes (minimum resistivity of 500,000 
ohms). 

9. Electronic grade methanol rinse. (See attached specification) 
10. Oven dry at 150’ or blow with dry nitrogen gas preferably taken from an evaporated 

liquid source. Dry, high purity (99.99%) water pumped nitrogen bottled gas may 
also be used. 

11. Wrap in lint free tissue or new aluminum foil. 
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D. 300 Series Stainless Steel (304, 304L, 316, 316L, 321, 347) 

The following chemical cleaning procedure shall be used for 300 series stainless 
steel tubing and parts. 

1. Vapor degrease in hot trichlorethylene vapor for 5 minutes. 

2. Cold running tap water rinse for 1 minute. 
3. Soak in Enthone Brass Cleaner for 5 minutes at a temperature of 190° F. 
4. Cold running tap water rinse for 2 minutes. 

5. Immerse in a stainless steel pickle consisting of: 
1 part 42’ Baume Nitric acid 
1 part 48% Hydrofluoric acid 
1 part distilled water 
Solution shall be at room temperature. Immersion time shall be sufficient 

to clean surface of scale and oxide. Care should be taken to avoid over-etching. 
Part may be glass bead water-air blasted or brushed with a stainless steel brush 
to facilitate oxide removal. 
6. Cold running tap water rinse for 2 minutes. 
7. Repeat steps 3 and 4. 
8. Immerse in McDermid No. 629* acid dip for 30 seconds. 
9. Cold running tap water rinse for 2 minutes. 

10. Cold distilled water rinse for 2 minutes (minimum resistivity of 500,000 ohms). 
11. Hot (150° F.) distilled water rinse for 2 minutes (minimum resistivity 

500,000 ohms). 
12. Electronic grade methanol rinse. (See attached specification) 

13. Oven dry at 150’ F. or blow with dry nitrogen gas preferably taken from an 
evaporated liquid source. Dry, high purity (99.99%) water pumped nitrogen 
bottled gas may also be used. 

14. When dry,wrap in lint free tissue or new aluminum foil. 

*McDermid No. 629 Acid Dip mfg. by McDermid Co., Waterbury, Conn. 

E. Aluminum (CausticEtch Procedure) 

The following shall be used for cleaning of all aluminum tubing and parts: 
1. Vapor degrease in Trichlorethylene for 5 minutes. 
2. Cold running tap water rinse for 1 minute. 
3. Soak in Amchem No. 53 Non-Etch Aluminum Cleaner;wcfor approximately 5 minutes. 
4. Cold running tap water rinse for 2 minutes. If water breaks appear, repeat 

steps 3 and 4. 
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E. Aluminum (Continued) (Caustic Etch Procedure) 

5. Deoxidize in Wyandotte PD-5533-3 Liquid Desmutter and Deoxidizer * at a 
concentration of 20 percent by volume until all mill scale is removed. 

6. Cold running tap water rinse for 2 minutes. 
7. Etch in Amchem Etchant #33 ** from l-10 minutes depending on depth of etch 

required. 
8. Cold running tap water rinse for 2 minutes. 
9. Desmutt until surface is clean. Use same solution as step #5. 
10. Cold running tap water rinse for 2 minutes. 
11. Cold distilled water rinse for 2 minutes (minimum resistivity of 500,000 ohms). 
12. Hot (150' F.) distilled water rinse for 2 minutes (minimum resistivity of 

500,000 ohms). 
13. Blow with dry nitrogen gas preferably taken from an evaporated liquid source. 

Dry, high purity (99.99 percent) water pumped nitrogen bottled gas may also 
be used. 

14. When dry wrap in lint free tissue or new aluminum foil. 

* Wyandotte PD-5533-3 is a product of Wyandotte Chemical Inc., Wyandotte, Mich. 
PD-5533-3 is biodegradeable and may be dumped to sanitary sewers. If preferred, 
PD-5533-3 may be substituted with Deoxidizer #6 from Amchem, Inc. This is a 
chromate type of solution and may be used for both step #5 and #g. This solution 
cannot be dumped into the sanitary sewer. 

X--X Amchem #53 and Etchant #33 are products of Amchem, Inc., Ambler, Pa. 

El- Aluminum (#l3l2 Process) 

The aluminum caustic etch cleaning procedure requires a number of tanks to 
accomplish cleaning and thorough rinsing. At SIX! there was a need for a cleaning 

process for the 32' long curved SPEAR vacuum chambers which could not be accomodated 
in the standard 12' tanks. This process requires only 3 tanks and may be used 

following caustic etch where adequate rinsing has not been possible. The process 
is referred to as 1312 and is recommended only for very large or irregularly shaped 
parts. 
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E. Aluminum (#ljl2 Process) (Continued) 

F. 

1. Solvent clean with chloroethane. 

2. Cold running tap water rinse. 
3. Steam clean with detergent* inside and out for 5 minutes. 
4. Cold running tap water rinse. 

5. Cold running distilled water rinse. 
6. Dmnerse in #1312 solution** until surface is covered or for 1 minute. 

Do not exceed 1 minute immersion time or smutting will occur. 

7. Tap water spray rinse using a hose and as much pressure and volume as possible. 
8. Hot distilled water rinse for 5 minutes. 
9. Blow with dry nitrogen gas preferably taken from an evaporated liquid source. 

Dry, high purity (99.99 percent) water pumped nitrogen bottled gas may also 
be used. 

10. When dry, cover openings with new aluminum foil. 

* Steam detergent available from Bay Chemicals, San Francisco, Ca. 
** #l3l2 solution available from Yosemite Chemical Co., San Francisco, Ca. 

OFHC Copper 
All OFHC copper parts, including UHV flange gaskets shall be cleaned according 

to the following procedure: 
1. Vapor degrease in trichlorethylene for 5 minutes. 
2. Cold running tap water rinse for 1 minute. 

3. Soak in Enthone Brass Cleaner at a temperature of 190' F. 
4. Cold running tap water rinse for 2 minutes. 

5. Dip in 50 percent Hydrochloric acid at room temperature for 1 minute.' 
6. Cold running tap water rinse for 1 minute. 
7. Bright dip in a solution consisting of: 

Sulfuric Acid 66' Baume . . . . . . . . . . . . . . . . ...60 percent 
Nitric Acid 42' Baume . . . . . . . . . . . . . . . . . . . ..bO percent 
Hydrochloric Acid 20' Baume . . . . . . . . . . . . ...1/5 fluid oz. per gallon 
Distilled Water . . . . . . . . . . . Add 8 fluid oz. per 5 gallons of solution. 

For ~"~~~~a~,a;f;,~~o~o~~~~~~~~e' up use the following solution: 
Phosphoric Acid, 75 percent . . . . . . . . . . . . ...3 parts by volume 
Nitric Acid, 42O Baume . . . . . . . . . . . . . . . . . . ..l part by volume 
Solution at room temperature. 

8. Cold running tap water rinse for 2 minutes. 
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F. OFHC Copper (Continued) 

9. 

10. 
11. 
12. 

13. 
14, 

15. 

Cyanide dip in a solution consisting of: 
Potassium cyanide . . . . . . . . . a avoir. OZ. 
Potassium hydroxide . . . . . . . 2 avoir. oz. 
Add distilled water to make 1 gallon. Solution shall be at room temperature. 

Immersion time: approximately 30 seconds. 
Cold running tap water rinse for 2 minutes. 
Cold distilled water rinse for 2 minutes. (minimum resistivity of 500,000 ohms) 
Hot (150' F.) distilled water rinse for 2 minutes. (minimum resistivity of 
~00,000 ohms) 
Electronic grade methanol rinse. (See attached specification) 
Oven dry at 150' F. or by blowing with dry nitrogen gas, preferably taken 
from an evaporated liquid source. Dry, high purity (99.99 percent) water 
pumped nitrogen bottled gas may also be used. 
When dry, wrap in lint free tissue or new aluminum foil. 

6. Explosion Bonded Transitions AL - SS 
Explosion bonded transitions are sections of aluminum and stainless steel 

which have been joined at their interface to a layer (2.030") of Silver by means 
of a proprietary explosive process. This material, which is sold under the 
tradename Detaclad, is available from E.I. DePont de Nemours and Co., Explosives 
Products Sales Division, Wilminton, Delaware. 

These transitions must be cleaned according to the following procedure: 
1. Vapor degrease in trichlorethylene for 5 minutes. 
2. Cold running tap water rinse for 1 minute. 

3* Soak in Amchem #53 Non-Etch Aluminum Cleaner for 15 minutes. 
4. Cold running tap water rinse for 2 minutes. 

59 Deoxidize in Wyandotte PD-5533-3 Aluminum Deoxidizer and Desmutter at a 
20 percent concentration for 3 minutes. Air agitate the solution. The 
solution shall be at room temperature. 

6. Cold running tap water rinse for 2 minutes. 

7. Lightly etch in Amchem Etchant #33 for lo-15 seconds at a solution 
temperature of 140' F. 

8. Cold running tap water rinse for 2 minutes. 
9. Desmutt in Wyandotte PD-5533-3 for 1 minute. 
10. Cold running tap water rinse for 2 minutes. 

11. Cold distilled water rinse for 1 minute. (Minimum resistivity of 
500,000 ohms) 

12. Hot (150' F.) distilled water rinse for 1 minute. (Minimum resistivity 
of 500,000 ohms) 

13. Electronic Grade Methanol rinse. (See attached specification.) 
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- G. Explosion Bonded Transitions AL - SS (Continued) 
14. Oven dry at 150° F. or blow with dry nitrogen gas preferably taken from 

an evaporated liquid source. Dry, high purity (99.99 percent) water 
pumped nitrogen bottled gas may also be used. 

15. When dry, wrap in lint free tissue or new aluminum foil. 

H. Ceramics 
Ceramic parts used in the vacuum system as insulators, spacers, etc. must 

be chemically cleaned as follows: 
1. Vapor degrease in trichlorethylene for 5 minutes. 
2. Cold running tap water rinse for 1 minute. 

3. Soak in E&hone Brass cleaner at a temperature of 150' F. for 30 minutes. 
4. Cold running tap water rinse for 2 minutes. 

5. Immerse in 50 percent nitric acid Reagent Grade for 1 to 4 hours at a 
temperature of 150' F. 

6. Cold running tap water rinse for 2 minutes. 
7. Cold distilled water rinse for 2 minutes. (minimum resistivity of 

500,000 ohms) 
8. Boil in distilled water for 1 hour. Boil again in fresh distilled water 

for 1 hour (minimum resistivity of 500,000 ohms). 
9. Drain water from beaker and oven dry at 150' F. 

Use Pyrex glass containers when processing ceramics. I33 not use stainless 
steel. 

J. Thin ("-'. 006") Stainless Steel Chambers or Formed Bellows 
The following procedure shall be used for cleaning thin stainless steel 

ps exist. chambers, windows or formed bellows in which no chemical tra] 
1. Vapor degrease in trichlorethylene for 5 minutes. 
2. Cold running tap water rinse for 1 minute. 

39 Soak in Enthone Brass Cleaner for 10 minutes at 190' F. 
4. Cold running tap water rinse to cool part. 

5. Repeat step #3 for 2 minutes. 
6. Cold running tap water rinse for 1 minute. 

7. Immerse in a stainless steel pickle consisting of: 
1 part 42O Baume Nitric acid 
1 part 48 percent Hydrofluoric acid 
1 part distilled water 

Solution shall be at room temperature. Immersion time shall be 10 min. 

8. Cold running tap water rinse for 1 minute. 
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J. Formed Bellows (continued) 
9. Cold distilled water rinse for 1 minute (minimum resistivity of 500,000 ohr ' 
10. Hot (150' F.) distilled water rinse for 1 minute (minimum resistivity of 

500,000 ohms) 
*ll. Electronic grade methanol rinse. 

12. Oven dry at 150' F. or blow with dry nitrogen gas preferably taken from 
an evaporated liquid source. Dry, high purity (99.99 percent) water 
pumped nitrogen bottled gas may also be used. 

13. When dry, wrap in lint free tissue or new aluminum foil. 

*Electronic Grade Methanol Specifications 
Purity, percent W, min. 
Specific Gravity, 20/20° C. (in air), max. 
Color (Pt-Co standards), max. 
Acidity, (as IY&), percent W, max. 
Alkalinity, (as NH3), percent W, max, 
Acetone Content, percent W, max. 
Distillation Range 

99.85 
0.7927 
5 
0.003 
0.003 
0.003 

Nonvolatile Matter, g/l00 ml, max. 
1.0' C. including 64.5O C. 
0.001 

Permanganate Time, min. 30 minutes 
Carbonizable Substances (P-t-Co Standard), max. 50 
Odor Characteristic and free of 

foreign odors. 
IV. Welding and Brazing 

A. Tungsten Inert Gas Welding 
Unless specifically approved, all welding shall be by the tungsten inert gas 

fusion process. Welding electrodes shall be 2 percent thoriated tungsten. 
Prior to welding,all parts must be cleaned as per Section III of this speci- 

fication. During welding, new, white nylon gloves must be worn while handling 
cleaned parts. For operations which require contact with other than the cleaned 
surfaces, the gloves must be removed. If the gloves come into contact with other 
than clean surfaces, they must be replaced with new ones. Jigs, fixtures, or 
chill rings which contact the clean parts must themselves be cleaned according to 

Section III specifications and handled thereafter in the same manner as a cleaned 
part.' 
1. Aluminum 

All brushes used for cleaning shall be of the hand type having stainless 
steel bristles from .002" to .008" in diameter. Power driven brushes, abrasive 
papers and abrasive wheels shall not be used. Hand scrapers shall be high 

quality, high strength steel of triangular shape, heat treated to a minimum 
Rockwell hardness of 65. Brushes and scrapers shall be vapor degreased in 
trichlorethylene before use. 
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A. Tungsten Inert Gas Welding - Ahminum (continued) 
For welding of thick aluminum parts, the suggested procedure is to 

use D.C. straight polarity with Atomic Grade Helium as the cover gas. This 
method does not require pre-heating of the parts. For parts of l/8” thickness 
or less,use A.C. polarity with Argon cover gas. Welding shall take place 
not more than 24 hours following chemical cleaning. 

2. Stainless Steel 
All brushes used for cleaning shall be of the hand type having stainless 

steel bristles from .002" to .008" in diameter. Power driven brushes, abrasive 
papers and abrasive wheels shall not be used. Brushes shall be vapor degreased 
in trichlorethylene before use. 

Stainless steel welds shall be back purged in all cases. Gas flow shall 
be maintained until the metal cools to prevent oxidation. Cover and purge 
gas shall be Argon or Nitrogen Commercial Grade 99.98 percent or mixture 
thereof. Welding shall take place within 48 hours following chemical cleaning. 

3. Joint Design 

Figures 2, 2a, 2b, 2c show examples of joint designs recommended for 
ultra high vacuum systems. Inside welds should be made in every possible 
case. This becomes particularly important if the need arises to reclean the 
assembly at a later date. Assemblies which have internal crevices due to 
outside welds are considered not recleanable since these crevices act as 
traps and continue to "weep" cleaning solutions. 

B. Filler Rod 

Filler metal shall be stored in such a manner that it is protected from oil 
and other contaminants. The package seal must not be broken until just prior to 
welding. Rod from an opened package must be kepty-in a cabinet or other protected 
area within the clean welding area. Prior to welding, the filler rod shall be 
wiped clean with lint free tissue and Reagent Grade acetone. 

Filler rod used with the various alloys shall conform to the 
Stainless Steel Filler 

4 
$4L 

-308~ 
308~ 

316 
316~ 3 316L 
321 347 
347 347 

Aluminum 

following: 

-61 4043 (Linde H.Q.) 
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No Welding and Brazing (Continued) 

c. Brazing Procedures and Materials 

All brazing must take place in vacuum or a dry Hydrogen atmosphere. Prior 
to brazing, the parts involved must be chemically cleaned per Section III of these 
specifications. Following cleaning, the parts must only be handled with new clean 
nylon gloves. Parts must not contact any surface which will result in contamina- 
tion. 

All metal-to-metal and ceramic-to-metal brazes shall have adequate filler 
metal to provide a smooth uniform fillet throughout. There shall be no gaps, 
discontinuities or non-wet areas in the fillet. All filler metal shall be in 
the liquidus temperature range long enough to permit free flow throughout. In 
all possible cases the filler shall be placed in a manner which results in the 
joint side nearest the vacuum being uniformly filled. When brazing parts onto 
a stainless steel vacuum flange, the brazing temperature shall not exceed 900' C. 
to avoid annealing the flange sealing surface. 

To preclude discoloration and "greening" of stainless steel, the Hydrogen gas 
shellbe dry (dewpoint - 80' F.). 

There are a wide variety of commercially available brazing alloys which are 
acceptable. The alloy used will depend to some extent,upon the material being 
brazed, the joint design, stresses on the part, etc. No alloy containing Zinc - 
or Cadmium shall be permitted. 

Certification of brazing material used shall be submitted upon request by 
SLAC . 

V. Bakeout 
All "permanent" vacuum assemblies shall be designed to withstand bakeout tempera- 

tures of 200° C. minimum for as many as 50 thermal cycles. The duration of the bakeout 
is dependent in part on the size and geometry of the assembly. A typical bakeout will 
require approximately 7 working days from start to completion. This time period 
includes the necessary wiring and insulation required, the time to bring the assembly 
up to temperature, the time at temperature and the subsequent cool down period, 

Those components installed for short duration will be evaluated individually 
regarding their bakeout requirements. 
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VI: Internal Water Cooling 

Any component or device which requires watercooling and is an internal part of 
the vacuum system shall be designed in such a manner that no direct water-to-vacuum - 
welds are incorporated. 

Fig. 3 illustrates how water cooled assemblies may be designed which avoid water- 
to-vacuum welds. 

VII. Assembly and Test Procedures 

A. 

B. 

c. 

D. 

Control and Certification of Material 
All drawings submitted for review must be accompanied by complete materials 

lists, including part numbers and manufacturer of purchased parts. 
Certification of materials used in the fabrication of vacuum components is 

required as stated in Section II A. 
Fabrication Control 

All vacuum parts fabricated shall conform to the applicable sections of this 
specification regarding machining, cleaning, welding, handling, assembling, etc. 
Any fabrication process which deviates from these specifications shall be submitted 
for review and approval. All fabrication steps are subject to SLAC inspection at 
any stage of the process. 
Procurement Control 

All materials, parts,and components which are part of or influence the 
vacuum system shall be procured according to specifications in Section 1,A 
through L. SLAC shall reserve the right to vendor inspection to insure the 
adherence to these specifications. 
Assembly 

All assembly must be consistent with good ultrahigh vacuum technique. Prior 
to welding or final assembly, all parts must be cleaned per Section III. Handling 
of parts must be done using new, clean, white nylon gloves of the electron tube 

manufacturing type. Gloved hands which touch clean parts must not be allowed to 

come into contact with surfaces which have not been cleaned in a like manner. 
Gloves which do come in contact with other than clean parts shall be replaced 
with a new pair. If hand tools are required during assembly of parts which are 
exposed to vacuum, the tools must also be cleaned per Section III and handled the 
same as any cleaned assembly part. Tools with rubber or plastic surfaces shall 

not be used for assembly of vacuum exposed parts. 
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D. Assembly (continued) 
The area used for assembly should preferably not contain power tools such as 

drill presses, hand drills, band saws, etc. Should it be necessary to assemble 

vacuum parts in an area where these tools are present, care shall be taken to 
insure that the power tools are not operated during the time parts are being -- 
assembled or are uncovered. 

Cleaned parts or sub-asserablies shall not come in direct contact with any 
work surface. Lint-free tissue* or new aluminum foil shall be the only acceptable 
surface on which parts may be placed. Likewise, p arts may occasionally be picked 
up or handled using several layers of lint-free tissue in lieu of gloves. All 
clean parts not immediately in process shall be kept wrapped and covered in 
aluminum foil or lint-free tissue. Assembly shall take place in a clean area 
with controlled air intakes. The floor shall be either tile, linoleum or concrete 
sealed with a suitable sealant, and shall be cleaned at least once a day by wet 
mopping. 

'E. Bakeout 
Following assembly and prior to installation, the chamber or sub assembly 

shall be baked at a temperature of 200' C. while being pumped. Provision must be 
made for in-place bakeout of "permanent" assemblies. Therefore any assembly or 
component which will be inaccessible after installation due to shielding, magnets- 
etc. shall be wrapped for bakeout, insulated and instrumented prior to installa- 
tion in a manner such that repeated bakeouts can be accomplished simply by con- 
necting a power source and thermocouple leads. 

F. Residual Gas Analysis - Specifications not yet developed. 

VIII. Mechanical Adjustments 
All components and assemblies which have built in movement capability for either 

alignment or functional purposes, must have adjustments provided for said movement. 
For adjustments in X or Y a three point triangular system is preferred over a four 
point adjustment. 

In instances where there is bellows movement as a result of adjustment, the 

bellows manufacturers' tolerances for stroke and axial offset shall not be exceeded. 
During operation no movement which exceeds the design limits will be permitted. 

* Available from C. H. Dexter and Co., Windsor Locks, Conn. Designation: Paper, 
lint-free, Grade 10, 9" sq. and 19" sq. 
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IX. Vacuum Loading and Restraints 

All components, assemblies, and instruments shall be designed to safely with- 
stand the loading exerted by atmospheric pressure while under vacuum. Aminimum 
safety factor of 2 shall be incorporated in all designs. Those modules utilizing 
bellows or geometries which result in differential loading while under vacuum 
shall have restraints provided which prevent lateral and axial movements due to the 
differential loading. 

x. Venting and Pumpdown Procedure 

When venting a system from vacuum to atmospheric pressure, dry nitrogen shall 
'be employed as the venting gas. The nitrogen may be gas taken from an evaporated 
liquid source or bottled, dry, high purity (99.99 O/o ) water pumped nitrogen gas 
may also be used. Venting shall be done through clean, dry copper or stainless 
steel tubing which is connected to the system by means of a knife edge flange as 
specified in Sec. I A. Upon completion of venting, but prior to breaking flange 
connections, the area to be disconnected shall be cleaned with Micro Duster*. Once 
the flanged connections are broken, the openings shall be immediately covered with 
new aluminum foil. 

Pumpdown from atmospheric pressure shall take place using cryosorption pumps or 
a liquid nitrogen trapped mechanical pump, trapped in such a manner as to prevent 

heavy hydrocarbon contamination. When using a mechanical pump, the trap must be 

filled with liquid nitrogen prior to opening the system putnpout valve. The mechani- 
cal pump may be used down to pressures of approximately 10 Torr,at which time it must 
be valved off to protect against oil vapor backstreaming. Pumpdown from this pressure 

must proceed using cryosorption pumps. 

* Micro Duster available from the Texwipe Co., Hillsdale, New Jersey. 
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XI COOLING CRITERIA 

All synchrotron absorbing surfaces on SPEAR are water cooled. This was 

necessary because the intense heat fluxes represented a potential catastrophic 
hazard to the operation of the storage ring. In general, conservative design 
criteria were used. While the heat fluxes will be lower for most SSRP surfaces, 
the same general criteria should be applied wherever synchrotron radiation 
impinges on a surface. These criteria are derived in SPEAR Notes 41 and 156. 

Specifically, the following items should be used in SSRP design: 
1. No welds between water cooled passages and vacuum spaces. 

2. The linear power flux is given by: P' = Pt sir-4 
Tm- 

where: p' = power density in watts per cm. 

pt = beam power = 150 KW. 

d = tangential distance between the surface and the beam orbit in cm. 

4 = angle between the surface and the light ray. 

30 The height of the heated area is given by: h = $d. 
where: p2p 

E= Beam energy in GeV = 4.8 GeV 
4. The coefficient of heat transfer to water is 0.8 watts/sq. cm deg C. 

The coefficient of heat transfer to air is 1.0 milliwatt/sq. cm deg C. 

5. The cooling water temperature is 40 deg C. The ambient air temperature is 
20 deg C. 

6. The maximum metal temperature is 150 deg C. 

7. The maximum heat flux on the vacuum side is 1.0 KW/sq.cm. 
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1. SCOPE 
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IaL 
JOTI 
410 
414 
4lB 
4mllw 
4211 
rsn 
4ROF 
GBF .cC 
JR1 
4dnA 
ddnR 
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* ddQY 
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lJerar* t 
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&  
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.w 
.ft6 
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.I0 
.ln 
Al8 

a .l;, 
.08 
.I6 
*IA 
.::I 
.lf, 

thmr .lrI 
A2 

. * .I2 
.I2 
20 

O&i - 0.76 
.7s - .os 
.96 - 1.a 
.wi - 1% 
.SG - 1% 

.20 

OFFICIAL CLASSIFICATION CO~~MITTIZE 

Uniform Freight Classification Rules. 

( .\ppIic:ttiun for cupirn S;IWJICI be udt~~s~ed to the 
Orliciul Clttrsifiwtion ConrnM.w, 1 Park Avenue at 
:i:~rt: Sl.. St-w York Iti. s. Y., 

3. REQUIREMENTS 

3.1 Chemical compositiou, The material 
shall conform to the chemical composition 
show in table II and shall be within 
#the check analysis toleku&!s shown in 
table III. 

Manvlinvm~ 

I’rrcrrt 
l2.00 
2.00 
Y.00 
2An 
2.nn 

tit 
*,fN, 
!Uh) 
Y.(H) 
?.lU, 
I .nn 
1 .otl 
2.tm 
I.0 
WI 
\.ou 
i.w 
1.25 
1 .L15 
1.00 
Loo 
1.26 
1.26 
1.00 
l.nn 
1.60 
1.00 
1.2; 
1.23; 
Ia 

rkowhonu ’ 

I’WfW!: 
O.alf 

20 
20 
.n4.5. 
.n45 
.nd.; 
.O.l., 
.OXi 
.nd.i 
.odG 
.fU-15 
ma 

I .0-h 
.lUr, 
.040 
.OdO 
.fUO 
NItI 
.0t; 
.fUi 
.two 
.040 
.08 
.no 
.a10 
.o4n 
.n40 
.040 
.nnn 
.nfin 
.OdO 

Sulf bar ’ 

I’crrc-wt 
O.ORO 
‘.16 
.(u; 
.o:m 
mo 
mn 
.a31 
.n30 
.n.?o 
.O”Q 
.o: ’ 
.oso 
.lHQ 
.nzo 
.03-b 
.fxN 
.tm 
AK10 
.1.5 
.ufl 
.o:m 
.tl348 

’ .l.‘, 
m  
*OS,0 
.Qso 
.nso 
.a?0 
.nso 
.n5n 
mn 

Sillmn 8 

I%m~v~t 
1 .w 
1 Au 
la0 
1.0 
I.00 
1.00 
1 so 

‘1.00 
1.0 
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1.00 
134 
Lno 
1.m 

A0 
1 .on 
I.00 
1 .nf) 
I .oo 
1.tm 
I .nn 
1.00 
1.00 
1.M 
I.00 
1.00 
1.00 
l.nn 
1.00 
1.00 
1.00 
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ctnwlnium 

l’e*tUt 
l’;.lrn - l!).W 
17.00 - lS.uJ 
17.00 - lS.ee 
18.(H) - 2o.oo 
1s.rm - 20.00 
Ywn - tu?o 
2~1.00 - “o.no 
IWO - 18.00 
1kO0 - 18.oc) 
lt5.00 - 2oJlo 
17.00 - i9.m~ 
ICLnn - 18.m - lL,O - 17.5n 
l7.no - Icr.llt) 
I I..10 - 1%00 
Il.60 - 14.80 
I I.*iO - - 1x50 
I I .;a t:l.ail 
1.’ I)0 -. IJ.llo 
I”.fHt --. Id 00 . 
IY.lli) - ld.nO .., 1LIw) - tl(.eo 
14.00 - moo 
l-LOO - Il.flO 
lG.00 - 17.00 
lfi.lMJ - 18.00 
lmo - 18.00 
lfm) - 18.(M) 
II~I - is.no 
iw) - imo 
2::.nn -- 27.04) 



TABLE II. Clwmicul cuwoailiun-(Cont’d) 

302 
30:; 
RO:IAe 
:1&t 
::04 L 
30!1 
::1n 
;:lf; 
8lOL 
317 
321 

4 .Jw “” 
’ 324 

347 
40:: 
405 
m 
414 
416 
.llMQ 
420 
430 
43OF 
4XF Se 
421 
4.w 
44nR 
4.w 
44OF 
44OF Se 
446 

NkkOl 
I 

Molybdmen ’ 

Purcunt 
8.0 - 10.00 
8.00 - in.on 
8.bO - 10.00 
8.00 - 12.00 
8.00 - 12.00 

12.00 - l.i.00 
11w0 - Pt’.t-w 
in.00 .-. 15.00 
~0.00 - 14.00 
I 1.00 - 16.00 
!LQO - 12.00 
ci.no - Pm 
3.00 - 5.00 
9.no - 13.00 

1.25 - 2.33 
- 
- 
- 

- 
- 

1.25 - 4.x 
- 
- 
- 

I’ercuut 
- 

3 n.ria 
- 

- 

- 
2.00 - :1.00 
2.00 - 8.00 
s.00 - 4.00 

- 
- 
- 
- 

’ .no 
- 

- 
’ .RO 
- 

.7P 

.?5 
.75 
.h 
.15 
- 

I’ercuttt 

-- 
- 
- 

-’ 
- 
- 

- 

0.18 - 0.40 
10 x cerhn ’ 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 

f’QtVOHt 

. . ._ 
-- * 
- 

- 
- 

5 x curlm * 
’ 1.60 

- 

- 
- 
- 
- 
- 

. - 
- 
- 
- 
- 

-- 
- 
- 

OtJmn 

’ 0.60 maximum. zirconium 
.I5 nunimum, sdmwm 

-m 

.llV.fO aluminum 

’ .Mb maximum. zim.nium 
.1X minimum, wlenium 

’ .M maximum, zirconium 
.I .A minimum, sd~nium 

- 

.I:, minimum, selcniom 
2; tn:tximunr. nitrrgpn 

3.2 Processing. Unless otherwise specified 
in the contract or order, corrosion-resisting 
steel shall be made by the electric-furnace 
process and shall be cast in metal mdds. 

3.2.1 The bars or billets may be processed 
from ingots by rolling, hammering. or 
pressing. 

3.3 Dimensions Bars and billets shall con- 
form to the form and dimensions as speci- 
fied (see 6.2). 

3.4 Weight tolerance. The tolerance for 
the specified or theoretical weight of bnrw 
and billets shall be 5 percent, plus or minus, 

for individual pieces or for quantities of 
less than a carload. For carload quantities. 
the. tolerance shall be 21/z percent, plus or 
minus, of t!le total weight of all pieces of 
the same nominal cross-sectional dimensions 
and specified piece weight. (The theoretical 
weight of steel is calculated on the basis of 
0.287 pound per cubic inch for the 309 
series, and 0.279 pound per cubic inch for 
the 400 series. Semi-finished steel ia not 
furnished to tolerance limitations for cross- 
sectional dimensions.) 

% 
. 

3.5 Macroscopic etch. Nat&al shall, by 
the mxcroscopic etch test specifkd in 4.32, 
be dcmonatmtetl to be dcase alld soa11d rmd 
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c;~rhon .............. T.) 0.20 1nr1. ......................... 
Ovrr 0 ‘W to O.fiO incl. .I ................. 
ovvr 0.m ............................ 

31~ ngmed45 .......... TIP 1.00 iltrl. ......................... 

Owr I.00 to 2.00 incl. ................ 

Silicpn .............. To 1.00 id. ......................... 
Owr 1.00 to ::.OO incl. ................. 

Sickrl ............... To 1.00 iricl. ......................... 
OUT 1.00 to C1.0t) incl. ................. 
Ovi~r 5.00 to 10.00 incl. ............... 
Owr lO.~io to 20.00 incl. .............. 
Owr 20.00 ........................... 

Ch:xxniu:n ........... Ovrr 4.00 tu lU.00 incl. ................ 
Over IO.OO to 13.00 incl. ............... 
()wr I r1.00 to ‘W 00 - . iucl ............... 
chw 2n.w ........................... 

.VuJyl&mm ......... Owr 0.20 to 0.60 incl. ................ 
Ovrr NIXI to 1.7.; incl. ................. 
Owr 1.7: ........................... 

l’hwphoru# .......... To 0.0.~ :td. ........................ 
Owr 0.o.m to 0.20 incl. ............... 

Sulphur ............ To 0.0.10 incl. ............ ........ 

f)vc*r 0.040 to 0.20 incl. ............... 

Sk44un~ ............ All rrrnyc*~ .......................... 

Tkrnium ............ A!! l’illl$?l’S ...... .................. 

(‘c~lurnhiuui .......... All r~icnwr .......................... 

ZipWlljUdU ........... All I~~rrl~*.~. .......................... 

~\lua:iaunr ........... To (~.~~~ id. ......................... 

!;itMpll ............ All !‘;clr$3’> .......................... 

0.01 
.02 
.0X 

.o:: 
A4 

-05 
.lO * 

.o:: 
Al7 
.lO 
.15 
.20 

.lO 
.lLl 
.20 
25 

.o:: 

.n*i 

.lO 

.no:s 

.Oll-l 

.nn.i 

.nin 

.I):: 

.n:, 

.0.-B 

.0.-s 

.I)i 

.nl 

k9 @t &&fb &Ml) *.pe, iissures, gas Cilvities, 
#pp.&k&s 4&ao,rmsrl inclusions or sc)tre- 
J&&, w .unusua~ gtunw~~s ‘pinholcn. 

,3.$ Rqa@ d &fee& Billets may be chip- 
ped or mopad to remove surface defects. In 
the case of billets of o width greater than 
twice the Sdcness, the depth of chipping 
or grinding on the rutiace having the great- 
est are8 shall not exceed s2 inch for each 

inch of thickness up to 8 inches. In the case 
of billets of a width less than twice the 
thickness, the tl(*pth of chipping or grinding 
sh:rll not escccd ‘,$(; inch for cwh inch 01 
thickness up to 8 inches. For all billets 
larger than 8 inches in the smaller cross- 
sectional dimension, the ckptli of chipping 
or ;lrinding shall not exceed :!!1 inch. For 
rectangular billets, the maximum depth of 
chipping or grinding on the edges ehall be 
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the same as for biilets having a width less 
than twice the thickness. 

3.7 Identification marking. Identification 
marking shall be in accordance with Stand- 
ard MIL-STD-183. Continuous marking 
shall be in ink. 

3.7.1 Billets. Each billet shall be marked 
at least once near one end with the class, 

’ legibly die stamped, and the name or trade- 
mark of the manufacturer, the specification 

’ nurzber, the heat number, and a condition 
designator selected from Standard MIL- 
STD-183. 

. 3.8 Workmanship. Material shall be uni- 
form in quality and condition, free from 
pipe, seams, welds, laps, cracks, slag, hard 
spots, porosity, slivers, scabs, rolled-in scale 
excessive nonmetallic inclusions, segrega- 
tion, or any other defects which due to the 
nature, degree, or extent detrimentally af- 
fect its suitability for the service intended. 
Bars sha!I be commercially straight and free 
from twist. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Sampling. 

4.1.1 For purposes of sampling, a lot shall 
consist of all bars or billets’niade from the 
same heat. For purposes of chemical analy- 
sis, if the heat cannot be identified, a lot 
shall ‘be limited to 2000 pounds of hsrs or 
billets of the same size and shape. 

4.1.2 One sample for chemical analysis 
shall bc selected by the inspector from each 
heat. The sample shall bc taken from ma- 
tcri;;l rcprcswling the topmost us;~hlc pw 
tion of the ingot, at a point midway bc- 
tween center, and surface. If unable to iden- 
cj1.y the I~eai 9r ingot position, two samples 
hiidil II, rahn fl*oni the lot and annlyzed 
dzparately. SwipIcs shall tie fine, ciran, fiw 
irom oi1, dirt, grit, or other foreign matter, 
and shall consist of not leas than 2 ounces. 

4.1.2.1 Mworrcopic etch ted. Slicee repre- 
senting the entire cross section &all be cut 
from the top of the top billet and .bottom of 
the bottom billet of 3 representaave ingots 
of the heat. In the case of mill purchases, the 
results of the manufacturer’s tests on ma- 
terial of the heat from whioh the bars or 
billets were rolled may be substituted, gw 
vided the identity of the material can be eb 
tablished to the satisfaction of the inspector 
and also that an approximately equal: num- 
ber of tests were taken from essentially, 
eqivalent positions in the heat. In the case 
of bars in which the heat and original poai- 
tion in the ingot has not been identified, a 
slice shall be takeli from one end of sam- 
ple bnra or billets selected as specified in 
table IV. 

25 and under 7 0 1 
2fi to fi,T 10 0 1 
fifi tn 110 lrl 0 1 

111 to :m 25 I 2 
X01 rrnd ovw ::b 1 2 

4.2 Weight and visual examination. 

4.2.1 The material shall l>t! subject to 
weight, surface, and visual examination and , 
to inspection for preparation for shipment 
by the inspector, who ahall satisfy himself 
whether the material conforms to the re- 
quirements of this specification. Lots con- a 
taining defective material shall be subject 
tn rejection. 

4.2.2 Rcinspectiok LOW rcjcctcd on ILC- 
cvullt of w&&t 01’ visuill SUrfilW df2fWtJ4 
may be resubmitted i‘or examination in ac- 
cordance with 4.2.1, p.:ovided the mtinufac- 
Lure]* has ~tlwcrrked ,;nii Anspc:ted t!z lots 
to remove all noncti?for.ming material. 

1.3 Teiit procedurca 
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4.3.1 Cl~cG~22 rtnutyei.8. Samples selected 
in tlccordance with 4.1.2 shall be forwarded 
to a Government laboratory designated by 
the bureau or agency concerned and an- 
alyzed to determine conformance with tables 
II and 111. If any sample fails to conform 
to tables II and III the entire lot shall be 
rejected. 

4.32 &awscopic etch test. The speci- 
mens for test shall be cut from the ends of 
the selected sample and shall represent the 
full cross-section of the bar or billet. The 
surfaces of the specimens to be examined 
shall be suit;\blg prepi\rt?d for etch testing. 
The prepared specimens shall first be clean- 
ed and heated in water to the same tem- 
pcrature as the acid etching solution. The) 
shall be immersed in a solution consisting of 
equal parts, by volume, of concentrated hy- 
drochloric acid and water at approximately 
lGO*F. for a period of time suflicient to de- 
velop fully the mncroetch structure. Fresh 
acid shall be used for each lot of specimens. 
After etching, the specimens shall be wash- 
ed in running water or steam and any de- 
posit removed *by scrubbing. The specimen 
hdl tlicn he clipped in cold concentrated 
llitric :lcitl, \ViIshctl in cold water, and dried, 
Should this test reveal piping or other in- 
jurious defects as specified in 3.5, the lot 
shall be rejected or further discard shall be 
made until the inspector is satisfied as to 
the soundness of the material; samples from 
the s&ame cut from all other ingots in the 
heat shall be tested. 

5. I’REI’ARA.TlON FOR DEIJVRRY 

5.1 Level A and level B. Corrosion-resist- 
ing steel bars and billets shall be prepared 
for delivery in accordance with the appli- 
cable requirements of St;rndnrd MILSTD- 
163. The bars and till& shall be shipped 
loose, in secured lifts, or in wooden boxes 
or metal containers as specified therein. 

.X! I.eo\cl t’. ‘I’hc mlrlerinl sharl! LV yre- 
pared fur shipment in auordalice with com- 

mercial practice and in a manner to insure 
carrier acceptance and safe delivery &ZI des- 
tination at the lowest applicable rate. Con- 
tainers shall comply with the Uniform 
Freight Classification Rules or other carrier 
regulations applicable to the mode of trans- 
portation. 

5.3 Marking for shipment. In addition to 
any special markings required in the con- 
tract or or&r, shipment markings shall 
he in accordance with Standard B$IL- 
STD-163. 

6. NOTES 

6.1 Intended use. 

6.1.1 Corrosion-resisting steel bars and 
billets are intended for reforging purposes 
only. Material for reforging should not be 
stocked and should not be ordered ‘unless it 
is certain that the material will be u.sed for 
reforging purposes. 

6.1.2 Corrosipn-resisting steel for items 
to be welded, affecting safety or Military 
effect ivcness, should be class 304, or 321, 
or :W7. 

6.2 Ordering data. Procurement docu- 
ments should specify the following: 

(a) Title, number, and date of this 
specification. 

(b) Class of steel required (see 1.2). 

(c) Form and dimensions. of. bars and 
billets required (see 3.3). 

6.3 The classes of Specification MIL-S- 
862A listed below are essentially equivalent 
to and interchangeable with classes of this 
specification as shown below: 

,~~~L-!iT-tW?,~ MlL-S.Wil) 
Cbr Chwcc 

1 .:104 

2 302 
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MIL+-.%?GZA MIL-s-262B 

CllW 

;: 

J 

G 

c 

7 

s 

C&M 

-ilO 

x;o 

,.. 

416 or 416 Se 

20:; 

221 VT 347 

9 316 

10 431 

II 310 

I” w . . . 

Sotiw. H’hvn G;overllwnt tlruwings, xprcifications, 
or other clattr arc usierl for crny purpose other than 

in conwciion \vilh 3 cldinitdy wlrr~c~tl Coucwunc*n1 
pwurwwt opca~t ion, tha Unitwl Stcrtcr Covvrn- 
mcwt thcrdy incurs no rcqxnwildity nor any oldi- 
Kclti,cn whntwwr ; and the f:rct that the Govcrn- 
ment may have formulated, furnished, or in any wuy 
~uppliccl the said tlrxwings, spvcilicutiunn, or othur 
tlutn is not to bc rvg:;lrclcd by implictrtion or othcr- 
wke as in any mnnnvr licensing the holder 6r any 
othtbr pvr>wt or corporution. cr conveying any. rights 
or pcvuission to nianuf&ulr, use, or sell any pa- 
tent4 in~cn:km thn’t m;iy in any way be relat& 
thercto. 

Curtodianrr: 
.\rmy-Ordnnncr Curpr; 
Savy - llurenu uf Ships 
.\ir Ikrrc--WAIN’. 

I’rryuring activily: 
SWp - Ilurrau uf Shiyr 
(I’rojrd lM&l) 


