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Conversion Tables

Converting from one unit to another

Sample conversion: grams to ounces
The following tables provide the most frequent conversions for

use in vacuum applications. Text books or other reference manu- .
als offer additional conversion factors. Weight
In all of the tables below, the original units are listed in the left-

hand column. Locate the conversion factor by intersecting the Ib 9
1.600E+01

row of the original units with the column of the final units. b 1 4.54E+02
Multiply the number of original units by the factor to obtain the " 6.950E-02 equals .,
number of final units. 2 905E-03 1
Using the sample tgble at the right, gram weight is multiplied by 0 2.205E-+00 1.00E+03
3.527E-02 to obtain ounce weight. For example, 281 grams Multiolied b
would convert to ounces by: 281 x .03527 = 9.911 = 10 oz. ufuplied by
Note that conversion factors are intended for reference use only.
Pressure
Pa mbar Torr micron atm kgft;m'2 psi
N-m2 millibar mm Hg mTorr atmos Ibgin2
Pa 1 1.00E-02 7.50E-03 7.50E+00 9.87E-06 1.02E-05 1.45E-04
mbar 1.00E+02 1 7.50E-01 7.50E+02 9.87E-04 1.02E-03 1.45E-02
Torr 1.33E+02 1.33E+00 1 1.00E+03 1.32E-03 1.36E-03 1.93E-02
micron 1.33E-01 1.33E-03 1.00E-03 1 1.32E-06 1.36E-06 1.93E-05
atm 1.01E+05 1.01E+03 7.60E+02 7.60E+05 1 1.03E+00 1.47E+01
kggem? 9.80E+04 9.80E+02 7.36E+02 7.36E+05 9.68E-01 1 1.42E+01
psi 6.89E+03 6.89E+01 5.17E+01 5.17E+04 6.81E-02 7.03E-02 1
Example:
2.00E-05 Torr 2.66E-03 2.66E-05 2.00E-05 2.00E-02 2.64E-08 2.72E-08 3.86E-07
Leak Rate
Pals™ mbaris™ Torrls™ std ccs™
Pals 1 1.00E-02 7.50E-03 9.87E-03
mbars! 1.00E+02 1 7.50E-01 9.87E-01
Torrls™ 1.33E+02 1.33E+00 1 1.32E+00
std ccs™! 1.01E+02 1.01E+00 7.60E-01 1
<5
§ Example:
5 1.00E-07 mbarls™! 1.00E-05 1.00E-07 7.50E-08 9.87E-08
o
<
o3
3
= Flow Rate
gpm gps Im™ Is
gpm 1 1.67E-02 3.79E+00 6.31E-02
aps 6.00E+01 1 2.27E+02 3.79E+00
l.m! 2.64E-01 4.40E-03 1 1.67E-02
s 1.59E+01 2.64E-01 6.00E+01 1
Example:
2.5 gpm 2.50E+00 4.17E-02 9.46E+00 1.58E-01
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Conversion Tables

Length
foot inch meter centimeter millimeter micron Angstrom
ft in m cm mm pm

foot 1 1.20E+01 3.05E-01 3.05E+01 3.05E+02 3.05E+05 3.05E+09

inch 8.33E-02 1 2.54E-02 2.54E+00 2.54E+01 2.54E+04 2.54E+08

meter 3.28E+00 3.94E+01 1 1.00E+02 1.00E+03 1.00E+06 1.00E+10

centimeter 3.28E-02 3.94E-01 1.00E-02 1 1.00E+01 1.00E+04 1.00E+08

millimeter 3.28E-03 3.94E-02 1.00E-03 1.00E-01 1 1.00E+03 1.00E+07

micron 3.28E-06 3.94E-05 1.00E-06 1.00E-04 1.00E-03 1 1.00E+04

Angstrom 3.28E-10 3.94E-09 1.00E-10 1.00E-08 1.00E-07 1.00E-04 1

Example:

24 inch 2.00E+00 2.40E+01 6.10E-01 6.10E+01 6.10E+02 6.10E+05 6.10E+09

Weight

Ib 0z 1] kg

Ib 1 1.600E+01 4.54E+02 4.54E-01

0z 6.250E-02 1 2.84E+01 2.84E-02

g 2.205E-03 3.527E-02 1 1.00E-03

kg 2.205E+00 3.527E+01 1.00E+03 1

Example:

10 kg 2.21E+01 3.53E+02 1.00E+04 1.00E+01

Force

|bf 0z¢ N kgf

Ibg 1 1.60E+01 4.45E+00 4.54E-01

0Z¢ 6.25E-02 1 2.78E-01 2.83E-02

N 2.25E-01 3.60E+00 1 1.02E-01

ks 2.21E+00 3.53E+01 9.81E+00 1

Example: —_

51b 5.00E+00 8.00E+01 2.22E+01 2.27E+00 §
>
Q0
=r
[1°]
<.
D
-
D

Torque a
D

Ibg-ft 0z4-in N-m kgg-m

Ibg-ft 1 1.92E+02 1.36E+00 1.38E-01

0z¢-in 5.21E-03 1 7.09E-03 7.25E-04 Note: The “{” for “force” is frequently

N-m 7.38E-01 1.41E+02 1 1.02E-01 omitted in tables or text when the

kgg-m 7.23E+00 1.38E+03 9.81E+00 1 meaning is clear from the context.

Example:

15 Ib-ft 1.5E+01 2.88E+03 2.03E+01 2.07E+00
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Glossary

18-8 ss A grade of stainless steel including 18% chromium and
8% nickel; typically used on bolts, screws and nuts

300 Series ss Generic reference to any stainless steel grade in
the numerical 300 series family

304 ss Vacuum grade stainless steel; can be easily machined
and welded; very low outgassing properties

304L ss Very low-carbon stainless steel

316 ss Vacuum grade stainless steel; low magnetic permeability
A or Amp Ampere; unit of electric current

A Angstrom: unit of length; 1 A = 100m

Abbe Error Linear off-axis error introduced through amplification
of tilt and wobble with a long moment arm. This type of error
occurs when the point under measurement is at a relatively
long distance from the axis of motion, typically greater than
12"

AC Alternating current

Accuracy The maximum expected difference between the actual
and a desired position for a given input. Highly dependent on
method of actual position measurement

Accuracy, Absolute The output of a system versus the com-
manded or ideal input

Accuracy, On-Axis The uncertainty of position after all sources of
linear error are eliminated. Some linear errors: cosine error,
leadscrew pitch error, abbe error and thermal expansion
effects

Actuator A portion of a device that provides motion to the inter-
nal parts of the device; typically manual or electropneumatic

Adapter Provides a transition from one method of sealing to a
different method of sealing, such as metal seal to elastomer
seal

AKA The abbreviation for “also known as”
AL or Al Aluminum
Aluminum 6061-T6 Vacuum grade aluminum

AM-350 A precipitation hardened stainless steel used in welded
bellows; similar to 304L with a longer life in cycling

Amp or amps Ampere; unit of electric current

ANSI American National Standards Institute

ASA American Standards Association, replaced by ANSI
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials

Atm or atmos Atmosphere; used in pressure measurement refer-
ence

Austenitic stainless steels Iron-chromium-nickel alloys, pro-
vides good corrosion resistance, machining and welding prop-
erties; 304ss and 316ss are examples

AVS American Vacuum Society

Phone 800-443-8817
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AWG American Wire Gage; corresponds with the number of oper-
ations of drawing a wire, thus a larger number, which repre-
sents more operations, results in a smaller diameter wire; AKA
Brown & Sharpe gage; there are many wire gage methods

BA Bayard-Alpert (gauge); method of vacuum measurement

Backlash The maximum magnitude of an input that produces no
measurable output upon reversing direction. Typically the result
of poor meshing between drivetrain components as in lead
screw threads

Bar A unit of pressure measurement; in vacuum applications,
used as millibar

BC Bolt circle; the center to center distance of two bolt holes on
the same diameter; generally may be used in specifying any
centerline to centerline distance of elements on the same
diameter; sometimes used in place of the connector circle (CC)
for pins on an electrical connector

Best way A method of shipment to be selected by MDC which
would be appropriate for the type of product to be shipped; see
Ordering Information section

Blind hole A drilled hole that does not break through the metal;
maintains the vacuum integrity of the drilled piece

Blind tapped A tapped blind hole; female threads inside a hole
that does not break through the metal; maintains the vacuum
integrity of the drilled and tapped piece

BNG Bayonet Naval Connector; a specific type of electrical con-
nector that attaches without threads; used in 50 ohm and 75
ohm coaxial low power instrumentation transmission lines

Bolt length The portion of a bolt excluding the head; may be
threaded completely or have a shank with partial threading

Bonnet The flanged connection of two parts of a valve; the
flanges between the actuator and body of a valve

Buna-N® A DuPont Dow Elastomers registered trademark brand
name of a type of elastomer seal; butyl material which has
excellent resistance to gas permeation; an early vacuum seal,
generally displaced by FKM / FPM fluoroelastomer

Capture groove A counterbore in a flange that a gasket seats
into; keeps a gasket from moving outside its range of correct
positioning

Carriage The movable parts in a gate valve, including wheels,
pins, springs, supports, etc.; the back side of the flat 0-ring
sealed gate in a gate valve

cc Cubic centimeter; metric unit of volume measurement

GG Connector circle; the center to center distance of two pins on
the same diameter of an electrical connector

GCW Counterclockwise

GE Compliance European safety standard; similar to UL listing in
the USA

CERN Centré Européenne pour la Recherche Nucléaire (French);
European Organization for Nuclear Research; specifications
standard limited to France

CF flange Del-Seal™ CF metal seal flange; originally developed by
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Varian Corporation under the Conflat® Flange brand name;
requires metal gasket for UHV seal, usually copper material

CIF Carriage and Insurance paid to customer’s delivery address

Clearance holes Holes that are drilled completely through a
metal piece without threads; also called through holes or thru
holes

Gounterbore A straight bore partially through a metal piece;
sometimes concentric with a smaller bore

GSA Canadian Standards Association; comparable to United
Laboratories approval in the USA

CSR Customer Service Representative

CVD Chemical vapor deposition; a method of depositing material
on a substrate using a chemical reaction

CW Clockwise
DC Direct current

Del-Seal™ The MDC trademark name for a metal seal UHV
flanges; also written Del-Seal™ CF; compatible with Conflat®
flanges

DIA or dia Diameter

Dicronite A dry film lubricant used on linear and ball bearings;
modified tungsten disulfide in lamellar form; inert, corrosion
resistant, non-magnetic and UHV compatible throughout a wide
temperature range

DIN Deutsche Industrie Norm (German); German industry stan-
dard

Display Resolution The smallest motion detectable by a motion
device’s precision rule, micrometer or motor controls

DN Diamétre Nominal (French); nominal diameter, usually refer-
ring to vacuum tubing internal diameter

DWDM Dense Wavelength Division Multiplexing; the process of
splitting or multiplexing the light traveling through fiber (optics)
into different wavelengths

EB, E-B, e-beam or other variations Electron beam

Eccentricity Sometimes called concentricity; eccentricity in a
rotary device is the deviation of the center of rotation from its
mean position as the device turns

Elastomer A flexible material for completing a vacuum seal
between two flat surfaces, usually ISO flanges; colloquially
“rubber”

Electropneumatic Method of actuating a device using a com-
pressed gas which is controlled by an electrical solenoid valve

Electropolish Removes a small amount of surface metal from
any shape of stainless steel; provides an attractive high-luster
finish plus deburring

Error The difference between an obtained performance parame-
ter and the ideal or desired result. Errors fall into two primary
categories, on-axis and off-axis errors

Fixed flange Nonrotatable; composed of a single machined
piece; when welded to tubing or a chamber, the bolt holes
cannot be rotated to align with bolt holes of another flange
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FKM / FPM fluoroelastomer Fluorocarbon-based fluoroelastomer
(FKM / FPM)

Flush mount One flange is welded directly to the back of either

another larger flange or a flat surface; typically the total thick-
ness is the sum of the two individual thickness’

FOB Freight on board; the point at which transfer of ownership of
a product occurs

FPT Commonly used abbreviation for female pipe thread

Friction Friction is defined as the resistance to motion between
surfaces in contact. Friction can be constant or it can vary with
speed. Elements contributing to overall friction may be in the
form of drag, sliding friction, system wear or lubricant viscosity

Friction, Static The friction that must be overcome to impart
motion to a body at rest. Since static friction is higher than
sliding friction, the force which must be applied to impart
motion is greater than the force required to keep the body in
motion. As a result, when a force is initially applied, the body
will begin to move with a jump in some unpredictable and
unrepeatable manner, producing non-linear, non-repeatable
motion

FT or ft Foot; unit of length measurement
F/T or f/t Abbreviation for feedthrough

Gasket Any material between two sealing surfaces; either metal
or elastomer material; typically rectangular in cross-section but
may also be circular in cross-section

Gate The flat plate in a gate valve that makes a seal between the
two sides of a valve; includes a groove to hold an elastomer
0-ring that completes the seal

Gear Ratio, Drive Train A motion instrument’s drive train gear
ratio is the relationship between received input motion and the
delivered output motion. Ratios are expressed in the numerical
notation a:b, where "a" represents the received motion or
device input in revolutions or some other unit, and "b" repre-
sents the delivered or resulting output motion in revolutions for
rotary devices or 1" of travel in linear motion instruments

gpm Gallons per minute; unit of liquid volume flow
gps Gallons per second; unit of liquid volume flow

Graded seal The portion of a glass component that changes from
one material to another; typically the transition from Pyrex® to
quartz tubing

HF High frequency; the range of frequencies in the radio
spectrum between 3 and 30 megahertz

HV High vacuum; typically between 10 to 10~ Torr

Hybrid A combination of two different methods of sealing, such
as metal seal to elastomer seal; an adapter

Hysteresis The difference in the absolute position of an object for
a given commanded input when approached from opposite
directions. It is due to elastic forces accumulated in various
drivetrain components, leadscrew wind-up, for instance. Often
confused with backlash

Hz Hertz; cycles per second

Phone 800-443-8817
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Glossary

ID Internal diameter or inner dimension; usually of tubing or a
hollow bore through a metal piece

IEEE Institute of Electrical and Electronics Engineers

IGT lonization gauge tube; used with a gauge to measure pres-
sure

J or Joule The SI unit of work or energy; newton-meter

Insert Part of a rotatable flange; the smaller part of a rotatable
flange that is welded to a tube; includes the sealing knife-
edge; requires a receiver to complete a vacuum seal

IS0 International Standards Organization

Kalrez® 4079 A perflouroelastomer useful in corrosive or high
temperature applications

Kapton® The DuPont Dow Elastomers registered trademark brand
name of a UHV compatible polyimide film typically used for
wire insulation; provides an extremely tough abrasion resistant
and tenacious insulator

KF flange The smaller ISO flanges; originally Klein Flange devel-
oped in Germany, “klein” meaning small; Kwik-Flange™ is the
MDC trademark name for the smaller components of a com-
plete ISO flange family

Knife-edge The sealing detail on a metal seal flange; the portion
of a metal seal flange that bites into a gasket between two
identical size flanges

Kovar® - Alloy 29-17 The Carpenter Technology registered
trademark brand name of a highly magnetic nickel-iron alloy;
provides a transition between stainless steel and glass materi-
als in viewports or other components; has a phase shift
at -80°C and therefore not suitable for cryogenic applications

kV Kilovolts; measurement of electrical voltage
kW Kilowatts; measurement of electrical power
LB or Ib Pound; unit of weight measurement

LBy or Ibg Pound; unit of force measurement; frequently the “¢” is
omitted when the context is clear

Ib-ft Pound-foot; unit of torque measurement; sometimes written
|bf-ﬂ

LCD Liquid crystal display; typically used on instrumentation

Leak check grooves Narrow radial grooves machined into a
metal seal flange between the outer surface and the capture
groove for a gasket; typically not on flanges larger than 10" OD

LF flange The larger ISO flanges; Large-Flange™ is the MDC
trademark name for the larger components of a complete ISO
flange family

Live length The portion of a bellows that can provide motion; the
convoluted portion of a formed bellows

LN2 or LN Liquid nitrogen

Load Capacity, Stage The maximum centered load that can be
placed directly on an XYZ motion stage and is typically limited
by the load capacity of the bearings

Load Capacity, Lateral or Moment Also called side or bending

Phone 800-443-8817
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load capacity, it is the maximum load that can be applied per-
pendicular to a shaft’s axis of motion

Load Capacity, Axial The maximum centered and balanced com-
pressive or tensile load that can be applied to a stage’s or
shaft’s longitudinal or parallel axis of motion.

Load-Lock A method of introducing product into a vacuum
chamber via an intermediate chamber; allows sample manipu-
lation without significantly affecting the vacuum of the main
chamber

LV Low vacuum:; typically between atmosphere and 107 Torr
Matte finish A bead blast finish on standard tubing
MAX or max Maximum

MESA Modular Equipment Standards Architecture; replaced by
MESC

MESC Modular Equipment Standards Committee

MHV Miniature high voltage; used in medium power applications;
similar to BNC series, but do not intermate with BNC

micron unit of length equal to .000001 meter
mil unit of length equal to .001 inch
min Minimum or minute, depending on context

Minimum Incremental Motion The smallest motion a device is
capable of delivering reliably, not the smallest display resolu-
tion increment

MPI Mechanical position indicator; available on most electro-
pneumatic valves; utilizes mechanical microswitches to pro-
vide open/closed circuits which may be used for position indi-
cation, interlock circuitry, etc.; requires customer wiring

MPT Commonly used abbreviation for male pipe thread

Mu-metal A composite of rare earth metals used to provide a
magnetic shield around sensitive instrumentation

NEMA National Electrical Manufacturers Association
NIST National Institute of Standards and Technology

Nominal The approximate or rounded-off dimension used to des-
ignate the size of an object, such as a flange or tube; abbrevi-
ated “Nom.” or “nom.”

Nonrotatable A flange machined from a single piece of material;
once welded to tubing or a chamber, the bolt holes are no
longer rotatable for alignment purposes

NPT National Pipe Taper; a specific taper to a threaded hole
which provides a pressure seal between male and female
threads; sometimes referred to as National Pipe Thread

NW Nenn Weite (German); nominal diameter, usually referring to
vacuum tubing internal diameter

0D Outside diameter or outer dimension; usually of tubing or any
circular or spherical piece, but can also apply to any shape

O0EM Original equipment manufacturer

OFE copper Oxygen free electronic grade copper; also called oxy-
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gen free electrolytic or simply oxygen free; replaces OFHC

OFHC copper Oxygen free, high conductivity; a trade name for
vacuum compatible copper that is no longer being manufac-
tured; replaced by OFE copper

0-ring An elastomer vacuum seal available in various materials;
torus or doughnut shaped, typically circular in cross-section;
may be a dynamic or static seal

0z Ounce; unit of weight measurement

0z; Ounce; unit of force measurement; frequently the “¢” is omit-
{ed when the context is clear

0z-in Ounce-inch; unit of torque measurement

PEEK Polyether-etherketone; a high-temperature resistant ther-
moplastic that is vacuum compatible; suitable for wire coating,
injection molding, film and advanced composite fabrication

pf Picofarad; unit of electrical capacitance measurement

Pl Position indicator; available on most valves; utilizes stationary
magnetic Reed switches and a moveable magnet

Pitch The spacing of threads on a shaft; related to threads per
inch

Play Uncontrolled movement due to looseness of mechanical
parts. Usually increases with the components age. Play is a
contributor to backlash

Poppet The movable portion of an angle valve; includes a groove
to hold an elastomer O-ring which completes the seal

Position Stability The ability to maintain a constant position over
time. Variation from stable position is called drift. Contributors
to drift include worn parts, migration of lubricant, and thermal
variation

Precision Also known as repeatability, it is the range of devia-
tions in output position that will occur for 95% of the motion
excursions from the same error-free input. Accuracy and preci-
sion are not the same

PSI Pounds per square inch; unit of pressure measurement

PSIA Pounds per square inch absolute; pressure measured with
respect to zero pressure

PSIG Pounds per square inch gauge; pressure measured with
respect to that of the atmosphere

PTFE Polytetrafluorethylene; self-lubricating, non-compressible,
inert and low outgassing material for dynamic seals

PVG Polyvinyl chloride; typically used in low vacuum applications
such as roughing lines

PVD Physical vapor deposition; a method of depositing material
on a substrate using evaporation

QMS Quadrupole mass spectrometer

Quad-Ring An elastomer used in dynamic seals; typically “U”
shaped in cross-section

Receiver Part of a rotatable flange; the larger outer part of a
rotatable flange that includes bolt holes; may be rotated to
align bolt holes prior to completing a vacuum seal

MDC PRECISION
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Reducer A fitting that changes diameter from one size to another
within a single method of sealing, such as metal seal to metal
seal; contrasted with Adapter

Repeatability The ability of a motion instrument to reliably
achieve a commanded position over many attempts regardless
of the direction from which the position is approached

RF Radio frequency
RGA Residual gas analyzer

RMS Root-mean-square; a calculation to determine an average of
fluctuating values; electrical or surface finish measurement

Roll-up A cylindrical shaped section of stainless steel that is
welded internally for vacuum integrity and stitch welded exter-
nally for strength; for vacuum chambers or “tubing” greater
than 10 inches in outer diameter

Rotatable flange Composed of two machined pieces: an insert
and a receiver; used for bolt hole alignment only; the insert is
welded to tubing and the receiver slides over the insert; the
receiver bolt holes can be rotated to align with bolt holes of
another flange, once bolts are inserted the receiver cannot be
rotated

RPM or rpm Revolutions per minute; measurement of rotational
speed

Runout The linear, not angular, portion of off-axis error. It is the
deviation between ideal straight line motion and actual mea-
sured motion in a translation stage. Runout has two orthogonal
components, straightness, a measure of in-plane deviation,
and flatness, the out-of-plane deviation

SAE Society of Automotive Engineers
SEMI Semiconductor Equipment and Materials International

Sensitivity The minimum input required to produce output
motion or the ratio between output motion and input drive;
applicable particularly to manually actuated motion devices

Setbhack The distance from the sealing face of a flange to the
tubing counterbore

SHV Safe high voltage; similar to MHV series, except SHV cable
connector center contacts do not protrude from connector ends
which makes them safer in a disconnected condition

Sl Systéme International d’Unités (French); unified system of
measurement including the metric system, electrical units such
as Amperes, Volts, etc.

Spring rate The amount of force required to compress a guided
bellows one linear inch; given in pounds per inch (lbs/in)

Squirm Arbitrary lateral movement of a bellows
SS, SST, ss or sst Abbreviation for Stainless Steel, any grade

Stainless steel In general, an iron-chromium alloy; corrosion
resistance is enhanced by the addition of nickel

Static bend radius The minimum radius a bellows can be curved
without encountering permanent deformation

Std Atm cc/sec He Leak rate measurement
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Swagelok® The Swagelok Company registered trademark brand
name tube fitting providing UHV compatible connections on
fractional inch tube sizes; uses a compressible ferrule; requires
clean tube end only

Tangents Lengths of straight tubing added to elbows so that cen-
terlines of straight sections are tangent to curved centerline

Tapped holes Drilled holes that have female threads cut into
them; also called threaded holes

TC Thermocouple; method of measuring heat and therefore indi-
rectly measuring vacuum pressure

Temp or temp Abbreviation for temperature

Threaded holes Drilled holes that have female threads cut into
them; also called tapped holes

Through or Thru holes Drilled holes that are smooth and com-
pletely through the material; also called clearance holes

TIG Tungsten inert gas; a method of welding which keeps the
weld shielded from corrosive atmosphere by bathing the area
with an inert gas during the process

Tilt The angular portion of off-axis error. It is the deviation
between ideal straight line motion and actual measured motion
in a translation stage. Tilt and wobble have three orthogonal
components commonly referred to as roll, pitch, and yaw

Torr A unit of pressure measurement; one atmosphere equals
760 Torr; sometimes written torr

TSE Technical Sales Engineer
Typ or typ Typical; applies to all occurences of a feature

Type-D Subminiature feedthrough Based on MIL-C-24308
specifications for pin arrangements; identified by a "D" or key-
stone shape

Type N feedthrough Low instrumentation voltage feedthrough for
matched 50 ohm impedance rating applications

UHV Ultrahigh vacuum; defined by the American Vacuum Society
as the pressure range between 7.5 x 10 to 7.5 x 10-'3 Torr;
British and German standards define UHV as 108 Torr or better

UL Underwriter’s Laboratories; typically a stamp of approval for
acceptable electrical safety standards in the USA

UNC Unified National Coarse; referring to bolt threads

UNF Unified National Fine; referring to bolt threads

UNS Unified Numbering System

UPS United Parcel Service; see Ordering Information section
UTA A common abbreviation for Up-to-Air

V Volt; unit of electrical voltage

VAC Alternating current voltage

VCR® The Swagelok Company registered trademark brand name
tube fitting providing UHV compatible connections on fractional
inch tube sizes; uses a replaceable metal gasket; requires
mating connector installed on tubing

Phone 800-443-8817
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VDG Direct current voltage

Vespel® The DuPont Dow Elastomer registered trademark brand
name of a high vacuum compatible polyimide material used for
bearings; may be used without lubrication

WDM xxxxx

Wobble The angular deviation of the axis of rotation over one
complete revolution

WT or wt Weight

WxHxD Rectangular dimensions

XHV Extreme high vacuum; defined by the American Vacuum
Society as below 7.5 x 1013 Torr

Yield point xxxx

Zero-length Any flanged device that has a total overall thickness
equal to the thickness of the flange itself

& ampersand; the symbol for “and”

@ the symbol for “at”

°C degrees Centigrade or Celsius; unit of temperature
°F degrees Fahrenheit; unit of temperature

W Mu; unit of magnetic permeability;
also the symbol for micron as pin, micro-inch

# the symbol for “number” or “pound” weight, depending on
contex

Q2 Omega; ohm, unit of electrical resistance or impedance

MDC PRECISION



Index

Reference Number

Reference Page Reference Page Reference Page Reference Page
# The number symbol refers to the ASA#-OR-#............... 151 D F1325. . ... 51
various sizes within a single ASABA .................. 131 F1400.................... 53
model reference number, usually ASAOR .................. 131 F1650.................... 55
a flange or tube size. ASI. oo 452 D9 ... 349,351 F{x8.......... ..ol 435
AUJ-3. o 450 D15 ... 349, 351 FB. o 136
AV-023. ..o 201 D25 ... 349, 351 FBB .o 161
AV-050. ..o, 201 DB ..o 147 FBNC .......coooiii.. 325
AV-075. ..., 203 DBF ... 196 FBS........... il 161
AV-100. ..o 205  DC...95-111,211-221,231-233  FBW.................... 137
Numbered AV-150 oo 207  DCM-SC-12 .............. 484 fc.. . 20-47
AV-200. ... 209 DCM-SC-90 .............. 464 FCRE-#................... 65
References AV-250 211 DDRM-275............... 385  FD............... 57-59, 282
AV-300. ..o 213 DEG.................... 314 RS . 156
B-#CRNF. ... ..., 134 AV-400.................. 215  DFT-#..........oon. 251 FEL-PROC-102 ........... 285
Bl 63 AV-600.................. 217 DFT-#-2................. 251 FGA ..o 316
B2 64  AV-800.................. 219 DFT-#-2LN............... 295 FGC ..., 441
B2l 66 AV-1000................. 221 DFT-#-LN................ 255  RGT-1125................ 159
$#2L-HC ..o 67  AVG................. 201-221 DFT-#F . ... 253 FHC-400................. 338
B2L-NF .. 138 DG-275... ...t 409 FHC-1000................ 339
#2LHONF. .. ... 139 DG-275-BJ........... 408,409  FMHV................... 327
B2l 67 DGCS ... ...t 351 FOR-1. oo, 444
BOLLNF .. 139 DOWDC-150 ............. 285  FRL............. 264, 268, 277
. B 68 DS ..o 147 FRL#SWG ............... 276
B3 69 B FRL-#VCR. ... oo, 274
B3NF .. 141 FRL-075. . 0o, 272
#3NF. .. 140 Bt 147 FRM-125 .. ... ...... 384
Bho 70 BA........ 29-59 FTC. .o, 477
BAB 71 BA-#-12-SP .. 171-185, 205-219, E FTCO oo, 477
BABNF . 143 225-233, 237
BANF ... 142 BA-#SP ........ 169, 187, 189,
BA5L . 66 ... 201,203,221,223,237 E-GV-625................ 169
$-45L-NF ... 138 BARGV.................. 193 E-GV-1500............... 171
B-AS-NFS ... ... 142 BAR.................... 205  E-GV-2000............... 173
BAT-NF .o 142 BATT.......oiveiiiii.. 295  E-GV-2500............... 175 G
BB 72 BDAM.................. 284  E-GV-3000............... 177
B5NF. .. 144  BDA-P................... 284  E-GV-4000............... 79 GA ... 313
BB 73 BRV.. . 241  E-GV-5000............... 181 @B 448
B6-NF ... .. 145 BRVG ... 241 E-GV-6000 ............... 183 GK.oo 29-59
BVG. . 200 BLM......o.oiiiiiiii... 387  E-GV-8000............... 185 Gl 421
BXo 68, 441 BMB-1 ..o, 448 EMWV..ooooooon 238 GV-625........ i, 169
BEPT-# .. 158 BML-1 ..o 448 BV 239 GV-1500. ... ... 171
B 61 BNG .o 325  EAG ...l 354 GV-2000................. 173
BP. 479 EP-1oon 285 GV-2500................. 175
BAD-#-CH................ 438 ER.....ooo 449 GV-3000................. 177
T 403 GV-4000..........coo.... 179
BRM ...\, 379 GV-5000. . ... ..o, 181
A BW ..o 479 GV-6000...........o.... 183 5
GV-8000. . ... ..o, 185 e
F GV-10000................ 187 go
ABI-32 ..o 451 GV-12000................ 189 =
MBLM ..o, 397 GVBA-#-SP........... 175-189 >
ABME-T ..o, 451 F#-1R. .o 65  GWBHB .............. 175-181 P
ABRM . ..., 381 C F-Voo 283 GVG-625................. 169 3
AC oo 452 F133. .o 29 GVG-1500................ 171 ®
ACO4-4. ................. 451 CB .o, 343,347,356  F218...... ... ... 31 GVG-2000. .. ............. 173
ACS-22. ... i, 451 COF. ..o, 325,355  F275............on 33 GVG-3000................ 177
ACT-3. .o, 451 CCG vovvee 325,355  F338.............. 35 GVG-4000................ 179
AG-150. ..o 440 CE...oviiiiiii 343 F450....... ... 37 GVG-5000................ 181
ALM-275 ... 399 CF. ..., 75  FAS8.......... 39 GVG-6000................ 183
ALMB-1 ..o 452 CRPP ..., 406 F600.................. ... 41 GVG-8000. ............... 185
ALME-T oo 452 CS10 ..o, 347,356 F675......... ... 43 GVG-10000............... 187
AM48-1-S. . ... 450 CS20 ...l 347,356  F800..................... 45 GVG-12000............... 189
ASA ... 131 CUB-6. ..o, 73 F1000.................... 47 GVG-2500................ 175
ASAB-#. ... .. 151 F1200. ...t 49
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H K#-DDRM . ............... 385  KDFT-#-2................ 251 LAV-300................. 213
K#-FBNC............... .. 325  KDFT-#-2LN.............. 255  LAV-400................. 215
K#-FMHV ... 327 KFC........ooiiiii... 87-93  LAV-600................. 217
HCC-750............. 335,355  KH-HPV.............. 160,262  KFRL.........coovvuoen.. 266  LAV-800................. 219
HLM-275 ... 398 K#-HVC.................. 337 KFRL-075................ 273 LAV-1000................ 221
HTBLM ... 388 KH-IF10 ................. 347 KGA ..., 313 WBA........iii. 95-111
HTBRM..............ooo. 380 K#-IF20 ..., 347  KGV-625................. 169 LF-#.... . o, 359
HVC ... 337 K#-M . 331 KGV-1500. .. ... ..., 171 LF-#VCR.. ...t 361
HVE............. 333,337,356  K#-LF................... 359  KGV-2000................ 173 LFBP.......coiiii. 359
K#-LFVCR. ... .. .. ... .. 361 KN-075 ..o, 223 LF-VCR-BP............... 361
K#-LN. ..o 363 KN-100 ................. 225  LFRL......oiiiiiiin, 266
K#-LNVCR. .. ........ ... .. 365  KN-150 .......cooooin... 227 LGV-2500................ 175
K#-LWS ..o, 114 KNV-200 .. .oooveen . 229 LGV-3000................ 177
| K#-LWSA . ... .. 114 KMST-#-2................ 247  LGV-4000................ 179
K#-MBR ..., 382 KRYTOXLVP .............. 285  LGV-6000................ 183
KE-MC ..o 333 KSEG ..o, 315 LGV-8000................ 185
IF10-#. ... 347 K#-MCB00 ............... 335 KTX#-2................. 249  LGV-10000............... 187
IF20-#...............con. 347 K#-MCT ..., 333 KWP................. 306-309  LGV-12000............... 189
IGT ... 299 K#-MCT600 .............. 335 LIV-250. . oo 231
ILEC-059 ................ 354 KEMHV ... 327 LIV-300. . ..o 233
ILEC-120 ................ 354 KE-PUMP ................ 160 LLC. o 433
ILEC-260 ............ 333,354 KE-PVC-#................ 262 LLR. oo 435
ILPC ... 333,355 K#-RHA.................. 160 LMD ..o 389
IMS0-# . ... 331 K#-SHV. . ..., 329 |. LMM-275 . ..o 402
IV-075.........oooiiii 223 K#-SWG ..., 154 LMT oo 423
IV-100...........oovn 225 K#-SWS .............. ... M4 1. 15 LMTA ... 419
IV-150. . ..o 22T K#N.. . 283 LH2. .. 116 LN-#.....oo o, 363
IV-200...............coe. 229 K#-VCR.................. 155 LH-2L. .o 122 LN-#VCR................. 365
IV-250.. ... 231 KEVG. ..o, 200 L#-2L-HC ..., 123 LN-BP............ ... 363
IV-300.. ... 233 KE-WS ... 40 W2l 123 LN-VCR-BP............... 365
VG ..o 223-233  KE-WWC................. M3 WH2AM. .o 122 WVHC......ovvieeinni, 191
KEX. oo, 17 2R, 122 LVHC-DCK................ 191
K#X-10. .o, M7 3. 124 LVHC-SCK................ 191
KE-XT-10 ..o, M7 L-3-K# ..o 125 LVHCG. .......oevennen.. 191
K. .o 118,150  L#-3-L#.......ooooii... 125 WP 306
K KEXHFPT. ..o 158 LH-d.. 126 XYoo M7
KEx#MPT .o 159 L#-4-K# ... 127
KHXASA#. . ... . 152 L#A-L# . 127
K1 114 KaxASA#-OR.............. 152 L#45L.................. 121
Kit-10KW . ..o 341 KHXDS ..o, 157 L5 128
K#-2. .0 116 K#xK#FCR................ 120 LHB..oreee, 129
Ki#-2L. ..o 122 K-CRPP.................. 406 L#BL................... 115 M
K#-2LL ..o 123 K050.... ..o, 87  LHCE................... 343
K#-3. .o 124 KO75. ... 87 LHCFC............... 95-103  M#-#SP............. 169-189
Kit-3-Ki ... 125 KO75-MBL ............... 391 L#-CR ....... 211-221,231-233  MAF ..., 74
Kit-35KW .. ... 341 KO75-RPLM . ............. 395  L#EWWC................. M3 MAV ..., 236
8 Kit-4. oo 126 K075-SBLM .............. 393 LXK, M7 MAVG.......ovvveennen.. 237
s Kit-A-Ki ..o 127 K100, ... oo, 89  LEXH......... ... 150  MBL-133 ........oii..... 391
& K#t-45L. ... 121 K150, .. 91 L#XASAH................. 152 MBR..........o...oov... 382
2 K#-5. oo 128 K150-DG................. 409 L#XASA#-OR.............. 152 MC-150 ................. 333
e K6, 129 K150-SU........covve... 407 LHXKE-LP ... 118 MC-600 ................. 335
% K-8, 345 K150-VGU................ 408 L#XK#FCR................ 1200 MC-8..........ovvvnnn. 345
= K#-ABLM ................ 397 K200..............00..... 93 L#xL#........ 119 MCT-150 ................ 333
= K#-ABRM . ............... 381 KAP ..o, 353  LHXLHFCR................ 120 MCT-600 ................ 335
K#-BLM ... 387  KAP-R9.............. 350, 351 L250. . oo 95  MFDS........coiiiii... 156
K#-BNC ................. 325  KAP-R15............. 350, 351 L300, .. e 97  MHV.................... 327
K#-BPFT..........ooonn 161 KAP-R25............. 350, 351 LA00. . oo, 99 M., 237
K#-BRLM . ... 403 KAV-050................. 201 L600. .. ..o, 101 MVG. ..o, 237
K#-BRM ... 379 KAV-075................. 203 L800..........coiiiii... 103 MWV ..o 238
K#-C........ 169-173,201-209,  KAV-100................. 205  L1000.........coenii.... 105  MW-ND ................. 238
--------------------- 223-229  KAV-150.................207 L1200...................107  MM-1...................449
K#-CB................... 343 KAV-200................. 209 L1600.........oiiii... 109 MMC.......ooovvvvnenn.. 333
K#-CR....... 169-173,201-209,  KBFV.................... 241 L2000. . ..o, 111 MMC-8... .o, 345
--------------------- 223-229  KDEG ...................314  LAV-250.................211 MMCT...................333
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MMF. ... ...t 75 R TYPEL .................. 285
MOM-1.................. 449 TYPEM.................. 285
MRM-275................ 384
MST-# . 247 RAPC ............... 333, 355
MST-#-2. ... ... .. 247 RF-10KW . ............... 34 = ]
MST-C ... 247 RF-35KW . ............... 341 Slze Relf S
MST-H .. 247 RG-1.......coviiia.. 448 Ref Del-Seal™ flange
MT . a37  RGV ... 103 J 183 1-1/3" flange
MTM. 437 RGVG ... 193 218 . ...l 2-1/8" flange
RMTG........ccvoeeen .. 429 UB-FRL...... ... 265,269,277 210 ............. 2-3/4" flange
RPLM . ... 395 UB-FRL-#SWG . .. .. ... .. .. 276 338 ... 3-3/8" flange
UB-FRL-#VCR. . .. ... .. .. .. 275 450 .. ... 4-1/2" flange
UB-FRL-075 . ... ... ... .. 272 458 ... 4-5/8" flange
UB-FRLT ... 265,269 600 ................ 6" flange
0 UB-KFRL. .. ... ' 267 675 ............. 6-3/4" flange
S UB-KFRL-075............. 273 800 ...l 8" flange
[ B 475 UB-KFRLT .. ..o 267 1000 .............. 10" flange
UB-LFRL ... ...\ 267 1200 .............. 12" flange
S 147 UBJ-1.. . 447 1325 ........... 13-1/4" flange
Sl 449 UHR. ... 097 1400 .............. 14" flange
S 2 449 UHRL. . 297 1650 ........... 16-1/2" flange
SAM . ... 444 UHRT ... 297 .
P SAM-M. ..o 445 UHTT .. 097 Ref Vacuum Tubing
SAM-S . ... 445 ULV, oo 239 025 ... 1/4" 0.D.
PA-25 442 SBLM .. ..o 393 ULV-SA . . . . 239 037 ... 3/8" 0.D
PAC. . oo 442 SC........... il 95-111 URC-1. .o 446 050 ... 1/2" 0.D
PAT. . 442  SEG ...l 315 URC-2........ooooii 447 075 ...l 3/4" 0.D.
PBRMA .o oo oo 383  SH-1.................... 447 100.. ... 1" 0.D.
PBRM2.................. 405 SHY .. 329 125 1-1/4" 0.D.
PCM-1 ..\ 446 SLM-275 ... 400 150, ...l 1-1/2" 0.D.
PLG-112. .. oo 282 SMI3-HV ...l 462 1750 1-3/4" 0.D.
PN. .o 29-45 SMI13-UHV ............... 463 200. ... ... 2" 0.D.
POEC-050............ 345, 354 SM23-HV ...l 462 " 250. ...l 2-1/2" 0.D.
POEC-060. .. ............. 354 SM23-UHV ............... 463 300, 3" 0.D.
POEC-094 . ... 325-331, 337, 354 SMC-1 oo 465 VAV-025 . . 201 400............l 4:: 0.D.
POEC-250............ 333,354 SMC-M.................. 465  VCR ... 155  600........ ... ... 6" 0.D.
PSM . 495 SMP ... 447 VG o oo 290 800................ .. 8" 0.D.
PSMA . 427 SMS-1 ..o 448 VGU-275. . . o 408 1000, ............... 10" 0.D.
PSML o oo 497 SP-150. ... 259 VWP 306-309 1075. ... .. 10-3/4" 0.D.
PVC-#. . 262 SPD-150................. 258 VPS. 311
PVC-KE-3 ..., 280 SPH-150................. 258 VSCA-18. . . o 258
PVC-K#-45L ... ... ... . ..., 281 SPMS-150 ............... 258 |
PVC-K#-90L . . ... ....... .. 281 SPS-2-150 . .............. 259
PVC-K#-C ... . .. 280 SPS-3-150............... 259
PVC-K#-W. ... ... .. . . ... .. 279 SSAC ................... 483
PVCC-1000. .. ... ... .. .. .. 278 SSBJ. ..o 475
PVCP-1000. ... ... ... .. 278 ST 133 W 5
PVCT. o 279 STA. .. 445 =
PVP. . . 310 SU-275. ... 407 WB ... 135 ;
SWG........... 154 WBA . ... .. 77 -
WGK. ..o, 77 >
WK-1 oo 449 P
WS .o 410 a
0 WSF ... 77 ®©
QD o 439
TC-CRIMP............ 347,354
TRA-1 . 64
TGT. ... 293 x
TLM-275 ... ... ...... 401
TPR. ... 284 XY. 417
TX-#. 249
TX#2 .. 249
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040000 100035. . ...\ 51 120008............... 33 130030 150003 160022.............. 131
100036, .............. 51 120009............... 33 130031.. 150004 160024.............. 131
041003.............. 147 100037............... 53 120010............... 33 130032.. 150005 160025.............. 131
041006.............. 147 100038............... 53 120011, ...l 33 130033. . 150006 160026.............. 131
041008.............. 147 100039............... 55 120012............... 33 130034 150007 160027, ... ..o 131
041010.............. 147 100040............... 55 120013............. .. 33 130035 150008 160028.............. 131
041011, ...t 147 100043............... 33 120014............... 33 130036.. 150009 160030.............. 131
041012.............. 147 100058............... 49 120015............... 35 130037 150010 160032.............. 131
041014 . ............ 147 100059............... 49 120016............... 35 130038 150011 160033.............. 131
041114, ... 147 120017, .0 35 130039 150012 160036.............. 131
041116 .......oe. .. 147 120018.............. 37 130040 150013 160037, .. ....oennn 131
041118 ..ot 147 120019, ... 37 130092.. 150014 160038.............. 131
041120, ............. 147 120020, .. .....oonnnn 37 130093 150015 160039.............. 131
041216 ............. 12z 110000 120021, ... 37 130094 150016 160040.............. 131
041218.............. 147 110000............... 29 120022............... 39 150017 160041 ............. 131
041220.............. 147 110001, ......oonnls 29 120023............... 39 150018 160042.............. 131
041222 ... ........ 147 110002............... 29 120024............... 39 150019 160043.............. 131
041223.............. 147 110003............... 29 120025............... 4 150020 160044.............. 131
041226.............. 147 110004............... 29 120026............... » 140000 150021 160045. ... .......... 131
041243.......... 310,475  110005............... 31 120027, ... 43 140000 150022 160046.............. 131
041346.......... 310,475  110006............... 31 120028............... 43 140001.. 150023 160047, ............. 131
045010.......... 310,475  110007............... 31 120029............... 43 140002.. 150024 160048.............. 131
110008, .............. 33 120030............... 45 140003 150025 160049.............. 131
110009, .............. 33 120031............... 45 140004 150026 160053.............. 131
110010, .....ooeennn 33 120082............... 47 140005. . 150027 160054. ... .......... 131
110011, ..o 33 120033............... 47 140006 150028 160055. . ... ..ot 131
070000 110012, ... 33 120034............... 51 140007 150029 160056. ... .......... 131
072810.............. 262 110013, ...l s 33 120035.............. 51 140008 150030
072811, 262 110014............... 33 120036............... 51 140009 150031
072812.............. 262 110015, .......oonl s 35 120037 .o 53 140010. . 150032
072813.............. 262 110016............... 35  120038............... 53 140011 150033
110017 ... 35 120039............... 55 140012 150034 170000
110018.......oonnnn 37 120040............... 55 140013 150035 170000.............. 151
110019 ........... .. 37 120091............... 49 140014 150036 170001, ... 151
110020, ... ...ooennnn 37 120092............... 49 140015.. 150037 170002, .. ........... 151
100000 110021, ... 37 120093............... 33 140016 150038 170003 ............. 151
100000 110022, ... 39 140017 150039 170004, .. ........... 151
100001 110023, ... 39 140018. . 150040 170005. . ... ..o.n.n 151
100002 110024, ... 39 140019. . 150041 170006.............. 151
100003 110025, ...l 41 140020. . 150042 170007.............. 151
100004 110026.........o..... » 130000 140021 150043 170008.............. 151
100005 110027 ... 43 130000............... 29 140022 150044 170009. ... .......... 151
100006 110028. .. .....oenn.n 43 130001............... 29 140023.. 150045 170010.............. 151
100007 110029. ...l 43 130002............... 29 140024 150046 170011, ............. 151
100008 110030. . ... .oennn 45 130003............... 29 140025 150047 170012, ...l 151
100009 110031 ... 45 130004............... 29 140026 150048 170013, ..o 151
100010 110032, ... 47 130005............... 31 140027 150049 170014, ............. 151
100011 110033, ... 47 130006............... 31 140028.. 150050 170015, ............. 151
100012 110034, ..o 51 130007............... 31 140029 150051 170016.............. 151
100013 110035, .........n. 51 130008............... 33 140030 150052 170017 ... 151
100014 110036.. ... .oenn.n 51 130009............... 33 140031.. 150053 170018.............. 151
8 100015 110037 ... 53 130010............... 33 140032.. 170019.............. 151
g 100016 110038. .. ......o.n.n. 53 130011............... 33 140033.. 170020.............. 151
5 100017 110039 .......on. .. 55 130012............... 33 140034 170021, ... 151
= 100018 110040. .. ............ 55 130013............... 33 140035 170022, ... 151
2 100019 110052 ......oon 33 130014............... 33 140036.. 160000 170023 ...l 151
o3 100020 110058. ... ...eeennnn 49 130015............... 35 140037.. 160000 170024, ............. 151
& 100021 110059, .............. 49 130016............... 35  140038.. 160001 170025. . ... ........ 151
= 100022 130017, .0 35 140039 160002 170026.............. 151
- 100023 130018............... 37 140040 160004 170027 ... 151
100024 130019, .. ..veeennnn 37 140041.. 160005 170028.............. 151
100025 130020 .............. 37 140042 160006 170029.............. 151
100026 120000 130021, ... 37 140043 160007 170030.............. 151
100027 120000, .............. 29 130022............... 39 160008 170031 ... 151
100028 120001, ...l 29 130023............... 39 160010 170032, . ...l 151
100029 120002 ...l 29 130024............... 39 160012 170033 ... 151
100030 120003............... 29 130025............... 4 160014 170034, . ............ 151
100031 120004 .............. 29 130026............... » 150000 160018 170035.............. 151
100032 120005. .. ... .oiennn 31 130027............... 43 150000............... 61 160019 170036.............. 151
100033 120006, .............. 31 130028............... 43 150001............... 61 160020 170037 ... 151
100034 120007, ... 31 130029............... 43 150002............... 61 160021 170038.............. 151
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170078 180027 190096. . ... .......... 37 191007............ 35,58 300009.............. 189 303015
170079. .. 180028 190097 .............. 41 191008............ 35,58 300010.............. 173 303016
170080. . . 180029 190098. ... .......... 45 191009............ 37,58 300011.............. 169 303017
170081. . . 180030 191010, ........... 37,58 300012.............. 171 303018
170082 180031 191011, ........... 39,58 300013.............. 173 303019
170083 180032 191012, ........... 39,58  300014.............. 175 304000
170084. . . 180033 191013, ........... 41,58 300015.............. 177 304001
170085 180034 190100 191014, ........... 41,58 300016.............. 179 304002
170086 180035 190100 ............. 131 191015............ 43,58 300017.............. 181 304003
170087 190101, . ....veenn 131 191016............ 43,58  300018.............. 183 304004
170088 190102.............. 131 191017............ 45,59 300019.............. 185 304005
170089. .. 190103, .. ...oennn 131 191018............ 45,59 301000.............. 169 304006
170090 190104 ............. 131 191019............ 47,59 301001.............. 171 304007
170091 190000 190110.......... 175-181  191020............ 47,59 301002.............. 175 304008
170092. . . 190000 190111, ... 57 191021............ 51,59  301003.............. 177 305000
170093. . . 190001 190112, ... 57 191022............ 51,59  301004.............. 179 305001
170094. . . 190002 190113, ... 57 191023............ 51,59  301005.............. 181 305002
170095 190003 190114, ... 58 191024............ 53,59  301006.............. 183 305003
170096 190004 190115, .............. 58 191025............ 53,59  301007.............. 185 305004
170097. . . 190006 190116, .............. 58 191026............ 53,59  301008.............. 187 305005
170098. . . 190007 19017, ... 58 191027............ 55,59  301009.............. 189 305006
170099. . . 190008 190118, ... 58 191028............ 55,59  301010.............. 173 305007
170100 190010 190119 .............. 59 191029............ 55,59  301011.............. 169 305008
170101 190011 190120, .............. 59 191050............... 77 301012.............. 171 306000
170102. . . 190012 190121, ... 59 191051............... 77 301013.............. 173 306001
170103 190013 190122, ... 59 191052............... 77 301014.............. 175 306002
170104 190014 190138.............. 438 191053............... 77 301015.............. 177 306003
170105 190015 190139.............. 438 191054............... 77 301016.............. 179 306004
170106 190016 190140.............. 438 191055............... 77 301017.............. 181 306005
170107. .. 190017 190141, ... 438 191070............... 49 301018.............. 183 306006
170108 190018 190142, ............. 438 191094............... 49 301019.............. 185 306007
170109 190019 190152, ............. 438 191147............... 33 302000.............. 169 306008
170110. ... 190020 190155, ... 29 302001, .......oee... 171 306009
170111, ... 190021 190156, .............. 33 302002.............. 175 307000
170112. .. 190037 190157 ..ot 35 302003.............. 177 307001
170113 190040 190158 .............. 37 302004.............. 179 307002
170114 190041 190159, ... ..oeeennn. » 192000 302005.............. 181 307003
170115. ... 190043 190160, .............. 45 192007............... 45 302006.............. 183 307004
170116. . . 190044 190161......oeeennnn. 47 192008............... 47 302007.............. 185 307005
190045 190162, .............. 49 192020............... 29 302008.............. 187 307006
190046 190163........onn.n. 49 192021............... 31 302009.............. 189 307007
190047 190164 .............. 49 192022............... 33 302010.............. 173 307008
190048 190165. ... ...oeonn.n. 49 192023............... 35 302011.............. 169 307009
180000 190049 190166.......... 310,475  192024............... 37 302012.............. 171
180000 190050 190167......oeeen.n. 169 192025............... 39 302013.............. 173
180001 190051 190168.............. 171 192026, .............. 4 302014.............. 175
180002 190052 190169.......... 175-179  192027............... 87  302015.............. 177
180003. . . 190053 190170.......... 175-181  192028............... 89  302016.............. w79 310000
180004 190055 190171.......... 183,185  192029............... 91 302017.............. 181 310015
180005 190057........ 31,33,171  190172.......... 183-187  192030............... 93 302018.............. 183 310021
180006. . . 190058 . ...35-43,175-181  190173.............. 189 302019.............. 185 310022
180007. . . 190059. ...45,47,183,185  190175.......... 175,177 310028 =
180008. . . 190060. ....... 51,53,221  190176.......... 179, 181 310029 2
180009 190061 ...31,33,205,225, 190177.......... 183,185 310032 x
180010 ... 7T 190178.......... 187, 189 200000 310033 Q0
180011. ... 190062 190180 .............. 39 200000.............. s 303000 310036 1
180012. .. 190063 190182, ...t 39 200001.............. 483 303000.............. 169 310037 o
180013. ... 190064 190184, .............. 39 303001....ccvvvnn.. 171 310040 §
180014 190065 190506.......... 187,189 303002.............. 175 310041 8
180015 190066 303003.............. 177 310044
180016. .. 190067 303004, ...l 179 310045
180017 190068 300000 303005......c.uunn... 181 310048
180018 190069 300000.............. 169 303006.............. 183 310049
180019 190070 191000 300001.....c..veenn. 171 303007.............. 185 310052
180020 190071 191000 ........... 29,57  300002.............. 175 303008.............. 187 310072
180021. .. 190072 191001............ 29, 57 300003.............. 177 303009.............. 189 310073
180022 190073 191002............ 31,57 300004.............. 179 303010.............. 173 310074
180023 190074 191003............ 31,57 300005.............. 181 303011.............. 169 310075
180024. . . 190093 191004 ........... 33,57 300006.............. 183 303012.............. 171 310076
180025. . . 190094 191005............ 33,57 300007.............. 185  303013.............. 173 310077
180026 190095 191006. ........... 33,57 300008.............. 187 303014.............. 175 310078
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310079. . ............ 217 313032.............. 207 321029.............. 231 350008 401000 402037............... 65
310080.............. 201 313033.............. 209 321030.............. 233 350010.. 402038............... 65
310081.............. 201 313036.............. 209 321033.............. 233 350011.. 401000 402039............... 65
310082.............. 201 313037.............. 211 321052.............. 223 350012.. 401001 402040............... 65
310083.............. 201 313040.............. 211 321053.............. 225 351004 401002 402041, ... ... 65
310084.............. 201 313041.............. 213 321054.............. 227 351005 401003 402500.............. 134
311015, ... 203 313044.............. 213 321085.............. 229 351006 401004 402501, ............. 134
311021, ... 203 313045.............. 215 321056.............. 231 351007 401005 402502.............. 134
311022, ... 205 313048.............. 215 321057.............. 233 351008 401006 402503.............. 134
311028, . ............ 205  313049.............. 217 322004.............. 223 351010 401007 402504. . ............ 134
311029, ............. 207 313052.............. 217 322010.............. 223 351011 401008 402505. . ... ........ 134
311032, . ....ce 207 313053.............. 219 322011.............. 225 351012.. 401009 402506. . ............ 134
311033.............. 209 313056.............. 219 322017.............. 225 351013 401010 402507.............. 134
311036, . ............ 209  313068.............. 221 322018.............. 227 351014 401020 402508.............. 134
311037, 211 313069.............. 221 322021.............. 227 351015.. 401021 402509.............. 134
311040. . ............ 211 313070.............. 201 322022.............. 229 354000.. 401022 402510.............. 134
311041, 213 313071.............. 201 322025.............. 229 354001.. 401023 402511, .. ..o 134
311044, . ............ 213 313072.............. 201 322026.............. 231 354002 401024 402512.............. 134
311045, ............. 215 313073.............. 201 322029.............. 231 354003 401025 402513.............. 134
311048, . ............ 215 314000.............. 236 322030.............. 233 354004.. 401026 402514.............. 134
311049.............. 217 314001.............. 236 322033.............. 233 354006 401027
311052, . ... oe 217 314002.............. 236 323004.............. 223 354007.. 401028
311053, ... 219 314003.............. 236 323010.............. 223 354008 401029
311056, . ............ 219 314004.............. 236 323011.............. 225 354009 401030
311072, ... 203 314005.............. 236 323017.............. 225 355000. . 401031 403000
311073, ... 205  314006.............. 236 323018.............. 227 355001 401032 403000............... 66
311074, . ... 207 314007.............. 236 323021.............. 227 355002 401033 403002 ... 66
311075, . ... 209 315000.............. 238 323022.............. 229 355003 401034 403003............... 66
311078, 211 315001.............. 238 323025.............. 229 355004 401035 403004............... 66
311079. . ... .. 213 315002.............. 238 323026.............. 231 355006. . 401036 403005............... 66
311080 ............. 215 315003.............. 238 323029.............. 231 355007 401037 403006............... 66
311081, ............. 217 315010.............. 239 323030.............. 233 355008 401038 403007............... 66
311082, ... 219 315011.............. 239 323033.............. 233 355009 401039 403008............... 66
311083.............. 221 315012.............. 239 401040 403009............... 66
311084 . .......... .. 221 315013.............. 239 401041 403010 .....c..oeee.. 66
311085.............. 221 316000.............. 237 401042 403011 ..., 67
311087 ... 201 316001.............. 237 401043 403012, ...l 67
311088.............. 201 316002.............. 27 330000 360000 401044 403013............... 67
311089.............. 201 316003.............. 237 330001.............. 191 360000.............. 241 401045 403029............... 66
311090. . ............ 201 330004.............. 191 360001.............. 241 401046 403030............... 66
311091.............. 201 330005........ven... 191 360002.............. 241 403031............... 66
330006.............. 191 360010.............. 241 403032............... 66
320000 330101, ............. 191 360011.............. 241 403033............... 66
330102.............. 191 360012.............. 241 403034............... 66
320004.............. 223 330103.............. 191 360013.............. 1 402000 403035............... 66
31 2000 320010.............. 223 331000.............. 193 360500.............. 241 402000 403036. ...t 66
312015, . ............ 203 320011.............. 225 331001.............. 193 360501.............. 241 402001 403037............... 66
312021.............. 203 320017.............. 225 331002.............. 193 360502.............. 241 402002 403038...........ot 66
312022, . ............ 205 320018.............. 227 331003.............. 193 360503.............. 241 402003 403039............... 66
312028.............. 205 320021.............. 227 331004.............. 193 402004 403040. ...t 67
312029.............. 207 320022.............. 229 331005.............. 193 402005 403041, . ... 67
8 312032.............. 207 320025.............. 229 331012, . ... 193 402006 403042............... 67
c 312033.............. 209 320026.............. 231 331013.............. 193 402007 403043............... 67
g 312036.............. 209 320029.............. 231 331014.............. 193 400000 402008 403044. .. ...l 67
S 312037, . ... 211 320030.............. 233 331101.............. 193 400000 402009 403045............... 67
-5 312040.............. 211 320033.............. 233 331102, ............. 193 400001. . 402010 403046............. .. 67
o3 312041, ... 213 320052.............. 223 331103.............. 193 400002. . 402011 403500.............. 138
é 312044.............. 213 320053.............. 225 331104.............. 193 400003. . 402012 403502.............. 138
= 312045, ... ........ 215 320054.............. 227 331105.............. 193 400004 402013 403503.............. 138
- 312048.............. 215 320085.............. 229 331106.............. 193 400005 402014 403504.............. 138
312049. . ............ 217 320056.............. 231 331107.............. 193 400006. . 402015 403505.............. 138
312052, . ............ 217 320057.............. 233 331108.............. 193 400007 402016 403506.............. 138
312053, . ............ 201 321004.............. 223 400008 402017 403507, ... 138
312054, . ............ 201 321010.............. 223 400009 402018 403508.............. 138
312055, . ... ........ 201 321011.............. 225 400010 402030 403509.............. 138
312056, ............. 201 321017.............. 225 400011 402031 403510.............. 138
313015, . ............ 203 321018.............. 27 350000 402032 403511, ... 138
313021, ... 203 321021.............. 227 350004...... 205, 223, 225 402033 403512.............. 138
313022, ... ........ 205  321022.............. 229 350005.......... 207, 227 402034 403513.............. 138
313028.............. 205  321025.............. 229 350006.......... 209, 229 402035 403514.............. 138
313029.............. 207 321026.............. 231 350007.......... 211, 231 402036 403515. ... ..., 138
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403516 404556 409007, ..., 75 411105.............. 147 414021
403517. .. 404557 406000 409008............... 75 411106.............. 147 414022
403521. .. 404558 406000............... 72 409009............... 75 41107, .. 147 414055
403523. .. 406001............... 72 409010............... 74 A1108. . ... 147 414056
403524 406002............... 72 409011............... 74 41109, ... 147 414057
403525 406003............... 72 A1110. ... 147 414058
403530. . . 406004............... 72 AL 147 414059
403531 405000 406005. . ............. 72 A2, 147 414060
403532 405000 406006. .............. 72 A3 147 414061
403540 405001 406007............... 72 410000 A4 147 414062
403541 405002 406008............... 72 410000.............. 147 415 147 414063
403542. .. 405003 406009............... 72 410001.............. 147 41116, . ... 147 414064
403543 405006 406010............... 72 410002.............. 147 414065
403544 405007 406500.............. 144 410003.............. 147
403545. . . 405008 406501.............. 144 410004.............. 147
403546 405009 406502.............. 144 410005.............. 147
405010 406503. . ............ 144 410006.............. 17 412000
405031 406504.............. 144 410007.............. 147 412000.............. 156 420000
405032 406505. ............. 144 410008.............. 147 412001.............. 156 420001
405033 406506.............. 144 410009.............. 147 412002.............. 156 420002
404000 405034 406507. . ............ 144 410010.............. 147 412003.............. 156 420003
404000 405035 406508.............. 144 410011, ...l 147 412004.............. 156 420004
404001 405036 406509. ............. 144 410012.............. 147 412005.............. 156 420005
404002 405037 406510.............. 144 410013........... ... 147 412006.............. 156 420006
404003. . . 405038 410014, . ............ 147 412007.............. 156 420008
404007 405039 410015.............. 147 412008.............. 156 420009
404010 405040 410016, ............. 147 412009.............. 156 420010
404038 405041 410100.............. 147 412010 . ............ 156 420011
404039 405042 407000 40101, ............. 147 412010, 156 420012
404040. . . 405043 407000............... 73 410102, ............. 147 412012, ... 156 420013
404041 405044 407001............... 73 410103.............. 147 412013.............. 156 420014
404042 405045 407002............... 73 410104.............. 147 412014, ..., .. 156 420015
404043. . . 405046 407003............... 73 410105.............. 147 420030
404044. . . 405047 407004............... 73 410106.............. 147 420031
404045. . . 405048 407005............... 73 M0107.............. 147
404046 405049 407006 .............. 73 410108.............. 147
404047 405050 407007............... 73 410109.............. 127 413000
404048. .. 405051 407008............... 73 410110, .. ...l 147 413000.............. 156
404049. . . 405500 407009............... 730 M0 147 413001.............. 155 430000
404050. . . 405501 407010 .............. 73 40112, ...l 147 413002.............. 156 430000
404051 405502 407500, ............. 145 410113.............. 147 413003.............. 156 430002
404052 405503 407501.............. 145 0114, ............. 147 413004.............. 156 430003
404053. ... 405506 407502.............. 145 410115.............. 147 413005.............. 156 430005
404054 405507 407503.............. 145 41016.............. 147 413006.............. 156 430006
404055 405508 407504 ............. 145 413007.............. 156 430008
404056 405509 407505. . ............ 145 430009
404057 405510 407506, ............. 145 430011
404058. . . 405539 407507.............. 145 430012
404500 405540 407508.............. 15 411000 430014
404501 405541 407509. . ............ 145 411000.............. 17 414000 430015
404502. . . 405542 407510.............. 145 411001.............. 147 414000.............. 154 430017
404503. . . 405543 411002 .. ...l 147 414001.............. 154 430018 5
404507. ... 405544 411003.............. 147 414002.............. 154 430020 o
404510 405545 411004. . ............ 147 414003.............. 154 430050 ;
404539 405546 411005, ............. 147 414004.............. 154 430051
404540. . . 405547 408000 411006.............. 147 414005.............. 154 430052 §
404541. .. 405548 408000............... 73 411007.............. 147 414006.............. 155 430053 o
404542. .. 405549 408001............... 73 411008.............. 147 414007.............. 155 430054 §
404543 405550 408002............... 73 411009.............. 147 414008.............. 155 430055 3
404544 405551 408003............... 73 411010, .. ...l 147 414009.............. 155 430062
404545. . . 405552 408004............... 73 411011 147 414010.............. 155 431000
404546 405553 408005............... 73 41012, ... 147 414011 .. ... 155 431001
404547 405554 408006............... 73 411013.............. 147 414012, .. 154 431003
404548 405555 41014, ... 147 414013.............. 154 431004
404549 405556 41015, . ... ... 147 414014, ... ... .. 154 431006
404550. . . 405557 411016, . ............ 147 414015.............. 154 431007
404551 405558 411100, . ... 147 414016.............. 154 431009
404552 409000 A1101...... 147 414017.............. 154 431010
404553. . . 409004, .............. 75 411102.............. 147 414018.............. 154 431012
404554. . . 409005............... 74 411103, 147 414019.............. 154 431013
404555 409006, .............. 74 411104, ... ... 147 414020.............. 154 431014
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431016. . ............ 247 433021.............. 251 434022.............. 255 440135 440361 441086.............. 269
431029.............. 247 433022.............. 251 434023.............. 255  440137.. 440362 441088.............. 265
431030.............. 247 433023.............. 251 434024.............. 255  440139.. 440363 441092.............. 269

431031, ............. 247 433024.............. 251 434025.............. 255  440152.. 440364 441093.............. 265
431032.............. 247 433025.............. 251 434026.............. 255 440153 440365 441094. . ... ........ 269
431033.............. 247 433026.............. 251 440154 440366 441095.............. 265

433027. ... 251 440155. . 440367 441096.............. 269

433028.............. 251 440156 440368 441097.. ... ........ 265

433029.............. 251 440157 440369 441098.............. 269

433030.............. 1 440000 440158 440370 441099.............. 265

432000 433031.............. 251 440000.............. 268 440159 440371 441101, ... 267
432000.............. 295 433032.............. 251 440002.............. 264 440160. . 440372 441103. ... 267
432001.............. 295  433033.............. 251 440004.............. 268 440161 440373 441105, . ... ........ 267
432002.............. 295 433034.............. 251 440006.............. 264 440162 440374 441107 ... 267
432003.............. 295  433035.............. 251 440008.............. 268 440163.. 440375 441109.............. 267
432004.............. 297 433036.............. 251 440010.............. 264 440200. . 440376 A1 267
432005.............. 297 433037.............. 251 440012.............. 268 440201.. 440377 41113, 267
432006.............. 297 433038.............. 251 440014.............. 264 440202 440378 A49115. ... 267

432007 ..., .. 297 433039.............. 251 440016.............. 268 440203 440379 AANT. 267

432010 ............. 290 433040.............. 251 440018.............. 264 440204. . 440380 41121 ... 267

432011, ... 290 433041.............. 251 440022.............. 268 440205. . 440381 441125, ... L. 267

432012, . ... ... 290 433042.............. 251 440024.............. 264 440206. . 440382 441129, ... 267
432013...... ... ... .. 290 433050.............. 253 440028.............. 268 440207 440383 441133, ... ... 267

432014, ... ... ..., 290 433051.............. 253 440030.............. 264 440301 440384 441135, ... ... 267

432015, . ... . ... 290 433052.............. 253 440034.............. 268 440302.. 440385 441137, ... 267
432016.............. 290  433053.............. 253 440036.............. 264 440303 440386 441139, ... ... 267
432020.............. 290 433054.............. 253 440040.............. 268 440304 440387 441152, ... 265

432021, . ............ 299 433055.............. 253 440042.............. 264 440305 440388 441153, ... ... 265
432022........... ... 299 433056.............. 253 440044.............. 268 440306 441154, .. ... 265
432023.............. 299 433057.............. 253 440046.............. 264 440307.. 441155, ... ... 265
432024.............. 299 433058.............. 253 440048.............. 268 440308 441156, .. ... 267
432025.............. 299 433059.............. 253 440050.............. 264 440309 441157 ... 267
432026.............. 299 433060.............. 253 440052.............. 268 440310. . 441 000 441158. . ... ... 267
432030.............. 285  433061.............. 253 440054.............. 264 440311, 441000 441159, ... .. 267
432031.............. 285 433062.............. 253 440056.............. 268 440312. . 441002 441160. . ............ 269
432032.............. 285  433063.............. 253 440058.............. 264 440313 441004 441161, 269
432033.............. 285 433064.............. 253 440059.............. 268 440314 441006 441162, . ... ...l 269
432035.............. 285  433065.............. 253 440061.............. 264 440315.. 441008 441163.............. 269
432037.............. 285  433066.............. 253 440062.............. 268 440316.. 441010 441200.............. 267

432041, ... 158 433067.............. 253 440064.............. 264 440317.. 441012 441201, ... 267

432042, ... ... 158 433068.............. 253 440065.............. 268 440318 441014 441202............ .. 267
432043.............. 158 433069.............. 253 440067.............. 264 440319 441016 441203.............. 267

432044, ... ... 158 433070.............. 253 440068.............. 268 440320.. 441018 441204, . ... .. ...... 267
432045.............. 158 433071.............. 253 440070.............. 264 440321 441022 441205. .. ... ....... 267

432046, .. ........... 158 440074. ... ......... 268 440322 441024 441206.............. 267
440076.............. 264 440323 441028 441207, ... ... 267

440080.............. 268 440324 441030 441301, ... 277

440082.............. 264 440325.. 441034 441302.............. 277

434000 440086.............. 268 440326 441036 441303.............. 277

433000 434000.............. 255  440088.............. 264 440327 441040 441304, ... .. 277
433000.............. 251 434001.............. 255  440092.............. 268 440328.. 441042 441305.............. 277

8 433001........venn. 251 434002.............. 255  440093.............. 264 440329.. 441044 441306.............. 277
S 433002.............. 251 434003.............. 255  440094.............. 268 440330.. 441046 441307000 273
5 433003.............. 251 434004.............. 255  440095.............. 264 440331 441048 441308.............. 273
S 433004.............. 251 434005.............. 255  440096.............. 268 440332 441050 441309.............. 273
(-5 433005.............. 251 434006.............. 255  440097.............. 264 440333.. 441052 441310............ .. 273
o3 433006.............. 251 434007.............. 255  440098.............. 268 440334. . 441054 441310, 273
> 433007.......c...... 251 434008.............. 255  440099.............. 264 440335.. 441056 441312, ... 273
= 433008.............. 251 434009.............. 255  440101.............. 266 440336 441058 441313 ... 272
- 433009.............. 251 434010.............. 255  440103.............. 266 440337 441059 441314, oL 272
433010.............. 251 434011.............. 255  440105.............. 266  440338.. 441061 441315 ... ... 272

433011 ... 251 434012.............. 255  440107.............. 266 440351 441062 441316, . ... ... ... 272
433012.............. 251 434013.............. 255  440109.............. 266 440352 441064 A4N317. . 272
433013.............. 251 434014.............. 255 440111.............. 266 440353 441065 441318, ... 272
433014.............. 251 434015.............. 255  440113.............. 266 440354 441067 441319, ... 275
433015.............. 251 434016.............. 255  440115.............. 266  440355. . 441068 441320, ... ... 275
433016.............. 251 434017.............. 255  A440M17.............. 266 440356 441070 441321, 275
433017.............. 251 434018.............. 255 440121.............. 266 440357 441074 441322 ... L 275
433018.............. 251 434019.............. 255  440125.............. 266  440358. . 441076 441323, ... .. 275
433019.............. 251 434020.............. 255  440129.............. 266 440359. . 441080 441324, ... L 275
433020.............. 251 434021.............. 255  440133.............. 266 440360 441082 441325 ... ... .. 275
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441326 441513 451000.............. 307 461016.............. 313 470006.............. 136 480009

441327 .. 441514 451001.............. 307 461020.............. 313 470007.............. 136 480010

441328. .. 441515 451002.............. 307 461021.............. 313 470008.............. 136 480011

441329. .. 441516 451003.............. 307 461022.............. 313 470009.............. 136 480012

441330 441517 451004 ............. 307 461023.............. 313 470010.............. 136 480013

441331 441518 451005.............. 307 461040.............. 313 470011.............. 136 480014

441332. .. 441520 453000.............. 309 461041.............. 313 470012.............. 136 480015

441333 441521 453001.............. 309 461042.............. 313 470013.............. 136

441334 441522 453002.............. 309 461043.............. 313 470014.............. 136

441335 441523 453020.............. 309 462000.............. 314 470015.............. 136

441336 441524 453021.............. 309 462001.............. 314 470016.............. 136

441337. .. 441525 453022.............. 309 462002.............. 314 470017.............. 135 500000

441338 441526 453023.............. 309 462003.............. 314 470018.............. 136 500000

441339 441527 454000.............. 311 462004.............. 314 470019.............. 136 500001

441340. ... 441528 454001, ............. 311 462005.............. 314 470020.............. 136 500002

441341 . 441529 454002.............. 311 462006.............. 314 470021.............. 136 500003

441342. .. 441530 454003.............. 311 462007.............. 314 470022.............. 136 500004

441351 441531 454004.............. 311 462008.............. 314 470023.............. 136 500005

441352 441532 454005.............. 311 462020.............. 314 470024.............. 136

441353. . . 441533 462021, . ... ........ 314 470025.............. 136

441354. .. 441534 462022.............. 314 470500.............. 137

441355. . . 441536 462023.............. 314 470501.............. 137

441356 441537 463000.............. 315 470502.............. 137 51 0000

441357 441538 460000 463001.............. 315 470503.............. 137 511000

441358. . . 441539 460000.............. 313 463002.............. 315 470504.............. 137 511001

441359 441540 460001.............. 313 463003.............. 315 470505.............. 137 511002

441360 441541 460002.............. 313 463004.............. 315 470506.............. 137 511003

441361 441542 460003.............. 313 463005.............. 315 470507.............. 137 511004

441362 441543 460004.............. 313 463006.............. 315 470508.............. 137 511005

441363. . . 441544 460005.............. 313 463007.............. 315 470509.............. 137 511006

441364 441545 460006. ............. 313 463008.............. 315 470510.............. 137 511007

441365 441546 460007.............. 313 463020.............. 315 470511.............. 137 511008

441366. . . 441547 460008.............. 313 463021.............. 315 470512.............. 137 511009

441367. .. 460009. ............. 313 463022.............. 315 470513.............. 137 511010

441368. . . 460010.............. 313 463023.............. 315 470514.............. 137 511013

441369 460011, ............. 313 464000.............. 343 471000.............. 135

441370 460012.............. 313 464001.............. 343 471001.............. 135

441371. . 450000 460013.............. 313 464020.............. 343 471002.............. 135

441372. .. 450000 460014.............. 313 464021.............. 343 471003.............. 135

441373. .. 450002 460015.............. 313 464022.............. 343 471004.............. 135 520000

441374 450003 460016.............. 313 464023.............. 343 471005.............. 135 521003

441375 450004 460017.............. 313 465000.............. 343 471006.............. 135 521004

441376. . . 450005 460018.............. 313 465001.............. 343 471007. .. ...l 135 521005

441377 450006 460019.............. 313 465002.............. 343 471008.............. 135 523000

441378 450007 460020.............. 313 465003.............. 343 471009.............. 135 523001

441379 450008 460021.............. 313 465020.............. 343 471011.............. 135 523002

441380 450009 460022.............. 313 465021.............. 343 A71012. ..ol 135 523003

441381. .. 450010 460023.............. 313 465022.............. 343 471014.............. 135 523004

441382 450011 460024.............. 313 466000.............. 316 471015, .. ...l 135 523005

441383 450012 460025.............. 313 466001.............. 316 471016.............. 135 523006

441384. .. 450013 460026.............. 313 466002.............. 316 A71017. ..o 135 523007

441385. . . 450014 460040 ............. 313 466003.............. 316 471020.............. 135 523008 =
441386. .. 450015 460041.............. 313 466004.............. 316 471021, ...l 135 523009 %
441387 450016 460042.............. 313 466005.............. 316 471022.............. 135 523010 x
441388 450017 460043.............. 313 466006.............. 316 471023. .. ... ... 135 523022 Qo
441389. . . 450018 461000.............. 313 466007.............. 316 471024.............. 135 523025 1
441390. .. 450019 461001.............. 313 466008.............. 316 471025. .. ... ... 135 523028 @
441391 .. 450020 461002.............. 313 466009.............. 316 523031 §
441392 450021 461003.............. 313 466010.............. 316 523034 3
441500 450022 461004. . ............ 313 468008............... 64 523050

441501. .. 450023 461005.............. 313 523053

441502 450024 461006.............. 313 480000 523056

441504 450025 461007.............. 313 480000.............. 133 524000

441505 450026 461008.............. 313 480001.............. 133 524001

441506 450027 461009.............. si3 470000 480002.............. 133 524002

441507. ... 450028 461010.............. 313 470000.............. 136 480003.............. 133

441508 450030 461011, 313 470001.............. 136 480004.............. 133

441509 450033 461012.............. 313 470002.............. 136 480005.............. 133

441510. ... 450041 461013.............. 313 470003.............. 136 480006.............. 133

441511 .. 450042 461014.............. 313 470004.............. 136 480007.............. 133 540000

441512 450043 461015, ... ......... 313 470005.............. 136 480008.............. 133 540000............... 29
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540001 620001.............. 341 640001.............. 333 647058 662002 665221, ............. 439

540002 620020.............. 341 640002.............. 333 647059. . 662004 665222.............. 439

540003 620021........oe... 341 640003.............. 333 647060. . 662006 665223.............. 439

540004 620022.............. 341 640004.............. 333 647061.. 662008 665224.............. 439

540005 640020.............. 333 647062 662010 665225. . ... ...o.... 439

540006 640021.............. 333 647063 662012 665226.............. 439

540007 640022.............. 333 647064. . 662014 665227, ..., 439

540008 640023.............. 333 647065 663000 665228.............. 439

540009 630000 640024 ............. 333 647066 663002 665229.............. 439

540010 630000.............. 325 640025.............. 333 647067 663004 665230.............. 439

540011 630001.............. 325  640026.............. 333 648000 663006 665231......c..eee... 439

540012 630002.............. 325  640027.............. 333 648001 663008 665232.............. 439

540016 630003.............. 325  640028.............. 333 663010 665233.............. 439

540017 630004, ............. 325  640050. .. ... 333,337, 356 663012 665234.............. 439

540018 630005.............. 325  640051...... 333,337, 356 663014 665235.............. 439

540020 630006 ............. 325  640052...... 333,337, 356 663016 665236.............. 439

540022 630020 ............. 325  640053...... 333,337, 356 650000 663017 665237, ... 439

540024 630021.............. 325 640070.......... 335,355 650000 663018 665238.............. 439

540027 630022.............. 325  640080.......... 325,355 650001 663019 665239.............. 439

540028 630023.............. 325 640081.......... 325,355  650002.. 663020 665250. . ............ 439
630024.............. 325  640082.......... 325,355  650003. . 663022 665251, ...vvvn... 439

630025.............. 325 640083.......... 325,355  650004. . 663024 665252 ........i.... 439

630026.............. 325  641000.............. 335 650005 663026 665253 ...t 439

630027.............. 325 641020.............. 335 650006 665254. . ............ 439

610000 632000.............. 327 641021.............. 335 650007.. 665255, ... ..un... 439
610000.............. 359 632001.............. 327 642000.............. 337 650008 665256. . ............ 439
610001.............. 359 632002.............. 327 642020.............. 337 651000 665257, ... 439
610002.............. 359 632003.............. 327 642021.............. 337 651001 665000 665300.............. 440
610003.............. 361 632004.............. 327 643000.............. 345 652000 665016 665410.............. 429
610004.............. 361 632005.............. 327 643001.............. 345 652100.. 665017 665411, . ............ 429
610005.............. 361 632006.............. 327 643002.............. 345 652101 665018 665412.............. 429
610020.............. 359 632020.............. 327 643003.............. 345 653000 665026 665413.............. 429
610021.............. 359 632021.............. 327 643020.............. 345  654000. . 665027 665414.............. 429
610022.............. 359 632022.............. 327 643021.............. 345 654002 665028 665501, ............. 423
610023.............. 359 632023.............. 327 643022.............. 345 665029 665503. ............. 423
610024.............. 359 632024.............. 327 643023.............. 345 665039 665505. . ............ 423
610025.............. 359 632025.............. 327 643024.............. 345 665040 665514.............. 389
610026.............. 361  632026.............. 327 643025.............. 345 665041 665515. . ............ 389
610027.............. 361 632027.............. 327 643026.............. us 660000 665080 665516.............. 423
610028.............. 361 633000.............. 349 643027.............. 345 660000 665081 665517. . ............ 423
610029.............. 361 633001.............. 349 644000.............. 333 660002 665082 665520 ............. 423
610030.............. 361 633002.............. 349 644001.............. 333 660004 665083 665522, . ............ 423
610031.............. 361 633003.............. 349 644002.............. 333 660006. . 665084 665523, ............. 423

610041, ............. 359 633004.............. 349 644003.............. 333 660008 665085 665524.............. 423

610042, . ............ 361 633005.............. 349 644004.............. 333 660010 665086 665528. . ............ 419
611000.............. 363 634000.............. 329 644020.............. 333 660012 665087 665529. . ............ 419

611001, ............. 363 634001.............. 329 644021.............. 333 660014 665088 665530. . ............ 419
611002.............. 363 634002.............. 329 644022.............. 333 660020.. 665100 665531, ............. 419
611003.............. 365  634003.............. 329 644023.............. 333 660022 665101 665532. . ............ 419
611004.............. 365  634004.............. 329 644024.............. 333 660024 665102 665533, ............. 419
611005.............. 365  634020.............. 329 644025.............. 333 660026.. 665200 665540. . ............ 419

8 611020.............. 363 634021.............. 329 644026.............. 333 660028. . 665201 665541, . ............ 419
S 611021, ... ........ 363 634022.............. 329 644027.............. 333 660030.. 665202 665542, . ............ 419
5 611022.............. 363 634023.............. 329 644028.............. 333 660032 665203 665543. . ... ........ 419
S 611023.............. 363 634024.............. 329 645000.............. 335 660034 665204 665544.............. 419
-5 611024, . ............ 363 634025.............. 329 645020.............. 335 660036.. 665205 665545. . ... ........ 419
o3 611025.............. 363 636000.............. 331 645021.............. 335 660037.. 665206 665552. . ............ 419
& 611026.............. 365  636001.............. 331 646000.............. 345  660038. . 665207 665553. . ............ 419
= 611027 ............. 365  636002.............. 331 646001.............. 345 660039 665208 665554. . ............ 419
- 611028.............. 365  636020.............. 331 646020.............. 345 660500 665209 665555. . ... ........ 419
611029.............. 365  636021.............. 331 646021.............. 345  660501.. 665210 665556. . ............ 419
611030.............. 365  636022.............. 331 646022.............. 345 660502 665211 665557, . ... ........ 419
611031.............. 365  636023.............. 331 646023.............. 345 660503 665212 665564.............. 419

611041, . ............ 363 636024.............. 331 647050.............. 347 661000 665213 665565. ............. 419
611042.............. 365  636025.............. 331 647051.............. 347 661016 665214 665566. . ............ 419
647052.............. 347 661017.. 665215 665567, ... 419

647053.............. 347 661018 665216 665568. ............. 419

647054. . ............ 347 661050 665217 665569, ............. 419

647055. ... ... ..... 347 661051.. 665218 665576. . ............ 421

620000 640000 647056. . ............ 347 661052.. 665219 665577, ... 421

620000 ............. 341 640000.............. 333 B47057.............. 347 662000 665220 665578. . ............ 421
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665579 672004 680220.............. 448 691003.............. 452 710027............... 91 715112
665580. . . 672006 680240.............. 449 691004.............. 452 710028............... 93 715113
665581. . . 672008 680260.............. 449 691005.............. 452 710029............... 87 715114
665609. . . 672009 680280.............. 449 691006.............. 452 710030............... 87 715115
665610 674001 680300.............. 448 691007.............. 452 710031............... 89 716000
665611 674003 680350.............. 354 691008.............. 452 710032............... 89 716001
665700. . . 674005 680351.....c.vee... 354 691009.............. 452 710033............... 91 716002
665701 675000 680360.......... 333,354 691010.............. 452 710034............... 91 716003
665702 675001 680361.............. 354 691011.............. 452 711000............... 87
665801 675002 680370.............. 354 691012.............. 452 711001............... 89
665911 675003 680371.. ... 354 691013.............. 452 711002............... 91
665912. . . 675020 680500 ............. 353 691014.............. 452 711003............... 93
665921 676000 680501, .....c..vee... 353 692002.............. 464 711004............... sz 120000
665922 676001 680502.............. 353 692005.............. 465  711005............... 87 720000
676002 680503.............. 353 692006.............. 465  711006............... 87 720001
676003 680505. . ............ 353 692007.............. 464 711007............... 89 720002
677002 .. 680509.............. 351 693000.............. 410 711008............... 91 720003
677003.............. M7 6805T1.............. 351 693001.............. 410 711009............... 93 720004
666000 677004 ............. M7 680512.............. 351 693002.............. 40 711020............... 87 721000
666000 677005 680513.............. 351 693003.............. 40 711021 87 721001
666001. . . 677006 680520, ............. 350 694000.............. 409 711022............... 89 721002
666002. . . 677007 . 680521.............. 350  694001.......... 408,409  711024............... 91 721003
666003 677008.............. M7 680522.............. 350 694002.............. 409 711025............... 93 722000
666004 677016.............. 47 680523.............. 350  695000.............. 408 712000............... 87 722001
666005. . . 677017 .. 680524. . ............ 350 695001.............. 408 712001............... 89 722002
666006 677020.............. 47 680525.............. 350  696000.............. 407 712002............... 91 722003
666008 678004 680530.............. 350 696001.............. 407 712003............... 93 722004
666010 678005 680531.............. 350 722020
666012 678006 680532.............. 350 722021
666014. . . 678010 680533.............. 350 722022
666016 678011 680534.............. 350 722023
678012 680535. . ............ ss0 700000 713000 723000
678013 680540.............. 351 700000............... 87  713000............... 87 723002
678018 680541, ............. 351 700001............... 87  713001............... 87 723003
678019 680542.............. 351 700002............... 89 713002............... 89 723006
667000 678020 680560. ............. 351 700003............... 91 713003............... 91 723014
667000.............. 401 678021 680561, ... 351 700004............... 93 713004............... 93 723015
667001.............. 401 678026 680562. . ............ 351 701000....... 87,169,223  713005............... 87 723016
667002.............. 401 678027 680563.............. 351 701001....... 89,205,225  713006............... 87 723017
668002.............. 402 678028 680564.............. 351 701002....... 91,171, 227 713007. ...l 87 723018
678029 680565. ............. 351 701003........... 93,229 713008............... 89 723019
678034 680566.............. 351 713009............... 89 723020
678035 680567.............. 351 713010, ... 89 723021
670000 678036 680568. ............. 351 713011, 89 724000
678037 680600.............. 356 713012, ... 91 724001
670000 678042 680601.......... 347, 356 710000 713013, ... 91 724002
670002 678043 680602.......... 347,356 710000....... 87,169,223  713014............... 91 724003
670004 . . 678044 680603.............. 356 710001....... 89,205,225  713015............... 91 724010
670005 678045 680604, ............. 356 710002....... 91,171,227 713016............... 91 724011
670006 680605. ............. 356 710003........... 93,229 T13017............... 93 724012
670007. .. 680620.......... 347,356 710004............... 87  T13018............... 93 724013
670008. . . 680621.......... 347,356 710005............... 89  713019............... 93 724014 =
670020. . . 682000.............. 451 710006............... 91 713020............... 93 =3
670022 680000 683000.............. 451 710007............... 93 713021............... 93 =
670024 680000 684000.............. 452 710010............... 87  T13022............... 93 g
670025. . . 680020 684001.............. 452 T100T1............... 89 715000............... 87
670027. .. 680040 684002.............. 452 710012............... 91 715001............... g 125000 %
670028. . . 680041 685000.............. 450 710013............... 87 715002............... 91 725000.............. 126 §
670030 680060 686000.............. 451 710014............... 89 715003............... 93 725001.............. 126 3
670031 680061 687000 ............. 452 T10015............... 91 715100.............. 114 725002 126
670033. . . 680062 688000.............. 451 710016............... 93 715101.............. 114 725003
670034 680063 689000.............. 452 T10017............... 87  715102.............. 114 725010
670050 680080 710018, . ............. 89 715103.............. 114 72501
670051 680100 710019. . ............. 91 715104.............. 114 725012
670052 680101 710020 ...l 93 715105.............. 114 725013
670053. . . 680120 710021, . ... 87  715106.............. 114 725014
671000 680121 690000 710022, ... 89  715107.............. 114 726000
671500 680140 690000 ............. 451 710023............... 91 715108.............. 114 726001
671501. .. 680160 691000.............. 452 710024............... 93 715109.............. 114 726002
672000. . . 680180 691001.............. 452 710025............... 87  715110.............. 114 726003
672002 680200 691002.............. 452 710026............... 89  TI51MT.............. 114 727000
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727001 ... 129 731027.............. 159 733046.............. 152 735002.............. 160 811004 822001.............. 117
727002.. ... 129 731028.............. 159 733047.............. 152 735003.............. 160 811005 822002.........i.... 117
727003, ... ... 129 731029.............. 159 733048.............. 152 735004.............. 160 811006 822003.............. 117
728000.............. 262 731030.............. 159 733049.............. 152 736000.......... 160,262 811007 822004.............. 117
72800100l 262 731031.............. 159 733050.............. 152 736001.......... 160,262 811008 822013.............. 117
7280020, 262 731032.............. 159 733051.............. 152 736002.......... 160,262 811020 823000.............. 122
728003.............. 262 731033.............. 159 733052.............. 152 736003.......... 160,262 811021 823001.............. 122
728004.............. 279 731034.............. 158 733053.............. 152 736004.......... 160,262 811022 823002.............. 122
728005. . ...l 279 731035.............. 159 737000 ...l 160 811023 823003.............. 122
728006.............. 279 732000.............. 118 737001, . ... 160 811024 823004.............. 122
728007 ... 279 732001.............. 118 737002. . ... 160 811025 823005.............. 122
728008.............. 280 732002.............. 118 737003.............. 160 811026 823006.............. 122
728009.............. 280 732003.............. s 134000 737004 . ... ..., 160 811027 823007.............. 122
728010.............. 280 732004.............. 118 734000.............. 157 811028 823008.............. 121
728011, ... 281 732005.............. 118 734001.............. 157 812000 823009.............. 121
728012.............. 281 732006.............. 120 734002.............. 157 812001 823010.............. 121
728013.... ... 281 732007.............. 120 734003.............. 157 812002 823011... ... 121
728014, . ... ........ 281 732008.............. 120 734004.............. 157 800000 812003 823012.............. 122
728015, . ... 281 732009.............. 120 734005.............. 157 800000 812004 823013.............. 123
728016.............. 281 732010.............. 120 734006.............. 157 800001. . 812005 823014.............. 123
728017, ... ....... 280 734007, . ...l 157 800002. . 812006 823015. ... cvve. .. 123
728018.............. 280 734008.............. 157 800003. . 812007 823017.............. 122
728019.............. 280 734009.............. 157 800004 812008 823018.............. 122
728032.............. 278 734010.............. 157 800005 812014 823019.............. 122
728033.............. s 133000 734011, ... 157 800006. . 812015 823020 ............. 123
728034.............. 262 733000.............. 152 734012.............. 157 800007 812016 823021.............. 123
728035.............. 262 733001.............. 152 734013.............. 157 800008 812017 823022.............. 123
728036.............. 262 733002.............. 152 734014.............. 157 801000 812018 824004.............. 124
728037.............. 262 733003.............. 152 734015.............. 157 801002 813000 824005.............. 124
728038.............. 262 733004.............. 152 734016.............. 157 801005 813001 824006.............. 124
728041, ... ... 279 733005.............. 152 734017.............. 157 801009 813002 824007.............. 124
728042, .. ........... 279 733006.............. 152 734018.............. 157 802000........ 95-99,211 813003 824036.............. 124
728043.. ... ........ 279 733007.............. 152 734019.............. 157 802002 ..101-105,217-221 813004 824037.............. 124
728044, . ... ........ 279 733008.............. 152 734020.............. 157 802005...... 107,109,111 813005 824038.............. 124
728045, ... .. ....... 279 733009.............. 152 734021.............. 157 802009.............. 191 813006 824039.............. 124
728046.............. 279 733010.............. 152 734022.............. 157 813007 824040.............. 124
728047.............. 262 733011, ... 152 734023.............. 157 813008 824041.............. 125
728048.............. 262 733012.............. 152 734024.............. 157 813009 824042. .. ... ....... 125
728049.............. 262 733013............. 152 734025.............. 157 813010 824043.............. 125
728050.............. 262 733014.............. 152 734026.............. 157 810000 813011 824044, .. ... ....... 125
733015. ... 152 734027.. ... ... 157 810000 813012 824045.............. 125
733016.............. 152 734028.............. 157 810001 813013 824046.............. 125
733017. ... 152 734029.............. 157 810002 813014 824047.............. 125
733018.............. 152 734030.............. 157 810003 813015 824048.............. 125
730000 733019.............. 152 734031.............. 157 810004 813016 824049.............. 125
730000 ............. 150 733020.............. 152 734032.............. 157 810005 813017 824050.............. 125
730001, ............. 150 733021.............. 152 734033.............. 157 810006 813018
730002.............. 150 733022, ... 152 734034.............. 157 810007. .
730003.............. 150 733023.............. 152 734035.............. 157 810008
730004. . ............ 150 733024.............. 152 734036.............. 157 810009
730005 ...t 150 733025.............. 152 734037.............. 157 810010. . 825000
8 730006.............. 150 733026.............. 152 734038.............. 157 810011. . 820000 825001.............. 126
g 731000 ............. 158 733027.............. 152 734039.............. 157 810012.. 820000 825002.............. 126
5 731001 ... 158 733028.............. 152 734040.............. 157 810013 820001 825003.............. 126
S 731002, ... 158 733029.............. 152 7340M1.............. 157 810014 820002 825004 ............. 126
o« 73100300l 158 733030.............. 152 734042.............. 157 810015. . 820003 825005.............. 126
o3 731004 . ... ... 158 733031.............. 152 734043.............. 157 810016. . 820004 825006, ............. 126
> 731005. . ... 158 733032.............. 152 734044.............. 157 810017.. 820005 825007, .....c.venn. 126
= 731006 ............. 158 733033.............. 152 734045.............. 157 810020 820006 825036.............. 126
- 731008.............. 158 733034.............. 152 734046.............. 157 810021 820007 825037.............. 126
731009.............. 158 733035.............. 152 734047.............. 157 810022.. 820008 825038.............. 126
731010, . ............ 158 733036.............. 152 734048.............. 157 810023 821000 825039.............. 126
73011, 158 733037.............. 152 734049.............. 157 810024 821001 825040.............. 126
731012 ... 158 733038.............. 152 734050.............. 157 810025 821002 825041, . ............ 127
731020, . ... 159 733039.............. 152 810026 821003 825042.............. 127
731021, ... 159 733040.............. 152 810027. . 821004 825043.............. 127
731022, ... 159 733041.............. 152 810028 821005 825044. . ............ 127
731023, . ... 159 733042.............. 152 811000 821006 825045. . ............ 127
731024, . ... 159 733043.............. 12 139000 811001. . 821007 825046.............. 127
731025, .. ... ... 159 733044.............. 152 735000.............. 160 811002. . 821008 825047. . ... ........ 127
731026, . ...l 159 733045.............. 152 735001.............. 160 811003 822000 825048. . ............ 127
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825049
825050. . .
826000. . .
826001. ..
826002
826003
826004. . .
826005
826006
826007
826008
827000. . .
827001
827002
827003. ..
827004. ..
827005. . .
827006
827007
827008

830000

830000
830001
830002
830003
830004. ..
830005
830006
832000. . .
832001. ..
832002. ..
832003
832004
832005. ..
832006. . .
832007. ..
832008
832009
832010. ..
833000
833001
833002
833003
833004. ..
833005
833006
833007. ..
833008. . .
833009. ..
833010
833011
833012. ..
833013. ..

840000

840000.............. 118
840001.............. 118
840002.............. 118
840003.............. 118
840004.............. 118
840005.............. 118
840006.............. 118
840007.............. 118
840008.............. 118
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840009
840010
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840013
840014
840015
840016
840017
840018
840019
840020

850000

850000
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851000
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851003
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852001
852002
852003
852004
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852006
852007
852008
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853001
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853004
853005
853006
853007
853008
853020
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853027
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854000

854000
854001
854002
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854005.............. 107
854006.......... 109, 111
854020, .............. 95
854021. . .......... 97,99
854022.............. 101
854023.......... 103, 105
854025. . ............ 107
854026.......... 109, 111
930000

931585. . ............ 238
950000
950011....cvvvee. .. 258
991000
991536.......... 333, 355
991537.......... 333, 355
991538.......... 347, 354
991539.......... 345, 354
991539-01....... 325-331,
................ 337, 354
991540.......... 333, 354
9111000

and up...
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A

AC motors, standard 115V .. ........ 458
Actuator specifications
Anglevalves .................... 199
Gatevalves..................... 166
Adapters
Tapped Flange adapter ............. 64
Cluster flanges. . ............... 74-75
Multiport Flanges. .............. 74-75
Del-Seal™ CF to Del-Seal™ CF Reducers,
Zerolength .................... 61
ISO KF & LF to Del-Seal™ CF. .. .. ... 150
ASA to Del-Seal™ CF, Zero Length . . . . 151
ASA Flange to ISO KF & LF ......... 152
Swagelok® to Del-Seal™ CF & ISO KF . 154
VCR® to Del-Seal™ CF & ISO KF. . . . .. 155
Quick-Disconnect to Del-Seal™ CF &
ISOKF..................... 156-157
NPT, Female to Del-Seal™ CF & ISO KF 158
NPT, Female to Baseplate .......... 159
NPT, Male to Del-Seal™ CF & ISO KF . . 159
Hose adapter to ISOKF............ 160
Welch Pump to ISOKF ............ 160
TestPortKit..................... 284
Glass to Metal, Flanged . . ... ... 312-315
Glass to Bellows, Flanged .. ........ 316
Air control solenoid valve
Anglevalves .................... 196
Gatevalves..................... 164
Motion ................ see indiv. item
Air cylinder
Anglevalves .................... 199
Inlinevalves .................... 199
Gatevalves..................... 167
Air pressure ratings
Anglevalves .................... 199
Inlinevalves .................... 199
Gatevalves..................... 167
Air-Open/Air-Close valves
Angle...................... 208-221
Inline...................... 228-233
Gatevalves ................. 168-193
Air-Open/Spring-Close valves
Angle, 1/4" to 1-1/2". . ........ 200-207
Inline, 3/4"to 1-1/2" .. ........ 222-227
Alignmentgimbal ................. 440
All-Metal valves
Angle. ... 236
Inline..................... ... 237
Sealing torque. .................. 234
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Angle valves, adjustable leak
Fineleak....................... 238
Precisionleak ................... 239
Angle valves, high and ultrahigh vacuum
Installation ..................... 198
Maintenance . ................... 198
1/4" and 1/2" tube 0.D. ....... 200-201
3/4"tube OD................ 202-203
1"tube OD. ................ 204-205
1-1/2"tube OD. ............. 206-207
2"tube OD. ... ... ..l 208-209
2-1/2"tube O.D. ............. 210-211
3"tube OD. ...l 212-213
4"tube OD. ... ... .. ... 214-215
6"tube OD. ................ 216-217
8"tube OD. ................ 218-219
10" tube O.D. ............... 220-221
Gaskets, see valve size
Port connections, Angle Valve
Del-Seal™ CF ............ 200-221,236
Kwik-Flange™ ISOKF.......... 200-221
Tubeweld............... 200-221,236
ANSI ASA ports
Gatevalves ................. 174-189
Apiezon® vacuum grease . .......... 285
ASA bolt reducer bushings . . . . .. 175-181
ASAflanges .................. 130-131
ASA to Del-Seal”" CF ............... 151
At-A-Glance, product overview. . . . .. 2-15
Bakeout heater
Sorptionpump ..., 258
Traps. ..o 247
Bakeout, specifications
Anglevalves .................... 199
Inlinevalves .................... 199
Gatevalves ................. 166-167
Motion................ see indiv. items
Ballwrench....................... 29
Band clamp flange. ............. 94-103
Defined......................... 85
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Subject Page
Baseplates................ 472,478-479
ACCESSOrieS . ... oviieen 475,477
Blank-offplug................... 161
Electrical feedthroughs. . ... ... 338-339,
......................... 359-365
Feedthrough, rotary motion......... 384
Kwik-Flange™ ISOKF ............. 161
Liquid feedthroughs. .......... 359-365
NPT adapters ................... 159
Quick-Disconnect . ............... 156
Basewells................ 472,478-479
Bayard-Alpert ionization
gaugetubes................ 294-295
Bearings, linear & rotary
In-vacuum.................. 451-452
Mounts .................... 448-452
Bell Jars
L-gasket....................... 477
0-ring ..oovvvi 475,477
Stainless steel . .............. 474-475
Surface science analysis
chamber.................. 480-483
Bellows adapters
Del-Seal”" CFtoglass ............. 316
Bellows
Edgewelded.................... 135
Flanged..................... 68,117
Formed .................... 136-137
Blank-off
Quick-Disconnect . ............... 147
Baseplate...................... 161
BNC coaxial .................. 324-325
Bolt reducer bushings, ASA. . . ... 175-181
Bolt sets, Flanges
Del-Seal™, see flange sizes. . . . . .. 29-55
12-pointhead................ 31-47
12-point head, silver plated . . . .. 31-47
12-point head, plate nut . . . . . ... 31-47
Hexhead ................... 31-55
Hex head, plate nut. ........... 33-41
Sockethead.................... 29
Socket head, silver plated. . ........ 29
Socket head, platenut . ........... 29
Double sided Del-Seal™. ........ 57-59
ANSIASA. ... 131
WireSeal..................... 76-77
Quick-Accessdoors .............. 438
Bolt sets, Valves, Silver plated
Almetal ....................... 237
Gate............. ... ..l 169-189
Angle...................... 201-221
Inline...................... 223-233
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Bolt sets, Valves, Metric

Gate...............c i 169-189
Bolt tightening, Del-Seal™ CF

Specifications, general ............. 26
Bonnet & gate seals

Specificationsfor ................ 166
Bonnet & gate gasket kits for

Circularvalve ............... 169-189

Rectangular valve. ............ 191,193
Bonnet gasket

All-Metal angle and inline valves. . . .. 237

Angle and inline valves . ....... 201-233
Bourdongauge................ 288,290
Braided, flexible stainless

steelhose.................. 263-277
Breaks & envelopes

Ceramic ................ 323,342-343
Burstdisc........................ 284
Butterflyvalves ............... 240-241
Bulkhead Clamps ............. 80,87-93

C

Centering rings

Kwik-Flange™ ISOKF . ........ 81,87-93
Angle valves ISOKF. .......... 201-209
Large-Flange™ ISO LF........ 82,94-111
Angle valves ISOLF........... 211-221
Ceramic
Beads...................... 347,356
Breaks..................... 342-343
Envelopes .................. 342-343
Spacers ... 347,356
Chambers
Introduction. .................... 472
Baseplates & base wells . ...... 478-479
Bell Jars, stainless steel ....... 474-475
Feedthrough collars. . ......... 476-477
Surface Science Analysis. . .. ... 480-483
Custom
Azimuthalangle ................ 486
Cleaning...................... 489
Focalpoint.................... 486
Leaktesting................... 489
Materials ..................... 488
Packaging & shipping............ 489
Polarangle.................... 486
Pressurerating................. 489
Surface finishes .. .............. 489
continued...
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...continued
Water cooling. ................. 488
Welding techniques ............. 489
Fabrication tolerances ........... 487
Geometry, custom engineering.. . . . . 487
Circular entry load-lock system . . 432-433
Circular gate valves . ....... 163,168-189
Introduction. .................... 164
Specificationsfor ................ 166
Clamps
Band ISOLF............... 85,95-103
Band, defined ISOLF............... 85
Bulkhead ISOKF............. 80,87-93
Bulkhead, defined ISOKF ........... 80
Claw, defined ISOLF............... 84
Double claw ISOLF ............ 95-111
Hinged ISOKF.................... 80
Hinged, defined ISOKF ............. 80
Singleclaw ISOLF............. 95-111
Clamps, double claw,
Large-Flange™ ISOLF .......... 95-111
Clamps, hinged,
Kwik-Flange™ ISOKF ......... 80,87-93
Clamps, single claw,
Large-Flange™ ISOLF ......... 95-111
Claw clamp
Flange, ISOLF................ 95-111
Introduction. . .................... 84
Cluster flange, Del-Seal™ CF ......... 75
Coaxial cable connectors. . . . 322,325-331
Coaxial feedthroughs. . . . . .. 322, 325-331
Coaxial foreline traps .......... 248-253
Coaxial in-vacuum wire. . . ... ... 352-353
Coaxial Traps
Filter elements. .............. 252-253
Single piece................. 248-249
Two piece .................. 250-251
With replaceable filter ......... 250-251
Compact linear motion feedthrough . . 389
Compact Z axis stage . . ............ 422
Company overview .............. 20-21
Conical reducer
Del-Seal™ CF flanged .............. 65
ISOflanged . .................... 120
Weldable....................... 134
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Subject Page

Connectors, electrical

Angleclamp................. 333,335
Coaxial cable.................... 353
Crimp .................. 347,351,354
High current power ........... 335,355
Inlineclamp................. 333,355
Inline electrical . . ............. 333,355
Pushon................ 325-333,337,
..................... 345-347,355
Contents....................... 16-17
Controller, motor speed. . . ...... 464-465
Conversion tables ............. 494-495

Copper Gaskets, see flange size. . . . 29-59
Coupling, flexible with

Del-Seal"CF .................... 68
Kwik-Flange™ ................... 117
Large-Flange™. .................. 117
Weldable . .................. 136-137
Coupling,PVC .................... 280
Coupling, In-vacuum. .. ............ 451
Crimp connectors .......... 347,350,355
Crosses
Five-way, Del-Seal” CF ............ 72
Five-way, KF & LF................ 128
Five-way, weldable . .............. 144
Four-way reducer, Del-Seal™ CF . ... .. 71
Four-way reducer, ISO KF & LF...... 127
Four-way reducer, weldable . ....... 143
Four-way, Del-Seal™ CF............. 70
Four-way, ISO KF & LF............. 126
Four-way, weldable . . ............. 142
Six-way, Del-Seal™ CF.............. 73
Six-way, ISOKF & LF.............. 129
Six-way, weldable . ............... 145
Cryogenic sorption pump . ... ... 256-259
Cryogenic feedthroughs . . ... ... 363-365
Cube, Del-Seal”" CF ................. 73

D-connector
Subminiature electrical feedthroughs

.......................... 348-351

DC motors
Miniature 12V................... 459
Standard 90V ................... 458
Controllers. ..................... 464
Del-Seal™ CF fittings . ............ 62-75
Del-Seal™ CF metal seal flanges . . . 28-61,
............................ 74-75
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Del-Seal™ CF flange with-
Up-to-airvalve............... 282-283
Thermocouple guage tube. ......... 282

Del-Seal™ CF ports, gate valves with-
Del-Seal™ CF port, 1.33" flange . . 168-169
Del-Seal™ CF port, 2.75" flange. . 170-171
Del-Seal™ CF port, 3.38" flange. . 172-173
Del-Seal™ CF port, 4.5" flange. . . 174-175
Del-Seal™ CF port, 4.63" flange. . 176-177
Del-Seal™ CF port, 6" flange. . . .. 178-179
Del-Seal™ CFport, 6.75" flange . . 180-181
Del-Seal™ CF port, 8" flange . . .. 182-183
Del-Seal™ CF port, 10" flange . .. 184-185
Del-Seal™ CF port, 13.25" flange . 186-187
Del-Seal™ CF port, 14" flange . .. 188-189

Del-Seal™ CF hybrid adapters to

ASA. .. 151
ISOKF&LF. ...t 150
NPT. ..o 158
Quick-Disconnect . ............... 156
Rectangular..................... 435
Swagelok® ..................... 154
VCR®. .. ... 155
Del-Seal™ CF tube fittings . . . ... ... 62-73
Dewar, polystyrene . ............... 258
Differentially pumped
Multi-motion feedthrough .......... 406
Rotary motion feedthrough . ........ 385
Direct drive rotary motion. .......... 385
DirectionstoMDC . ................ 526
Dished head, wire seal flanges. . . .. 76-77
Double claw clamp, ISOLF ....... 95-111
Double ended glass components
Del-Seal"CF ................... 314
Kwik-Flange™ ISOKF ............. 314
Double impulse solenoids . . . . . . . 190-193
Double sided flanges
Del-Seal™ CF.................. 56-59
Del-Seal™ CF with NPT holes. . . . . ... 282
Double sided access flange. . . ... ... 282
Dow Corning® vacuum grease.. . . . . .. 285
Dual 0-ring shaft seal, feedthrough. . . . ..
........................... 385,406
Dual XY-axis stage. . ........... 416-417
Edge welded bellows
Weldable end plate . .............. 135
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Elastomer seals
Anglevalves ................ 201-221
Inline valves. ................ 222-233
Gatevalves ................. 169-189
Elbow, 45°
Del-Seal"CF .................... 66
ISOKF&LF. ..., 121
PVC. ... 281
Weldable....................... 138
Elbow, 90°
Del-Seal" CF ................. 66-67
ISOKF&LF................. 122-123
PVC. ... 281
Weldable....................... 138
Elbow, high conductance
Del-Seal"CF .................... 67
ISOKF&LF. ..., 123
Weldable....................... 139
Electrical Feedthroughs, see feedthroughs
Electrical Connectors. . ......... 354-355
Electrical Safety accesories . . .. ..... 356
Electropneumatic actuator specifications
Anglevalves .................... 196
Inlinevalves .................... 196
Gatevalves..................... 166
Encoder,option................ 382,391
Engineering, custom ........... 486-493
Envelopes, ceramic . ........... 342-343
Epoxy patch...................... 285
Extended length rotary motion. . ... .. 380
Extension rod, Mini-Scaffold™ . ...... 449
Feedthrough collars. ........... 476-477
Feedthroughs, Electrical
Introduction................. 320-323
BNC Coaxial. ................ 324-325
MHV Coaxial ................ 326-327
SHV Coaxial . ................ 328-329
Type-N Coaxial. . ............. 330-331
Medium Current. . ............ 332-333
High Current . ........ 334-335,338-339
High Voltage. . ............... 336-337
RFPower................... 340-341
Breaks & Envelopes........... 342-343
Multipin Power. . ............. 344-345
Multipin Instrumentation ... .... 346-347
continued...
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Subject Page
...continued
Type-D Instrumentation . . . . .. .. 348-351
In-Vacuum Insulated Wire ... ... 352-353
In-Vacuum Connectors. ........ 354-355
Insulators & Shields .............. 356

Feedthroughs, Gas/Liquid

Introduction. .................... 357

General Purpose with Swagelok® 358-359
General Purpose with VCR® . . . . . 360-361
Liquid Nitrogen with Swagelok® . 362-363

Liquid Nitrogen with VCR®.. . . . . . 364-365
Feedthroughs, Motion

Introduction................. 368-372

Glossary.................... 370-371

Reference Tables. ................ 372

Rotary Standard. ............. 378-379

Rotary High Temperature. .......... 380

Rotary Pneumatic ................ 381

Rotary Miniature . . ............... 382

Rotary Precision ................. 383

Rotary Magnetic & Direct drive ... ... 384

Rotary Direct & Differentially Pumped . 385

Linear Standard. ............. 386-387

Linear High Temperature........... 388

Linear Miniature. . ............ 390-391

Linear Push Pull. ............. 392-393

Linear Rack & Pinion . ......... 394-395

Linear Pneumatic. ............ 396-397

Linear Heavy Duty................ 398

Linear Heavy Duty, Micrometer . .. ... 402

Rotary-Linear Standard . ........... 403

Rotary-Linear Precision . . ... ... 404-405

Rotary-Linear Direct . ............. 406

Wobble Stick. . .................. 407

Wobble Stick with Pincer........... 408

Wobble Stick Rotary with Pincer . . ... 409
Fel-Pro®C-102 ................... 285
Filaments, replacements for

lonization gauge tubes. .. ... ... 295-297
Filter elements,

Traps, replaceable . ........... 252-253
Fitting to flange hybrid adapters . 154-161
Fittings

Introduction. . .................... 62

Del-Seal"CF.................. 62-75

Hybrid ..................... 148-161

Introduction. . ................... 112

ISOKF&LF................. 112-129

Kwik-Flange™ ............... 112-129

Large-Flange™............... 112-129

PVC ..o 278-281

Metalseal .................... 62-75

Weldable . .................. 132-145
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FKM / FPM fluoroelastomer elastomer
gaskets-see individual parts

Flange adapters

Rectangular. .................... 435
Del-Seal" CF ........... 61,74-75,151
ASA. .. 151
Hybrids .................... 148-161
Flange covers
Del-Seal™ CF flanges. ........... 29-47
Kwik-Flange™ ISOKF. . .......... 87-93
Flange installation, specifications
Del-Seal™ CF metal seal ............ 26
Kwik-Flange™ ISOKF ........... 78-85
Large-Flange™ ISOLF ........... 78-85

Flange to flange hybrid adapters . 150-153
Flanges, Metal Seal

Introduction................... 24-27
Installation ...................... 26
Specifications .. ............... ... 26
Conflat™ see Del-Seal™ CF .......... 24
Cluster Flanges . ............... 74-75
Copper Gaskets, see flange size
Rotatable Del-Seal” CF .......... 28-55
Rotatable tapped Del-Seal™ CF . . .. 28-55
Nonrotatable Del-Seal™ CF. . . ..... 28-55
Nonrotatable tapped Del-Seal™ CF. . 28-55
Double Sided Del-Seal™ CF . ... ... 56-59
Reducer Zero Length Del-Seal™ CF . 60-61
WireSeal..................... 76-77
Flanges, ASA
Introduction. .................... 130
ASA to Del-Seal™ CF Zero Length . . .. 151
ASA Smooth face ................ 131
ASA with O-ring groove. ........... 131
Flanges, ISO KF & ISO LF
Introduction. .................. 78-85
Kwik-Flange™ ISOKF............ 86-93
Large-Flange™ ISOLF .......... 94-111
Watercooled, ISO KF & LF .......... 113
Flexible couplings
Del-Seal™ CF .................... 68
ISOKF&LF..................... 117
Flexible stainless steel hose with
Del-Seal" CF ............... 264-265
ISOKF&LF................. 266-267
Weldable . .................. 268-269
Processlines................ 271-277
Fluid feedthroughs
Introduction. .................... 357
General purpose ............. 358-361
Liquid nitrogen. .. ............ 362-365
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Alphabetical
Subject Page
Foreline traps
Introduction. .................... 244
Cleaning.................... 244,246
Coaxial. ..............c.unn. 248-249
Coaxial, replaceable filter. ... ... 250-251
Liquid nitrogen. . ............. 254-255
Molecular sieve . ............. 246-247
Formed bellows
Standardcuff ................... 136
Weldcuff. ..ot 137
Gasket material, defined ............. 24
Gaskets
OFE copper
Valves.................... 169-237
Flanges..................... 28-59
OFHC copper ............... see OFE
0-rings, gate valves ......... 169-233
Kalrez®, option . ............ 169-237
FKM / FPM fluoroelastomer
Valves.................... 169-237
Flanges.................... 29-131
Gate valves
Introduction. .................... 164
Installation ..................... 166
Bonnet & gate, gasket kits for
Circularvalve .............. 168-189
Rectangularvalve . .......... 190-193
Options .................... 164-165
Powerratings ............... 166-167
Maintenance ................ 166-167
Manual actuator. . ............ 166-167
Specifications ............... 166-167
Standard features . ............... 164
Port size, Gate valves
625" 1D, ... 168-169
151D, ... 170-171
21D 172-173
25"ID. .o 174-175
"D 176-177
41D 178-179
5"ID. 180-181
6"I1D.. ... 182-183
8"ID.. . 184-185
10"I1D........ 186-187
12"1D.. ... 188-189
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Subject Page

Port connections, Gate Valves

ANSIASA ................. 174-189
Del-Seal™ CF............... 168-189
ISOKF&LF................ 168-189
Gauges, Vacuum
Introduction. .................... 288
Bourdon Gauge . ................. 290
Thermocouple Gauge. ......... 291-293
Nude lon Gauge. ............. 294-297
lon Gauge Tube, Glass Envelope. . 298-299
Gears, miter &bevel ............... 450
Gimbal port aligner
Load-lock ...................... 440
Standard....................... 441
Glass components . ............ 306-316
Introduction................. 302-305
Bellows adapters. . ............... 316
Doubleended ................... 314
Glasstometal ............... 312-313
Sealedoff ...................... 315
Viewports. .................. 306-310
lonization gauge tubes. ........ 298-299
Glossary
Motion & Manipulation. ........ 370-371
Reference .................. 496-500
Ground stock, Stainless Steel. . ...... 452

Guided magnetic transporter . . .. 436-437

Half nipples

Del-Seal™ CF .................... 63

Kwik-Flange™ ISOKF. ............. 114

Large-Flange™ ISOLF ............. 115
Hardware accessories, motion. . . .. .. 444
Heaters

Molecular sieve foreline trap . . . . . . .. 247

Sorption pump bakeout. ........... 258
Heavy duty, motion feedhroughs

Linear motion ................... 398

Micrometer..................... 402

Pneumatic...................... 399

Push-pull. ...................... 400

Tunnelaccess................... 401
High current feedthrough

Baseplate mount . ............ 338-339

Watercooled .................... 339
High current power connectors . . .. .. 335
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High temperature

Compact linear motion ............ 389
Gaskets, angle valves . ............ 197
Gaskets, gate valves . ............. 165
Gateseal....................... 165
Linear motion ................... 388
Rotary motion .. ................. 380
High voltage feedthrough,
Power ..................... 336-337
Hinged clamp
Defined......................... 80
Kwik-Flange™ ................. 87-93
Hoses
Stainless steel, flexible. . ....... 263-277
PVC, wire reinforced .. ............ 262
Process lines, stainless steel . . .. 271-277
Hoseclamps.................... 262
Humphrey solenoid valves,
Anglevalves ................ 200-221
Inlinevalves. ................ 222-233
Gatevalves ................. 168-189
Hybrid adapters
ISO KF & LF to Del-Seal™ CF. . ...... 150
Del-Seal" CFtoASA.............. 151
ISOKF&LFt0ASA............... 152
Swagelok® to Del-Seal™ CF......... 154
Swagelok®to ISOKF ............. 154
Male VCR® to Del-Seal™ .......... 155
Male VCR®t0 ISOKF ............. 155

Quick-Disconnect to Del-Seal™ CF 156-157
Quick-Disconnect to Baseplate . . 156-157
Quick-Disconnect to ISO KF . ... 156-157

NPT Female to Del-Seal™ CF. . ... ... 158
NPT Femaleto ISOKF ............ 158
NPT Female to Baseplate .......... 159
NPT Maleto ISOKF .............. 159
Rubber Hose to ISOKF ............ 160
PVCHoseto ISOKF .............. 160
Welch Pump Adapter to ISOKF .. ... 160
Baseplate to Blank Plug ........... 161
Baseplate to ISOKF .............. 161
In-vacuum

Introduction. .................... 443
Accessories . ... 443-452
connectors . ................ 354-355

BNC........................ 325

Type-D ................... 348-351
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Subject Page
Insulated wire .............. 352-353
Ribbon cable............... 350-351
Inch-Metric comparison .......... 79,82
Index
Alphabetical. ................ 514-522
Part number................. 504-513
Product at-a-glance.............. 2-15
Reference number............ 501-503
Inline electrical connectors . ........ 354
Inline valves
3/4"tube OD................ 222-223
1"tube OD. ................ 224-225
1-1/2"tube OD. ............. 226-227
2"tube OD. ...... ... ... 228-229
2-1/2"tube O.D. ............. 230-231
3"tube OD. ....... ... ... 232-233

Inline valve gaskets, see valve size
Inline valves

All-Metal . ...................... 237

Instrumentation Feedthroughs, see
Feedthroughs

Insulators & shields, electrical. . . .. .. 356

Introduction
Motion & Manipulation. . ....... 368-369
Cab-Fast® sample holders ......... 443
In-vacuum accessories . ........... 443
Load-lock systems. ........... 430-431
Mini-Scaffold™ mounting system. . . .. 446
Motion accessories . .............. 450
Motorization .................... 456
Rotary, linear and multi-motion. .. ... 376
Stages, Z, XY, XYZ ................ 414
Chambers...................... 472
Circular gate valve ............... 164
Del-Seal™ CF flanges. ........... 24-27
Del-Seal™ CF fittings. . ............ 63
Electrical feedthroughs . ....... 320-323
Fluid feedthroughs ............... 357
Forelinetraps................ 244-245
lonization Gauge Tubes ........ 288-289
ISO family .................... 78-85
ISO KF & LF fittings. . ............. 112
Kwik-Flange™ ISOKF............ 78-81
Large-Flange™ ISOLF ........... 82-85
MDC ... 20-21
MESC gatevalve ............. 190-191
Metal seal flanges . ............. 24-27
Productline................... 18-19
Rectangular gate valve ........ 192-193

continued...
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...continued
Thermocouple gauge tubes. ........ 291
Vacuum measurement. . ... .. .. 288-289
Vacuumpumps.................. 256
Viewports & glass components . . 302-305
lonization gauge tubes . ........ 294-299
ISI, Insulator Seal. . ............ 320-321
ISO certification, MDC. ... ........... 21
ISOFlanges ................ see flanges
ISO Fittings . . ............... see fittings
ISO NW ports, gate valves with
ISONW16 port............... 168-169
ISONW40 port. .............. 170-171
ISONWS0 port. . ............. 172-173
ISONW63 port. .............. 174-175
ISONW80 port. .............. 176-177
ISONW100 port. ............. 178-179
ISO NW160 port. . ............ 182-183
ISO NW200 port. . ............ 184-185
ISO NW250 port. . ............ 186-187
ISONW320 port. . ............ 188-189

J

K

Kalrez®
Gasket, optional ................. 165
Specifications for ................ 166
Kapton® insulated wire . . . ... ... 352-353
Kapton® ribbon wire ........... 350-351
Krytox® LVP...................... 285
Kwik-Flange™ ISOKF. . . .. ... 78-81,86-93
Kwik-Flange™ ISO KF hybrid adapters to
Baseplate ............... ... ..., 161
Del-Seal"CF ................... 150
NPT 158-159
PVChose ...................... 160
Quick-Disconnect . ............... 157
Rubberhose .................... 160
Swagelok® ..................... 154
VCR® .. .. .. 155
Welchpump .................... 160
Kwik-Flange™ ISO KF with-
Up-to-airvalve .................. 283
Kwik-Flange™ I1SO KF,
angle valves. ......... see angle valves
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Kwik-Flange™ ports, gate valves with

ISONW16 port. .............. 168-169
ISONW40 port. .............. 170-171
ISONW50 port. . ............. 172-173
Large-Flange™ Introduction. . . . . . .. 82-85
Large-Flange™ ISOLF ........... 94-111
Large-Flange™ I1SO LF hybrid adapters to
Del-Seal"CF ................... 150
Large-Flange™ ports, gate valves with
ISONW63 port. .............. 174-175
ISONW8O0 port. .............. 176-177
ISO NW100 port. ............. 178-179
ISO NW160 port. ............. 182-183
ISO NW200 port. ............. 184-185
ISO NW250 port. ............. 186-187
ISO NW320 port. ............. 188-189
Leakvalves .................. 238-239
Linear motion. ................ 386-402

Heavy duty pneumatic actuator . . . . 399
Linear motion pneumatic actuator 396-397

Liquid feedthroughs. ........... 357-365
Liquid nitrogen
Feedthroughs. ............... 362-365
Forelinetraps. ............... 254-255
Load-lock
Introduction................. 430-431
Circularentry................ 432-433
Magnetic transporters ......... 436-437
Quick-access doors. .......... 438-439
Rectangularentry ............ 434-435
Systems.................... 430-435
Valves ..................... 190-193
Lubricants ....................... 285
Magnetic
Drive, rotary motion. .............. 384
Position indicator. . ............... 165
Transporters. ................ 436-437
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Materials, specifications

Anglevalves .................... 199

Inlinevalves .................... 199

Gatevalves ................. 166-167

Other products . ......... see indiv. item
Maximum thermal gradient,

Ceramic-to-metal ................ 323
MDC corporate profile............ 20-21
Mechanical position indicator

Anglevalves . ................... 196

Inlinevalves .................... 196

Gatevalves..................... 164
MESC, rectangular gate valve

Specifications .. ................. 167

Introduction................. 190-191

Valves ...l 190-191
Metric thread, gate valves with-

Del-Seal™ CF port flanges . . .. .. 168-189
MHV coaxial . ................. 326-327
Micro switches, optional . . . ... .. 164,196
Micrometer

Linear motion . .................. 402

XYZstages ..................... 414
Microswitch position indicator

Anglevalves .................... 196

Gatevalves..................... 164
Miniflange..................... 28-29
Mini-Scaffold™ mounting system. . . .. 446
Introduction. . ...... ...l 446

Portclampmount ................ 446
Miniature in-vacuum steppers . . . 462-463
Miniature linear motion. . ....... 390-391
Miniature rotary motion . ........... 382
Molecular sieve

Forelinetraps................ 246-247

Introduction. . ................... 244

Replacement charge.............. 247

Heater......................... 247
Motion and manipulation

Glossary.................... 370-371

Introduction................. 368-369

Products ................... 378-465

Motion Technology ............... 368
Motion Port aligners

Gimbal, load-lock ................ 440

Gimbal, standard. . ............... 441

Off-axis heavy duty............... 442

Off-axis precision ................ 442
Motion accessories, in-vacuum . . ... 443

Introduction. . ................... 443
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Motorization.................. 456-465
Introduction................. 456-457
Motors
AC ... 458
DC ... 458-459
Controllers ................ 464-465
In-vacuum. ................ 462-463
Stepper................... 460-463
Mounting plates & straps,
in-vacuum . ................ 447-448
Mounts, mirror &lens.............. 449
Multi-Mini flange. . . ................ 75

Multi-motion feedthroughs
Differentially pumped, direct drive. . . . 406

Precision rotary-linear motion . ... ... 404
Standard rotary-linear motion . . ... .. 403
Wobble stick . . .................. 407
Wobble stick with pincer grip ....... 408
Wobble stick, rotary with pincer grip . . 409
Wobble stick, wide angle. . ......... 410
Multi-pin electrical feedthroughs . 344-347
Connectors. ................. 345,347
Instrumentation.............. 346-347
Power ........... ... ... 344-345
Multiport Flanges, metal seal
Angled, Del-Seal™ CF .............. 74
Cluster flange, Del-Seal™ CF ........ 75
Multi-Mini, Del-Seal™ CF ........... 75
Straight-in, Del-Seal” CF ........... 74

Nickel diaphragm, leak valve. . ...... 238
Nipples
Conical reducers, Del-Seal™ CF ...... 65
Conical reducers, ISO KF & LF. ...... 120
Del-Seal™ CF..................... 64
ISOKF&LF..............ooot. 116
Minimum length, Del-Seal™ CF . ... ... 64

Straight tube reducers, Del-Seal™ CF . . 65
Straight tube reducers,

ISOKF&LF ............... 118-119
Nonmagnetic viewports ............ 307
Nonrotatable flanges............. 26-27
NPT hybrid adapters

Baseplate ...................... 159
Del-Seal"CF ................... 158
Kwik-Flange™ ISOKF ......... 158-159
N-type coaxial feedthrough. . . . .. 330-331

Nude ionization gauge tubes. . . .. 294-297
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0-ring seal
Differentially pumped. ......... 385,406
Multi-motion .. .................. 406
Rotary motion ............... 384-385
General temperature .. .............. 26
OFEcopper..................... 24,26
Off-axis port aligner
Heavyduty ..................... 442
Precision ...................... 442
OFHC copper ............ see OFE copper
Options, valves
Angle and inline valve ......... 196-197
Gatevalve .................. 164-165
High temperature gate seal. . ....... 165
Position indicator. . ............... 165
Poppet seal, high temperature ... ... 197
Position indicator, magnetic. ........ 197
Position indicator, mechanical ... 164,196
Roughingports . ................. 165
Solenoid, air control . .......... 165,197
Orientation, installation
Anglevalve..................... 198
Inlinevalves .................... 198
Gatevalve .................. 166-167

P

Pipe thread to Del-Seal™CF, ISO KF

hybrid adapters . . . .......... 158-159
Pneumatic linear motion.. . . ... .. 396-397
Rotary motion . .................. 381
Plate nut .. ... see Del-Seal™ CF flange size
Pneumatic actuator specifications
Anglevalves ................ 198-199
Inlinevalves. ................ 198-199
Gatevalves ................. 166-167
Poppet gasket, angle and inline valves
1/4" and 1/2" tube 0.D. ........... 201
3/4"tube OD................ 203,223
1"tube OD.................. 205,225
1-1/2"tube OD. ............. 207,227
2"tube OD.................. 209,229
2-1/2"tube OD. ............. 211,231
3"tube OD.................. 213,233
4"tube OD. ...l 215
6"tube OD. ......... ... ... ... 217
8"tube OD. .......... ... ... ..., 219
10"tube O.D. ................... 221
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Poppet seal, high temperature ...... 197
Port Aligner
Load lock Gimbal ................ 440
Standard Gimbal . ................ 441
Off axis, heavy duty. .............. 440
Off axis, precision . ............... 440
Port connection guide. . ............ 199
Position indicators, valves
Magnetic reed switch ............. 197
Mechanical microswitch. ....... 164,196
Power feedthrough
Electrical ................... 324-339
Multipin.................... 344-347
RF ... 340-341
Precision leak valves. .......... 238-239
Precision motion
Introduction. .................... 37
Linear motion ................... 402
Multi-motion . ............... 404-405
Rotary motion . .................. 383
Pressure inletvalve............ 238-239
Burstdisc...................... 284
Products, at-a-glance reference. . . . . 2-15
Process lines, stainless steel . . .. 271-277
Pumps, Sorption. . ............. 256-259
Push on connectors, electrical . . . .. .. 354
Push-pull linear motion. ........ 392-393
PVC fittings
45°elbow. ... 281
90°elbow. .......... ...l 281
Primer & cement................. 278
PVCcoupling. ................... 280
Rigid tubing & fittings . ............ 279
Tee ... 280
Tube, rigidwall .................. 279
Tubing & fittings. . ............ 278-281
Weld flanges. ................... 279
PVC wire reinforced hose
Coiledhose..................... 262

Kwik-Flange™ ISO KF hybrid adapters . 160
Pyrex® viewport

Introduction. .................... 304

Weldable....................... 310
Quartz viewports. . ................ 308
Quick-Access doors. . .......... 438-439
Quick-Disconnect fittings

Flanged .................... 156-157

Weldable . .................. 146-147

www.mdcprecision.com

Subject Page

Quick-Disconnect hybrid adapters

Baseplate ...................... 156
Del-Seal™ CF ................... 156
Kwik-Flange™ ................... 157

Rack and Pinion linear-

motion feedthrough. ......... 394-395
Rectangular entry load-lock . ...434-435
Flange adapter .................. 435
Gatevalves ................. 190-193
Introduction................. 192-193
Reducers, see adapters
Reed switch, magnetic............. 197
Replaceable filter, foreline traps. . 252-253
Retainer, O-ring.................... 81
Returnpolicy . .................... 529
RF power feedthrough. . ........ 340-341
Ribboncable ................. 350-351
Rotary motion feedthroughs . . . .. 379-385
Introduction. .................... 376
Differentially pumped ............. 385
High temperature ................ 380
Magnetic. ...................... 384
Miniature. . ..................... 382
Pneumatic actuator............... 381
Precision....................... 383
Standard....................... 378
Rotatable axis 360°............ 428-429
Rotatable bolt ring, defined .......... 84
Rotatable Flanges, defined . .......... 26
Rotatable Flanges,............... 26-27
Rotatable, Mounting table. .. . ... 428-429
Roughing components
Accessories. . ... 282-285
Hose, flexible stainless steel,
Braided................ 264,266,268
Unbraided. ............. 265,267,269
Port, optional. . .................. 165
Rubber hose to Kwik Flange™ . ... ... 160
ISO KF™ hybrid adaptors ........... 160
Safety accessories
Acrylic shield, fits 1" baseplate. . . . .. 356
Acrylic shield, fits 2-3/4"........... 356
Sales Representatives . . . Inside back cover
Sample holders, Cab-Fast®. . .. .. 444-445
Sapphire viewports. . .............. 309
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Sapphire poppet seal,
leakvalve ..................... 239
Screws
Cab-Fast®...................... 445
Mini-Scaffold™. . ................. 449
Vented......................... 452
SEMI/MESC
Rectangular gate valves. . ... ... 190-191
Specifications ............... 190-191
Shields
Highvoltage .................... 356
Viewport . ...................... 311
Shipping method . . ................ 527
Shutters, viewport. ................ 311
SHV coaxial .................. 328-329
Single axis, compact z stage . . ..422-423
Slitvalves.................... 190-193
Socket weld,
Kwik-Flange™ ISOKF............ 86-93
Solenoid, air control valves
2ADC. ... 197
120VAC. ... 197
240VAC. ... 197
240VAC, optional, gate valve . . .. .. .. 165
24VDC, angle valves, general ... .... 197
24VDC, double action,
gatevalve................. 190, 193
24VDC, optional, gate valve. ........ 165
Sorbent material, Type 5A. . ......... 259
Sorptionpumps ............... 256-259
Specifications
All-metal angle and inline
valves. ... 234-235
Anglevalves ............ see indiv. item
Gatevalves............. see indiv. item
General, metal seal, flange .......... 26
High vacuum leak valve ........... 238
Inlinevalves ............ see indiv. item
Motion ................ see indiv. item
Ultrahigh vacuum leak valve . ... .... 239
Specimen holder, Mini-Scaffold™ . . . . . 447
Speed controllers. ............. 464-465
Stages
Introduction................. 414-415
Single axis, compact . ......... 422-423
Triple axis, compact. .......... 424-425
Triple axis, precision .......... 426-427
V-Plane® single axis. .......... 418-419
V-Plane® dual axis . . .......... 416-417
V-Plane® guide tube. .......... 420-421
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Stainless steel

Belljars.................... 474-475

Flexible Hose................ 264-277
Stepper motors

Airside .................... 460-461

Controller ...................... 465

Indexer ................... ..t 465

In-vacuum.................. 462-463
Subminiature connectors .. ......... 351
Surface science analysis

chamber................... 480-483
Swagelok® hybrid adapters

Del-Seal™ CF ................... 154

ISOKF&LF .................... 154

Liquid feedthroughs .......... 359,363
Switches

Magneticreed. .................. 197

Mechanical microswitch. ....... 164,196

T

Tapped flange adapter, Del-Seal™ CF . . . 64
Tee reducers

Del-Seal™ CF .................... 69
ISOKF&LF................. ... 125
Weldable. ...................... 141
Tees
Del-Seal™ CF .................... 68
ISOKF&LF..................... 124
PVC. ... 280
Weldable. ...................... 140
Temperature ratings
Anglevalves .................... 199
Inlinevalves .................... 199
Gatevalves ................. 166-167
Flanges ................... 12, 72-96
Testportkit...................... 284
Thermocouple gauge tubes. . . ... 292-293
Introduction. .................... 291
Thin wall flexible stainless
steelhose .............. 265,267,269
Trademark ownership.............. 527
Transport rod dock, Cab-Fast®. . ... .. 445
Traps, Roughing
Introduction. .................... 244
Molecular Sieve.............. 246-247
Coaxial, two piece ............ 250-251
Filter Elements............... 252-253
Liquid Nitrogen .............. 254-255
Triple axis, compact stage ... ... 424-425
Precisionstage .............. 426-427
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Tubing
PVC.....o 279
Stainlesssteel. .................. 133
Type-D subminiature........... 348-351
Type-Ncoaxial . ............... 330-331

UHV Flanges & Components
see Flanges, Metal Seal ..............
see Fittings, Metal Seal . . .............

ULV Series leak valves ............. 239
Unbored stub,
Kwik-Flange™ ISO KF & LF. ....... 86-95
Unbraided, flexible stainless
steel-hose .......... 265-269,272-277
Universal joint, in-vacuum . ......... 450
Up-to-air valve, flanged. . . . . . . .. 282-283
Up-to-airvalves................... 283
V-Plane®
Dual axis, XY stage . .............. 417
Guidetube ............ ... ... 421
Single axis, Zstage............... 419
VacOptix®. ....................... 305
Vacuum
Accessories, In-vacuum. . . ... .. 443-452
Chambers .................. 472-483
Components made to order . ... .. 488-489
Grease ...........ccoiiiiiiinn.. 285
Lubricants. ..................... 285
Measurement. ............... 287-299
Pumps..................... 256-259
Roughing hose, PVC .............. 279
Stainless hose, flexible. . ....... 263-277
Tubing. ... 133
Valves
All-Metal ................... 234-237
Angle...................... 196-221
Butterfly. ................... 240-241
Gate............. ... ... 164-189
Inline...................... 222-233
Leak ...................... 238-239
Load-Lock.................. 190-193
Rectangular................. 190-193
Shit.......o 190-193
Up-to-Air................... 282-283
Variable Leak. ............... 238-239
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Valve Options

Angle and inline valve . ........ 196-197
Gatevalve .................. 164-165
High temperature gate seal. .. ... ... 165
Position indicator. . ............... 165
Poppet seal, high temperature . .. ... 197
Position indicator, magnetic. ........ 197
Position indicator, mechanical ... 164,196
Roughingports . ................. 165
Solenoid, air control . .......... 165,197
VCR® fitted angle valve, 1/4" ... ... .. 200
VCR® fitting port connections. . . . .. .. 199
VCR® hybrid adapters
Del-Seal"CF ................... 155
ISOKF&LF..................... 155
Fluid feedthroughs ............... 361
Liquid nitrogen feedthroughs. . . . . ... 365
Vented screws. ................... 452
Viewports
Introduction................. 302-305
Doors, Quick access .......... 438-439
Glass...................... 306-307
Nonmagnetic. . .................. 307
Quartz.................. ... ..., 308
Quartz, materials. . ............... 303
Sapphire . ............. .. ... 309
Shields, shutters . ................ 311
Shutter assemblies . .............. 311
Specifications . .................. 303
Surface finish ................... 304
Transmission curves . ............. 304
Weldable with Pyrex® . ............ 310
Temperature . .................... 26

W

Warranty ........................ 527
Water feedthroughs. .. ......... 358-361
Watercooled feedthrough,

electrical .................. 338-339
Watercooled flanges

Kwik-Flange™ ISOKF. . ............ 113

Large-Flange™ ISOLF............. 113
Welch pump to Kwik-Flange™

ISO KF hybrid adapters........... 160
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Weld fittings
Stainless steel . .............. 132-145
PVC ... 278-281
Weld flanges
ANSI ... 130-131
ASA. .. . 130-131
Del-Seal™ CF.................. 28-55
Kwik-Flange™ ISOKF. . .......... 86-93
Large-Flange™ ISOLF .......... 94-111
PVC. ... 279
Wireseal ..................... 76-77
Welded bellows, with weldable
endplates...................... 135
Wire, in-vacuum, insulated . . . . . . 352-353
Wire seal flanges. ............... 76-77
Introduction. ..................... 76
Wire strippers .. .................. 352
Wobble stick
Standard....................... 407
Wideangle ..................... 410
With pincer grip. .. ............... 408

With rotary motion & pincer grip . .. .. 409
Wrench

BOX ..o 31-47

Ball ... 29
XY dual axis stage. .. .............. 417
XYZstage.................... 426-427
Zaxisguidetube.............. 420-421
Z single axis stage . . ... 418-419,422-423
Zeolite .......................... 258
Zero length reducers,

Del-Seal"CF ................. 60-61
Zero profile viewports . . ........ 306-309
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