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Swagelok Company Solon, Ohio U.S.A. i



 Copyright © 1963, 1974, 1985, 1993, 1998 Swagelok Marketing Co. Solon, Ohio Printed in the United States of America Published simultaneously in the Dominion of Canada All rights reserved. This book or any parts thereof, may not be reproduced in any form without the express permission of Swagelok Marketing Co. Tube fittings, valves, and other fluid system components illustrated in this manual are the subject of pending or issued U.S. and foreign patents. The contents of this manual are intended to provide reference information to assist the user. However, it is important that total system design be considered to ensure safe, trouble-free performance. Component function, material compatibility, adequate ratings, proper installation, operation, and maintenance are the responsibilities of the system designer and user.
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 PREFACE Swagelok ® products have attained leadership in the industry because of superior design principles in combination with close manufacturing tolerances and rigid quality assurance programs. Since 1947, they have stood the test of time with unparalleled performance on the job. They have been used successfully on some of the most demanding applications in aerospace, chemical processing, oil refining, nuclear research, commercial fossil and nuclear power, laser technology, electronics, pulp and paper, and many other industries. Wherever gases and liquids flow, Swagelok products are preferred for their reliability and availability. Our system of Regional Warehouses and Sales and Service Representatives assures off-the-shelf delivery throughout most of the world. As part of our responsibility to those loyal customers who specify and use our products every day, we have expanded the sections on Installation; Trouble-Shooting; and Tubing Selection, Specification and Handling. The well-known Swagelok two-ferrule fitting is the best tube fitting we know how to manufacture; however, proper installation and use of high quality tubing will go far to ensure leak-free connections. The illustrated problems and solutions contained in this manual have resulted from extensive field research and laboratory studies conducted by our Research and Development Engineers as well as by our customers. We believe that the use of this reference manual will avoid many of the problems encountered on tubing installation projects. I would like to thank those who have contributed to the preparation of this manual, particularly the many pipe fitters, pipe fitter foremen, instrument engineers, and instrument shop personnel whose extensive help, suggestions, contributions and comments made this book possible. Solon, Ohio October 1993
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Our mission is to be the best supplier, worldwide, of the highest quality fluid system components readily available to industry and supported by service that is technically sound, customer driven, and of the highest integrity.
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 CHAPTER 1 The Swagelok Tube Fitting The Swagelok tube fitting is a flareless, mechanical-grip fitting consisting of a body, nut, front ferrule, and back ferrule. All parts are made of solid bar stock bought to special restricted requirements. Shaped bodies such as tees, elbows, and crosses are made from forgings made from bar stock which is also purchased to special restricted requirements. The Swagelok tube fitting is furnished in a variety of configurations and materials so that a wide range of corrosive fluids and hostile environments can be handled with readily available parts. The Swagelok tube fitting is also available as the integral end of a wide variety of hand- or remotely-operated valves ranging from 1/16 in. micro-metering valves up to 2 in. ball valves. Full technical data on Swagelok valves can be obtained from your Swagelok representative. As described above, such valves are available in a wide range of materials, configurations, and combinations of Swagelok connections with other connections. Swagelok tube fittings are also available for conversion to other fitting types such as male or female pipe, butt weld, socket weld, VCO® or VCR® separable weld couplings, or high pressure coned fittings. Warning: Only valves from Swagelok may have Swagelok tube fitting connections integral to the equipment. No one else is licensed to manufacture Swagelok tube fitting ends on equipment. Therefore, if you find any type of equipment with so-called “Swagelok” tube fitting connections integral to the equipment, you can be sure that it is not a “Swagelok” fitting. This does not apply, of course, to equipment which has welded-on or threaded-in Genuine Swagelok fitting ends. There are many imitations of Swagelok tube fittings available throughout the world. Genuine Swagelok tube fittings are made only by Swagelok. Swagelok representatives are listed in the front of the current Swagelok Product Binder. The best way to be sure that the fittings you buy are genuine is to purchase them from your Swagelok representative.
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 HOW THE SWAGELOK TUBE FITTING WORKS The Swagelok tube fitting is a sequential phase, controlled action sealing and gripping device. Superior design, rigid manufacturing tolerances, and strict quality assurance programs produce an all-metal sealing and holding device which performs leak-free when properly installed. Consisting of a nut, back ferrule, front ferrule, and body, the Swagelok tube fitting functions as follows: 1. Tubing is inserted into the completely assembled fitting until it bottoms against the shoulder of the fitting. 2. The nut is tightened 1 1/4 turns from finger-tight. During this tightening, a number of different movements take place within the fitting in a pre-planned sequence. a. Through threaded mechanical advantage, the nut moves forward, driving the back ferrule forward. b. The back ferrule drives the front ferrule forward. c. The front ferrule is forced inward by the camming mouth of the fitting body. 1-2



 d. The front ferrule takes up the tolerance between its inside diameter and the outside diameter of the tube. e. As the front ferrule moves forward and inward, its trailing edge is lifted by the back ferrule to a sealing position with the camming body bevel. f. As greater resistance is encountered because more tubing is deformed and greater area of body bevel and front ferrule are in contact, the back ferrule is driven inward to form a second hold or grip on the tubing. g. At 1 1/4 turns of wrench pull-up, the nut has moved 1/16 in. forward. Within this 1/16 in. movement, the sequence of sealing and holding has been accomplished. h. One of the unique abilities of this proven design is that of sealing and holding on a wide variety of tubing materials, wall thicknesses and hardnesses. Since the amount of back ferrule grip is determined by the tube’s resistance to front ferrule action, grip is much tighter when heavy wall tubing is encountered. This is an important design feature because heavy wall tubing is often used in service conditions such as high pressure or other unusual stresses—vibration, pulsation, or shock. Thus the Swagelok tube fitting, by design, takes a much more secure grip on heavy wall tubing than it does on thin wall tubing used for more moderate service (see Fig. 1).



Heavy Wall Tubing



Thin Wall Tubing



Compensating Action Fig. 1
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 CONFIGURATIONS A wide variety of configurations is available for fractional or metric tubing as shown in your Swagelok Product Binder — available from your Swagelok representative. The following configurations are normally available for prompt delivery. Each type of fitting is grouped by its function: TO CONNECT TUBING TO A FEMALE THREAD USE:



TO CONNECT TUBING TO A MALE THREAD USE:



FEMALE CONNECTOR



MALE CONNECTOR



TO CONNECT TWO OR MORE TUBES TOGETHER USE:



UNION



BULKHEAD UNION BULKHEAD MALE CONNECTOR



BULKHEAD FEMALE CONNECTOR



REDUCING UNION



FEMALE ELBOW



MALE ELBOW



FEMALE ADAPTER TUBE TO PIPE



MALE ADAPTER TUBE TO PIPE



UNION ELBOW



SWAGELOK TO AN UNION



UNION CROSS



MALE RUN TEE FEMALE RUN TEE



UNION TEE



MALE BRANCH TEE



FEMALE BRANCH TEE SWAGELOK TO AN BULKHEAD UNION
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 TO CONNECT TUBING TO A SWAGELOK PORT USE:



REDUCER



TO CONNECT TUBING TO SAE/MS STRAIGHT THREAD PORTS USE:



TO CONNECT TUBING TO PIPE OR STRAIGHT THREAD PORTS USING AN O-RING SEAL, USE:



SAE/MS MALE CONNECTOR O-SEAL MALE CONNECTOR TO MALE STRAIGHT THREAD



BULKHEAD REDUCER



SAE/MS LONG MALE CONNECTOR



O-SEAL MALE CONNECTOR TO SHORT MALE NPT THREAD



SWAGELOK TO AN ADAPTER TO CONNECT TWO OR MORE TUBE FITTINGS TOGETHER USE:



PORT CONNECTOR TO CAP A TUBE OR PLUG A FITTING, USE:



CAP PLUG TO CONNECT TUBING TO AN ALL WELDED SYSTEM, USE:



45° SAE/MS POSITIONABLE MALE ELBOW



FOR SPECIAL CONNECTIONS SUCH AS CHROMATOGRAPHS, HEAT EXCHANGERS OR THERMOCOUPLES, USE:



SAE/MS POSITIONABLE MALE ELBOW THERMOCOUPLE MALE CONNECTOR



SAE/MS POSITIONABLE MALE BRANCH TEE



COLUMN END FITTING



GC FITTING SWAGELOK TO MALE PIPE WELD CONNECTOR



SAE/MS POSITIONABLE MALE RUN TEE SWAGELOK TO MALE PIPE WELD ELBOW



GC SWAGELOK TO FEMALE SWAGELOK UNION



AS SPARE PARTS, USE:



HEAT EXCHANGER TEE SWAGELOK TO TUBE SOCKET WELD UNION



SWAGELOK TO TUBE SOCKET WELD ELBOW



NUT



BACK FERRULE



KNURLED NUT



FRONT FERRULE



INSERT



FERRULE-PAK® PACKAGE
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 SIZE RANGE Swagelok tube fittings are readily available in a size range from 1/16 to 2 in. OD tubing in fractional sizes and 3 to 38 mm OD tubing in metric sizes. Standard Fitting Sizes (Tube OD Size) Fractional Metric 1/16 in. 3 mm 1/8 in. 6 mm 3/16 in. 8 mm 1/4 in. 10 mm 5/16 in. 12 mm 3/8 in. 14 mm 1/2 in. 15 mm 5/8 in. 16 mm 3/4 in. 18 mm 7/8 in. 20 mm 1 in. 22 mm 25 mm 1 1/4 in.➀ 28 mm➀ 1 1/2 in.➀ 2 in.➀ 30 mm➀ 32 mm➀ 38 mm➀ ➀ steel



and stainless steel only.



Note: Other fitting sizes, both fractional and metric, may be quoted. Consult your Swagelok representative. MATERIALS Swagelok representatives normally stock fittings in the following materials: MATERIAL MATERIAL DESIGNATOR Aluminum ABrass BCarbon Steel SAlloy 400/R-405 MNylon NYPerfluoroalkoxy PFA316 Stainless Steel SSTFE T-
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 Fittings in size ranges of 1/4, 3/8, and 1/2 in.; 6, 8, 10, and 12 mm are also normally available in the following materials: MATERIAL Alloy 20 Alloy B2 Alloy C-276 Alloy 600 Titanium



MATERIAL DESIGNATOR C20HBHCINCTI-



Consult your Swagelok representative for a complete list of fitting materials available on special order. Available materials include: MATERIAL 304L Stainless Steel 321 Stainless Steel 347 Stainless Steel Copper-Nickel 70-30 Copper-Nickel 90-10 Nickel Tantalum Zirconium Alloy



MATERIAL DESIGNATOR 304L321347CN 70CN 90NlTAZR2-



Bored-Thru Swagelok Tube Fittings For many years, Swagelok tube fittings have been successfully used for introducing thermocouples or other types of probes into piping systems. There is one physical difference between a bored-thru fitting and a standard fitting. When a fitting body is bored thru, the shoulder of the Swagelok tube fitting is removed and the ferrules will not meet the same resistance as when the tubing is properly bottomed. The most obvious effect is that pressure rating is reduced. In general, we have multiplied the allowable working pressure of the tubing, as found on the Tubing Data sheet, by the following factors: Size (in.) up to 1/2 in. above 1/2 in. to 3/4 in. above 3/4 in.



(mm) up to 12 mm above 12 mm to 18 mm above 18 mm



Factor 0.75 0.50 0.25



All other requirements for correct installation of Swagelok tube fittings need to be observed for bored-thru fittings: correct tube material, hardness and wall thickness, correct pull-up, and temperature limitations. Sizes 1/16 and 1/8 in. (4 mm and below) should always be pulled up from the snug position as defined in the catalog located in the Swagelok Product Binder.
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 Since many bored-thru fitting applications involve thermocouples with different types of filler materials, the user should verify the suitability of the thermocouple with our fitting. Please note that over 1 in. and over 25 mm bored-thru fittings are significantly derated. Over 1 in. Swagelok tube fittings are designed to be pulled up in a hydraulic swaging unit (HSU). Since this is not possible when a bored-thru fitting is used and the tubing is inserted through the fitting body, pull-up must be done by wrenches.



Bored-thru Swagelok Male Connector



Bored-thru Reducer with Union Tee used as a Heat Exchanger Tee Fig. 2 Checklist for Excellence in Tube Fittings Design A tube fitting should . . . • be self-aligning • work on thick or thin wall tubing • have tube support ahead of the seal to resist vibration • have all components made of the same material as the fitting body for thermal compatibility and corrosion resistance • have a residual spring condition so that temperature cycling will not cause leakage • seal on machined surfaces • seal between ferrule and body at a point different from where the heavy work is performed • compensate for the normal variables encountered in tubing materials • not create torque or leave a residual strain on the tubing • not weaken the tube wall • not significantly reduce flow area.
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 Performance A tube fitting should . . . • contain any pressure up to the burst point of the tubing without leakage • work on vacuum as well as low or high pressures • seal consistently at cryogenic temperatures • seal consistently at elevated temperatures up to the maximum tubing temperature rating • seal consistently over a wide range of temperature cycling • seal repeatedly under make-and-break conditions. Installation A tube fitting should . . . • use geometry rather than torque for uniformity of make-up (1 1/4 turns) • not require disassembly and inspection before or after initial make-up • not require special tools for installation. Service A tube fitting should . . . • be readily available in a wide variety of sizes, materials, end connections and configurations from a local representative’s stock, with back-up stocks to quickly support representative’s inventories • be designed, manufactured, sold, and serviced by experienced tube fitting specialists who understand and respect the need for reliable performance.
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 WHY CLOSE TOLERANCES ARE IMPORTANT The Swagelok tube fitting consists of four pieces: Swagelok Body



Swagelok Front Ferrule



Swagelok Back Ferrule



Swagelok Nut But in actual practice, there is a fifth component—the tubing. Various organizations publish tolerance data, notably ASTM in the U.S. In general, we have found that international specifications follow the same approximate guidelines as shown in ASTM standards. The tolerances published for tubing partially control the tolerancing of tube fittings. For example, a common tubing OD variable in ASTM A269 for 1/2 in. OD stainless steel is ±0.005 in. Therefore, the tube OD can vary from 0.495 in. to 0.505 in. Obviously the bore of the nut, ferrules and body must be large enough to accept this tubing. Beyond this, we must hold the closest bore tolerance achievable. But at the same time, the ferrule system must allow for the fact that the tube OD could be as small as 0.495 in. Therefore, very stringent quality control is essential just to overcome the sizeable variation in tube OD. Besides OD tolerances, there are tolerances in tube wall thickness, ovality and hardness. All these variables must be overcome in only 1 1/4 turns of the nut. Therefore, we must keep our tolerances within an extremely tight range. Any variation will degrade fitting performance. We have been told that our quality is “too good” for some applications. We continue to say “It’s never good enough,” and we’re constantly looking for ways to do it better.
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 Gageability Because we do control the variables in the fitting so closely, Gageability is available in most Swagelok tube fittings. Consistent Gageability means the ability to use a gap inspection gage to check each fitting after it is pulled up. If the gap inspection gage fits between the nut and body hex or shoulder, the fitting is not sufficiently tightened. A full discussion of Gageability is presented on pp. 3-37 and 38. Interchangeability of Tube Fitting Components Over the years, we have become aware of more than 45 brands of tube fittings of various designs, and varying dimensions, which purport to be interchangeable and intermixable with Swagelok tube fittings. We do not believe that any manufacturer can reliably, repeatedly, and uniformly replicate the products of another manufacturer. For this reason, we believe that interchanging and intermixing tube fitting components of different designs, or made by different manufacturers, can result in leaks and tube slippage in a percentage of cases. We also believe this practice can be dangerous in critical applications. Leak-tight seals that will withstand high pressure, vibration, vacuums, and temperature changes depend upon close tolerances and consistent, exacting quality control in conjunction with a good design principle. Our customers value these features. We believe that when a customer interchanges and intermixes parts that are different in design principle, dimensions, or tolerances, the customer is deprived of the predictable and consistent engineering that has been paid for. We believe that any manufacturer’s fittings perform best when only that manufacturer’s parts are used in its fittings. Even though parts made by others may look like Swagelok parts, they have not been made from our prints nor have they been inspected according to our exacting quality control requirements. Those quality control requirements come from know-how developed over 50 years of specialization in the field of manufacturing high quality tube fittings. We do not believe that a tube fitting made up from the interchanging and intermixing of parts of other manufacturers with genuine Swagelok tube fitting components will perform to the high standard of an allSwagelok fitting. This practice may introduce performance and makeup variables that are impossible to predict. For all of these reasons, intermixing and interchanging of parts from other manufacturers with Swagelok components voids the Swagelok warranty and the responsibility for tube fitting performance.



1-11



 Our position on INTERCHANGEABILITY is clear. DON’T DO IT! Note: For further information on testing of interchanged fittings, see Chapter 7. Service and Availability The quality reputation earned by Swagelok tube fittings since 1947 is unchallenged. Through all these years, dozens of companies have copied or tried to copy the many design, engineering, and manufacturing features of the Swagelok tube fitting. But the best product is useless if it’s not available in time to do your job. There have also been numerous attempts to copy our distribution system. Yet no one has succeeded. To present you with all of the advantages you gain by using our products without including a brief overview of our distribution system would make this presentation incomplete. Our distribution system is unique because it was originated and perpetuated with our customers’ long-term interests in mind. The Swagelok distribution system provides you with highly trained representatives who are available to work with you in person. The representatives provide you with the technical information and training you need to make your fluid systems operate at peak performance; they have been thoroughly trained for this specific purpose. At the factories where the products are developed and manufactured, these specialists routinely enhance their training by acquiring information on the newest technologies and product applications to serve you better. They know Swagelok products; they are not simply supply house order takers. Your Swagelok representative works for the local stocking distributor in your area, one of over 240 worldwide. This distributor is also a specialist in our products with years of experience in selling and servicing only Swagelok products. As an independent business owner, your distributor appreciates your need for reliable service, prompt deliveries, and accurate technical information and consistently fulfills those needs. A diversified inventory of our products is maintained at this local site in sufficient quantities to supply you, the end user, with the products you need, when you need them. A number of regional distribution centers are strategically located throughout the world. Their function is to carry a widely diversified inventory of all our products for immediate shipment to your Swagelok distributor with extraordinary timeliness and efficiency. This efficiency is a result of the close communication between our regional distribution centers and your Swagelok distributor.



1-12



 Our manufacturing systems are designed to continually replenish stock at the regional distribution centers and to quickly respond to an increase in demands. While Swagelok factories maintain back-up inventories, they provide technical support and comprehensive training groups as well. Product and industry specialists regularly visit Swagelok representatives and their customers to identify new industry and product trends. By investing in advanced technology and emphasizing forward thinking, we are able to continue to develop and supply innovative products, new options, and product line expansions. This enhances our ability to help you install and maintain safer and more efficient systems. With this distribution system in place, our customers are ensured the highest quality products in the industry that are delivered on time and supported by technically sound service. These are the tangible results of Swagelok’s commitment to your future.
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 CHAPTER 2 Tubing—Specification and Ordering General Comments and Suggestions Careful selecting, specifying, purchasing, and handling of tubing are essential to the successful use of Swagelok tube fittings. Several general rules apply: 1. Metal tubing must always be softer than the fitting material. For example, stainless steel tubing should never be used with brass fittings. 2. When tubing and fitting are made of the same material, the tubing must be fully annealed. Mechanical, structural, or ornamental grade tubing should never be used for fluid systems. 3. Extremely soft or pliable tubing such as Tygon® or unplasticized PVC tubing should always use an insert. Seals on the outside diameter of tubing require a certain amount of tube resistance for tight sealing. 4. Extremes of wall thickness should be checked against our suggested minimum and maximum wall thickness limitations. A wall too thick cannot be properly deformed by ferrule action. A wall too thin will collapse under ferrule action and may not resist enough to allow the ferrules to coin out surface defects. 5. Tubing surface finish is very important to proper sealing. Tubing which is deeply embossed (such as copper water tube); has a visible weld seam on its outside diameter; or has flat spots, scratches, or draw marks may not seal properly when used with a fitting sealing on the tubing OD. 6. Oval tubing which will not easily fit into fitting nuts, ferrules, and bodies should never be forced into the fitting. Such forced tube entry will scrape the tube OD surface at the maximum diameter, making sealing difficult. 7. Laminated or multi-wall tubing, such as braided hose, should generally not be used with Swagelok tube fittings. Since the Swagelok fitting seals on the tube OD, system fluid may leak between hose or tube layers, causing “ballooning” and possible wall rupture. Tubing for Gas Service Gases such as air, hydrogen, helium and nitrogen have very small molecules which can escape through even the most minute leak-path. Some surface defects on the tubing can provide such a leak-path.
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 As the tube OD increases, the Iikelihood of scratches or other surface defects also increases. The most successful connection for gas service will occur if all installation instructions are carefully followed and the heavier wall thicknesses of tubing are selected from the Tables beginning on p. 9-2. A heavy wall tube resists ferrule action more than a thin wall tube and allows the ferrules to coin out minor surface imperfections. A thin wall tube will collapse. Therefore it offers little resistance to ferrule action during pull-up and reduces the chance of coining out surface defects, such as scratches. For the greatest safety factor against surface defects in any gas system, use a wall thickness no less than the following: Fractional Sizes, in inches



Tube OD



Minimum Nominal Wall Thickness



1/8



0.028



3/16



0.028



Tube OD



Minimum Nominal Wall Thickness



3/4 7/8



Metric Sizes, in millimeters



Tube OD



Minimum Nominal Wall Thickness



Tube OD



Minimum Nominal Wall Thickness



0.065



3



0.8



18



1.5



0.083



6



0.8



20



1.8



8



1.0



22



2.0



10



1.0



25



2.2



12



1.0



28



2.5



14



1.2



30



3.0



1/4



0.028



10 /0



0.083



5/16



0.035



1 1/4



0.109



3/8



0.035



1 1/2



0.134



1/2



0.049



20 /0



0.180



15



1.5



32



3.0



5/8



0.065











16



1.5



38



3.5



METAL TUBE SELECTION AND SPECIFICATION When using a Swagelok tube fitting, it is important to remember that the built-in fitting quality will be greatly compromised by the use of poor quality tubing. Tubing should always be considered as the fifth important component, since the first four pieces—Swagelok nut, back ferrule, front ferrule, and body—all come to you fully inspected and assembled. It is short-sighted to purchase a high quality fitting and use it with the cheapest tubing available. Although buying tubing to ASTM or equivalent specifications is a start towards tubing quality, it is only that—a start. Most such specifications allow rather wide latitudes in several important factors. For example ASTM A269, a very commonly used stainless steel tube 2-2



 specification, refers one to A450 General Requirements which include: “11. Straightness and Finish 11.1 Finished tubes shall be reasonably straight and have smooth ends free of burrs. They shall have a workmanlike finish. Surface imperfections (Note 1) may be removed by grinding, provided that a smooth curved surface is maintained, and the wall thickness is not decreased to less than that permitted by this or the product specification. The outside diameter at the point of grinding may be reduced by the amount so removed.” Note 1–An imperfection is any discontinuity or irregularity found in the tube. What is a “workmanlike” finish? How deep or how flat must the grinding be? ASTM A269 also allows OVALITY of the tube to be 2 the OD tolerance of ±0.005 in., or ±0.010 in. for thin-walled tube. If this ovality were to really be, for example, ±0.010 in. (0.510 in. by 0.490 in. for 1/2 in. OD tubing) the tube would not even fit into most tube fittings. So the mere use of ASTM specifications does not really mean that you have a quality piece of tubing. Tubing quality depends on the integrity and the quality-consciousness of the tubing supplier. To be sure of selecting tubing whose quality is good enough to perform properly with the precision-made Swagelok tube fitting, we suggest that the following variables be considered: 1. Tubing material and method of manufacture 2. Tubing wall thickness and outside diameter 3. Tubing surface finish 4. Tubing hardness 5. Tubing concentricity 6. Tubing ovality Fig. 1



Seamless or Welded Hardness



Concentricity Wall Thickness



Type of Material



Outside & Inside Diameter



Surface Finish



Ovality
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 Often a user can specify certain limits on a tubing purchase order, particularly on large purchases, at no extra cost. These limits may well be considerably narrower than those permitted in ASTM specifications. For example: Restricted OD Tolerances—Typical ASTM tubing specifications shown on p. 2-12 permit various plus and minus tolerances. Some users will not accept tubing with a “minus” tolerance because it is more difficult to seal undersize tubing. Also for tubing 1/8 in. OD and smaller, we suggest restriction to ±0.003. in. Restricted Surface Finish Tolerances—As mentioned above, ASTM specifications are ambiguous and unclear on the subject of finishes. In particular, when stainless steel welded and drawn tubing is specified, poor quality of weld or weld bead removal can cause sealing problems when the tube and tube fitting are assembled. Poor welding usually results in a visible depression, which ferrules cannot seal. Poor weld bead removal results in a raised portion or in a flat spot at the weld. Any of these conditions may result in a leak when made up into flareless tube fittings. A good rule of thumb, sometimes written into welded tube specifications, is: “External weld bead shall not be visible to the naked eye.” You can always see the weld when you look at the tube inside diameter. Then inspect the OD at that location. You will not be able to see the weld on the OD if it is high quality tubing. Hardness Restrictions—All flareless tube fittings require that the tubing be softer than the fitting material. Various terms are used to describe tubing hardness. In general, metal tubing should be fully annealed to work properly with Swagelok tube fittings. While most stainless steel tubing is restricted to a maximum Rockwell Hardness of 90 HRB, many users specify that this hardness be further restricted to 80 HRB. Such tubing lowers installed cost because it is more easily bent and installed. Although Swagelok stainless steel tube fittings may be used on stainless steel tubing with a hardness of 90 HRB maximum, we suggest that, whenever possible, you specify a maximum hardness of 80 HRB. The following are suggested tubing specifications for specifying the best quality tubing for leak-free tubing systems: SUGGESTED ORDERING INFORMATION BY MATERIAL Aluminum Tubing—High quality drawn and seamless aluminum alloy tubing, ASTM B210 or equivalent. alloy 5052 or 6061-T6.
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 Carbon Steel Tubing—High quality, soft, annealed, seamless carbon steel hydraulic tubing, ASTM A179 or equivalent. Hardness 72 HRB maximum. Tubing is to be free of scratches and suitable for bending and flaring. Other acceptable specifications: ASTM A161, ASTM A556 grade A2, ASME SA179, AMS 5050, SAE J524b. Copper Tubing—High quality, soft, annealed, seamless copper tubing to ASTM B68 or B75 or equivalent. If copper water tube to ASTM B88 is used, it should be ordered without outside diameter embossing. Such deep embossing interferes with ferrule action. Even the areas where there is no embossing are sometimes flattened by blank dies. Stainless Steel Tubing—High quality, fully annealed, seamless type (316, 304, 321, 347, etc.) austenitic stainless steel hydraulic tubing ASTM A213, A269, A632 or equivalent. Hardness 80 HRB or less. Tubing is to be free of scratches and suitable for bending and flaring. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ±0.003 in. or: High quality, fully annealed welded and drawn type (304, 316, 321, 347, etc.) austenitic stainless steel hydraulic tubing, ASTM A249, A269, A632 or equivalent. Hardness: 80 HRB or less. Tubing is to be free of scratches, with the weld bead on the outside diameter not visible to the naked eye. Tubing should be suitable for bending and flaring. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ±0.003 in. SPECIAL ALLOY TUBING—Swagelok tube fittings are available in several alloys. Suggested ordering instructions are as follows: Alloy 400 Tubing—Cold-worked, fully annealed, seamless alloy 400 tubing, ASTM B165 or equivalent. Hardness 75 HRB or less. Tubing is to be free of scratches and suitable for bending and flaring. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ±0.003 in. Alloy 600 Tubing—Cold-worked, annealed, alloy 600 seamless alloy tubing, ASTM B167 or equivalent. Hardness 92 HRB or less. Tubing is to be free of scratches and suitable for bending and flaring. Order to outside diameter and wall thickness only, not to inside diameter, average wall specification. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ±0.003 in. Alloy C-276 Tubing—Fully annealed, seamless, alloy C-276 tubing, ASTM B622 or equivalent. Hardness 100 HRB or less. Tubing is to be free of scratches and suitable for bending and flaring. OD tolerances are not to exceed ±0.005 in. in 3/16 to 1 in. and are not to exceed ±0.003 in. in 1/16 and 1/8 in. OD tubing.
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 Alloy B2 Tubing—Fully annealed, seamless alloy B2 tubing, ASTM B622 or equivalent. Hardness 100 HRB or less. Tubing is to be free of scratches and suitable for bending or flaring. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ± 0.003 in. Alloy 20 Tubing—Fully annealed, seamless or welded and drawn alloy 20 tubing, ASTM B468 or equivalent. Hardness 95 HRB or less. Tubing is to be free of scratches, and the OD weld bead (where applicable) should not be visible to the naked eye. The tubing should be suitable for bending and flaring. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ± 0.003 in. Titanium Tubing—Fully annealed, seamless or welded and drawn Grade 2 titanium alloy tubing, ASTM B338 or equivalent. Tubing is to be free of scratches, and the OD weld bead (where applicable) should not be visible to the naked eye. The tubing should be suitable for bending and flaring. OD tolerances for 1/16 and 1/8 in. tubing are not to exceed ± 0.003 in. PLASTIC TUBING Many different types of plastic tubes are available for use in a wide range of fluid applications. The most common types are listed below with certain characteristics and limitations and suggested ordering instructions. Nylon Tubing — Nylon tubing is a tough tube material that is readily available for a wide variety of low pressure piping systems. Typical uses are on low pressure hydraulics or air fluid power systems and in laboratory piping. Because of its good flexibility and abrasion resistance, it is often used for instrument air, lubrication, beverage and fuel lines. Size ranges generally run from 1/8 OD to 1/2 in. OD. Nylon tubing is usually rated by manufacturers by Short-Time Burst Rating, commonly from 1000 to 2500 psig (68 to 172 bar). Working pressure is generally 250 to 625 psig (17 to 43 bar) using a 4:1 design factor. Working temperature range is 75 to 165°F (24° to 74°C). Swagelok metal tube fittings may be used up to the maximum working pressure of nylon tubing. Swagelok nylon tube fittings may be used at lower tubing pressure ranges. Consult your Swagelok representative for details. Suggested ordering information: Outside diameter is not to exceed ± 0.005 in. from nominal OD in 3/16 to 1/2 in. tubing, and is not to exceed ± 0.003 in. in 1/8 in. OD.
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 Polyethylene Tubing—This inexpensive, flexible tubing is widely used in laboratories, instrument air lines, and other applications. It is more flexible than nylon, but not as abrasion-resistant. It is generally very corrosion-resistant, so it is very good for air service in corrosive environments. It is rated by burst pressure from 250 to 500 psig (17 to 34 bar) and working pressure from 60 to 125 psig (4 to 9 bar) with a 4:1 design factor. It is generally rated to a maximum temperature of 140°F (60°C). Swagelok metal or nylon tube fittings may be used to the maximum working pressure of such tubing. No insert is required unless the tubing OD is larger than 1/2 in. Suggested ordering information: Outside diameter is not to exceed ± 0.005 in. from nominal in 3/16 to 1/2 in. tubing; it is not to exceed ±0.003 in. in 1/8 in. OD. Polypropylene Tubing—This is an excellent flexible tubing which is much stronger than polyethylene. It is rated by burst pressure from 1600 to 2400 psig (110 to 165 bar) and working pressure from 400 to 600 psig (28 to 41 bar) with a 4:1 design factor. It has unusually good temperature characteristics and is generally rated to a maximum temperature of 250°F (121°C). Swagelok metal tube fittings are satisfactory for use on polypropylene tubing. Swagelok nylon tube fittings may be used for lower tubing pressure ranges. No insert is required unless the tubing OD is larger than 1/2 in. Suggested ordering information: Outside diameter is not to exceed ±0.005 in. in 3/16 to1/2 in. tubing and is not to exceed ± 0.003 in. in 1/8 in. OD. PFA and TFE Tubing—This tough tubing is used in a wide variety of fluid handling operations. It has excellent properties which resist corrosion. It has good temperature capabilities to 400°F (204°C). Standard metal Swagelok tube fittings may be used on TFE or PFA tubing. When TFE fittings are used on TFE tubing, there is very little holding power because of the very low coefficient of friction when a TFE fitting tries to hold a length of TFE tubing. However, the PFA Swagelok tube fitting, when used with Swagelok PFA tubing (and grooved with the Swagelok groove cutter), will hold to the rated working pressure of the tubing. Consult your Swagelok representative for pressure rating information on this combination. Suggested ordering information: Outside diameter is not to exceed ± 0.005 in. from nominal OD in 3/16 to 1/2 in. tubing and is not to exceed ± 0.003 in. in 1/8 in. OD.
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 Soft PVC Tubing—This tubing is a very soft, plasticized PVC used for flexibility and corrosion resistance in many laboratory, medical, food, and pharmaceutical applications. It is normally rated at approximately 165°F (74°C). When used with Swagelok metal or plastic tube fittings, a serrated insert must be used. The insert supports the tube wall from the inside so that ferrules can grip and seal the tubing. Swagelok hose connectors may also be used with this type of tubing (see Chapter 6). Reinforced soft PVC tubing is also available. An inner braid is imbedded in the tube wall to increase strength and working pressure. Swagelok tube fittings should not be used with reinforced soft PVC tubing because of possible leakage from the end of the tube around the braid, within the tube wall. An inside diameter seal, such as a Swagelok hose connector, should be used. Suggested ordering information: Outside diameter is not to exceed ± 0.005 in. from nominal in 3/16 to 1/2 in. tubing and is not to exceed ± 0.003 in. in 1/8 in. OD. TUBING STANDARDS The following list covers the commonly encountered metal tubing specifications for tubing to be used with Swagelok tube fittings. For OD tolerances, see p. 2-12. 1. Stainless Steel Tubing ASTM A213 Seamless ferritic and austenitic alloy-steel boiler, superheated and heat exchanger tubes.



Standard to which seamless austenitic stainless steel tubing may be purchased for general service. Hardness 90 HRB maximum. OD tolerances are determined by ASTM A450. Satisfactory for use with Swagelok stainless steel fittings.



ASTM A249 Welded austenitic steel boiler, superheater, heat-exchanger, and condenser tubes.



Standard to which welded austenitic stainless steel tubing may be purchased for general and high temperature service. Hardness 90 HRB maximum. OD tolerances determined by ASTM A450. A draw pass to blend the weld groove into a smooth tube OD is necessary for satisfactory use with Swagelok stainless steel fittings. Standard to which both welded and seamless austenitic stainless steel tubing may be purchased for general, corrosion-resisting, low and high temperature service. Hardness 90 HRB maximum. Should be purchased cold finished and is satisfactory for use with Swagelok stainless steel fittings in the cold finished condition.



ASTM A269 Seamless and welded austenitic stainless steel tubing for general service.
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 ASTM A450 General requirements for carbon, ferritic alloy, and austenitic alloy steel tubes.



Covers general requirements for steel and stainless steel welded or seamless tubing. Many of its requirements are mandatory in such specifications as A179, A213, A249, A269. Except for A269, all these specifications cover OD tolerances by reference to A450. Tubing is not purchased to ASTM A450. Rather it is purchased to other specifications which usually get their “general” requirements from A450.



ASTM A632 Seamless and welded austenitic stainless tubing (small diameter) for general service.



Covers stainless steel tubing which may be purchased for small diameter work from 0.050 to 1/2 in. OD. Wall thicknesses are 0.005 to 0.065 in. Can be either seamless or welded and drawn. Often used for small instrument tube requirements. Has closer OD and ID tolerances (plus 0.002 in. minus 0.000 in. OD, plus 0.000 in. minus 0.002 in. ID).



2. Carbon Steel Tubing ASTM A161 Seamless low carbon and carbon-molybdenum steel tubes for refinery service.



Standard to which cold drawn, seamless carbon steel tubing may be purchased for elevated pressuretemperature service. Carbon content is 0.10 % to 0.20 % . Hardness 70 HRB maximum. OD tolerances are determined by ASTM A450. Only the cold drawn, low carbon variety is satisfactory for use with Swagelok steel tube fittings.



ASTM A179 Seamless cold-drawn low carbon steel heat exchanger and condenser tubes.



Standard to which cold drawn, seamless carbon steel tubing may be purchased for general service. Carbon content is 0.06 % to 0.18 %. Hardness 72 HRB maximum. OD tolerances are determined by ASTM A450. Satisfactory for use with Swagelok steel fittings. Similar to A179, max carbon 0.18 %. Hardness 65 HRB maximum. However, in 3/8 in. OD and smaller sizes with a wall thickness less than 0.065 in., no hardness test is required. Satisfactory for use with Swagelok steel fittings.



SAE J524b Seamless low carbon steel tubing, annealed for bending and flaring.
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 3. Copper Tubing ASTM B68 Seamless copper tube, bright annealed



Covers annealed seamless copper tubing suitable for use in refrigerators, oil lines, gasoline lines, etc., where tube absolutely free of scale and dirt is required. Should be specified as “soft annealed,” temper 060 for use with Swagelok brass fittings. Wall thickness and diameter tolerances are determined by ASTM B251.



ASTM B75 Seamless copper tube.



Covers seamless copper tube for general purposes. Should be specified in annealed temper 060 for use with Swagelok brass fittings. Wall thickness and diameter tolerances are determined by ASTM B251.



ASTM B88 Seamless copper water tube.



Covers seamless copper water tube suitable for general plumbing. It comes in Type K, Type L, and Type M. Sizes 3/8 to 12 1/8 in. OD (1/4 to 12 in. nominal). Should always be specified as annealed temper 0 for use with Swagelok brass fittings. OD and wall thickness tolerances are specified in B88 but OD tolerances generally follow B251 guidelines. Type K is the heaviest wall, Type L is medium wall and Type M is very thin wall. Type M is normally available only in hard temper straight-lengths and has a wall too thin to be used with Swagelok brass fittings. Both Type K and L are available either in 20 foot straight lengths or 60 foot coils and soft annealed Type K or L is usually satisfactory for use with Swagelok brass fittings but wall thickness may not be sufficient for gas service. NOTE: Beware of tubing which is marked by embossing into the OD. Such depressed lettering can interfere with proper ferrule sealing. Water tube is normally sized by “nominal” OD, not actual OD, so actual OD should be determined when using with Swagelok tube fittings.



ASTM B251 General requirements for wrought seamless copper and copper alloy tube.



This is the general specification for copper tubing which governs many requirements for ASTM B68 and B75 copper tubing. It covers wall thickness and OD tolerances applicable to B68 and B75 tubing.
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 4. Aluminum Tubing ASTM B210 Aluminum-alloy seamIess tubes.



Covers drawn seamless aluminum tubes in straight lengths and coils. Alloy 6061 in T4 and T6 tempers is suggested and is indicated in our “Tubing Data” sheet. For Swagelok tube fitting use with other aluminum alloy tubing, consult your Swagelok representative.



5. Special Alloy Tubing Alloy 400/R-405 ASTM B165 Nickel-copper alloy (UNS N04400) seamless pipe and tube.



Covers alloy 400 seamless tubing. Should be specified “annealed” for use with Swagelok alloy 400 fittings. Hardness 75 HRB maximum (annealed). OD tolerance is plus or minus 0.005 in. up to 5/8 in. OD. Over 5/8 in. OD allows plus or minus .0075 in., so tubing should be ordered to a special tolerance of plus or minus 0.005 in. for best results with Swagelok alloy 400/405 fittings.



Alloy 600 ASTM B167 Nickel-chromium-iron alloy (UNS N06600) seamless pipe and tube.



Covers alloy 600 tubing. Should always be specified “cold drawn annealed” for use with Swagelok alloy 600 fittings. Hardness Rb92 maximum. OD tolerance is plus or minus 0.005 in. up to 5/8 in. OD. Over 5/8 in. OD allows plus or minus .0075 in., so tubing should be ordered to a special tolerance of plus or minus 0.005 in. for best results with Swagelok alloy 600 fittings.



Titanium ASTM B338 Seamless and welded titanium and titanium alloy tubes for condensers and heat exchangers.



Covers titanium tubing which may be used with Swagelok titanium fittings. Swagelok tube fittings are manufactured from Grade 4 titanium. Tubing should be ordered as Grade 2 to perform properly with Swagelok titanium fittings. Grade 2 titanium is about 98.75 % pure titanium.



Alloy C-276 ASTM B622 Seamless nickel alloy pipe and tube. (UNS N10276 or UNS N10665)



Covers several nickel alloys, but in particular it covers alloy 276 tubing such as would be used with Swagelok alloy C-276 tube fittings. OD tolerance is plus or minus 0.005 in. up to 5/8 in. OD. Over 5/8 in. OD allows plus or minus .0075 in., so tubing should be ordered to a special tolerance of plus or minus 0.005 in. for best results with Swagelok alloy C-276 fittings.



Alloy 20 ASTM B468 Seamless and welded chromium-nickel-ironmolybdenum-coppercolumbium stabilized alloy (UNS N08020) tubes.



Covers alloy 20 tubing such as would be used with Swagelok C20 fittings. Hardness 95 HRB maximum. Covers wall thickness 0.015 to 0.500. in. OD tolerance is plus or minus 0.005 in. up to 5/8 in. OD. Over 5/8 in. OD allows plus or minus .0075 in. so tubing should be ordered to a special tolerance of plus or minus 0.005 in. for best results with Swagelok alloy 20 fittings.
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 ASTM TOLERANCE– TUBE OD Stainless Tube Swagelok Decimal ASTM O.D. Tube Equivalents 4213 (inches) Size (inches) and A249 1/16* 100 0.0625 ± .004 in. 1/8* 200 0.125 ± .004 in. 3/16 300 0.1875 ± .004 in. 1/4 400 0.250 ± .004 in. 5/16 500 0.3125 ± .004 in. 3/8 600 0.375 ± .004 in. 1/2 810 0.500 ± .004 in. 5/8 1010 0.625 ± .004 in. 3/4 1210 0.750 ± .004 in. 7/8 1410 0.875 ± .004 in. 1 1610 1.000 ± .006 in. 1 1/4 2000 1.250 ± .006 in. 1 1/2 2400 1.500 ± .006 in. 2 3200 2.000 ± .010 in.



Steel ASTM A269 ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .005 in. ± .010 in. ± .010 in.



Carbon Steel ASTM A179 ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .004 in. ± .005 in. ± .006 in. ± .006 in. ± .010 in.



Copper Aluminum ASTM ASTM B75 B210 ± .002 in. ± .003 in. ± .002 in. ± .003 in. ± .002 in. ± .003 in. ± .002 in. ± .003 in. ± .002 in. ± .003 in. ± .002 in. ± .003 in. ± .002 in. ± .003 in. ± .002 in. ± .004 in. ± .0025 in. ± .004 in. ± .0025 in. ± .004 in. ± .0025 in. ± .004 in.



Notes: Certain austenitic stainless tubing has an allowable ovality tolerance double the OD tolerance. Such oval tubing may not fit into Swagelok precision tube fittings. * ± 0.003 in. maximum recommended for 1/16 and 1/8 in. OD tubing when used with Swagelok tube fittings.
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 CHAPTER 3 Tubing and Tube Fitting Handling and Installation TUBING VERSUS PIPE Tubing can be more cost effective than piping for connecting fluid systems components. The advantages of using tubing for such connections are: 1. Ease of Installation—Only standard wrenches are needed to install Swagelok tube fittings. No threading, flaring, soldering, or welding is required (see Fig. 1). Hold Still on Body Hex



Fig. 1



Turn Nut



2. Better Strength to Weight Ratio—Full wall thickness of tubing is used in containing pressure since no threading is necessary. Threading reduces effective wall thickness in piping (see Fig. 2). The lighter weight of the tubing provides many benefits. Tubing is less expensive to transport, is easier to assemble, requires less support, and occupies less space. Fig. 2 Wall thickness needed to contain pressure



Wall thickness of pipe that must be used



1 2 Extra pipe wall thickness required for threading



3



4



Full wall thickness of tubing is used to contain pressure
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 3. Lower Pressure Drop—Sharp bends and discontinuities of piping systems are not present in the gradual bends and smooth inside diameter of a tubed system (see Fig. 3). Fig. 3



Piping



Fig. 4



Typical application showing use of tubing. (Photo courtesy Southwest Industries.) (2) Threaded Joints (2) Separate Fittings



Tubing



Fig. 5



Schematic of similar type of application showing the number of connections necessary if piping were used. (6) Threaded Joints (7) Separate Fittings



4. Fewer Connections Needed—Bending reduces the number of necessary connections and potential leak points. Tubing is very adaptable and can be bent around many obstructions (see Figs. 4 and 5). Here are some typical installations where stainless steel tubing is used. 3-2



 Fig. 6 It may be impossible to build the systems shown with pipe.



The ease of bending and assembling stainless steel systems requires annealed tubing. (Photo courtesy—Automation, U.S.A.)



Fig. 7 It is not always possible to make piping easily serviceable. Note how difficult it would be to reach those fittings behind the front fittings.
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 Fig. 8



Fig. 9 SWAGELOK



SWAGELOK



Pipe fittings used to connect jacketed pipe. (13 potential leaks)



Tube fittings required for same installation. (4 potential leaks)



5. Leak Tight—At high pressures, pipe connections often leak! Tubing systems connected with Swagelok tube fittings are leak-tight without using sealing compounds. Compressed air, steam, hydrogen, helium, or hydraulic oil are very expensive services in a plant or refinery. A cheap fitting that leaks can cost more money than a Swagelok tube fitting that provides positive performance. 6. Easy Maintenance—Every Swagelok tube fitting acts as a union. When disassembly is necessary, it is simple. This, coupled with leak tightness, means easy maintenance. There is no need to disconnect a series of pipe lengths and fittings to remove a particular component from the system. TUBING HANDLING Once tubing has been selected, specified, purchased, and received, the subject of proper handling must be considered. The built-in quality of carefully specified tubing can be quickly degraded by careless handling. Careful handling of tubing from the time it is received until the time it is installed will help greatly in installing leak-free systems. Good handling practices will reduce scratches, gouges, and nicks which can interfere with proper sealing (particularly on gas service).
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 Tubing should never be dragged off the delivery truck or off storage racks (see Figs. 10 and 11). The weight of the tube as it is dragged over the edge of the truck bed or tube rack may be sufficient to score or scratch tube OD surfaces. Scratches can also occur if an OD burr is left on tubing under the length you are withdrawing. Fig. 10



Fig. 11



Tubing should never be dragged across hard surfaces such as cement, dirt, gravel, asphalt or sand. Soft tubing such as copper or aluminum should be handled with extreme caution to avoid a crushing or an out-of-roundness condition. Out-of-round tubing which does not easily enter the nut, ferrules, and body of the fitting should be re-cut. Forcing out-of-round tubing into the fitting may scratch or flatten the major diameter and cause tubing leakage.
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 PLANNING THE TUBE LAYOUT When installing a system, the first step is to draw a layout of the system to determine the number of tube fittings and the length of tubing required. Care in determining the tube run will save time and possible re-running at a later date. Points to be remembered are listed below. 1. Tubing should be run clear of access doors, bolts, and equipment that must have access for maintenance (see Figs. 12 and 13).



Fig. 12 Wrong. Fuse panel blocked.



Fig. 13 Right. Fuse panel clear.
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 2. When tubing is attached to an item that must occasionally be removed for repair or maintenance, the method of connecting and running the tubing should permit easy removal (see Figs. 14 and 15).



Fig. 14 Wrong. Neither pump nor motor is accessible for maintenance.



Fig. 15 Right. Pump unit connected properly to permit access. 3. Tubing should remain clear of controls and not prohibit the operator’s access to controls (see Fig. 16).



3-7



 Fig. 16 Wrong. Operating panel blocked. Right. Operating panel clear. 4. Mechanical damage can often be avoided if a low run of tubing is not used as a bar rail for resting feet (see Fig. 17). A potential danger also exists in high runs that can be used like a bus rail (see Fig. 18).



Fig. 17 Bar Rail



Fig. 18 Bus Rail 3-8



 Fig. 19 Correct mounting 5. Long runs of tubing should be supported to prevent sagging (see Fig. 19). Fluid density and tube size determine the frequency of supports. Generally, supports should allow free axial movement of the tubing and only support the weight of the tubing (see Fig. 20). All components should be mounted. The tubing should not support the weight of valves, filters, regulators, etc. (see Figs. 20 and 21). Tubing sizes 1/4 through 1/2 in. should be supported about every 3 feet, 5/8 in. through 7/8 in. tubing about every 5 feet, and 1 in. and larger tubing about every 7 feet.



Fig. 20 Tubing supported in long run



Fig. 21 Lubricator with angle bracket support
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 6. Valves or other devices that require torque to be exerted in their operation should be mounted so that a twisting movement is not applied to the tubing (see Figs. 22 and 23).



Fig. 22 Wrong. Strain is placed on tubing because valve is not restrained.



Fig. 23 Right. When valve is mounted to prevent rotation of the valve body, no strain is placed on the tubing. 3-10



 7. Tubing should be ganged vertically rather than horizontally to avoid collection of dirt, corrosives, and contaminants (see Figs. 24 and 25). If it is necessary to gang horizontally, the tubing should be covered.



Fig. 24 Avoid this



Fig. 25 Correct method



8. Fittings should be staggered and offset when making multiple runs to provide easier installation and conserve space (see Figs. 26 and 27).



Fig. 26 Wrong. Space wasted



Fig. 27 Right. Installation is neater and space is conserved



9. Expansion loops should be installed to prevent tension stresses and allow for temperature expansion (see Figs. 28 and 29). In particular, a straight run between two fixed fittings cannot be bottomed in the fittings at both ends.



Fig. 28 Wrong. Installations made like this may eventually leak because of movement of the tubing from temperature changes. Also, the tube usually cannot be bottomed in the fitting.
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 Multitube



Fig. 29 Right. Installations of this type allow for expansion from day to day temperature changes and allow easy disassembly and proper bottoming at both ends of the tube.



Junction Box Copper Tubing



Swagelok Unions Swagelok Bulkhead Unions



Fig. 30 Typical Junction Box Installation Taking into account the previous points, the next step is to measure the run. First, determine the type of terminal connections to be used and, from the dimensions given in the Swagelok tube fitting catalog, determine the end point of the tubing (see Fig. 31).
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 End Point Fig. 31 End point of tubing D Then make a layout sketch at the tube run by measuring distances with a flexible steel rule. Measure all bends as square as shown in Fig. 32. Measure all dimensions to tubing centerlines. For clearances, it is necessary to allow for one-half the tubing diameter to clear obstructions. In the following example, assume that 1/2 in. OD tubing is to be used.



6 Allow 1/2 Tube Dia.



A



G



B



F E



C



D Fig. 32 The length of the tubing required is roughly the sum of dimensions A, B, C, D, E, F, and G. For example, using numbers A(3 in.) + B(8 in.) + C(6 in.) + D(7 in.) + E(6 in.) + F(10 in.) + G(3 in.), the total length would be 43 in. A more accurate tube length can be obtained by actually figuring the lengths with bends. To do this, the diameter of the bends would be determined depending upon the tubing to be used and the type of bending equipment to be employed. Assuming a bend radius of 1 in., the layout then becomes:
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 G1



A1



R



F1



B1



Bend Radius



E1



C1



D1



Fig. 33 Where: A1 = A–1 = 3–1 = 2 in. B1 = B–2 = 8–2 = 6 in. C1 = C–2 = 6–2 = 4 in.



D1 = D–2 = 7–2 = 5 in. E1 = E–2 = 6–2 = 4 in. F1 = F–2 = 10–2 = 8 in. G1 = G–1 = 3–1 = 2 in.



The total straight length would be 31 in. The length of the tubing required for (6) 90° bends must be added to the total straight length. The length of tubing in a 90° bend is equal to 1.57 times the radius of the bend or: Length of tubing in 90° bend = 1.57  bend radius for a bend radius of 1 in. which we assumed above. Length of tubing in 90° bend = 1.57  1 in. or 1.57 in. For six (6) 90° bends, six times this length is needed, that is: 6  1.57 in. = 9.42 in. BEND RADIUS Angle 30° 45° 60° 90° 180°



Factor 0.52 0.78 1.04 1.57 3.14



Factor



Tube Length is Bend Factor  Bend Radius



The total length of tubing needed is the sum of the bend length and straight length measured above, or: Total length = straight length + bend lengths or: 31 in. + 9.42 in. = 40.42 in.
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 As can be seen from this example, runs can be roughly sized by measuring straight lengths, assuming square corners, and trimming off excess tubing after bending. After cutting the piece of tubing to a length of 43 in., it is now necessary to bend the tubing to make the installation. TUBE STRAIGHTENING Straightness of tubing is important from two standpoints. 1. Where the tube enters the fitting, it is necessary to have a straight run long enough to allow the tube to bottom in the fitting body. (See p. 3-24 for necessary straight length.) 2. Also straight tubing is easier to support properly and makes access for maintenance simpler. Straight tube runs are also more attractive and reduce support installation time. Softer tube materials such as copper and aluminum are often furnished in coils, and some straightening must be done to make the tubing ready for use. HOW TO UNCOIL TUBING



Fig. 34 Take the end of the tubing and, with the right hand, hold it down on a flat surface such as a table top, wooden plank, floor, or sidewalk. If the flat surface is rough, put padding down to protect the end of the tubing from scratches.
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 Fig. 35 Begin rolling the coil away from the end of the tubing with the left hand.



Fig. 36 Slide the right hand along the tubing, following the coil in such a manner that the tubing lies flat on the flat surface. Unroll the coil rather than pulling the tubing end out sideways from the coil. Uncoiling from the side of the roll can twist or weaken the tubing and will tend to throw the tubing out of round.
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 Do not uncoil more tubing than is necessary, since repeated uncoiling and recoiling will distort, harden, and stiffen coiled tubing. Soft coiled copper tubing is sometimes unrolled and then stretched to straighten it. Stretching can slightly harden the tube. Therefore, we do not recommend this practice, but if it is performed, tubing should be stretched no more than 1 % (6 in. per 50 ft coil). If tubing is stretched beyond this, OD reduction takes place and will cause sealing problems. Another common field method to straighten copper tubing is to lay the tubing on a smooth floor or bench and use a wooden board flatwise to strike the high spots. Do not strike too hard or flat spots will be formed. Soft tubing is easily dented and may collapse at a dent when it is being bent. TUBE BENDING One of the greatest advantages of tubing is that it can be bent. Though bending to a radius of 2 or 3 times the tube diameter is possible, proper procedures must be used or difficulties such as flattening, kinking, or wrinkling will occur (see Fig. 37).



Flattened Bend



Kinked Bend



Wrinkled Bend



Good 90° Bend



Fig. 37 When such difficulties are encountered, they are usually caused by bending too short a radius, not using or improperly using a mandrel on thin wall tubing, or slippage in the tube bender. Bending of tubing may be accomplished by hand, by hand benders, or by production benders. HAND BENDING



Fig. 38 3-17



 Hand bending is accomplished by placing the thumbs towards each other, but far enough apart to allow length for making the bend (see Fig. 38).



Fig. 39 Bend the tubing slightly.



Fig. 40 Use your knee as a bending form and bend tubing in small increments by shifting knee to various points on the inside of the bend. Coiled springs inside or outside such a bend help prevent deforming the tube. Hand bending to a small radius is very difficult as flattening usually results (see Figs. 39 and 40).
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 STRENGTH OF TUBING BEND No allowance needs to be made for the thinning of the tube wall at a bend. Due to work hardening of the material, a bend in a section of tubing actually has greater strength than the straight run portion. Fig. 41 shows what happens when a bend is subjected to a hydraulic pressure test. Note that the unbent tubing has burst in one straight section and yielded to almost the bursting point in the other straight section while the bend is still in its original form.



Fig. 41 Tubing fails on the straight portion showing an increase of tensile strength of material at the outside of the bend.
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 TUBE BENDERS Hand benders and production benders are either the compression or the draw type. Clamp



Roll Support



Bender Die Fig. 42 Compression Type Tube Bender In the compression type tube bender, the form (or bender die) is stationary and the follow-block (or roll support) rotates around to bend the tube. The portion of tubing to the left remains stationary.



Clamp Stationary Pressure Die



Rotating Bending Form



Fig. 43 Draw Type Tube Bender In the draw type tube bender, the form moves and the end of the tubing to the left moves with the form. The tubing to the right is drawn past the stationary pressure point.
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 MAKING A BEND Step 1. Measure length A (3 in.) from the end of the tubing (see Fig. 32), and mark the tubing (see Fig. 44). 43 in.



3 in.



Mark the Tubing



Fig. 44 Step 2. Align the scribe mark with the 90° mark on the bender (see Fig. 45).



Fig. 45 Step 3. Then bend the tubing until the bender indicates a 90° bend (see Fig. 46).



Fig. 46 3-21



 The center line dimension from the end of the tubing to the centerline of the bent tubing is 3 in., since the bender holds 1/2 the diameter of the tubing in the bending die (see Fig. 47).



3



Fig. 47 Step 4. Then measure length B (see Fig. 32), (8 in. from the tube centerline) and again mark the tubing (see Fig. 48).



3



8



Fig. 48
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 Step 5. As in steps 2 and 3, align the bender and make the second bend (see Fig. 49).



Fig. 49 Repeat this procedure by measuring from centerline, C, D, E, F, and G (see Fig. 32), turning the tubing over as necessary to position the tube bender. When the tubing has reached its final shape, length G will be a little long since we started with a 43 in. tube length. Check the tubing in the proposed installation by placing it alongside the two terminal connections. Scribe the tubing at the point it will be trimmed off, trim tubing with a tube cutter, deburr the OD and lD, and then install the tubing into the tube fittings (see Fig. 50).



7



6



Fig. 50
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 BENDS NEAR TUBE FITTINGS Tube bends which are too close to a fitting installation may be a source of leaks, and care must be used on such installations. Several precautions should be taken: 1. Leave a length of straight tube so that the deformed section at a bend does not enter the fitting (See recommended length of straight tube in Fig. 51). T



R



R



Radius of tubing bend as required or minimum allowed for specified wall thickness and tube size as recommended by bender manufacturer.



L



Straight tube length required from end of tube to beginning of bend.



T



Tube outside diameter.



L



Fig. 51 Fractional T Tube OD (in.) L Length of Straight Tube (in.)



R



3-24



1/ 16



1/ 3/ 1 8 16 /4



5/ 16



3/ 8



1/ 23/ 3 13/ 7 15/ 2 32 /4 16 /8 16



1/ 2



5/ 8



3/ 4



7/ 8



1



13/16 11/4 11/4 15/16 11/2



11/4



2



11/2



2



213/32 31/4



Radius of tube bend as recommended by bender manufacturer.



 Metric T Tube OD (mm)



3



6



8



10 12 14 15 16 18 20 22 25 28 30 32 38



L Length of 19 21 22 25 29 31 32 32 32 33 33 40 40 52 51 60 Straight Tube (mm)



R



Radius of tube bend as recommended by bender manufacturer.



2. Inspect, for proper roundness, the length of tube that will be inserted into a fitting. Out-of-round tubing could scratch when entering the fitting and result in leaks. 3. Long runs of tubing should be supported as should all other components. 4. When a section of bent tubing is being connected, be certain that the tube is in proper alignment with the fitting before doing any tightening. Springing the tube into position with the fitting can result in excessive stress on the tubing and the connection. 5. Proper bends in the tubing and proper alignment will ensure a good, trouble-free connection. BEND RADIUS The radius of tube bends is defined as the radius to the center of the tube. The table on p. 3-26 shows commonly used minimum bend radii on currently available tube benders. Tube material, wall thickness, and type of equipment used will influence the smallest bend radius available. The table on the following page is only an indication of what minimum bend radius may be expected. Follow the directions and recommendations of the bender manufacturer in attempting to obtain minimum radius bends.
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 MINIMUM TUBE BEND RADIUS Tube OD



Radius



1/8 in.



3/8 in.



1/4 in.



9/16 in.



3/8 in.



15/16 in.



1/2 in.



11/2 in.



5/8 in.



11/2 in.



3/4 in.



13/4 in.



7/8 in.



2 in.



1 in.



4 in.



11/4 in.



5 in.



11/2 in.



6 in.



2 in.



8 in.



Fig. 52 Here is a close-up of an oil well control panel that shows the intricate use of quality bending so that all components are serviceable. Note the neatly stacked straight runs. (Photo courtesy: Automation, U.S.A.) TUBE CUTTING There are two common methods of tube cutting: 1. Tube Cutters 2. Hacksaw Tube cutters generally consist of a frame and handle, screw mechanism to advance the cutting wheel, the cutting wheel itself, and rollers to support the tube during the cutting operation. 3-26



 Such cutters are commonly used for the cutting of plastic, soft copper, aluminum, or perhaps soft steel tubing. Good quality cutter wheels used on soft tubing provide a long service life before dulling. Most tube cutters do not have a cutter wheel designed for use on harder tubing materials such as stainless steel and are, therefore, not recommended for use on such tubing.



Fig. 53 SWAGELOK TUBE CUTTER Tube cutters do not remove material, but rather “push” material aside and down. The duller the cutter wheel, the more material is raised at the tube end, increasing tube OD at the end. In its worst case, this raised material can even make it difficult to insert the tube into precision tube fitting components. A dull cutter wheel also work hardens the area of the tube near the cut due to excessive pressure from back-up rollers. The Swagelok tube cutter (MS-TC-308) is specifically designed to cut annealed steel and stainless steel tubing as well as softer tube materials. Its cutting wheel was developed specifically to overcome the disadvantages of previously available wheels, giving long life and excellent cuts on steel and stainless steel tubing from 3/16 in. to 1/2 in. OD. It can also be used for cutting softer tubes such as copper or aluminum up to 1 in. OD. HOW TO CUT TUBING WITH A TUBE CUTTER Pressure on the cutter wheel is maintained by a constant and gradual tightening of the handle or knob to advance the cutter wheel deeper into the tube. Trying to rush this procedure will result in poor cuts and excessive cutter wheel wear. We have found that about a 1/8 turn of the knob for each two revolutions of the cutter is optimum for steel or stainless steel tubing. For soft copper tubing a 1/8 turn of the knob for one cutter revolution is sufficient.
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 There are two opinions as to whether tube cutting should be a constant turning or a back and forth motion. On longer lengths of tubing, rock the tube cutter with your hand. First rotate above the tubing then back around so that your hand goes below the tubing (see Fig. 55) which will allow you to cut the tubing without taking your hand off the tube cutter. The cutter hand wheel can be adjusted as the rocking proceeds to maintain even tension on the cutting wheel. When cutting a short piece of tubing, the cutter may be continually rotated around the end of the tubing. The hand wheel can be gradually rotated to maintain even tension on the cutting wheel. It is important that the cutting wheel be in top condition, and it is recommended that spare, sharp cutting wheels be kept available at all times. (Part No. MS-TCW-308). When extra resistance is felt due to wheel dulling, the cutting wheel should be replaced.



Fig. 54 Tightening the handle forces the cutting wheel deeper into the tube wall.
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 Fig. 55 The cutter can either be rocked back and forth or turned completely around the tube. Deburring should always be performed as described on pp. 3-30 and 31.



Fig. 56 The raised portions on the handle are placed in 1/8 turn increments. Use these as your guide when advancing the handle 1/8 turn. TUBE CUTTING WITH A HACKSAW If a tube cutter of the proper size is not available, a hacksaw can be used (see Fig. 57). Tubing should always be cut to length with a square cut. When using a hacksaw to cut tubing, use guide-blocks to ensure a square cut and to keep the tubing from flattening out. The Swagelok tube saw guide (MS-TSG-16) is an excellent device to hold tubing while cutting with a hacksaw. Hacksaw blades should have at least 24 teeth per in. 3-29



 Fig. 57 Hacksaw and guide blocks used to cut tubing. Tube cutters throw a burr into the ID of the tubing (see Fig. 58), and a hacksaw will burr both the ID and OD of the tube (see Fig. 59). These burrs should be removed after cutting the tube. Make sure that metal chips are cleaned from the end of the tubing since metal chips can cause a fitting to leak or cause damage to components in the system.



Fig. 58 Tube cutter burrs-lD



Fig. 59 Hacksaw burrs-lD and OD



TUBE DEBURRING Both the ID and OD of tubes should be deburred after cutting, no matter which method (tube cutter or hacksaw) is used for cutting the tube. 1. ID deburring, while not as important to the function of the tube fitting, is important from the standpoint of system cleanliness. Small burrs, chips and slivers of metal can plug small pilot holes or vents, can scratch valve seats or stem tips, and can damage soft seals such as O-rings. ID burrs can substantially reduce the tube ID and affect through-flow.
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 2. OD deburring is important for proper fitting function as well as for clean, leak-free systems.



Fig. 60 Small OD burrs may prevent tubing from being fully inserted through the nut, ferrules, and body bore (see Fig. 60). It is vital, of course, that the tube always pass through the nut and ferrules and be bottomed fully against the shoulder of the fitting body. Even if OD burrs do not interfere with full insertion, they can lodge between sealing surfaces, or break off and interfere with the downstream system similar to an ID burr. OD burrs can also scratch the fine finish of the ferrule bore, making ferrule to tube sealing more difficult. DEBURRING TOOLS Outside deburring can be accomplished with a smooth file. Inside deburring can easily be accomplished using a Swagelok deburring tool (Part No. MS-44CT-27).



Fig. 61 OD deburring with a file.



Fig. 62 ID deburring with a Swagelok deburring tool. Part No. MS-44CT-27



3-31



 The Swagelok tube deburring tool (Part No. MS-TDT-24) is used to deburr steel and stainless steel (or other softer tubing) from both inside and outside diameters. It works on tube ID sizes from 3/16 in. to 1 in.



ID End



OD End Fig. 63 Tube deburring tool



INSTRUCTIONS 1. To deburr outside diameter of tube, place the deburring tool, with blades on the outside, over the end of the tube. Rock the tool back and forth, or rotate in a clockwise direction. 2. To deburr inside diameter, reverse the tool and insert blades inside the tube. Again, rock the tool back and forth, or rotate in a clockwise direction. 3. Wipe the tube end clean with a cloth. Caution: DO NOT PUT FINGER INSIDE TOOL OR NEAR CUTTING EDGES. HANDLING OF TUBE FITTINGS Genuine Swagelok tube fittings are designed and manufactured to rigid quality control requirements. In shipment they are well protected from dirt, moisture, and careless handling. To get the maximum value from your investment in quality, fittings should be kept in the same boxes they were shipped in. Boxes should be kept closed to keep dirt, dust, sand, water, and other contaminants from getting into the fittings.



Fig. 64 3-32



 Thread protectors should be left on any exposed pipe threads until they are ready to be used.



Fig. 65 Thread Protector Fittings should have nuts and ferrules kept on them until tubing is inserted and pull-up is completed. If any bodies have been disassembled or cannibalized for nuts and ferrules, new nuts and ferrules should be installed using a length of tubing as a rod to ensure proper replacement and alignment of genuine Swagelok nuts and ferrules.



Fig. 66 Ferrule Arbor Before installing pipe thread ends of Swagelok tube fittings, a suitable sealant such as SWAK® anaerobic pipe thread sealant with TFE or Swagelok TFE tape should be wrapped around male threads. On stainless steel fittings, a double wrap will provide added anti-galling resistance. System parameters of fluid temperature and operating conditions should be checked for compatibility with pipe sealants. HOW THE SWAGELOK FITTING IS INSTALLED Swagelok tube fittings may be installed very simply, using readily available wrenches. In sizes 1 in. (25 mm) and below, 1 1/4 turns with a wrench from finger-tight is the suggested assembly method. However, 1/16, 1/8, and 3/16 in. (2, 3, and 4 mm) size fittings require only 3/4 turn from finger-tight.
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 Sizes 1 1/4, 1 1/2, and 2 in. and 28, 30, 32, and 38 mm Swagelok tube fittings require the use of hydraulic swaging units described on pp. 3-42 and 43. The hydraulic swaging unit is also available in 1/2, 5/8, 3/4, and 1 in. fractional sizes, and 12, 14, 15, 16, 18, 20, 22, and 25 mm metric sizes. NORMAL INSTALLATION PROCEDURE Swagelok tube fittings come to you completely assembled, fingertight, and are ready for immediate use. Disassembly before use can result in dirt or foreign material getting into the fitting and causing leaks. Swagelok tube fittings are installed in three easy steps as shown in Figs. 67, 68, and 69.



Fig. 67 Step 1— Simply insert the tubing into the Swagelok tube fitting. Make sure that the tubing rests firmly on the shoulder of the fitting and that the nut is finger-tight.



Fig. 68 Step 2—Before tightening the Swagelok nut, scribe the nut at the 6 o’clock position.
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 Fig. 69 Step 3—While holding the fitting body steady with a backup wrench, tighten the nut 1 1/4 turns*. Use the scribe mark, make one complete revolution and continue to the 9 o’clock position. By scribing the nut at the 6 o’clock position as it appears to you, there will be no doubt as to the starting position. When the nut is tightened 1 1/4 turns* to the 9 o’clock position, you can easily see that the fitting has been properly tightened. Use the gap inspection gage on initial installation into the fitting body to assure you of sufficient pull-up. *For 1/16, 1/8, 3/16 in., 2, 3, and 4 mm size tube fittings, tighten 3/4 turn from finger-tight. When working in close quarters where the swing room for wrenches is limited, the Swagelok ratchet wrench is useful (see Fig. 70). Available in hex sizes for 1/8 through 1/2 in. (3 through 12 mm) Swagelok tube fitting sizes, it works with only 1/12 turn of the handle and exerts equal pressure on all six hex points.



Fig. 70 3-35



 ASSEMBLY OF FITTINGS



Finger-tight



1 1/4 Turns Fig. 71



TORQUE Measuring torque required to pull up a Swagelok tube fitting is not a reliable measure of pull up. All the tolerances of precise OD, ovality, wall thickness, and hardness of the tubing will vary the torque required for full pull-up. The 1 1/4 turns of the nut is the measure of sufficient pull-up, and it can be checked with a gap inspection gage. HIGH PRESSURE APPLICATION Due to the variation of tubing diameters, a common starting point is desirable. Therefore, with a wrench, snug up the nut until the tubing will not turn by hand or move axially in the fitting. At this point, scribe or mark the nut on the fitting. Using the scribe or mark on the nut to keep track of the turns, tighten the nut 1 1/4 turns while holding the body stationary with a backup wrench. Only you can determine what is “high pressure” or “high safety factor” service. Using “1 1/4 turns from snug” merely does away with one variable because the ferrules are in definite contact with the tube when you start the pull-up. NO DISASSEMBLY INSPECTION Having made the tube connection, there is no need to disassemble a Swagelok fitting to inspect the connection after assembly. Exhaustive tests and on-the-job performance have proven that disassembly is not needed as long as the fitting has been pulled up in accordance with the installation instructions. GAGEABILITY Proper make-up instructions have already been discussed. The Swagelok tube fitting has been developed with such stringent control over all the variables that a reliable checking device is available to assure the fitter or supervisor that sufficient (1 1/4 turn) pull-up has been achieved.
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 The device itself—a gap inspection gage—is very simple. Its successful use, however, depends on extremely close control of many stacked tolerances in the manufacture of the four components of the Swagelok tube fitting. HOW THE GAP INSPECTION GAGE IS USED Swagelok gap inspection gages are designed to assure the installer or inspector that a fitting has been sufficiently pulled up. They are particularly applicable to systems where fittings are to be tightened in difficult or inaccessible locations or systems where insufficient pull-up could cause potentially dangerous or expensive consequences. Swagelok gap inspection gages are inserted between the nut and body of a Swagelok tube fitting after pull-up. If the gap inspection gage will fit in the gap between the nut and body hex, the fitting nut has not been sufficiently tightened.



Fig. 72 Gap inspection gage fits between nut and body hex. Fitting is not sufficiently tightened.



Fig. 73 Gap inspection gage does not fit between nut and body hex. Fitting is sufficiently tightened.



For Multiple Sizes



1/4, 3/8, and 1/2 in.; 6 and 12 mm



6, 8, 10, and 12 mm Fig. 74 3-37



 Fig. 75 Gap inspection gage fits between nut and body hex. Fitting is not sufficiently tightened.



Gap inspection gage does not fit between nut and body hex. Fitting is sufficiently tightened.



The thinner end of the (individual size) gap inspection gage is used to check for sufficient pull-up when the high pressure (1 1/4 turns from snug) pull-up is used. Snug is determined by tightening the nut until the tubing will not rotate freely (by hand) in the fitting. (If tube rotation is not possible, tighten the nut approximately 1/8 turn from the finger-tight position.) At this point, scribe the nut at the 6 o’clock position, and tighten the nut 1 1/4 turns. The fitting will now hold pressures well above the rated working pressure of the tubing. NOTE: Use the gap inspection gage to assure you of sufficient pull-up. Tube OD, material, and hardness affect the torque required to pull up 1 1/4 turns (see Fig. 72 and 73). NOTE: Inspection gages should not be used after retightening, pre-swaging, or hydraulic swaging. WHICH SWAGELOK TUBE FITTINGS ARE GAGEABLE? Sizes 1 in. (25 mm) and under — The Swagelok end of all male and female connectors, unions, and reducing unions are gageable. The shorter end of all bulkhead unions is also gageable. Plastic fittings are not gageable. Brass and aluminum elbows, tees, and crosses that do not have a reduced diameter neck are not gageable. Sizes over 1 in. (25 mm) — Because of the wide tolerances allowable on the OD of over 1 in. tubing, all installations should be made with a hydraulic swaging unit (see pp. 3-42 and 43). This requires snugging the nut to bring the ferrules in contact with the tube OD before swaging. Therefore, use of a gap inspection gage is not feasible. The hydraulic swaging unit has an indicator arm that tells you when swaging is complete (see p. 3-42). 3-38



 RETIGHTENING INSTRUCTIONS Connections can be disconnected and retightened many times. The same reliable, leak-proof seal can be obtained every time the connection is remade.



Fig. 76 1. Fitting shown in disconnected position.



Fig. 77 2. Insert tubing with pre-swaged ferrules into fitting body until front ferrule seats, then finger-tighten the nut.



Fig. 78 3. Rotate nut to previously pulled up position with a wrench. At this point, an increase in resistance will be encountered. Then tighten slightly with the wrench. (Smaller tube sizes will take less tightening to reach the original position, while larger tube sizes will require more tightening. The wall thickness will also have an effect on tightening.)
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 PRESWAGING INSTRUCTIONS When installing Swagelok tube fittings in cramped quarters or where ladders must be used, it may be advantageous to use a pre-swaging tool. It allows the pre-swaging of ferrules onto the tube in a more open or safe area. After using the tool, simply follow the re-tightening instructions (see Figs. 76, 77, and 78). Oversized or very soft tubing may occasionally stick in the tool after pull-up. If this happens, remove the tube by gently rocking it back and forth. Do not turn or twist the tube with pliers or other tools because this may damage sealing surfaces.



Fig. 79 This illustration shows tubing with a union connected high above ground. If a run of tubing were to be connected, it would be difficult to pull up the second end of the union. For a solution, see Figs. 80, 81, 82, and 83.



Fig. 80 Assemble the Swagelok nut and ferrules to the preswaging tool. Insert tubing through the ferrules until it bottoms in the preswaging tool, and tighten nut 1 1/4 turns (sizes 1/16, 1/8, and 3/16 in.; 2, 3, and 4 mm require 3/4 turn). 3-40



 Fig. 81 The nut is loosened and the tubing with preswaged ferrules is removed from the preswaging tool.



Fig. 82 The connection can now be made by following the retightening instructions (see Figs. 76, 77, and 78).



Fig. 83 Completed installation. NOTES ON USE OF PRESWAGING TOOLS 1. Preswaging tools have a finite life. After frequent use, ask your Swagelok representative to have them checked. 2. Dirt, chips, and other metal inclusions can interfere with proper swaging action. The tool should be thoroughly cleaned after each use.
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 SWAGELOK HYDRAULIC SWAGING UNIT Hydraulic swaging is required for larger size tube fittings (1 1/4 in., 28 mm, and up). Units are also available in 1/2, 5/8, 3/4, and 1 in. Metric units are available in 12, 15, 16, 18, 20, 22, 25, 28, 30, 32, and 38 mm OD sizes. Over 1 in. (25 mm) steel and stainless steel Swagelok tube fittings must be made up using the hydraulic swaging unit. They should never be made up with just wrenches. Torques are too high and tube variables make wrench pull-up unreliable. Fig. 84 Fig. 85



The Swagelok hydraulic swaging unit is designed to make a safe and reliable, torque-free, leak-proof seal on large tubing sizes. The hydraulic swaging unit consists of a swaging tool and an accessory case. The accessory case contains a hydraulic pump, hose and service equipment, plus complete installation instructions. Number For 1/2 in. Swagelok Fittings MS-HSU-810 5/8 in. Swagelok Fittings MS-HSU-1010 3/4 in. Swagelok Fittings MS-HSU-1210 7/8 in. Swagelok Fittings MS-HSU-1410 MS-HSU-1610 1 in. Swagelok Fittings MS-HSU-2000 11/4 in. Swagelok Fittings MS-HSU-2400 11/2 in. Swagelok Fittings MS-HSU-3200 2 in. Swagelok Fittings MS-HSU-12M0 12 mm Swagelok Fittings MS-HSU-15M0 15 mm Swagelok Fittings MS-HSU-16M0 16 mm Swagelok Fittings MS-HSU-18M0 18 mm Swagelok Fittings MS-HSU-20M0 20 mm Swagelok Fittings MS-HSU-22M0 22 mm Swagelok Fittings MS-HSU-25M0 25 mm Swagelok Fittings MS-HSU-28M0 28 mm Swagelok Fittings MS-HSU-30M0 30 mm Swagelok Fittings Hydraulic Swaging Unit Tubing Recommended Wall Thickness MS-HSU-32M0 32 mm Swagelok Fittings MS-HSU-38M0 38 mm Swagelok Fittings 3-42



 Hydraulic Swaging Unit Tubing Recommended Wall Thickness Tubing OD 1/2 in. 1/2 in. 5/8 in. 5/8 in. 3/4 in. 3/4 in. 7/8 in. 7/8 in. 1 in. 1 in. 11/4 in. 11/4 in. 11/2 in. 11/2 in. 2 in. 2 in. 12 mm 12 mm 15 mm 15 mm 16 mm 16 mm 18 mm 18 mm 20 mm 20 mm 22 mm 22 mm 25 mm 25 mm 28 mm 28 mm 30 mm 30 mm 32 mm 32 mm 38 mm 38 mm



Material stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel stainless steel carbon steel



Min. Wall 0.049 in. 0.049 in. 0.065 in. 0.065 in. 0.065 in. 0.065 in. 0.083 in. 0.083 in. 0.083 in. 0.083 in. 0.083 in. 0.065 in. 0.095 in. 0.083 in. 0.109 in. 0.095 in. 1.2 mm 1.2 mm 1.5 mm 1.5 mm 1.5 mm 1.5 mm 1.5 mm 1.5 mm 1.8 mm 1.8 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.0 mm 2.2 mm 2.2 mm



Max. Wall 0.083 in. 0.083 in. 0.095 in. 0.095 in. 0.109 in. 0.109 in. 0.109 in. 0.109 in. 0.120 in. 0.120 in. 0.156 in. 0.180 in. 0.188 in. 0.220 in. 0.188 in. 0.220 in. 2.0 mm 2.2 mm 2.2 mm 2.2 mm 2.2 mm 2.5 mm 2.5 mm 2.5 mm 2.8 mm 2.8 mm 2.8 mm 2.8 mm 3.0 mm 3.0 mm 3.5 mm 3.5 mm 3.5 mm 3.5 mm 4.0 mm 4.0 mm 4.5 mm 4.5 mm



For a complete demonstration of the proper use of the hydraulic swaging unit, please contact your Swagelok representative. TUBE ADAPTERS AND REDUCERS Swagelok Company pioneered the development and use of tube adapters. Tube adapters consist of a machined tube stub (metric or fractional OD) on one end and a male or female threaded second end. These fittings have two distinct advantages: 3-43



 1. They greatly reduce inventories. By stocking union tees and union elbows, plus a few various adapters, a wide variety of male or female elbows, male run, male branch, female run or female branch tees can be made up with a minimal inventory investment.



B. Male Elbow A. Female Port



D. Union Elbow C. Male Adapter



Fig. 86 2. They eliminate difficult alignment problems by simplifying the proper orientation of elbows, tees, and crosses without regard to pipe thread tightness. A. In Fig. 86, the required installation is to connect tubing to a female port (in the direction shown). B. With pipe connection tight, the male elbow is pointing in the wrong direction for the desired tubing run. C. To correct this situation, merely tighten the pipe thread of a male adapter into the female port. D. Connect a union elbow to the adapter by tightening the Swagelok connection with a wrench while holding the elbow in the desired direction. Then insert the tubing into the other end of the Swagelok union elbow and connect the tubing. Reducers are somewhat similar to tube adapters in that they have a machined tube stub on one end and a Swagelok connection on the other end. Reducers are used to convert from one Swagelok tube end to a different size Swagelok tube end. For example, the 1/2 in. tee (SS-810-3) shown (see Fig. 87) is required to have 1/4 in. OD tubing from its run port. A Swagelok reducer (SS-400-R-8) accomplishes the conversion in a single step.



Fig. 87 3-44



 Note: Swagelok reducers, port connectors, and adapters have a machined groove near the end of the tube stub. This groove is precisely positioned to receive the Swagelok ferrules during fitting pullup. The groove is critical to proper ferrule action because it simulates the action of the ferrules as they would perform on annealed tubing. Because of the substantial differences in tolerances, dimensions, and sealing methods, considerable variations in sealing position exist between Swagelok tube adapter-type fittings and those of other manufacturers. Note: See Interchange Information on pp. 1-11, 1-12 and 7-18. USE OF SWAGELOK ADAPTERS



Fig. 88 Align elbows, and tighten the Swagelok nut according to installation instructions (see Figs. 67, 68 and 69). Fig. 89



Install the tubing run to the elbows, thus completing the installation.
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 The Swagelok bulkhead reducer fitting is found particularly advantageous for ease of alignment when connecting tees or elbows behind a bulkhead. Examples of this type of application are shown in Fig. 90.



With Union Elbow



With Female Elbow



With Male Elbow



With Union Tee



With Male Run Tee



With Union Tee



With Female Run Tee



Fig. 90 Applications of bulkhead reducers with standard Swagelok fittings. USE OF SWAGELOK ADAPTERS FOR VALVE INSTALLATIONS When installing a valve, there is usually a preferred location for the valve handle. For example, if the valve is coming off a piece of equipment, it is often desired to have the valve handle located directly above the valve as shown in Fig. 91.



Equipment



Fig. 91
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 If the connection on the equipment is a male or female pipe thread, alignment is extremely difficult, if not impossible. The result is usually something like Fig. 92.



Equipment



Fig. 92 To save time, stop leaks, and prevent valve damage during installation, use a male or female adapter (see Figs. 93 and 94).



Fig. 93 Male adapter



Fig. 94 Female adapter



To orient your valve, screw the male adapter fitting into the equipment (see Fig. 95).



3-47



 Equipment



Fig. 95 Using a valve with integral Swagelok tube fittings, slip the tubing stub from the adapter into one Swagelok connection. Hold the valve vertical while pulling up the nut according to installation instructions, and the valve is properly oriented (see Fig. 96). WHITEY INTEGRAL NEEDLE VALVE



Equipment



C-EL



Fig. 96 If it is desired to shift the direction of the valve handle, loosen the nuts on the Swagelok connections, move and hold the valve at the desired location, and retighten the Swagelok nuts. PORT CONNECTORS



Fig. 97 Port Connector
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Fig. 98 Reducing Port Connector



 Swagelok port connectors are recommended for use where space is at a premium (see Figs. 97 and 98). Features: Eliminates cutting short lengths of tubing • Allows close coupling with pre-determined lengths • No pipe threads in system • Effects a union at every joint to permit complete disassembly for removal from system • Machined from bar stock for rigidity and strength. Note: Although port connectors provide greater structural strength to a tube system, they do not eliminate the need for proper supports. A port connector should be supported like other components. INSTALLATION INSTRUCTIONS 1. Remove nut and ferrules from the first of the two Swagelok ports to be connected. 2. Slip nut only (no ferrules) on port connector over machined ferrule. 3. Insert connector into first port and snug up nut by hand. 4. Tighten with wrench 1/4 turn only (1/16, 1/8, and 3/16 in.; 2, 3, and 4 mm, tighten 1/8 turn). Subsequent connections are made by tightening slightly with wrench after snugging the nut by hand. 5. Insert second end of port connector into other port and tighten nut 1 1/4 turns from finger-tight, using normal Swagelok nut and ferrules. (3/4 turn for 1/16, 1/8, and 3/16 in., 2, 3, and 4 mm sizes) (see Figs. 99 through 104) Fig. 99 Fig. 100 Fig. 101



Fig. 102



Fig. 103



Fig. 104
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 BULKHEAD CONNECTIONS Swagelok bulkhead tube fittings are available in a variety of end connections. They include the following: bulkhead unions • bulkhead reducers • bulkhead male connectors • bulkhead Swagelok to AN unions • bulkhead female connectors • bulkhead reducing unions.



Fig. 105 Swagelok bulkhead tube fittings are available in sizes for 1/16 through 1 in. OD tubing. BULKHEAD RETAINERS



Fig. 106 Bulkhead retainers are used to act as a backup wrench on the body hex of a bulkhead fitting and are available in tube sizes from 1/8 through 1 in. (see Fig. 109).



A Jam Nut



Body Hex B



Fig.107 Bulkhead Fitting
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 To install a bulkhead fitting, it is usually necessary to have one person hold the body hex while another tightens the jam nut on the other side of a panel and, again, while the fitting is being pulled-up (see Fig. 108).



A



Jam Nut



Body Hex B



Fig. 108 Tubing can be connected to end B by one person holding the body hex and pulling up the fitting according to installation instructions. To pull up the fitting on end A, without a bulkhead retainer, it is necessary to put a person on side B to hold the body hex while the person on side A tightens the Swagelok tube fitting according to installation instructions. By using the bulkhead retainer, one person can tighten the jam nut on side A for initial bulkhead installation. Tubing can now be connected to side A or B by one person with one wrench since the bulkhead retainer acts as a backup wrench (see Fig. 109).



A



Jam Nut



Body Hex



B



Bulkhead Retainer



Fig. 109 Bulkhead installation utilizing bulkhead retainer.



3-51



 INSTALLING SWAGELOK TUBE FITTINGS INTO SAE OR MS STRAIGHT THREAD PORTS Hydraulic equipment often uses SAE/MS straight thread ports instead of pipe threads. Such ports require a Swagelok tube fitting using an O-ring seal. A wide variety of Swagelok tube fittings, adapters, reducers, and plugs are readily available in steel and stainless steel materials with SAE/MS straight threads.



Fig. 110 Male SAE/MS Connector Straight fittings have an O-ring which is directly driven into the tapered port to make a seal (see Fig. 110). Positionable elbows and tees have an elongated male thread, a jam nut, metal washer, and elastomer O-ring (see Fig. 111). SAE/MS STRAIGHT THREAD POSITIONABLE ELBOWS AND TEES SAE/MS STRAIGHT THREAD POSITIONABLE ELBOWS AND TEES



Wrench Pad



Fig. 111 90° SAE/MS Positionable Male Elbow



Locknut Metal Washer



O-ring



1. Lubricate the O-ring with a lubricant that is compatible with the system fluid, environment, and O-ring material. (Standard O-ring material is Viton®. Other O-ring materials are available on request.) 2. Turn the fitting into the straight thread boss until the metal back-up washer contacts the face of the boss and forces the O-ring into the tapered port. 3. Position the fitting by backing it out (not more than 1 turn counter clockwise) until the Swagelok end is oriented in the proper direction. 4. Hold the wrench pad with a back-up wrench and tighten the locknut until the washer is against the face of the boss, forcing the O-ring into the tapered port.
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 NOTE: Positionable elbows and tees are compatible with SAE J1926 or MS16142 female straight thread O-ring bosses. While O-ring sealed ports are excellent for tight sealing, remember that O-rings do have some inherent disadvantages: 1. Some elastomer compounds are attacked by certain system fluids. 2. Elastomer compounds sometimes harden and crack under certain field conditions. Both system fluid and environment must be considered. 3. Elastomer compounds are easily damaged by sharp surfaces, burrs, or chips. 4. Special tools are required to make SAE/MS ports. For complete data on SAE/MS O-ring ports, see p. 8-8. PIPE END INSTALLATION Pipe threads are the most common end connections found in industry. They are well-understood, standardized, and relatively simple to make up for low pressure service. Pipe threads always need a sealant since there are designed-in gaps between male and female threads. There are many different pipe “dopes” or sealants available. Our tests show that for service up to 450°F (232°C), Swagelok TFE tape gives outstanding leak-free connections. Swagelok TFE tape is wrapped around male pipe threads. As the male and female thread are wrench-tightened, the TFE tape bunches up into small plugs of TFE which block leakage. Another excellent sealant for pipe threads is SWAK® Anaerobic Pipe Thread Sealant with TFE. It can be used from -65° to 350°F (-53° to 176°C). It seals the threads when air is excluded. SWAK pipe thread sealant with TFE is a semi-liquid, packaged in a squeezable plastic tube with a ribbon applicator.
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 SWAGELOK TFE TAPE PIPE THREAD SEALANT Note: Use 1/4 in. wide tape on 1/8, 1/4, and 3/8 in. male tapered pipe threads and 1/2 in. wide tape on larger male tapered pipe threads. Tape should be used only on male tapered pipe threads. Do not use on flared, coned, or tube fitting ends. Fig. 112 1. Clean both male and female tapered thread ends to ensure removal of dirt or previously applied antiseize compound or tape.



2. Beginning at the first thread, wrap tape in the direction of the male tapered thread spiral, and join with a slight overlap. (Two wraps are suggested for stainless steel tapered pipe threads.) 3. Make sure tape does not overhang the first thread, because the tape could shred and get into the fluid system.



4. Cut off excess tape. Draw the free end of the tape around the threads tautly so that it conforms to the threads. Press in firmly at the overlay point. The connection is now ready for proper make-up. Fig. 113 3-54



 SWAK® ANAEROBIC PIPE THREAD SEALANT WITH TFE



Fig. 114 Application Instructions



1. Remove ribbon applicator cap from tube.



2. Cut end of tube at indentation. Replace cap.



3. Clean all threads of oil, grease, or other contaminants. Apply SWAK a full 360° to the second and third threads. Any excess can be easily removed with a solvent such as acetone.



SWAK anaerobic pipe thread sealant with TFE provides reliable sealing on metal pipe threads. It also acts as a lubricant during assembly to prevent galling or seizing of threads SWAK is applied as a paste. When threaded components are assembled, SWAK hardens or cures to form a reliable seal.
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 If it is necessary to break the connection, SWAK allows low breakaway torque even when fully cured. Sealing depends on many variables: cleanliness of threads, temperature, component material, quality of threads, proper wrench make-up, specific gravity of system media, and system operating pressures. All gas systems require twenty-four hours for a full cure. Note: There are some materials not compatible with SWAK sealant. While not intended to be a complete list, they include the following: • Any plastic pipe or valve system other than TFE • Any halogens • pure oxygen • ozone • hydrazine • nitrogen dioxide • High concentrations of strong acids or bases • Food, cosmetic, drug, or water systems for human consumption • Vacuum systems where small amounts of hydrocarbon outgassing will affect performance A list of compatible materials is shown on the SWAK data sheet in your Swagelok Product Binder.
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 CHAPTER 4 Severe Service Swagelok tube fittings have been the choice of engineers and designers when unusually difficult or hazardous service is involved. Types of service vary widely. For most applications, the installer follows these simple instructions: 1. Insert the tube into the fitting until it is fully bottomed against the shoulder of the body. 2. Tighten the nut 1 1/4 turns. This is sufficient to obtain reliable performance. However, for severe service requirements, there are methods to ensure that installation is correct.



Fig. 1 MS-DMT-600 (3/8 in. tube size) a. To make sure that the tubing has been inserted through the ferrules and has reached the shoulder of the fitting body, the Depth Marking Tool (DMT) can be used (see p. 4-2). b. Check the gap between the nut and body hex with the Gap Inspection Gage (see pp. 3-36, 37, and 38) (see Fig. 2).



Fig. 2 These two steps have the additional advantage of verification by post-installation inspection so that the quality of the work done can be checked after installation without disassembling the tube fitting. 4-1



 USING THE DEPTH MARKING TOOL* (DMT) The Swagelok depth marking tool (DMT) is designed to provide safe installation of tubing into Swagelok tube fittings. Following are suggestions on how the DMT will ensure proper bottoming of the tubing on the shoulder inside the Swagelok tube fitting body. 1. Always select proper tubing for each application. Tubing should be cut cleanly and fully deburred on both the OD and the ID prior to using the DMT. 2. Insert the tubing into the DMT until it has fully bottomed in the tool (see Fig. 3A). 3. Mark the tube at the top of the DMT with a pen, pencil, or adequate marking device. (Avoid markers that contain chlorides which may cause stress corrosion in materials such as stainless steel—see Fig. 3B.) 4. Remove the tubing from the DMT and insert into the Swagelok fitting until it is fully bottomed inside the fitting body (see Fig. 3C). Inspect the mark on the tubing prior to fitting assembly. If any portion of the mark on the tubing can be seen above the fitting nut, the tubing has not fully bottomed inside the fitting. 5. After the tubing has been properly bottomed inside the fitting, mark the nut at the 6 o’clock position (see Fig. 3D). While holding the body with a back-up wrench, follow recommended Swagelok tube fitting installation instructions. * The depth marking tool should only be used on tubing intended for use with Swagelok tube fittings. Intermix or interchange of Swagelok tube fitting parts with parts made by other manufacturers should not be done.



Fig. 3A 4-2



Fig. 3B



Fig. 3C



Fig. 3D



 SAFETY CONSIDERATIONS FOR SEVERE SERVICE SYSTEMS 1. Do not bleed the system by loosening fitting nut or fitting plug. 2. Do not make up and tighten fittings when the system is pressurized. 3. Use the Swagelok gap inspection gage to ensure sufficient pull up. 4. Never allow problems to go unreported. 5. Always use proper thread lubricants and sealants on tapered pipe threads. 6. Avoid combining or mixing materials or fitting components from various manufacturers – tubing, ferrules, nuts, and fitting bodies. 7. Never turn the fitting body. Instead, hold the fitting body and turn the nut. 8. Never disassemble new or unused fittings. 9. Use only long reducers in female Swagelok ports. 10. Use metal tubing materials that are softer than the fitting material. For example, stainless steel tubing should not be used with brass fittings. 11. Use fully annealed tubing when tubing and fittings are made of the same material. 12. Always use an insert with extremely soft or pliable plastic tubing. 13. Check extremes of wall thickness against fitting manufacturer’s suggested minimum and maximum wall thickness limitations. 14. Check the surface finish of the tubing. Surface finish is very important to proper sealing. Tubing with any kind of depression, scratch, raised portion, or other surface defect will be difficult to seal, particularly in gas service. 15. Check tubing for ovality. Tubing that is oval, that will not easily fit through fitting nuts, ferrules, and bodies should never be forced into the fitting. HIGH PRESSURE GAS SYSTEMS What is high pressure? For purposes of definition we will consider “high pressure gas” to be gas systems pressurized to 500 psig (34 bar) or higher. Pressurized gas systems contain a large amount of stored energy. Because light gas can leak through the most minute leak path, the sealing of high pressure, relatively light gases becomes difficult.
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 Small scratches, gouges, nicks, or weld seams on the tubing OD may easily create a leak path. These deformities can sometimes cause problems even when the very best, Swagelok tube fittings, are used. The general suggestions for this severe service all apply to high pressure gas systems. In particular, tubing wall thickness should be carefully considered and no less than the minimum wall for “GAS SERVICE,” as shown on p. 2-2, should be used. Therefore, for best results in sealing absolutely leak-tight on high pressure gas systems, the following items are suggested: 1. Order good quality hydraulic tubing with proper hardness and a surface finish free of scratches or other defects. Be sure that minimum wall thickness for gas service is used (see p. 2-2). 2. Cut tubing cleanly, deburring both the ID and OD. 3. Insert tubing fully into the Swagelok tube fitting. Make sure that the end of the tube rests firmly on the internal shoulder of the fitting. 4. Follow “1 1/4 turns past snug” pull-up instructions (see p. 3-38). 5. Check each connection with the Swagelok gap inspection gage. 6. Never bend the tube after it has been inserted into the fitting. 7. If special cleaning treatments are used, consider the use of specially cleaned Swagelok stainless steel or alloy fittings with silver plated ferrules. 8. Consider use of VCO® or VCR® fittings if you are unable to get proper surface finish on tubing. Since tube is welded to the fitting, the tube surface finish and hardness do not affect the seal. COMPRESSED GASES ARE GENERALLY CLASSIFIED IN FIVE DIFFERENT CATEGORIES. 1. Corrosive—Gases which attack and damage materials and actually remove some of the material by chemical attack. Such chemical attack is usually more severe with the presence of water. Care in material selection is vital. Example: hydrogen chloride—hydrogen sulfide 2. Flammable—Gases which form a flammable mixture in air at 12 % or more concentration. Changes in temperature, pressure, and concentration may cause wide changes in flammability. Example: hydrogen, methane
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 3. Inert—Gases which generally do not react with ordinary materials at commonly used temperatures and pressures. Generally noncorrosive, non-toxic. Not hazardous except when used in confined spaces. Air can be displaced, making life support difficult. Adequate air supply and ventilation should be considered. Example—Helium, Argon 4. Oxidant—Gases which do not themselves burn, but which support combustion. Example—Oxygen 5. Toxic—Gases which produce deadly or harmful effects on humans by chemical attack. Example—Arsine, Phosphine OXYGEN SYSTEMS Oxygen has unique and hazardous properties. Handling it, either in the liquid or gaseous state, is a specialized field. Design and safety are the responsibility of oxygen system users, who should obtain qualified professional assistance to establish design specifications and operating practices for the safe use of oxygen. TOXIC, FLAMMABLE, EXPLOSIVE GASES Many industries such as the chemical, electronic, and analytical instruments regularly handle gases which are particularly hazardous. The exact same care as listed above for high pressure gases should be exercised for such system fluids. See 1 thru 8 above (see p. 4-4). In particular, these types of system fluids require even closer attention to detail than the high pressure gases above. Tube surface finish and careful deburring are essential. In assembly, extra care should be used in fully bottoming the tube in the fitting body before pullup. In some industries, notably electronics, “gas cabinets” are regularly used. If leakage occurs, such structures contain gas leakage and then vent such unwanted gases to a safe disposal area. If gas bottles or cylinders are used, they should always be fully secured in use, storage, and transit. The tremendous stored energy in such containers has caused severe damage and injuries in many recorded accidents, usually caused by dropping or tipping the container and breaking off the cylinder valve.
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 Fig. 4 Epitaxial reactor systems for electronic wafer production. Note the good bottom mounting support of valves and neat, functional stainless tube runs to valve ports. (Photo Courtesy: Thermco Products Co.) STEAM PIPING Steam is one of the most erosive of system fluids. High velocity steam can erode metals as hard as stainless steel in a very short time. Dry, superheated steam is less erosive than wet steam. Unless water chemistry is carefully controlled, corrosive inclusions add to the erosive properties and make steam a tough fluid to handle. When installing Swagelok tube fittings for steam service, the following precautions should be taken: 1. Material selection should be based on pressure, temperature, and environmental conditions. Both fitting and tubing must have compatible thermal properties. 2. Steam should be considered a gas for purposes of wall thickness determination (see pp. 2-2 and 9-2). 3. Deep scratches or gouges of tube OD must be avoided. A very slight steam leak through such a defect will become a larger leak as erosive steam etches a deeper valley in the tubing. 4. If steam temperatures are above 400°F (204°C), consider the use of Silver Goop® high temperature thread lubricant on fitting nut threads. Tracing Tracing is a method of providing heat or cold input to raise, lower, or maintain temperature in process piping systems and equipment. Tracing with electrical resistance heating will not be covered here. Swagelok tube fittings are commonly used to connect steam tracing tubing to prevent freeze-up in cold weather. Some fluids other than steam, such as Therminol® or Dowtherm®, are also used. Tracing can also be applied to piping and equipment which contain materials that could solidify or become extremely viscous, even in summer months.
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 This method is not covered in depth, since the amount of tracing required will vary with the application. An engineering analysis is recommended on viscous fluid tracing requirements. The severity of winters in a particular locale usually determines the need and methods of tracing. Of course, individual plant practices and preferences also influence requirements. The methods suggested in this manual are for guidance only. Process lines and equipment can be protected from freezing by using tubing as the tracing lines. Common steam tracing line sizes are 1/4 in. OD  0.035 in. wall, 3/8 in. OD  0.049 in. wall, 1/2 in. OD  0.049 in. wall copper tubing. The heavier wall tubing is preferred because the thicker wall gives improved performance during a cool-down period from full steam temperature and increases temperature cycling ability. It is during that time that thin wall tubing tries to shrink away from the fitting. Once this occurs, any slight scratch becomes a potential leak path. The tubing should be a fully annealed quality. Tracer Installation on Process Lines Locating Horizontal Tracers: A variety of techniques has been developed for positioning the tracing lines in the best manner for suitable heat transfer. Always supply steam to tracers on the high end of a sloping process line to prevent back-up of condensate. As a general guide, small tracers should not exceed 60 feet in length and the limit for all other sizes should be about 150 feet.



Jacketed Tracing



Two Channel Pipe Tracing



Single External Tube Tracer



Liquid Product



Multiple External Tube Tracer Insulation



Fig. 5 Tracer location on horizontal or sloping lines.



4-7



 Tracer Installation on Vertical Lines Locating Vertical Tracers: A single tracer on a vertical or nearly vertical process line can be spiral-wrapped. Multiple tracers on vertical lines should be equally spaced for the most efficient heat transfer. Steam In



Steam In



Fig. 6 Single Tracer; Spiral Wrapped



Multiple Tracers; Equally Spaced



Vertical lines with spiral-wrapped tracers do not require additional attachment. Tracer Installation on Horizontal Lines



Unequal



Fastener too Close to Flange



1/4 in. OD – 1 1/2 Ft. 1/2 in. OD – 2 Ft.



Condensate Trapped



Fig. 7 Wrong Side View



Right Top View



Horizontal lines with 1/4 in. OD tracers should be fastened every 1 1/2 feet, while 1/2 in. OD tracer lines should be fastened every 2 feet. Fasteners should be equally spaced on each side of flanges. Always use a large radius bend around the flange on a flat plane so that the loop is not below or above the level of the horizontal tube run.
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 The table below gives suggested information on the size and number of tracers for process lines of various sizes: Process Pipe Size



11/2 in. and smaller



Tracer Size** 1/4  0.035 in. or 3/8  0.049 in.



wall Copper Tubing



No. of Tracers **



Max. Tracer Length



Max. Tracer Length Between Traps*



1



60 ft



60 ft



2 in. and 21/2 in.



0.065 in. wall, 1/2 in. OD Copper Tubing



1



150 ft



150 ft



3 in. to 4 in.



0.065 in. wall, 1/2 in. OD Copper Tubing



2



150 ft



150 ft



6 in. and 8 in.



0.065 in. wall, 1/2 in. OD Copper Tubing



3



150 ft



150 ft



10 in. and 12 in.



0.065 in. wall, 1/2 in. OD Copper Tubing



4



150 ft



150 ft



*Use individual traps for each tracer line. Never manifold tracer lines to one trap. **Or as required by individual needs. Tracer Attachment to Process Lines Single tracer lines may be fastened to the pipe with wire, bands, or tape. Care should be taken to use wires or bands that are galvanically compatible with the pipe or tracer tubes. Tapes for stainless steel tubes and pipes should not contain chlorides or halides, since these can cause corrosive failures of the tracer or pipe. There are several manufacturers of glass fiber tapes that are free of such corrosives and good for temperatures up to 500°F (260°C). Care must be taken with some process fluids in stainless steel pipe to make sure that local spot overheating does not cause very rapid pipe corrosion on the inside of the pipe at the point the tracer contacts the outside. Such action can be prevented by a layer of insulation between the pipe and the tracer tube. Consult process data for details.
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 Multiple Tracers When attaching multiple tracer lines to a process line, fasten each tracer individually to the process line. This will prevent the tracer lines from sliding to the bottom of the process line.



Wrong



Right Fig. 8 Attachment of Multiple Tracers to a Process Line.



Expansion: Tracer tubing will expand as the temperature increases. The process piping will also expand when heat is transferred. The rates of expansion of the tracer tubing and the process line will usually differ because of unlike coefficients of expansion of the two materials and the temperature differential between the tracer and the process line. Sufficient slack in the tracer lines and expansion bends is required to prevent the tracer tubing from stretching or kinking. Review These Considerations Before Selecting A Tracing Method The capability of any given tracing installation must be matched carefully with the requirements of the system to be traced. Here are some important factors to consider: Extreme care should be used on installations where difficult bends and complicated valve manifolds are encountered. The choice of tracing techniques can be narrowed by temperature requirements, particularly where high temperatures are needed or where temperatures must be held within precise limits. The length and diameter of the process piping to be traced provide an indication of the liquid volume to be maintained at a specified temperature. Therefore, these dimensions should be measured accurately to help estimate tracing system heat requirements.
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 Heat loss depends, to a large degree, on the location of the piping to be traced. For example, different tracing methods would be needed for two identical installations if one were outdoors in a cold environment and the other were indoors. Another pertinent factor in estimated heat loss is the type and thickness of the insulation that covers the pipe and tracing. The choice of tracing techniques is limited if the installation is an existing process pipe that may not be moved or disconnected. New installations seldom present this problem. Some tracing methods will be ruled out if hot spots on a pipe would be incompatible with the process to be traced (causing unsafe conditions, for instance). Special installation may be needed. Heat source for the tracing system must be constant. Steam, for example, must be available even during shutdown. Steam Trap Installation



Insulation Swagelok Shut-Off Valve (B-18VS-8)



Steam Trap



Strainer



Swagelok Union Tee (B-810-3) 1/2 in. Tubing 6 in. Long Dirt Trap Swagelok Blow Down Valve with Swagelok Ends (B-18VS8)



Swagelok Male Connector (B-810-1-8) Discharge Line



Strainer Blow Down Valve



Grade



Fig. 9 A typical tracer line steam trap installation is shown in Fig. 9. The efficiency of tracer systems depends a great deal on the proper installation of steam traps. It is suggested that the following guide rules be used: 1. Insulate the steam tracer line to within 2 lineal feet of the trap inlet. 2. Always install a strainer in front of the trap to protect the steam trap seating surfaces. 3. Install a 6 in. long section of 1/2 in. OD tubing to provide a dirt trap in front of the trap. Large pieces of dirt or contamination accumulate in the dirt trap, thus increasing the service life of the trap. 4-11



 4. Install the trap, control valves, and strainer as close to the ground as practical. 5. Use 1/2 in. OD tubing for the trap discharge line. This line should be as short as possible and should discharge into a condensate recycle collection header. Make sure the discharge line is not a safety hazard. 6. Provide proper support for wiring the horizontal discharge line and accessories. 7. Suggested arrangement of components is shown in Fig. 9. System Start-up Instructions All new tracer lines should be pressurized with air and checked for leaks with SNOOP® or REAL COOL SNOOP® leak detectors. After performing any needed repairs, the system is ready for start-up with steam.



Fig. 10 Snoop Liquid Leak Detectors Tube Fittings—Swagelok brass tube fittings are suggested for use on copper tracer lines [trace steam temperature up to 400°F (204°C), since they provide easy, reliable, leak-tight connections. In many cases stainless steel tracing systems may be required due to the external environment. For maintenance ease, insulation should not be placed over the Swagelok tube fittings. Each Swagelok tube fitting is a union joint. Access to the fittings allows easy replacement of corroded or damaged tube sections. Wherever possible, locate the Swagelok tube fittings at the process pipe flanges or other uninsulated areas. When a Swagelok tube fitting must be used in an insulated area, provide a small window in the insulation for accessibility (see Fig. 11).
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 Process Line



Insulation



Window



Swagelok Union B-600-6 Swagelok Union 600-6



3/8 in. OD  0.049 in. Copper Tubing



Fig. 11 Tracer Installation on Process Equipment Two methods are available for installing tracers on irregularly shaped equipment such as valves, pumps, and instruments. The two methods are Spiral Wrapped and Flat Grid. Spiral Wrapping Method—Approximately 6 in. should be maintained between coils when the spiral wrapping method is used. Use Swagelok unions to permit removal of the equipment without uncoiling the tracer line. Steam In



1/2  0.065 in. Copper Tubing



6



Swagelok Union B-810-6 (2)



Fig. 12 Spiral Wrapping of Irregular Shaped Process Equipment.
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 When equipment must be frequently removed for servicing, the loop method of spiral wrapping is recommended as illustrated below. Steam In



1/2  0.065 in. Copper Tubing



6 in.



Swagelok Union B-810-6 (2)



Fig. 13 Spiral Loop Wrapping of Process Equipment for Easy Removal. Flat Grid Method—For flat or irregular surfaces, 1/4 in. OD tracer tubing should be used. The tubing should be bent to form a grid and shaped to the surface. A 6 in. spacing should be maintained between coils as illustrated in Fig. 14. Swagelok Union



Steam In



3 in. Radius



6 in. 6 in. 6 in.



Swagelok Union



Fig. 14
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 HEAT TRANSFER FLUIDS Commercially available heat transfer fluids are readily available. Some of the best known are the several different forms of Dowtherm and Therminol. Both liquid phase and vapor phase fluids cover a wide range of operating temperatures up to about 750°F (399°C). One of the chief advantages of such fluids is that high pressure equipment, steam traps, and water conditioning equipment are not necessary. Thus a high temperature system need not operate at high pressures as does a steam trace system. Heat transfer fluids are generally difficult to seal. Care should be exercised when fittings are used for such systems. In particular, wall thickness of tubing should be selected in line with gas pressure suggestions (see pp. 2-2 and 9-2). When selecting materials for Dowtherm or Therminol systems, follow the suggestion of the manufacturer of the fluid. ULTRA-CLEAN SYSTEMS Today’s high technology demands call for ever-more-stringent cleanliness requirements. Standard production Swagelok tube fittings are carefully degreased, but for certain electronic, aerospace, and ultra-pure gas systems, special cleaning may be required. Special cleaning can be performed for such applications. A number of different methods may be used, depending upon system requirements and fitting materials. And, specially-cleaned fittings are packaged individually in sealed, plastic bags. Consult your Swagelok representative for details. If Swagelok tube fittings are specially cleaned in the field, we suggest the following: Cleaning of the nut or back ferrule should be avoided because only the body and front ferrule are wetted parts. Galling and possible leakage may occur when absolutely dry parts are brought together under the high loads necessary to seal. Therefore, use specially cleaned, silver plated Swagelok front ferrules or apply a system compatible anti-gall material.
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 VACUUM SYSTEMS Swagelok tube fittings are widely used on industrial vacuum applications. The importance of keeping all action moving in an axial direction with absolutely no torque or rotary motion in making a seal is demonstrated in applying Swagelok tube fittings to vacuum work. Any scoring of the sealing surfaces could prevent a helium tight seal. The axial motion when making and remaking joints with Swagelok tube fittings results in pressing the sealing surfaces together so that there is no scoring of any surfaces and, therefore, helium tight joints can be made over and over again. Extreme care should be used in the handling of tubing for vacuum service to ensure successful use in your system. Scratches on tube surface can cause problems. In vacuum work, cleanliness is absolutely essential. All tubing used should be degreased and then dried thoroughly. If this is not done, oils and moisture may vaporize as pressure is reduced and the system will appear to leak even though it is tight. Tube fittings for vacuum work should also be specially cleaned. When using stainless steel or other special alloys that have tendencies to gall, we suggest that only the body and front ferrule be degreased as these are the only items that are within the system. The nut and rear ferrule are outside the sealed system and special lubricants that have been applied to prevent galling should not be removed. Swagelok Company can supply Swagelok tube fittings specially cleaned. Stainless steel and other special alloys use specially cleaned, silver plated front ferrules to prevent galling of specially cleaned parts. Swagelok metal tube fittings with TFE ferrules can also be used for quick, easy industrial vacuum connections. Consideration must be given to the cold-flow and outgassing properties of TFE and the greatly reduced holding power of TFE ferrules. Because of partial dependence on tube OD surface finish, when using “OD seal” fittings such as Swagelok tube fittings, we find that when systems are operating in the ranges of Very-High or Ultra-High Vacuum range (below 10 -6 torr), all welded systems are the most reliable. Swagelok tube or weld fittings (see Chapter 6) have been used in many such systems. Where system requires breakdown for cleaning or maintenance, VCO® or VCR® fittings are suggested (see pp. 6-7 and 6-8). Other Swagelok vacuum products include flexible metal tubing, flexible metal end Pyrex® tubing, and glass/metal transition tubes. Swagelok Ultra-Torr ® fittings are ideal for making quick, easily
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 removed vacuum seals, such as connecting to helium leak detectors or connecting metal to glass tubing. So, both Swagelok tube fittings and other style fittings like Swagelok VCO, VCR, etc., can be used on vacuum systems. Caution should be used if fitting components contain elastomers or plastics, especially if the vacuum system will see temperatures in the bakeout range. In bakeout applications, one should not mix metals when system temperatures will be increased unless coefficients of expansion are considered. For example, assume a 316 stainless steel fitting (coefficient of expansion 11  10-6/in./in./°F) were installed on alloy 400 tubing (coefficient of expansion 7.8  10-6/in./in./°F). When the temperature is raised, the stainless steel would increase in size at a greater rate than the tubing. The fitting would become loose on the tubing because of a property of the material (coefficient of expansion) coupled with the temperature change. On the other hand, if alloy 400 is put on stainless and raised to a high temperature, the joint becomes tighter. However, the stainless steel tubing increases in size at a greater rate than the alloy 400 fitting and may yield the fitting, and a leak could result upon returning to lower temperatures. Mixing materials is not recommended (i.e., using different materials for fittings and tubing) unless an engineering analysis is made of temperature variation. For your convenience, coefficients of expansion for materials commonly employed in tube fitting applications are given below: Material



Coefficient of Expansion in./in./°F



Stainless Steel (304 and 316)



9.00 to 11  10-6



Alloy 400



7.80  10-6



Brass



11.40  10-6



Aluminum



13.00  14  10-6



Carbon Steel



8.40  10-6



Copper



9.80  10-6
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 Temperature Rating: Operating temperature ratings are dependent on application and installation methods, cycle life required, and other variables. Consult your Swagelok representative for additional information. Use Swagelok TFE tape on pipe threads in a vacuum system to create a seal. VAC-GOOP ® lubricant is suggested for use in the vacuum system on bolts and surfaces where it is desired to prevent galling. VIBRATION Systems such as compressor or pump piping often have stringent requirements regarding fittings’ resistance to vibration. Well-designed fittings such as Swagelok tube fittings have built-in vibration protection. In applications where severe vibration is present, the best protection is to properly support the tubing near the fitting. Limiting the amplitude of the vibration increases fitting and tube connection life. It is particularly important in vibration applications to install fittings exactly according to suggested installation instructions. In particular, the bottoming of the tube against the shoulder of the fitting body should receive careful attention. If the tube is fully bottomed, the tube OD ahead of the ferrules is increased during pull-up. MAKE/BREAK One of the key qualities which distinguishes a well designed tube fitting from the ordinary is the ability to take frequent make and break service without losing sealing integrity. In instrument systems or temporary laboratory experiments, where constant cleaning or maintenance is required, a tube fitting with good make/break abilities may often save its price many times over. Swagelok tube fittings have earned their reputation since 1947 by their ability to seal difficult fluids repeatedly, after many make and break cycles. Our test programs are described in Chapter 7. As in any application, the original installation will often determine just how many make/breaks a connection can take while remaining leakfree. Our own tests indicate that 25 make/breaks are not unusual with proper care, although our customers routinely report far more than just 25 make/breaks.
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 The compensating action of the two Swagelok ferrules promotes longtime service under make/break conditions. IMPULSE / SHOCK 1. Impulse or pressure cycling is caused by many factors, but primarily by quick-opening valves in hydraulic systems. It causes considerable stress on a tubing system. The Swagelok two ferrule design absorbs such stress and allows the use of off-the-shelf tube fittings for such service. Proper support of tube runs, as close as possible to the fitting, will prolong the life of tubing connections. Proper assembly of tubing and fitting is essential. Tube wall (within the limits shown in Chapter 9) should be carefully considered and an additional design factor should be considered where severe impulses are present. Our own impulse testing is described in Chapter 7. 2. Shock may take many forms in tubing systems. It normally is considered as any type of a sudden, violent stress which may affect a tubing system. As described above, impulse or pressure cycling may be one type of shock. One example is a quick-closing valve which causes very rapid pressure changes. Temperature cycling, particularly very rapid cycling, is another form of shock. An example would be the shock which must be absorbed if an ambient temperature component is quickly immersed in liquid nitrogen. Another type of shock is a sudden jolt near a forging hammer or other heavy equipment which causes a sudden, but short-lived, shock condition.
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 ELEVATED TEMPERATURE SERVICE For purposes of definition, high temperature is considered to be above 100°F (40°C). A number of different factors must be considered when tubing and fittings are being used at elevated temperatures. MATERIALS The first consideration is the material required to resist high temperatures and temperature excursions over a long period of service. Temperature limits of most fitting and tubing materials are listed in ANSI Piping codes, including specific conditions regarding tubing materials and methods of manufacture. Table 1 shows the general range of maximum temperatures for the given materials. Aluminum



400°F



204°C



Copper



400°F



204°C



Steel



375°F



191°C



304SS



1000°F



538°C



316SS



1200°F



649°C



Alloy 400



800°F



427°C



Table 1 See Appendix, p. B-9 for additional information. TENSILE STRENGTH The second consideration is that as temperature increases, the tensile strength of metal decreases. Thus the allowable working pressure of tubing is lower at elevated temperatures than at room temperature. Table 2 lists the factors used to determine tubing pressure ratings at elevated temperatures. Multiply working pressure rating by the factors shown for temperature indicated.



4-20



 °F



Aluminum



Copper



Steel



304SS



316SS



Alloy 400



200



1.00



0.80



0.95



1.00



1.00



0.88



400



0.40



0.50



*0.86*



0.93



0.96



0.79



600















0.82



0.85



0.79



800















0.76



0.79



0.76



1000















0.69



0.76







1200















0.30



0.37







1400



























* Based on 375°F max. Table 2 WALL THICKNESS Finally, as temperatures increase, some fluids which are normally liquids can become gases. It is important to use the minimum wall thickness recommended for gas service as listed on pp. 2-2 and 9-2 for these applications. CRYOGENIC SERVICE For purposes of definition, cryogenic temperatures will be considered as temperatures below -100°F (-73°C). The primary consideration is similar to the primary consideration for elevated temperatures: material characteristics. PLASTIC MATERIALS In general, plastic and elastomer materials are not satisfactory for cryogenic applications. Plastics have much higher thermal coefficients of expansion than metals. Therefore, plastic components used as sealing members at room temperature, will shrink markedly when temperatures are lowered, causing leakage. Many plastics also have some porosity which allows water absorption. Water will solidify when temperatures are lowered and make the tube or fitting material brittle. Plastic manufacturers should be consulted before using plastics in cryogenic service.
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 ELASTOMER MATERIALS Most elastomers harden at low temperatures and may crack. Care should be exercised in selecting elastomer seals when cryogenic temperatures are required. Elastomers also have much higher thermal coefficients of expansion than metals. Used as sealing members at room temperature, they will shrink markedly when temperatures are lowered. This shrinkage may result in leakage. METAL MATERIALS The most commonly used materials in cryogenic piping systems are aluminum and austenitic stainless steel. Alloy 600, alloy 400 and titanium are also selected for some applications. It is particularly important to use the same alloy for both tube fitting and tubing so that thermal coefficients are the same. Tube wall thicknesses should be selected from the “Gas Service” minimum walls as shown in tables on pp. 2-2 and 9-2. It should be remembered that minimum walls for gas service should be considered even if cryogenic liquids are the system fluid. If at some time the system is brought up to ambient temperatures, the liquid will become a gas.
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 CHAPTER 5 Trouble Shooting This information is intended as a guide for installation of trouble-free fittings. These suggestions are not an exhaustive list of potential problems or solutions. Please be aware that Swagelok maintains a Technical Service Department for help in solving problems. If the cause of a problem is not immediately obvious, contact your Swagelok representative for assistance. Note: Pressure in a system should never be vented by loosening the nut on a Swagelok tube fitting. Such a procedure is dangerous. A bleed or vent valve should be used for this purpose.
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 TROUBLE SHOOTING Trouble 1. Tubing will not fit into fitting.



5-2



Possible Cause



Recommended Corrective Measures



Burrs on tubing from Deburr tubing. Use OD tube cutting operation. deburring tool. Flattened tubing from bearing too hard with hacksaw in cutting or using dull hacksaw.



Use caution in cutting soft tubing with hacksaw.



Tubing out of round from bending improperly.



Swagelok tube fittings are manufactured to tolerances to accept the upper limit of allowed tubing diameters used in tubing manufacture. If tubing is bent too far out of round, by improper bend, the tubing will not fit into the tube fitting. Use caution with bends when near the end of tubing.



Tubing is the wrong size for fitting. This seldom occurs, but infrequently a piece of 3/8 in. tubing may be used with a 5/16 in. fitting by mistake.



Make sure you use the proper size fitting for each diameter tubing. Check OD of tubing. Determine if it is fractional or millimeter size tubing.



Tubing is oversize. Poor quality tubing may exceed the allowed tolerances for tubing.



Buy good quality tubing. For 1/16 or 1/8 in. fittings, tubing should be ± 0.003 in.



Tubing end raised due to dull tube cutter wheel.



Replace with good sharp wheel or use good quality hacksaw for cutting. Use OD deburring tool.



 TROUBLE SHOOTING Trouble 2. Fitting cannot be pulled up proper amount of turns.



Possible Cause



Recommended Corrective Measures



This could happen with steel or stainless steel tubing that is very hard and not intended for fluid system applications.



Buy fully annealed, hydraulic or pressure type steel and stainless tubing of recommended hardness.



Interchange of other manufacturers components.



Use only Swagelok tube fittings. DO NOT INTERCHANGE.



Cleaning has been used on components, removing proprietary lubricants.



Never remove lubricants from nut. If special cleaning is required, clean body and front ferrule only. In stainless steel and special alloys, use specially cleaned, silver plated front ferrules.



Dirt or other contaminants on threads.



Protect all thread and seal surfaces from contamination.



Tube wall is too heavy.



Use tubing within suggested wall thickness.



Galled threads on nut or body.



Replace complete fitting.
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 TROUBLE SHOOTING Trouble 3. Leakage at Pipe Thread.



4. Leakage at Flare Joint.
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Possible Cause



Recommended Corrective Measures



Fittings not sufficiently tightened with mating thread.



Tighten fittings.



Experience indicates that pipe threads make poor seals, especially on higher pressure applications. Pipe threads require a sealant to make a leak-free connection.



Swagelok TFE tape should be used on all pipe threads to provide leak-tight sealing. SWAK anaerobic pipe thread sealant with TFE is also an excellent pipe thread sealant.



Pipe threads damaged from galling of materials during installation.



Good pipe thread sealants such as Swagelok TFE tape or SWAK also help prevent galling of pipe threads. Discard galled components.



Poor quality pipe thread either on female or male end.



Use high quality pipe threads, such as on Swagelok fittings. These pipe threads are precisionmanufactured, but this is not sufficient to make a leak-tight connection with a pipe thread on other equipment. Use a good sealant.



Poor flares. Cracked or split flare.



Use Swagelok tube fittings.



 TROUBLE SHOOTING Recommended Corrective Measures



Trouble



Possible Cause



5. Tubing leaks at fitting after initial installation.



Not using Swagelok tube fittings. Fittings not pulled up properly.



Use Swagelok tube fittings. Follow installation instructions. Check for hard tubing or galling. Use good quality annealed tubing. Check for sufficient pullup with a Swagelok gap inspection gage.



Tubing not bottomed in fitting body.



Cut-off ferrules and replace. Insert tube until it fully bottoms against shoulder of fitting body.



Tubing has deep longitudinal scratches or is nicked or otherwise damaged.



Handle tubing with care. Replace tubing or cut off damaged section and reconnect.



Fitting body was turned, instead of nut, galling seat and/or front ferrule.



Always connect fittings by turning the nut while holding body stationary.



Fitting not tightened according to installation instructions because of inaccessible location.



Pre-swage or use the Hydraulic Swaging Unit, then snug. See Pre-swaging and Hydraulic Swaging Instructions, pp. 3-40 through 3-43.



Fitting was used as vise or anchor to bend tubing by hand.



Replace tubing. Never use the fitting as a holding device for bending. This will deform the tubing inside of the fitting and pull the tube away from the seal.



Interchange of other manufacturer’s components.



Use only Swagelok tube fittings. DO NOT INTERCHANGE.



Poor weld bead removal on welded and drawn tubing. Raised bead or flat spots interfere with proper sealing.



Use high quality annealed welded and drawn hydraulic stainless steel tubing. If OD weld is easily seen with the naked eye, leakage may result.
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 TROUBLE SHOOTING Trouble 6. Tubing leaks at fitting after system installation.



7. Copper tubing leaks at fitting after operation above 400°F (204°C).
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Possible Cause



Recommended Corrective Measures



Damage caused by mechanical means outside the system.



Replace tubing and fitting and relocate where damage is less likely to be a problem. Check tubing supports.



Corrosion is eating away fitting or tubing.



Inspect connection for corrosion. If present, check corrosion compatibility of fluid, tubing, and fitting materials and ambient atmosphere. Consider galvanic action as a possible cause.



Cracking of tubing due to overstressing while making flare for a flare fitting.



Swagelok tube fittings should be used to replace such fittings and avoid this difficulty.



Interchange of other manufacturers’ components.



Use only Swagelok tube fittings. DO NOT INTERCHANGE.



Copper tubing becomes very weak above 400°F (204°C). This is an inherent characteristic of the material and not a function of fitting performance. Codes limit copper tubing to 400°F (204°C).



Heavier wall copper tubing will help in some cases for temperature cycling, but in no case should copper tubing be used above 400°F (204°C). Stainless tubing and fittings should be used.



 TROUBLE SHOOTING Trouble 8. Tubing leaks at reconnection following maintenance.



9. Flows are too low in system.



10. Fittings cannot be taken apart after high temperature operation.



Possible Cause



Recommended Corrective Measures



Fitting not properly retightened.



Follow instructions.



Dirt got into fitting or on ferrules while disconnected.



Observe cleanliness practices whenever disconnecting and reconnecting. Clean out foreign material and inspect fitting for damage. If ferrules or seat are damaged, replace the damaged parts.



Interchange of other manufacturers’ components.



Use only Swagelok tube fittings. DO NOT INTERCHANGE.



Obstruction in system.



When assembling a system, be cautious so that gravel, dirt, sand or other foreign materials do not get in tubing or fitting.



Single ferrule fitting has over swaged, restricting tube lD.



Use only Swagelok tube fittings.



System sized too small.



Check to determine if system should be constructed of a larger diameter tubing.



Pipe threads have welded together. Nut threads have welded to threads on tube fitting body.



SILVER GOOP® lubricant may be used on high temperature alloys for operation at high temperatures to 1500°F (816°C). While Silver Goop may prevent galling, it will not be a sealant. We know of no good thread sealant for use above 450°F (204°C). 5-7



 TROUBLE SHOOTING Trouble



Possible Cause



Recommended Corrective Measures



11. Tubing is deformed after system has been in operation.



Excessive pressure. Tubing of insufficient tensile strength or wall thickness was used.



Use stronger material or heavier wall tubing.



Freeze-up of water or condensate in steam tracing.



Prevention through proper installation, operation, and maintenance.



12. Polyethylene tubing slips from fitting.



Check ferrule material—TFE ferrules not satisfactory or possible undersize tubing.



Use metal or nylon Swagelok tube fittings with polyethylene tubing whenever possible.



13. TFE tubing slips from fitting.



Slippery characteristic of TFE material.



Use all metal fittings whenever possible. TFE fittings have very low pressure ratings.*



14. Glass tubing breaks when connecting fitting.



Metal ferrule used improperly.



Use Swagelok Ultra-Torr fittings. With Swagelok tube fittings, use a plastic front and back ferrule.



* The Swagelok PFA tube fitting, when used with Swagelok PFA tubing (which has been grooved with the Swagelok groove cutter), will hold to the rated working pressure of the tubing. Consult your Swagelok representative for pressure rating information on this combination.
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 TROUBLE SHOOTING Trouble 15. Seal is not obtained on glass tubing.



16. Tubing creeps from fitting when using plasticized PVC tubing.



Possible Cause



Recommended Corrective Measures



Glass tubing is millimeter size and not fractional size.



Use Swagelok Ultra-Torr fittings. Obtain tubing to fractional sizes or use Swagelok metric tube fittings, with nylon ferrules.



Glass tubing is undersize. This may happen even if some sections of the tubing are the right size.



Use Swagelok Ultra-Torr fittings. Obtain tubing that is no smaller than 0.032 in. in diameter under the designated fractional size. Example: Glass tubing should be at least 0.218 in. in diameter when used with 1/4 in. Ultra-Torr fittings.



Insert not used with plasticized PVC tubing.



Use Swagelok inserts with plasticized PVC tubing, or use Swagelok hose connectors.
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 CHAPTER 6 Special Purpose Fittings In previous chapters we have discussed general purpose flareless Swagelok mechanical grip tube fittings. In addition to these, there are several special purpose fittings. Each has certain characteristics which make it particularly desirable for specific applications. WELD FITTINGS Swagelok produces a complete range of tube and pipe weld fittings. Swagelok weld fittings provide permanent welded connections for critical applications involving corrosive fluids, shock from pressure surges, temperature cycling, system vibration, and ultra pure applications. Many different fitting configurations are available for tube socket weld (TSW), pipe socket weld (PSW), male pipe weld (MPW), male tube weld (MTW), and adapters in standard material of 316 stainless steel, as well as automatic socket weld (ASW). Automatic tube weld (ATW) and tube butt weld (TB) are available in 316L stainless steel. Tube Socket Weld Fittings (TSW)



Tapered socket speeds layout, assembly, and alignment.



{



Precise machining of socket.



Male Connector



Accurate socket depth ensures proper tube support and consistent assembly.



Fig. 1
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 Pipe Socket Weld Fittings (PSW)



Union



Heavy wall, plus strength of material, ensures long life in severe service applications.



{



{



Quality machining of all surfaces ensures consistent welding to pipe.



Socket depth equals or exceeds requirements of ANSI B16.11 and ensures proper pipe support.



Fig. 2 Adapters Tapered socket speeds layout, assembly, and alignment.



37 1/2° chamfer ensures proper weld fillet (MPW only).



Precise machining of socket ensures proper tube fit.



{



Smooth internal finish minimizes turbulence.



Accurate socket depth ensures proper tube support and consistent assembly.



Male weld end can be butt or socket welded.



Fig. 3
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 Pipe to Tube Weld (MPW) Used to reduce from a pipe butt weld or pipe socket weld to a smaller tube size. Pipe Socket



Adapter



Pipe



Adapter



Tube



Tube



Fig. 4 Fig. 4



Tube to Tube Weld (MTW) Used to reduce from a tube butt weld or tube socket weld to a smaller tube size. Tube Socket



Tube



Adapter



Adapter Tube



Tube



Fig. 5 Fig. 5



Swagelok tube butt weld (TB), automatic tube weld (ATW), automatic socket weld (ASW), and Micro-Fit® weld fittings are designed for systems welded manually or with automatic welding equipment. Standard material for TB, ATW, and ASW is 316L stainless steel. Standard material for Micro-Fit fittings is 316L VAR (vacuum arc remelt). Some Micro-Fit fitting sizes and configurations are available in 316L and alloy C-22.
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 Tube Butt Weld Fittings (TB)



Controlled surface finish is available for high-purity systems.



Union Elbow



Precisely finished diameter matches tube diameter.



Tube ends are machined with square face and corners to enhance alignment and maintain tube wall uniformity.



Fig. 6 Automatic Tube Weld Fittings (ATW)



Precisely finished diameter matches tube diameter. Controlled surface finish is available for high-purity systems.



Union Tee



Integral filler ring aids in alignment.



Fig. 7
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 Automatic Socket Weld Fittings (ASW)



Thin wall reduces weld heat input. Tapered socket speeds layout, assembly, and alignment.



{



Precise machining of socket.



Union Tee



Accurate socket depth ensures proper tube support and consistent assembly.



Fig. 8 Micro-Fit Fittings Swagelok Micro-Fit weld fittings are designed for tubing systems requiring lightweight, close component spacing, and cleanliness. These miniature fittings equal the flow rate and service ratings of larger fittings designed for the same size tubing. They are available in standard fractional and metric sizes. Fig. 9



Rounded body block prevents injury or damage to other components during system fabrication or maintenance. Laser etch marking identifies manufacturer, material, and, when applicable, the appropriate process designator according to Swagelok companies SC-01 Specification.



Radius junction allows for a smooth flow transition and is designed to eliminate pockets and entrapment zones.



Material heat code is roll stamped during first manufacturing operation to ensure raw material traceability.



Square, sharp, burr free tube weld ends enhance alignment, maintain tube wall uniformity, and promote weld repeatability.



Fig. 10
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 WELDING SYSTEM The Swagelok welding system is an orbital welding system. It can be used to weld a variety of tubing and valves and fittings with weld end connections. The Swagelok welding system uses the gas tungsten arc welding (GTAW) process, which is commonly referred to as TIG (tungsten inert gas) welding. During the welding process, the components to be welded are held stationary in a fixture while an electric arc is mechanically rotated around the weld joint. Various weld heads are available that allow the Swagelok welding system to accommodate outside diameter sizes ranging from 1/16 to 2 in. and from 3 to 52 mm.



Fig. 11 FACE SEAL FITTINGS VCR Metal Gasket Face Seal Fittings Swagelok VCR metal gasket face seal fittings offer the high purity of a metal-to-metal seal, providing leak-free service from critical vacuum to positive pressure. The seal on a VCR assembly is made when the gasket is compressed by two highly polished beads during the engagement of a male nut or body hex and a female nut. Female Nut Gland



Gland



Gasket Retainer Assembly



Male Nut



Fig. 12 6-6



 “S” Type VCR Face Seal Fittings for Ultra-Pure Systems The Swagelok “S” Type VCR is a boreline face seal fitting with two opposing glands engaging a retained gasket to create a seal without any areas of entrapment. This design utilizes an anti-twist assembly and is more compact than the VCR fitting.



Fig. 13 VCO O-ring Face Seal Fittings Swagelok VCO O-ring face seal fittings are designed for rapid make and remake in pipe, tube, and welded systems. Because of their unique design, zero clearance is accomplished, allowing easy installation where space is limited. Sealing is accomplished with a captive O-ring in the body component. Assemblies can be used from high pressure to critical vacuum, within a wide range of temperatures. O-ring



Body



Gland



Female Nut



Fig. 14
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 “B” Type VCO Face Seal Fittings The Swagelok “B” Type VCO fitting uses a unique L-Ring Seal that eliminates concavity at the bore. This feature reduces the potential for media entrapment. Nut



L-Ring Seal Body



Gland



Fig. 15 VACUUM FITTINGS AND TUBING Ultra-Torr® Fittings Swagelok Ultra-Torr fittings are designed to provide a vacuum-tight seal with quick, finger-tight assembly on glass, metal, or plastic tubing. Although specifically designed for vacuum service, they can also be used in some pressurized systems. However, tubing must be mechanically contained to prevent it from being forced from the fitting.



Fig. 16
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 Stainless Steel Flexible Tubing Swagelok flexible tubing is designed for use in vacuum or low positive pressure applications. Flexible tubing compensates for misalignment, expansion, and contraction in fabricated systems. It is compressible by at least 20 % and extendable by 50 % of its nominal produced flexible length.



Fig. 17 HIGH PRESSURE TUBE FITTINGS Swagelok severe service/high pressure tube fittings are designed and manufactured for use on heavy wall stainless steel tubing. They are used for high pressure up to 60 000 psig (4134 bar), high safety factor, or unusually difficult applications requiring very high mechanical strength. Instead of the ferrule making the complete seal and hold as with Swagelok tube fittings, the Swagelok severe service/high pressure fitting uses the ferrules as the driving and holding mechanism. The end of the tube, coned to a 57° to 59° angle before fitting make-up, is used for the seal to the body. The coning operation offers two significant advantages: 1. It reduces seal diameter by about 50 % so that the force of the fluid pressure is reduced by 75 %. Thus the force trying to separate the tube from the fitting is only about 1/4 of that if seals were made on the tube OD. 2. All seals are made on machined surfaces. Tube surface imperfections such as scratches and nicks do not affect the sealing integrity.
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 Typical sizes and tube wall thicknesses are: Outside Diameter



Wall Thickness



1/4 in.



0.083 and 0.095 in.



3/8 in.



0.125 in.



9/16 in.



0.125 and 0.187 in.



Both tempered 60 000 psig (4130 bar) and annealed 30 000 psig (2060 bar) tubing are commonly used. Tempered tubing should always be pulled up in a Swagelok Pre-Setting Tool. Annealed tubing may be made up in a Pre-Setting Tool, but can also be made up directly in the fitting body. Swagelok Inspection Gages can be used to check for proper pull-up of the fitting.



Fig. 18 FITTINGS FOR VERY SOFT PLASTIC TUBING (such as unplasticized PVC) Many types of soft plastic tubing are used in laboratory or low pressure air systems. Unplasticized PVC tubing, such as Tygon, is often used because of its purity, transparency, excellent flexibility, and smooth interior surface. Swagelok metal or plastic tube fittings have been used for many years on this tubing with excellent results. The only additional requirement beyond the needs for use on metal tubing is an insert, made to support the tubing so that it will not collapse when the ferrules deform the tube.



Fig. 19 Insert



6-10



 Fig. 20 Insert used in Tygon tubing with Swagelok male connector Another excellent connection for such service is the Swagelok hose connector (HC). This hose-type fitting has a specially designed serrated shank which properly stretches the tube for optimum sealing. An optional sleeve may be used when working pressure is more than 50 % of the maximum working pressure of the tube.



Fig. 21 Male hose connector for soft PVC tubing with sleeve FITTINGS FOR HARDER PLASTIC TUBING Fittings for polyethylene, polypropylene, TFE, and PFA tubing are available in a wide range of Swagelok tube fitting sizes and materials. Both metal and nylon fittings can be used on these tubes. TFE fittings on TFE tubing have reduced pressure ratings due to the slippery finish on both components. However the PFA Swagelok tube fitting, when used with Swagelok PFA tubing (and grooved with the Swagelok groove cutter), will hold to the rated working pressure of the tubing. Consult your Swagelok representative for pressure rating information on this combination.
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 Fig. 22 Control panel using Swagelok brass fittings with nylon tubing. (Insert not required.) QUICK-CONNECTS Swagelok quick-connects are mechanical devices which rapidly join and separate fluid system components without the use of tools. Quickconnects offer these benefits: • easy to use • minimum equipment downtime • no tools required to make or break a connection • no possibility of cross threading, galling, under-tightening, or overtightening • single-end shutoff (SESO) - These quick-connects offer a shutoff valve in the body with no shutoff in the stem. The body valve automatically shuts off when the stem is removed. • double-end shutoff (DESO) - These quick-connects are the same as the SESO, but they have a small poppet valve in the stem as well. Thus, when the stem is removed from the body, pressure is shut off automatically at both ends. This feature minimizes: SPILLAGE-The amount of system fluid that escapes when a quickconnect is uncoupled. AIR INCLUSION-The amount of air trapped between the body and stem valves that enters the system when a quick-connect is coupled.
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 A typical quick-connect assembly consists of a male stem and a female body. The male stem is inserted into or against the female body. A locking mechanism then locks the component halves together. Typically, an O-ring or elastomer is employed to create a seal to atmosphere. Quick-Connects for Instrument Applications (QC) These quick-connects are designed for use in positive pressure and vacuum services. They can be used in a wide range of applications including gauge calibration, system sampling, portable test equipment, and laboratory equipment. They are available in single-end shutoff or double-end shutoff designs. They are standard in brass or stainless steel with pressures to 3000 psig (206 bar) and temperatures to 400°F (204°C).



Fig. 23 QC Single-End Shutoff (SESO) Quick-Connect



Fig. 24 QC Double-End Shutoff (DESO) Quick-Connect
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 Keyed Quick-Connects (QC) These quick-connects are similar to Figs. 23 and 24, but have an important additional safety and convenience feature. Color-coded, positive mechanical lockout devices or keys prevent intermixing of keyed stems into an unlike color-coded keyed body. No connection can be made between unlike stems and bodies. Thus unwanted fluid mixing cannot occur. As an example, a gauge calibration stand might have four different pressure ranges. The use of keyed quick-connects would prevent damage to a gauge which could occur if, for example, an 0-100 psig (7 bar) gauge were to be accidentally plugged into a 0-500 psig (35 bar) test supply. They are also used extensively in keying various gas or liquid connections where cross-mixing could be dangerous or expensive.



Fig. 25 Keyed QC Series – 8 different keys available Full-Flow Quick-Connects (QF) These quick-connects have no valve and offer high capacity, straight-through flow with no restrictions. They are commonly used on transfer lines or drain and vent systems. They can be used with flexible or rigid tube, pipe, or hose. Pressures are to 6000 psig (413 bar) and temperatures are to 400°F (204°C).



Fig. 26 QF Series Full-Flow Quick-Connect
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 Quick-Connects for Industrial Applications (QH) These quick-connects are designed for applications where low spillage, minimal air inclusion, and higher pressure ratings are required. Typical applications include steam, air, water, and hydraulics with pressure ranges to 6000 psig (413 bar) and temperatures to 400°F (204°C). These rugged quick-connects are available in carbon steel for high performance in a less costly design. Viton seals provide large sealing areas with excellent fluid compatibility. The flush valve design in both the body and the stem minimizes air and dirt inclusion when coupling and spillage when uncoupling. The unique safety release button protects the operator and prevents accidental uncoupling at all pressures. Flow in the QH series is available in double-end shutoff, single-end shutoff, and full-flow designs.



Fig. 27 QH Series Quick-Connect Miniature Quick-Connects (QM) These quick-connects are for use in systems utilizing small sizes of pipe or tubing. QM series are available in brass or stainless steel. They allow for finger-tip operation and provide a lightweight, reliable connection in vacuum or pressure service. They are available in singleend shutoff, double-end shutoff, and full-flow models. They will provide service to 4000 psig (275 bar) and 400°F (204°C) with minimal air inclusion and spillage.



Fig. 28 QM Series Quick-Connect 6-15



 Quick-Connects Without Elastomer O-rings (QTM) Most quick-connects use elastomer O-rings as their seals. All quickconnects shown above are included in this category. The QTM quickconnect series has several unique features which make it ideal for use on many fluids which would degrade elastomeric O-ring materials. They are ideal also for use in contaminated atmospheres where exterior factors could affect elastomer seals. This family of quickconnects is made entirely of 316 stainless steel with TFE seals. Singleend shutoff and double-end shutoff models are available with the keyed option. Pressures are to 4500 psig (310 bar) and temperatures are to 120°F (48°C). Because this particular type of quick-connect is used on many corrosives or otherwise hazardous fluids, it has several added safety devices: 1. An engineered safety release button must be depressed and slid forward to uncouple (see Fig. 29). Accidental uncoupling is virtually impossible. 2. Stainless steel metal parts protect all working parts so accidental damage to seal areas will not occur if the quick-connect is dropped or otherwise roughly handled. 3. “Locking dog” locking mechanism holds the stem securely in the body when coupled. 4. Keyed QTM quick-connects are available (see Fig. 30). Fig. 29



Fig. 30



Keyed QTM Series 6-16



 HOSE PRODUCTS



Fig. 31 Flexible Metal Hose Flexible metal hose is a length of tubing made flexible by means of convolutions. It may be readily bent and yet remain gas and liquid tight. Swagelok flexible metal hose can be used for many applications such as reduction of piping stresses, compensation for misalignment, thermal expansion and contraction, vibration absorption, noise control, and flexible connection for reciprocating motions. Swagelok flexible metal hose is made of 316L heavy wall stainless steel tube with 321 stainless steel braid. Many Swagelok components can be welded to the end of the hose. End connections include Swagelok tube fitting, tube adapter, VCO, VCR, and NPT. Temperatures range from cryogenic to 1000°F (537°C) and pressure ratings are to 3100 psig (213 bar).
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 TFE Lined Hose This metal braided hose, lined with TFE, is used where an extremely smooth, corrosion resistant interior is required. Swagelok TFE lined hose consists of a TFE core tube, 304 stainless steel braid, and 316 stainless steel end connections. TFE is inert to almost all commercial chemicals, acids, alcohols, solvents, and many other system fluids. It works well in temperatures from cryogenics up to 450°F (230°C). It is not affected by continuous flexing, vibration, or impulse, and it withstands temperature cycling. It does not absorb either hot or cold moisture and, therefore, can be used in steam applications to 250 psig (17.2 bar). TFE hose has maintained a 0.040 maximum wall thickness to help resist permeation, kinking, and abrasion. The smooth core tube is also available in carbon filled TFE if the possibility of static electric discharge exists. End connections include Swagelok tube fitting, tube adapter, NPT, VCO, male AN, sanitary flange, and JIC 37° AN Swivel. Push-On Hose Swagelok Push-On Hose is designed to take advantage of a fast, low cost method of assembling low pressure lines on the job site. Hose lines can be installed in seconds. Push-on hose eliminates the need for clamps, bands, or tools when assembling. Due to its Buna-N cover and core tube, the hose can be used in a wide variety of applications including air, water, oil, grease, and many solvents. When assembling the hose and the end connection, it is only necessary to push the barbed end into the hose until completely bottomed. The end connection may be reused by simply cutting and removing the hose. Tube adapter and male NPT and BSP/ISO tapered end connections are available in brass and 316 stainless steel. Pressures are to 350 psig (24 bar) and temperatures are to 200°F (93°C). Thermoplastic Hose Swagelok offers several different varieties of thermoplastic hoses to meet a wide range of services and applications. Hoses are available with Swagelok tube fitting, tube adapter, NPT, JIC 37° AN Swivel, and BSP/ISO parallel and tapered thread end connections.
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 Thermoplastic Hose for Industrial Fluid Applications (7R/8R) Swagelok thermoplastic hose is designed to handle a wide range of industrial fluids. The use of thermoplastic materials for the tube, reinforcement, and cover ensures performance capabilities beyond conventional wire-reinforced rubber hose. The Nylon 11 core tube is free of manufacturing soapstone or grit and is compatible with most chemicals, solvents, hydraulic oils, and synthetic fluids. The synthetic fiber reinforcement, unlike wire reinforcement, resists fatigue caused by flexing and rugged handling. Swagelok thermoplastic hose is also 60 % lighter in weight than conventional rubber hoses with wire reinforcement. The rugged polyurethane cover provides for abrasion resistance and longer service life over comparable rubber hose. Unlike rubber hose which cures on the shelf, thermoplastic hose has an unlimited shelf life and is resistant to UV light and ozone. The 7R hose is available in pressures to 2750 psig (190 bar), and the 8R hose is available in pressures to 5000 psig (345 bar). Both hoses can be used in continuous service to temperatures of 200°F (93°C). Thermoplastic Hose for High Purity Service (7P) Swagelok poly-pure hose is designed with a polyethylene core material that is in compliance with FDA regulations and NSF standards for contact with water, food, and beverage. Applications include drinking water, potable water, deionized water, washdown lines in food service, water filtration, and food filling lines. The light blue, nonperforated polyurethane outer cover protects against abrasion, cuts, cracks, and exposure to UV light and ozone. Swagelok poly-pure hose should not be used in gas service due to its non-perforated cover. This hose can be used in temperatures to 150°F (65°C) and pressures to 2750 psig (190 bar). Thermoplastic Hose for Electrical Isolation (7N) Swagelok non-conductive thermoplastic hose has been designed with a non-perforated cover to prevent moisture from entering the hose and affecting its overall conductivity. Applications for this hose include areas where there is a need for electrical isolation of instrumentation, equipment, or an operator. The hydraulic tool and mobile equipment are two of the major uses for the 7N hose. An orange polyurethane cover protects the hose from abrasion and identifies the hose as nonconductive. This hose is pressure rated to 2750 psig (190 bar). Swagelok 7N hose should be used for liquid service only.
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 Thermoplastic Hose (with Conductive Core Tube) for Natural Gas Service (CCNG) Swagelok conductive compressed natural gas hose is designed to maintain electrical continuity during use. Applications include places where the conductive core tube needs to transmit all electrical charge along the hose to a ground instead of to equipment or operators. Also, in applications such as fill stations for natural gas vehicles (NGV), where an electrically charged build-up could result in a spark, the Swagelok CCNG hose will eliminate the static electric build-up. Hose is pressure rated to 5000 psig (345 bar). SWAGING TOOL An advantage of using Swagelok thermoplastic hose is the ability to make assemblies on site. Swagelok has made available two efficient, simple-to-operate tools for swaging end connections to thermoplastic hose. Power Swager The power swager is an electric tool which hydraulically swages end connections to hose. This efficient, high speed tool with its unique design allows the dies to open and close automatically. It takes only seconds to assemble an end connection. It is ready to use and an operator can be trained quickly. One machine can swage all sizes of end connections and hose. Fig. 32
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 Hand Swager This rugged, die-cast aluminum tool can make quality hose assemblies where electrical power is not available. Its light weight (8 lb/3.6 kg) makes it portable for field assembly. It can be bench mounted or, with its own carrying case, the swager can be carried right to the job site.



Fig. 33
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 CHAPTER 7 Testing and Evaluation of Tube Fitting Performance This chapter discusses a number of different tube fitting tests which require specialized equipment. Also, some of the tests are destructive in nature. Before undertaking such a test program, be sure that all safety precautions are followed. AVOIDING PITFALLS 1. What is the test trying to prove? 2. Will test results be the basis for recommended changes, etc.? 3. Will an independent test laboratory be used? 4. Will valid statistical sampling be employed? 5. Will extrapolation be used to minimize test costs? 6. Will field use conditions be simulated? PLANNING THE TEST PROGRAM 1. Obtaining fittings 2. Obtaining tubing 3. Selecting sizes 4. Selecting materials 5. Selecting fitting configurations IMPLEMENTING THE TEST PROGRAM 1. Gas leak tests A. Call a leak a leak 2. Vacuum tests 3. Make-break tests A. Use of a variety of configurations B. Random interchange of components C. Importance of make-break testing a. Tube expansion b. Different ferrules into one body c. Different bodies with same ferrules d. Thread integrity e. Degrading of seal surfaces 4. Vibration tests 7-1



 5. Tensile pull tests 6. Rotation tests 7. Hydraulic impulse and burst tests A. The value of hydraulic burst tests 8. Thermal cycling tests A. Factors affecting seals a. Relative wall thickness b. Different thermal coefficients c. Length of tube support in fitting d. Rate of temperature change B. Effects of steam 9. Interchangeability/intermixability tests OVERVIEW Increasing complexity of tubing systems places growing importance on testing and evaluation of tube fitting performance. The goal: to eliminate the high costs and safety hazards of leakage in fluid systems. However, not all tests are reliable. Some may not be objective. Some may be based on predetermined results. And some may lack statistical validity or use extrapolation to short cut costs. This chapter includes suggestions on how to avoid the above pitfalls as well as a discussion on types of tests and procedures to ensure credible results. Most of the observations, data, and recommendations herein are the results of experience gained by Swagelok Company through in-house testing, customer tests, competitor tests as published, and outside or independent tests. AVOIDING PITFALLS The following questions should be considered before starting a test program. (They also can be asked in the past tense when evaluating completed tests.) 1. What is the test trying to prove? Often the purpose of a test is to prove a predetermined conclusion. Perhaps a department has been told to cut the tube fitting costs by testing to “prove” that a cheaper fitting will do as good a job as a more expensive one. If the result is predetermined, the “test” is a waste of time.
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 2. Will test results be the basis for recommended changes even if good or bad long-time experience contradicts those results? Often we have seen poor test results on a few fittings under controlled lab conditions far outweigh the success of hundreds or even thousands of leak-free connections in the field. Conversely, excellent lab test results often are accepted even though in-plant operating results for the product are disastrous. 3. Will an “independent” test laboratory be used? There are many reputable test laboratories where tests are performed in a thorough and objective manner. Since someone, however, must pay for independent testing, there is always the possibility that the payor tells the payee what to test and how to test it. Usually there is no way of knowing whether additional tests were performed and the results not published. There are documented cases of a tube fitting manufacturer making up tube assemblies with two different manufacturers’ fittings and different tubing, and then submitting them to an “independent” lab. Naturally, the payor’s fittings performed admirably, while those of his competitor did not do as well. Yet the results of this rigged test are believed by those who do not take time to carefully evaluate the published report. Tests of this nature seldom can be considered truly “independent” because the scope of tests, sizes tested, materials tested, and the types of tests and reporting methods are all determined by the payor. 4. Will valid statistical sampling be employed? Often, as indicated previously, a major company using more than 100 000 tube connections a year will test only five or ten connections in one or two sizes. Test results are likely to ignore supremely satisfactory or grossly unsatisfactory performance in the field. Such invalid statistical methods often lead to erroneous conclusions. 5. Will extrapolation be used to minimize test costs? Many times brass fittings are tested on copper tubing in, for example, 1/4 and 3/8 in. sizes. Then the assumption is made that the fittings will work equally well on other materials such as steel, stainless steel, aluminum, alloy 400, etc. Further assumptions may be made that larger fitting sizes will work as well as the smaller ones. Such assumptions are dangerous. If the fittings are to be used in 1/4 through 1 in. sizes, the 1 in. size also should be tested. 7-3



 6. Will field use conditions be simulated? Field conditions involving varying pressures, temperatures, impulsing, vibration, and make-break can affect a fitting’s performance. Also, variations in tube material, wall thickness, concentricity, and hardness can affect fitting success. Merely following manufacturers’ recommendations is not enough, because a considerable percentage of fittings are not installed correctly. Undertightening and, particularly, overtightening are the rules, not the exceptions. Also, be wary of applying laboratory test results to field use. Lab tests may lack validity because laboratory technicians, by their nature and training, try to make things work. They are unusually careful. On the other hand, field fitters seldom take the same care as laboratory technicians do for test work. Careful consideration of the foregoing six questions will avoid pitfalls in new test programs or will reveal them in tests which have been completed and published. The best test of any component, such as a tube fitting, is repeated use in large numbers under various installation and operating conditions in the field. PLANNING THE TEST PROGRAM Good planning includes careful selection of fittings, tubing, sizes, materials, and configurations to be tested. Again, the same considerations can apply to evaluation of completed tests. 1. Obtaining fittings Never use free samples. There is always the shadow of suspicion that they are specially made, hand-inspected, or treated differently from off-the-shelf products. Ideally, test fittings should be purchased through normal suppliers disguising in every possible way the fact that they are for evaluation testing. Obviously, defective fittings should be considered and recorded as failures. Some users buy fittings through a different department or from a plant in another area or several different areas.
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 2. Obtaining tubing Tests should employ tubing normally used in the plant. No special selection or treatment should be involved. If plant tubing is not available, tubing can be bought to specs recommended by fitting manufacturers, or to ASTM or other applicable standards. If stainless steel tubing is required, both welded and drawn and seamless should be tested, unless only one or the other is used exclusively in actual plant service. Certain manufacturers recommend only seamless tubing. It is unfair to test their fittings on welded and drawn tubing. Also, it is unfair to test only seamless tubing if welded and drawn tubing is a plant requirement because of wall thickness, concentricity considerations, or its substantially lower cost.



Fig. 1 Thick and thin wall stainless steel tubing Test more than one wall thickness. If, for example, fittings are to be used on 0.035, 0.049, 0.065, and 0.083 in. wall thickness, at least 0.035 and 0.083 in. should be tested (minimum and maximum wall). All tubing should be cut in exactly the same way. The two sides of each tube cut should be put into competitive fittings if competitive tests are being conducted. This offers the best chance of cutting the variables and assuring a valid test.
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 3. Selecting sizes Leakage at a fitting seal is approximately proportional to seal diameter. A 1 in. fitting is about eight times as likely to leak as a 1/8 in. fitting. Bigger circles are tougher to seal than smaller circles; so it follows that if you test the largest fitting you expect to use, it is better than testing the smallest. If the larger fitting works, it is even more likely that it works in smaller sizes. The reverse is not true. 4. Selecting materials Test fittings in all materials you expect to use. A brass fitting may work well, but the same fitting in steel or stainless steel may fail miserably. The fact that it works in stainless does not necessarily indicate that it will work in other alloys—alloy 400, alloy C-276, etc. 5. Selecting fitting configurations Test several configurations. Elbows, tees, and crosses are made from forgings, which normally are softer than the bar stock used in straight fittings. Therefore, different factors may affect sealing and holding ability, as well as thread life. Testing several configurations negates the possibility of all test fittings being made on the same machine on the same day with the same tools. Testing for quality control of four different configurations, for example, is a much tougher and more valid test than testing four fittings of one configuration. Nuts and ferrules are more likely to come from different manufacturing lots. The following in each size, material, and wall thickness would give you a representative test for quality and consistency. Cap



Union Elbow



Union



Male Connector



Fig. 2 Typical test set-up 7-6



 Such an assortment will make six connections—four bar stock fitting connections and two forged body fitting connections. This ensures a more valid test of consistency because the fittings would be made on various machines at various times. Testing different configurations also provides an excellent quality control check on a manufacturer in terms of holding critical tolerances throughout the product line. Such tolerances are discussed under “Make-break testing.” A good test of quality control and consistency is to take apart all the fitting components and measure the following: Front Ferrule



Back Ferrule



Nut















Outside Diameter











Length











Body Inside Bore Diameter Skirt Diameter



 







Measure the total spread of measurements of each manufacturer to check consistency and quality control. Never “average” the variations in any critical dimension. Maximum deviation from highest to lowest measurement of such dimensions will reveal a great deal about a manufacturer’s quality control. Thorough planning in the above areas is time well spent in ensuring a comprehensive, objective, and valid test program, and information gained may determine that further tests are not needed. The best test of any component, such as a tube fitting, is repeated use in large numbers under various installation and operating conditions in the field. IMPLEMENTING THE TEST PROGRAM The following discussion covers nine common types of tube fitting tests. Some can be performed by the user without major expense, while others are more practically performed by manufacturers because of the time and expense involved. 1. Gas leak tests These are tests of seal integrity. Inert gas such as nitrogen or helium should be used. Air is acceptable.
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 Test pressures should be at least equal to the working pressures recommended by tubing manufacturers. Various test methods can be used depending on cost, equipment availability, and sensitivity desired. These include bubble checking (under water), using a leak detector fluid (see Fig. 3) at all connections, or more sensitive methods such as ultrasonic, halogen torch, or mass spectrometer helium leak detectors (see Fig. 4).



Fig. 3 SNOOP leak test



Fig. 4 “SNIFFER” test of helium pressurized system



A. Call a leak a leak. Another very important facet of gas leak testing is to determine in advance what will be considered a “leak.” The test pressure and a realistic “leak rate” should be decided upon based on the maximum plant requirements and the limitations of the fittings and tubing. The test pressure may be determined by multiplying the plant pressure times an appropriate safety factor – i.e.: 1000 psig (68 bar)  2 (2:1) = 2000 psig (138 bar). Probably the most common error is to decide that “a leak is not a leak” if it can be stopped by further tightening. If a fitting is installed and reinstalled according to instructions, it should not leak. Or, at least a leak should be considered a leak. The reason for this is to simulate field conditions where leaks are costly. For example, a system with 100 connections is tested as a system. Leaks are located, isolated, and repairs or replacements are made. All these steps are costs—and the cost of failures is high, even if leaks can be stopped by further tightening. 2. Vacuum tests These are excellent tests of seal integrity. Any fitting which must rely on internal system pressure to help affect a seal usually will fail vacuum tests. 7-8



 Vacuum tests are advisable where vacuum is in regular use, particularly ultra-high vacuum in sophisticated instruments. The equipment is expensive, but so is the cost of failures. Usually helium leak detectors of the mass spectrometer type are used (see Fig. 5). A fitting-tube assembly is attached to the test port, vacuum is pulled internally, and a helium gun is used to squirt helium at all seal points.



Fig. 5 Mass spectrometer helium leak test Our standard laboratory evaluation for gas leakage is a leak rate of 1  10-9 atm. cm3/sec. helium, with internal vacuum in the leak detector in the 10-2 torr range. Other methods employ a component sealed in a plastic bag or glass bell jar. Leakage is checked from the component into the envelope or from a helium filled envelope into the component. 3. Make-break tests A tube fitting’s ability to stand many make-break cycles is perhaps the best measure of comparison among competitive products. These tests can be extremely important in instrumentation fitting applications where periodic maintenance requires making, breaking, and remaking tube connections. Make-break tests, therefore, should be performed very carefully. When equated to field usage, make-break test results can greatly reduce in-service tube fitting costs. But such tests will not relate to field usage unless they incorporate these two vital procedures:
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 A. Use a variety of configurations (elbows, tees, crosses, unions, bulkhead unions, male and female connectors) for the reasons discussed previously under “Selecting fitting configurations.” B. Randomly interchange components to simulate field conditions (see Figs. 6 and 7).



Fig. 6 Typical make-break test All Tubes Reversed



Fig. 7 Additional make-break test with tubes reversed Let’s examine procedure “B” in more detail, and consider what really happens in the field. For example, analytical instruments such as chromatographs have column changes, where the nut-ferrule-tubing assemblies are removed with columns. The fitting stays attached to the instrument. Another column with nut-ferrule-tubing assembly is connected to the same body.
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 In another example, process or measuring instruments, such as controllers or transmitters, are dropped from a system with fitting bodies attached, while the nut-ferrule-tubing assemblies stay on the same tubing. Other instruments with different fitting bodies are installed as replacements. Here the bodies are changed, but the nut and ferrule systems stay. You can see that in these realistic make-break situations, the same nut-ferrule-tubing combination seldom sees the same body twice. Therefore, make-break testing with the same nut-ferrule-tubing assembly repeatedly into the same body does not simulate field makebreak conditions. C. Importance of make-break testing. There are several reasons why make-break testing is one of the best ways to check the quality control of any fitting manufacturer. a. Tube expansion ahead of the sealing ferrule usually takes place in flareless fittings. This may or may not be important to the fitting working at all, but it becomes critical if make-break is tested in different bodies. The tube swell to a diameter of 0.512 in. in fitting “A,” for example, will not allow that tube even to enter the bore of fitting “B” which might be 0.506. in. In other words, a tube with 0.512 in. outside diameter will not fit in a 0.506 in. hole. This is why testing several configurations provides an excellent check on a manufacturer’s quality control (not all from the same machine). b. If, due to sealing ferrule design, galling takes place at the body seal area (particularly in stainless and other corrosion resistant alloys), another ferrule trying to seat in the damaged body seal area often causes a leak; yet, this is merely a simulation of what happens in the field. c. If, in the sealing mechanism, several different nut-ferrule-tube combinations must seal at different points on the body seal area (because it is necessary to coin or groove the body seal at a slightly different spot each time), leakage often results. d. Thread integrity during repeated make-break cycles is an important indication of good quality control, as well as good design.
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 e. Smooth sealing surfaces indicate good surface quality control. Obviously, in any metal-to-metal sealing device, good surface finish is a necessity. But a smooth beginning surface finish is only a beginning. If that surface is greatly degraded during original or subsequent make-breaks, especially with several different bodies, there is a good chance of field failure. Tests and calculated data show that leakage varies by a cube function as seal smoothness degrades. A 50 % improvement in the sealing surface provides an 800 % improvement in seal integrity (see p. 10-2). 4. Vibration tests Usually the specialized equipment costs of such tests make them impractical for the user to design. Our own tests use a 1750 rpm motor with a deflection block which adjusts the center line deviation of the tube assembly under test. VIBRATION TEST STAND Pressure Switch



D



12 in. C



A B Rigid Clamps



E Rigid Base



Fig. 8 Vibration test stand A—Connected to pressure source B—Fitting under test—held rigid C—Tube under test—block at motor end D—Adjustable block E—Deflection checked at 12 in. from fitting
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Motor



 Fig. 9 Adjustable tube deflection for vibration tests An internal tube pressure is selected (1.6  maximum working pressure of the tubing). Motor rotation causes the motor end of the capped tube to move in a circle whose radius is the tube deflection from center line measured 12 in. from the test fitting. This test continues until 10 000 000 cycles without leakage are completed at a given deflection. The rotation of the assembly is such that it attempts to back off the fitting nut of the assembly under test. We have seen other tests where a 90° bend in the tubing is placed between the eccentric causing the deviation and the fitting under test. Obviously, this is not nearly as stringent a test as the straight line test, which causes more severe strains via a back-and-forth bend simulating field conditions. 5. Tensile pull tests These tests usually are performed only by fitting manufacturers because of costs and equipment requirements. Tensile pull tests (see Fig. 10) are used to check the holding ability of fitting connections rather than sealing ability. Results allow calculation of the internal pressure needed to cause separation, where the tube actually could blow out of the fitting. Most quality tube fittings will hold tubing to hydraulic pressures approaching yield or burst of the tubing. Hydraulic burst testing is discussed on p. 7-14.
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 Fig. 10 Tensile pull test 6. Rotation tests These tests sometimes are performed to determine what torque would be required to twist a piece of tubing so severely as to break the ferrule-tubing seal and cause leakage. Although we can test fittings this way, the test rarely would be equated to a field type of malfunction. Such a malfunction typically would be so severe that it would be catastrophic, and fitting connections’ success or failure would be purely academic. 7. Hydraulic impulse and burst tests Hydraulic impulse tests commonly are run by fitting manufacturers to determine the ability of the tube and fitting assembly to resist severe and sudden pressure impulses without failure. Our impulse method is to shock the assembly under test with an impulse of 1.5  tubing maximum working pressure. A quick-opening valve is used to achieve the shock at a frequency of 35 to 40 cycles per minute for 100 000 pressure cycles. This provides valuable bits of test information but, again, is not as valuable as actual field use.
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 Fig. 11 Hydraulic impulse test A. The value of hydraulic burst tests. Hydraulic burst tests probably are the most used and least understood (and perhaps the least valuable) of all fitting tests. They are an excellent test of short-term holding ability, but a poor test of sealing ability.



Fig. 12 Hydraulic burst test Unfortunately, many fitting manufacturers use the burst test to “prove” fitting quality in sales demonstrations, literature, and exhibits. The truth is that many cheap hardware store fittings made for home water service will hold tubing to burst.
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 Burst tests can be significant, however, when designed properly. Our own general program tests, for example, are performed after at least 25 make-break cycles. After each five assembly cycles, the system is pressurized to 2  maximum tube working pressure and checked for leakage. After the 25th make-break, the tube is pressurized to the minimum calculated burst pressure, and this pressure is held for five minutes while checking for leakage (see Fig. 12). A dial indicator at the capped end of the tube shows whether any tube slippage is occurring. Any leakage at this point is considered a failure. Only after all of this pretesting is the burst test itself performed (see Figs. 13 and 14).



Fig. 13 Tubing yield before burst



Fig. 14 Tube burst



On the other hand, most “sales pitch” types of burst tests are of such short duration that they do not allow enough time for small leakage to be observed. Water or hydraulic oil is used and is, of course, hundreds of times less likely to leak than nitrogen, air, or helium. Also, they involve careful installation techniques which may not simulate field conditions. The best test of any component, such as a tube fitting, is repeated use in large numbers under various installation and operating conditions in the field.
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 8. Thermal cycling tests Temperature cycling is one of the toughest services a tube fitting must see. Examples: • steam • cryogenics • arctic or tropical environments • heat transfer fluids such as liquid metals, Dowtherm® and Therminol ® • space simulation • analytical instrument ovens, chambers, columns. Again, the cost of setting up a test facility is usually prohibitive, except in a major fitting manufacturer or a government funded research program. As mentioned previously, most large users of tube fittings have their own “test labs” in the form of their existing in-plant applications. In the case of thermal cycling, most process plants have some or all of the services listed above.



Fig. 15 1000 psig (68 bar) gas test at 1000°F (538°C) While we maintain in-house test capabilities for thermal cycling, most of our valuable “test” data comes from actual field use in widely varying temperature-pressure-fluid combinations. A. Factors affecting seals. In general, seal integrity between fitting components is severely affected by temperature excursions. Factors directly affecting seals include: a. Relative wall thicknesses (thin tube wall versus relatively heavy fitting wall thickness). b. Differential thermal coefficients of expansion (copper tube versus brass fitting). c. Length of tube support within the fitting (affecting heat transfer as tube cools faster than fitting). 7-17



 d. Rate of temperature change. (Thermal shock or very rapid temperature change is a much more severe test than temperature excursion made slowly.) B. Effects of steam. Among all temperature cycling applications, steam is perhaps the most common fluid and, in many ways, the most difficult. Its erosive properties are well known, and these properties often preclude the luxury of retightening if a leak does occur. A high-velocity, erosive steam leak passing through a very small orifice usually increases the original leak rate greatly and, therefore, the cost of leaks. Extra tightening seldom stops that first steam leak (particularly on copper steam-trace tubing) because the high velocity steam etches a deeper and deeper path in the soft tubing under the sealing ferrule. 9. Interchangeability/Intermixability tests Many manufacturers claim that their fitting components are interchangeable and/or intermixable with those of other manufacturers. Usually they back up such claims with reams of test data. But since the test data is developed for the purpose of “proving” interchangeability, it suffers from the pitfalls mentioned at the beginning of this chapter (lack of objectivity, governed by predetermined results, lack of statistical validity, extrapolation). It should be noted that many tube fitting users have developed their own tests of tube fitting component interchangeability, and they have agreed, almost universally, that component interchange is not a recommended or accepted practice. Interchangeability and/or intermixability testing, as with all the other tests discussed previously, should simulate field conditions as closely as possible. A realistic test is to take several shapes of complete fittings of Brand “A” and make them up with all Brand “A” components. On the same lot of tubing, make up several different shapes of complete Brand “B” fittings. Then randomly reinstall Brand “A” nutferrule-tube assemblies into the Brand “B” bodies. This closely approximates the conditions of field interchange. Any difficulties in assembly should be noted, and any gas leakage should be considered a failure. All possible combinations should also be assembled; in other words, back ferrule “A” with front ferrule “B,” with nut “C.” When interchange is accepted, you may be sure that every combination will be used. Some manufacturers try to confuse the customer by word games, such as, it’s OK to “interchange” but don’t “intermix.”
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 Time, costs, and number of fittings required make it difficult for the typical tube fitting user to thoroughly test all sizes, materials, and configurations through all the foregoing types of tests. But specific test programs can be selected to provide performance evaluations as related to specific plant requirements. Manufacturers’ and independent test results also can be useful if they are objective and statistically valid. SUMMARY Plan test programs with fittings, tubing, materials, and configurations which will ensure objectivity and statistical validity, while avoiding predetermined results and extrapolation. No one performs enough tests to establish statistical certainty. Pay close attention to the same considerations when evaluating test results from any outside source. Recognize the fact that existing plants represent the most reliable “test labs” possible. Those who ignore field operating results and rely on limited lab test programs are overlooking their most valuable input.
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 CHAPTER 8 Threads Threads of many different kinds are used for different purposes in small piping components. The most common are: PIPE THREADS Tapered pipe threads work by “interference” fit. The tolerances for angles, lengths, heights, etc., cannot be held closely enough to make a seal. Male pipe threads cannot be manufactured to tolerances which will seal on a taper with female pipe threads without a sealant. A good thread sealant is essential. The sealant, such as Swagelok TFE tape, will fill the voids between the threads and will act as an anti-galling lubricant between the threaded surfaces. The following are the more common types of pipe threads used in the small pipe industry: 1. NPT Tapered Pipe Threads



• 60° thread angle • Pitch measured in inches • Truncation of root and crest are flat • Taper angle 1° 47'



Fig. 1 American Standard Pipe Thread (NPT) NPT (National Pipe Tapered) is made to specifications outlined in ANSI B1.20.1. This is the pipe thread used on the pipe end of all Swagelok tube fittings when the abbreviation “NPT” is used in the Swagelok Product Binder. Swagelok manufactures NPT pipe ends which exceed the standards of ANSI B1.20.1 (Pipe Threads, except Dryseal). Some type of pipe thread sealant is always required. Swagelok TFE tape is made 8-1



 specifically for pipe thread sealing. Swagelok SWAK® is an anaerobic pipe thread sealant with TFE. For further information, consult your Swagelok representative. 2. NPTF (National Pipe Tapered Dryseal) made to specifications outlined in ANSI B1.20.3. This pipe end is used on some hydraulic equipment and is sometimes specified on military hardware. In “Dryseal” threads, the roots of the threads are more truncated than the crests so that an interference fit causes the roots to crush the crests of the mating threads, leading to galling. Supposedly, when made up, the crests, roots, and flanks are always in full contact, but this can lead to galling, particularly without lubrication or a sealing compound on stainless steel or nickel alloys. Swagelok tube fittings are not manufactured with Dryseal Pipe Threads. 3. ISO 7/1 Tapered Pipe Threads



• 55° thread angle • Pitch measured in inches • Truncation of root and crest are round • Taper angle 1° 47'



Fig. 2 International Organization For Standards (ISO 7/1) Tapered. ISO tapered threads are equivalent to DIN 2999, BSPT, JIS B0203.



In application ISO threads are used similarly to NPT threads. However, care should be used that ISO and NPT threads are not mixed. ISO threads have a 55° angle versus 60° for NPT. Thread pitch is usually measured in millimeters but may be expressed in inches. In many sizes the threads-per-inch are different, and the root and crest configurations are different from NPT.
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 4. ISO 228/1 Parallel Pipe Threads



• 55° thread angle • Pitch measured in inches • Truncation of root and crest are round • Diameter measured in inches



Fig. 3 International Organization For Standards (ISO 228/1) Parallel ISO Parallel threads are equivalent to DIN IS0 228/1, BSPP, JIS B0202.



These pipe threads are similar in configuration to 7/1 threads except there is no taper. Therefore they do not work by thread interference like the tapered pipe threads of ISO 7/1 or NPT. A gasket or O-ring is normally used to seal into the parallel female threaded component. In some cases, the body is tightened until a face on the hex is imbedded into the female threaded component. Surface flatness perpendicular to the axis of the threads is essential. Parallel threads are never sealing threads. Even the use of good quality thread sealants will not provide reliable seals for these threads. Four methods of sealing ISO 228/1 male threads to female ports are listed below. 1. A metal-to-metal seal between the face of the body hex and the face of the female threaded component (Swagelok “RP” thread) (see Fig. 4).



Fig. 4 8-3



 2. A metal gasket (usually copper) performs the seal between the face of the body and the face of the female threaded component (Swagelok “RP” thread) (see Fig. 5).



Fig. 5 3. A self-centering taper is used at the hex which centers a composite washer (usually metal and elastomer) to seal to the surface surrounding the female thread (Swagelok “RS” thread) (see Fig. 6).



Fig. 6 4. A gasket is dropped into the flat bottom of the female thread. The face of the male thread exerts a load on the gasket to seal (Swagelok “RG” thread) (see Fig. 7).



Fig. 7
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 COMPARISON CHART Pipe Threads Nominal Size



Threads Per Inch



Pipe O.D.



Included Thread Angle



Pitch



1/16



in.



NPT/NPTF ISO



27 28



0.312 in. 0.312 in.



60° 55°



0.037 in. 0.036 in.



1/8



in.



NPT/NPTF ISO



27 28



0.405 in. 0.398 in.



60° 55°



0.037 in. 0.036 in.



1/4



in.



NPT/NPTF ISO



18 19



0.540 in. 0.535 in.



60° 55°



0.057 in. 0.053 in.



3/8



in.



NPT/NPTF ISO



18 19



0.675 in. 0.672 in.



60° 55°



0.057 in. 0.053 in.



1/2



in.



NPT/NPTF ISO



14 14



0.840 in. 0.843 in.



60° 55°



0.071 in. 0.071 in.



3/4



in.



NPT/NPTF ISO



14 14



1.050 in. 1.060 in.



60° 55°



0.071 in. 0.071 in.



1 in.



NPT/NPTF 11-1/2 ISO 11



1.315 in. 1.331 in.



60° 55°



0.087 in. 0.091 in.



11/4 in.



NPT/NPTF 11-1/2 ISO 11



1.660 in. 1.669 in.



60° 55°



0.087 in. 0.091 in.



11/2 in.



NPT/NPTF 11-1/2 ISO 11



1.900 in. 1.900 in.



60° 55°



0.087 in. 0.091 in.



2 in.



NPT/NPTF 11-1/2 ISO 11



2.375 in. 2.374 in.



60° 55°



0.087 in. 0.091 in.



UNIFIED SCREW THREADS



• 60° thread angle • Pitch measured in inches • Truncation of root and crest are flat • Diameter measured in inches Fig. 8 American Standard Unified Screw Thread 8-5



 Screw threads are the workhorse of the threaded product industry. Almost all tube fittings and valves use these for nut and fitting end threads, valve stems, lock nuts, jam nuts, etc. They are straight (not tapered) threads, and they are called out by thread OD and threads per inch. An example might be a nominal 3/8 in. SAE port using a 9/16-18 UNF-2A thread. Typical Designation:



9/16-18



UNF-2A



Thread Diameter OD



“A” Denotes External Thread (“B” for Internal)



No. of Threads Per Inch or Pitch



Class of Fit/or Gage Tolerance Unified



Fine Pitch



There is always a 60° included angle in this thread. P



60°



90° Axis Fig. 9 The “F” in “UNF” can be misleading. The “F” stands for fine pitch. Whether a thread is UN (Constant) UNC (Coarse) or UNF (Fine) is the relationship of threads per inch to thread diameter. For example: 5/16 - 20 is a UN thread 5/16 -18 is a UNC thread 5/16 - 24 is a UNF thread 8-6



 Also confusing is the fact that, for example: 1/4 - 20 is a UNC (coarse) thread 5/16 - 20 is a UN (constant) thread 7/16 - 20 is a UNF (fine) thread So the determination of Coarse, Constant, or Fine is not merely threads per inch, but the relationship of threads per inch to thread diameter. All Swagelok fittings use American National screw threads when a nut and threaded body work together to advance the nut and swage the ferrules onto the tube. Unified screw threads are commonly used in the hydraulics industry and in military hardware. Swagelok SAE/MS Straight Thread Fittings are used to seal to SAE/MS ports by means of elastomer O-rings. Thread sizes and other dimensions of SAE ports per SAE J1926 Standard are shown below: SAE/MS INTERNAL STRAIGHT THREAD BOSS



.010 .005



Z



U R



100 Recommended Spotface Diameter



K 45° ± 5°



This Surface Shall Be Square With the Thread Pitch Diameter Within 0.010 FIR When Measured at 0 Diameter.



Y O K



S P



B



Minimum Boss Height



D Diameter— This Dimension Applies Only When Tap Drill Cannot Pass Thru Entire Boss.



Fig. 10
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 SAE PORT DIMENSIONS (SEE FIG. 10) B Straight Thread D Dia



J K Full +0.015 Thread -0.00 Depth



O Dia



U* Dia +0.005 -0.000



Nom Tube OD



Thread Size



Min



Max



Min



Max



Min



Min



Min



Min



Max



Max



1/8 3/16 1/4 5/16



5/16-24 3/8-24 7/16-20 1/2-20



0.2854 0.3479 0.4050 0.4675



0.2902 0.3528 0.4104 0.4731



0.267 0.330 0.383 0.446



0.277 0.340 0.395 0.457



0.062 0.125 0.172 0.234



0.390 0.390 0.454 0.454



0.074 0.074 0.093 0.093



0.438 0.500 0.563 0.625



0.468 0.468 0.547 0.547



0.062 0.062 0.062 0.062



3/8 1/2 5/8 3/4 7/8



9/16-18 3/4-16 7/8-14 11/16-12 13/16-12



0.5264 0.7094 0.8286 1.0084 1.1334



0.5323 0.7159 0.8356 1.0158 1.1409



0.502 0.682 0.798 0.972 1.097



0.515 0.696 0.814 0.990 1.115



0.297 0.391 0.484 0.609 0.719



0.500 0.562 0.656 0.750 0.750



0.097 0.100 0.100 0.130 0.130



0.688 0.875 1.000 1.250 1.375



0.609 0.688 0.781 0.906 0.906



1 15/16-12 1.2584 1.2659 11/4 15/8-12 1.5709 1.5785 11/2 17/8-12 1.8209 1.8287 21/2-12 2.4459 2.4540 2



1.222 1.535 1.785 2.410



1.240 1.553 1.803 2.428



0.844 1.078 1.312 1.781



0.750 0.750 0.750 0.750



0.130 0.132 0.132 0.132



1.500 1.875 2.125 2.750



0.906 0.906 0.906 0.906



Pitch Dia



Minor Dia



P§



Y† Dia



Z ±1 Deg



0.358 0.421 0.487 0.550



0.672 0.750 0.828 0.906



12 12 12 12



0.062 0.094 0.094 0.094 0.094



0.616 0.811 0.942 1.148 1.273



0.969 1.188 1.344 1.625 1.765



12 15 15 15 15



0.125 0.125 0.125 0.125



1.398 1.713 1.962 2.587



1.910 2.270 2.560 3.480



15 15 15 15



S•†



All dimensions in inches.



* Diameter U shall be concentric with thread pitch diameter within 0.005 full indicator reading (FIR), and shall be free from longitudinal and spiral tool marks. Annular tool marks up to 100  in. max. shall be permissible. • Maximum recommended spotface depth to permit sufficient wrench grip for proper tightening of the fitting or locknut. † If face of boss is on a machined surface, dimensions Y and S need not apply. § Tap drill depths given require use of bottoming taps to produce the specified full thread lengths. Where standard taps are used, the tap drill depths must be increased accordingly. NOTE: MS16142 ports are almost identical to SAE ports except for spotface dimensions.
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 METRIC SCREW THREADS (ISO 261)



• 60° thread angle • Pitch measured in millimeters • Truncation of root and crest are flat and of different width • Diameter measured in millimeters Fig. 11 International Organization For Standards (ISO Metric) Metric screw threads are straight (not tapered) and are often used to connect to metric threaded equipment. The system is similar to the UNIFIED SCREW THREAD SYSTEM above, but they are specified as follows. A 10 mm OD  1.5 mm pitch thread would be designated as: Typical Designation: M



10



X



1.5



Pitch in MM



Metric Thread Designation



OD in MM P



60°



90° Axis Fig. 12 Either a gasket or O-ring is used to seal male metric screw threaded components to female threaded components. 8-9
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 CHAPTER 9 Pressure Ratings TUBING CALCULATIONS AND PRESSURE RATINGS Tubing OD and ID are related by the following formulas: Tube OD = 2t + Tube ID Tube ID = Tube OD – 2t Where t = Tube wall thickness Proper wall thickness of tubing to contain internal pressure may be found by using one of the “Allowable Pressure Tables” on the following pages. Tables 1 through 5 are for aluminum, copper, carbon steel, stainless steel, and alloy 400 tubing respectively. All tubing pressure ratings are based on ANSI Code for Pressure Piping, B31.3-1993. All pressure ratings are based on “minimum” wall and “maximum” OD within the applicable ASTM tubing specifications. A conservative rating is thus established based on “worst case” conditions. Since various ASTM specifications have different outside diameter and wall thickness tolerances, use of tubing purchased to ASTM specifications other than those shown in Tables 1 through 5 may cause some changes from the pressure ratings shown in the tables. As an example, we will use 3/8 in. OD  0.049 in. wall seamless stainless steel tubing purchased to ASTM A269 specification. Nominal OD 0.375 Actual OD 0.370 to 0.380 in. (± 0.005 in.) Nominal Wall 0.049 in. Actual Wall 0.042 to 0.056 in. (±15 %) Pressure rating—nominal wall OD = 5820 psi (401 bar) Pressure rating—minimum actual wall (0.042 in.) and maximum actual OD (0.380 in.) = 4860 psi (335 bar). (Rounded off in table to lower 100 psi = 4800 psi [331 bar]). No allowance is taken for corrosion or erosion in the following tables. As used in this chapter, the term “maximum allowable pressure” is defined as the maximum pressure a system will encounter. The allowable system pressure should be based on the maximum pressure which one can reasonably expect the system will see. Then the system designer, with knowledge of other system variables, can assign an adequate design factor based on his familiarity with the system. Table 6 gives derating factors for elevated temperatures for the same five tubing materials listed in Tables 1 through 5.
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 Table 7 shows a “Chart of Factors” for calculating working pressures of tubing where allowable stress (“S”) values are known. Such “S” values are referenced in the ANSI Code for Pressure Piping B31.3. By multiplying the factors shown by the “S” value for a given material, approximate allowable working pressures may be easily calculated. These values are approximate, since the “Chart of Factors” is based on the minimum wall thicknesses and maximum OD from ASTM A269 specification. Actual tubing dimensions are likely to differ slightly from these values. GAS SERVICE Gases (air, hydrogen, helium, nitrogen, etc.) have very small molecules which can escape through even the most minute leak-path. Some surface defects on the tubing can provide such a leak-path. As tube OD increases, so does the likelihood of a scratch or other surface defects interfering with proper sealing. The most successful connection for gas service will occur if all installation instructions are carefully followed and the heavier wall thicknesses of tubing on Tables 1 through 5 are selected. A heavy wall tube resists ferrule action more than a thin wall tube, and, therefore, allows the ferrules to coin out minor surface imperfections. A thin wall tube will collapse, thus offering little resistance to ferrule action during pull-up. This reduces the chance of coining out surface defects, such as scratches. For the greatest safety factor against surface defects in any gas system, use a wall thickness no less than the following: TUBING FOR GAS SERVICE Fractional Sizes, in inches



Tube OD



Minimum Nominal Wall Thickness



1/8 3/16 1/4



Tube OD



Minimum Nominal Wall Thickness



0.028



3/4



0.028



7/8



0.028



10 /0



Metric Sizes, in millimeters



Tube OD



Minimum Nominal Wall Thickness



Tube OD



Minimum Nominal Wall Thickness



0.065



3



0.8



18



1.5



0.083



6



0.8



20



1.8



8



1.0



22



2.0



10



1.0



25



2.2



12



1.0



28



2.5



14



1.2



30



3.0



0.083



5/16



0.035



1 1/4



0.109



3/8



0.035



1 1/2



0.134



1/2



0.049



20 /0



0.180



15



1.5



32



3.0



5/8



0.065











16



1.5



38



3.5
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 ALLOWABLE PRESSURE TABLES ALUMINUM TUBING Based on ultimate tensile strength 42 000 psi (2894 bar). For metal temperatures -20° to 100°F (-29° to 37°C). Allowable working pressure loads calculated from S values of 14 000 psi (965 bar) as specified by ANSI B31.3. code. Tube Wall Thickness (in.)



Tube OD (in.)



0.035



1/8



8600



3/16



5600



8000



1/4



4000



5900



5/16



3100



4600



3/8



2600



3700



1/2



1900



2700



3700



810



5/8



1500



2100



2900



1010



3/4



1700



2400



7/8



1500



2000



1



1300



1700



0.049



0.065



0.083



0.095



Swagelok Tube Fitting Series 200



Working Pressure (psig) Note: For gas service, use tubing where working pressure is listed outside of the shaded area (see “Tubing for Gas Service” on p. 9-2).



300 400 500 600



3100



1210 1410



2300



2700



1610



Table 1 Note: 1. No allowance is made for corrosion or erosion. 2. Calculations based on minimum wall and maximum OD allowable under ASTM B210 specification. Suggested Ordering Information: High quality aluminum-alloy drawn seamless tubing ASTM B210 or equivalent. (Values shown are for alloy 6061-T6.)
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 COPPER TUBING Based on ultimate tensile strength 30 000 psi (2067 bar). For metal temperatures -20° to 100°F (-29° to 37°C). Allowable working pressure loads calculated from S values of 6000 psi (413 bar) as specified by ANSI B31.3 code. Tube Wall Thickness (in.)



Tube OD (in.)



0.028



0.035



1/8



2700



3600



3/16



1800



2300



3400



1/4



1300



1600



2500



3500



5/16



1300



1900



2700



3/8



1000



1600



2200



1/2



800



1100



1600



2100



5/8



900



1200



1600



1900



3/4



700



1000



1300



1500



1800



1210



7/8



600



800



1100



1300



1500



1410



1



500



700



900



1100



1300



0.049



0.065



0.083



0.095



0.109



0.120



Swagelok Tube Fitting Series



Working Pressure (psig) Note: For gas service, use tubing where working pressure is listed outside of the shaded area (see “Tubing for Gas Service” on p. 9-2).



200 300 400 500 600 810 1010



1500



1610



Table 2 Note: 1. No allowance is made for corrosion or erosion. 2. Calculations based on minimum wall and maximum OD allowable under ASTM B75 specification. Suggested ordering information: High quality soft annealed seamless copper tubing ASTM B75 or equivalent. Also soft annealed (Temper 0) copper water tube type K or type L to ASTM B88.
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 9-5



10 200



6600



8000



5100



3700



1/8



3/16



1/4



3200



2300



1800



1/2



5/8



1800



1500



7/8



1



1600



2100



2400



2900



3500



4500



6200



7500



9600



0.065



1800



2100



2700



3200



3700



4600



5900



0.083



1500



2000



2500



3200



3700



4300



5300



1900



2600



3200



4100



0.120



2100



2900



3600



0.134



0.165



0.180



0.220



2400



3300



4000



2700



3700



4600



3000



4100



5000 3700



5100



Working Pressure (psig) Note: For gas service, use tubing where working pressure is listed outside of the shaded area (see “Tubing for Gas Service” on p. 9-2).



0.148



3200



2400



2000



1610



1410



1210



1010



810



600



500



400



300



200



Swagelok Tube Fitting Series



High quality soft annealed seamless carbon steel hydraulic tubing ASTM A179 or equivalent. Hardness 72 HRB or less. Tubing is to be free of scratches and suitable for bending and flaring.



Suggested ordering information:



2. Calculations based on minimum wall and maximum OD allowable under ASTM A179 specification.



Table 3



1700



2400



2900



3700



4300



5100



0.109



Tube Wall Thickness (in.) 0.095



Note: 1. No allowance is made for corrosion or erosion.



2



1 1/2



1 1/4



2100



3/4



2600



4500



3100



5500



3700



3/8



7000



9600



0.049



5/16



4800



0.035



0.028



Tube OD (in.)



Soft annealed carbon steel hydraulic tubing ASTM A179 or equivalent. Based on ultimate tensile strength 47 000 psi (3238 bar). For metal temperatures -20° to 100°F (-29° to 37°C). Allowable working pressure loads calculated from S values of 15 700 psi (1082 bar) as specified by ANSI B31.3 code.



CARBON STEEL TUBING



 9-6 2000



7/8 2400



2800



3300



4000



5100



6500



8000



10 200



0.065



0.095



0.109



0.120



2800



2400 2300



3600



4200



4900



6000



3100



3600



4200



5200



6700



0.134



0.156



0.188



2000



2700



3300



4200



4800



5800



2500



3400



4100



2900



4000



4900 3600



4900



3200



2400



2000



1610



1410



1210



1010



810



600



500



400



300



200



100



Swagelok Tube Fitting Series



Fully annealed high quality (Type 304, 316, etc.) (seamless or welded and drawn) stainless steel hydraulic tubing ASTM A269 or A213, or equivalent. Hardness 80 HRB or less. Tubing is to be free of scratches and suitable for bending and flaring.



Suggested ordering information:



Table 4 Note: 1. No allowance is made for corrosion or erosion. 2. Calculations based on minimum wall and maximum OD allowable under ASTM A269 specification. 3. For welded and drawn tubing, a derating factor must be applied for weld integrity: a. for double welded tubing multiply pressure rating by 0.85. b. for single welded tubing multiply pressure rating by 0.80.



2200



3000



3600



4700



Working Pressure (psig) Note: For gas service, use tubing where working pressure is listed outside of the shaded area (see “Tubing for Gas Service” on p. 9-2).



For Seamless Tubing*



0.083



*For higher pressures and heavier wall thickness tubing, see High Pressure Fittings subsection of Master Product Binder



2



1 1/2



1 1/4



1



2400



3700 2900



2600



1/2



4800



5800



5/8



3300



7500



10 200



3/4



4000



3/8



5100



7000



10 900



0.049



Tube Wall Thickness (in.) 0.035



5/16



4000



1/4



12 000



0.028



5400



9400



0.020



3/16



8100



0.016 8500



6800



5600



1/16



0.014



1/8



0.012



0.010



Tube OD (in.)



Annealed 304 or 316 stainless steel tubing ASTM A269 or equivalent. Based on ultimate tensile strength 75 000 psi (5167 bar). For metal temperature from -20° to 100°F (-29° to 37°C). Allowable working pressure loads calculated from S values of 20 000 psi (1378 bar) as specified by ANSI B31.3 code.



STAINLESS STEEL TUBING
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Table 5



2900



4000



0.109



0.120



3400



4600 3900



4300



Working Pressure (psig) Note: For gas service, use tubing where working pressure is listed outside of the shaded area (see “Tubing for Gas Service” on p. 9-2).



0.095



1610



1210



810



600



400



200



Swagelok Tube Fitting Series



Fully annealed quality seamless alloy 400 hydraulic tubing ASTM B165 or equivalent, hardness 75 HRB maximum. Tubing is to be free of scratches and suitable for bending and flaring.



Suggested ordering information:



2. Calculations based on minimum wall and maximum OD allowable under ASTM B165 specification when tubing is ordered specifying the nominal wall thickness.



Note: 1. No allowance is made for corrosion or erosion.



1



2200



3000



2200



3/4



4400



3200



2300



6100



9500



1/2



7000



0.083



Tube Wall Thickness (in.) 0.065



4400



4800



0.049



3100



3700



1/4



10 100



0.035



3/8



7900



0.028



1/8



Tube OD (in.)



Annealed alloy 400 seamless tubing ASTM B165 or equivalent. Based on ultimate tensile strength 70 000 psi (4832 bar). For metal temperatures from -20° to 100°F (-29° to 37°C). Allowable working pressure loads calculated from S values of 18 700 psi (1288 bar) as specified in ANSI B31.3 code.



ALLOY 400 TUBING



 FACTORS USED TO DETERMINE TUBING PRESSURE RATINGS AT ELEVATED TEMPERATURES Factors °F



°C



Aluminum Copper Steel



304SS 316SS



316L



Alloy 400



200



93



1.00



0.80



0.95



1.00



1.00



1.00



0.88



400



204



0.40



0.50



0.86*



0.93



0.96



0.92



0.79



600



316



—



—



—



0.82



0.85



0.80



0.79



800



427



—



—



—



0.76



0.79



0.74



0.76



1000



538



—



—



—



0.69



0.76



0.67



—



1200



649



—



—



—



0.30



0.37



0.38



—



*Based on 375°F max



Table 6 To determine allowable pressure at elevated temperatures, multiply allowable working pressure from Tables 1, 2, 3, 4, and 5 by the factor shown in Table 6. Example: Type 316 Stainless Steel 1/2 in. OD  0.049 in. wall at 1000°F (538°C) 3700 psig  0.76 = 2812 psig (255 bar  0.76 = 193 bar). Allowable working pressure for 1/2 in. OD  0.049 in. wall type 316 stainless steel tubing is therefore 2812 psig (193 bar) at 1000°F (538°C).
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0.202 0.167 0.123 0.104



0.293 0.240 0.176 0.148 0.122 0.104 0.0909



0.403 0.329 0.239 0.200 0.165 0.140 0.122 0.0968



0.201 0.257 0.375 0.513



0.314 0.261 0.241 0.182 0.158 0.124 0.103 0.304 0.249 0.210 0.182 0.144 0.118 0.0880 0.290 0.244 0.211 0.166 0.137 0.101



0.235 0.184 0.208 0.151 0.170 0.112 0.126



0.231 0.245 0.287 0.189 0.200 0.234 0.246 0.139 0.147 0.172 0.180



Tube Wall Thickness (in.) 0.010 0.012 0.014 0.016 0.020 0.028 0.035 0.049 0.065 0.083 0.095 0.109 0.120 0.134 0.148 0.156 0.180 0.188 0.280 0.343 0.409 0.474 0.604 0.426 0.545 0.274 0.352 0.513



500 600 810 1010 1210 1410 1610 2000 2400 3200



400



100 200 300



Swagelok Tube Fitting Series



All charts and tables are for reference only and are based on information contained in the 1993 edition of the code. No implication is made that these figures can be used for design work. Applicable codes and practices in industry should be considered. Swagelok Company is not responsible for the accuracy of information presented in these tables. ANSI Codes are the successor to and replacement of ASA Piping Codes.



Table 7 Note: All pressure ratings are based on minimum wall thicknesses of ASTM A269. Various tubing specifications within the code have varying wall thickness tolerances.



5/16 3/8 1/2 5/8 3/4 7/8 1 1 1/4 1 1/2 2



1/4



1/16 1/8 3/16



Tube OD (in.)



For use in calculating Allowable Working Pressures of Tubing. Allowable working pressure = Factor  Allowable Stress Value in psi. Based on ANSI B31.3-1993.



CHART OF FACTORS



 PIPE END PRESSURE RATINGS Many Swagelok tube fittings have a male or female pipe end. As described below, these ends often have a lower pressure rating than the maximum pressure rating of the tube fitting end. There is no completely accurate way to rate pipe threads because of the way they are designed, manufactured, and used. Thread engagement varies considerably within even the tight tolerances maintained on Swagelok products. Different codes allow varying stress values. The ratings shown below are based on the 1993 edition of ANSI B31.3. Female pipe ends generally have ratings lower than male pipe in a given size because the inner and outer diameters of female threads are larger than those of male pipe ends. To have the same pressure ratings for male and for female pipe threads of the same nominal size, a female threaded fitting would need a heavier wall and would thus be too bulky and heavy to be practical. In order to keep material and manufacturing costs down, most of the tube fitting industry has adopted wall thicknesses on female pipe threads which result in lower pressure ratings on the female ends than on the male ends. Pressure Ratings (PSI) Size Designator 1 2 4 6 8 12 16 20 24 32



9-10



NPT/ISO 316 Stainless Pipe Steel Size Male Female (in.) 1/16 11 000 6700 1/8 10 000 6500 1/4 8000 6600 3/8 7800 5300 1/2 7700 4900 3/4 7300 4600 1 5300 4400 1 1/4 6000 5000 1 1/2 5000 4600 2 3900 3900



Brass



Carbon Steel



Male



Female



Male



Female



5500 5000 4000 3900 3800 3600 2600 3000 2500 1900



3300 3200 3300 2600 2400 2300 2200 2500 2300 1900



11 000 10 000 8000 7800 7700 7300 5300 6000 5000 3900



6700 6500 6600 5300 4900 4600 4400 5000 4600 3900



 Calculations based on: Allowable Stress Value



Design Factor



Ultimate Tensile Strength



316 SS



20 000 psi



3.75:1



75 000 psi



Brass



10 000 psi



4:1



40 000 psi



Steel



20 000 psi



3:1



60 000 psi



Materials



Conversion of pressure ratings: To convert pressure ratings from psi or bar to other pressure rating systems use the following conversions: 1 bar = 14.51 psi = 100 kPa 1 psi = 0.0689 bar = 6.89 kPa 1 kPa = 0.01 bar = 0.1451 psi 1 kg/cm2 = 0.980 bar = 14.22 psi For additional conversion data see Appendix. NOTE: SEALING PIPE ENDS OF FITTINGS—A good quality sealant is always required when sealing NPT or ISO tapered pipe threads. A good sealant will also act as a lubricant, reducing the galling tendency of many materials when subjected to the high loads of the interference fit between a male and female pipe thread. Swagelok TFE tape is an excellent thread sealant for temperatures up to 450°F (232°C.) SWAK anaerobic pipe thread sealant with TFE is also an excellent thread sealant for use to 350° F (180° C.) (see Chapter 3).
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 CHAPTER 10 The Hidden Costs of Leakage WHAT IS LEAKAGE? It is unwanted flow out of or into a fluid system. HOW IS IT EXPRESSED? Leakage is expressed as a flow—a volume per unit of time, cm3/minute, gallons/day etc. The system fluid is the leakage vehicle. Therefore, costs of a given amount of leakage will vary greatly depending on what is leaking. In vacuum systems, leakage is into the system, rather than out of the system. Leakage into a vacuum system is usually expressed in cm3/sec Helium at a 1 atmosphere pressure (atmospheric pressure outside the system, no pressure in the system). Thus a leak rate might be expressed as less than 4  10-9 atmosphere cm3/sec He. This means that no leakage was detectable when the Helium Leak Detector was set to a sensitivity able to detect a leak of 4/1 000 000 000 of a cubic centimeter per second of helium at a one atmosphere pressure differential. WHAT CAUSES LEAKAGE? The making of metal-to-metal highly reliable seals is a difficult task. Perhaps the clearest study of what causes leakage was developed by the Engineering Standards Committee on Control Valves of the Fluid Controls Institute. This was published in the August 1966 edition of Instruments and Control Systems Magazine.* They found that “zero leakage” was an inaccurate and misleading term, and they set out to more accurately study leakage and how it occurs. Using the data developed for control valve seating and applying it to the two seals of the Swagelok tube fitting (front ferrule to tube and front ferrule to body), we find that leakage depends on the following five factors (Fig. 1): 1. “P” or differential pressure. A 1000 psi (68 bar) system will normally show about 10 times the leakage of a 100 psi (6.8 bar) system. 2. “H” or height of gap between two surfaces. In the formula shown, “H” is cubed. Therefore if leakage is directly proportional to the cube of the gap height, then an improvement in the surface finish of 50 % will result in an 800 % improvement in seal integrity. *“Should a Control Valve Leak,” Hans Baumann, Instruments and Control Systems, August, 1966. 10-1



 3. “W” or width of leakage area. The diameter of the seal will affect leakage—smaller sizes are easier to seal than larger sizes. A 1 in. OD tube is four times more likely to leak than a 1/4 in. OD tube. 4. “” or absolute viscosity. Fluid viscosity affects leakage rate. The more viscous the fluid, the less leakage will occur. 5. “L” or length of seal. The longer the intimate contact between sealing members, the less leakage will occur. LEAKAGE FORMULA



Q=



P H3 W 96  L



Where: Q = Flow (leak) rate P = Pressure Drop



Stem



H = Height of gap between sealing surfaces



H L



Body



D



Body



Expressed in: ft3/sec psi in.



W = Width of leakage area (for this example,  Dcircumference of the seal) in.  = Absolute viscosity



#sec/ft2



L = Length of leakage path



in.



Fig. 1 Swagelok tube fittings take advantage of good design principles and superb manufacturing quality control to make a product that has a long smooth seal and that will perform properly in a very wide range of customer applications. The Gap (H) and Length (L) are the only factors in the formula we can control. Gap can be a problem if tubing surface finish is poor. Since we cannot control operating pressure, seal diameter, or fluid viscosity, we must work within the parameters of gap and length of seal to make good, reliable, repeatable seals. Swagelok tube fittings are often chosen for applications where the costs or consequences of leakage are expensive, inconvenient, or dangerous.
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 Very often, however, we hear comments such as “A little leakage doesn’t bother us.” “Air is cheap.” “Oil is cheap; a few drops aren’t worth saving.” Leakage costs industry hundreds of millions of dollars each year. These losses are in many forms: 1. Lost Fluid—It is estimated that 100 million gallons of hydraulic oil are lost each year from oil circulating and hydraulic systems just through leakage! 2. Equipment Damage—Loss of lubrication due to leakage accounts for further millions in damage. 3. Lost Production—Loss of lubrication or hydraulic line leakage shuts down machines and stops production. 4. Energy Conservation—Power is used to pressurize hydraulic systems and to compress air. 5. Unsafe Work Places—Oil drippage causes accidents. Leaking gases cause fires, explosions, sickness, and death. 6. Degraded Environment—Fugitive emissions (leakage) can be expensive, illegal, and dangerous, and they can lead to a lowering of the quality of life for workers and the surrounding population. 7. Product Contamination—Food, beverage, pharmaceutical, or other plants making products for human consumption cannot have hydraulic or other leakage which could contaminate their products. ACTUAL COSTS Hydraulic Oil Many large companies monitor oil leakage using a system which can accurately assess direct leakage costs. The Hydraulic Fluid Index (H.F.I.) system compares hydraulic fluid use per year with the hydraulic fluid capacity of all hydraulic systems. For example, a plant with 5000 gallons of hydraulic fluid in all its systems would have an H.F.I. of 5 if it used 25 000 gallons per year. Such figures are not out of the realm of possibility; H.F.I.’s of 11 have been reported in some plants where substantial leakage is tolerated. An example of the costs of hydraulic leakage is the table listed on the next page, quoted from Design News magazine, May 25,1981. We have extended this table by arbitrarily assigning a rather low $2.00 a gallon figure as a value per gallon. With this extension you can see that the direct cost of oil leakage alone is over $800.00 per year for one leak of one drop per second!! By multiplying this figure by the number of leaks in a plant, using your own current cost per gallon for hydraulic oil, you can quickly assess whether leakage is worth being concerned about. 10-3



 LOSS FROM A SINGLE OIL LEAK Loss Per Day Gallons



Loss Per Month Gallons



Loss Per Year Gallons



Direct Oil Cost Per Year Per Leak



Total Cost Per Year Per Leak



One Drop/10 Sec



0.112



3.4



40.8



$81.00



$648.00



One Drop/5 Sec



0.225



6.7



81.6



$163.00



$1304.00



One Drop/Sec



1.125



33.7



404.4



$809.00



$6472.00



Three Drops/Sec



3.38



101.4



1219



$2434.00



$19472.00



24.00



720.0



8640



$17280.00



$138240.00



Stream breaks into drops



Note: Drops approx. 11/64 in. diameter Hydraulic oil @ $2.00 a gallon.



In the same article Glenn R. Jordan, Engineering Manager of Mobil Oil Commercial Marketing Department, points out that their studies show that for every $1.00 of oil purchased, $7.00 is spent on labor, downtime, clean-up, product contamination, safety, and fire hazards. Thus the actual, but hidden, costs of oil leakage of one drop per second at one machine can be over $6000 per year! Multiply this times the number of leakage-prone components, and you have a major cost! LEAKS COST MONEY—BIG MONEY! Air and Gas Leakage Compressed air costs money! The raw material is free, but the equipment, the energy used to compress it, and the piping system to transport it make up the cost of using (or wasting) air. The table below shows the approximate volumes of air leaking from a small orifice at given pressures. Various cost studies on compressed air normally use this “equivalent leak size” to show how costs mount up when a number of small air leaks total the leak from a given orifice size (1/32, 1/16, and 1/8 in.).



Leak Size in.



Compressed Air at $0.20/MCF



Instrument Air at $0.40/MCF



1/32



70 000 SCF



$14.00



$28.00



1/16



280 000 SCF



$56.00



$112.00



1 100 000 SCF



$220.00



$440.00



1/8



10-4



Monthly Cost



Monthly Air Leakage at 100 psig



 It doesn’t take long for air leaks in a small system to total up to the equivalent of a 1/32 or 1/16 in. orifice. We have previously evaluated leak rates. In our opinion, the average leak rate is approximately 600 cm3/min. This information is taken from a previous study (1981) we made. We are in the process of revalidating the study. When process gases, analyzer gases, nitrogen, helium, and hydrogen are considered, the cost of leakage alone can make the difference between profit and loss. Add to this the fire or explosion danger and the damage to the quality of life. Add to this the cost of improperly calibrated or operating instruments which can result in offspec product. LEAKS COST MONEY, BIG MONEY! Steam Leakage Steam is used in virtually all process plants. It is a difficult fluid to hold because it is always at elevated temperatures and pressures can exceed 4000 psig (275.6 bar). Steam leaks are particularly difficult because the well-known erosive properties of steam usually make leaks grow larger with time. One larger user of process steam has developed a “Rule of Thumb” Steam Leak Chart. They have an active energy team which constantly seeks out waste. They characterize steam leaks as: • A wisp • Moderate • Severe At an estimated steam cost of $4.00 per million BTUs, calculated costs are: • A wisp—$1100 a year • Moderate—$8000 a year • Severe—$26 000 a year Remember, this is from one leak. In one survey, their audit team discovered steam leaks costing $350 000 a year. LEAKS COST MONEY—BIG MONEY! Use Swagelok tube fittings to reduce your leakage costs. Your Swagelok representative can show you how to conduct an Energy Emission Survey to see if you have more leakage than you thought.
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 CHAPTER 11 VALVE FUNCTIONS



Valves



This Tube Fitter’s Manual would not be complete without a discussion of valves. Valves are one of the oldest and most basic mechanical components in fluid handling systems. Although there are many variations in the types and designs of valves, most perform one of four basic functions: Isolation. The valve is either open or closed; its function is to turn the flow on or off by connecting it or isolating it from the rest of the system. Regulation. The valve regulates the rate of flow through the system. It usually is neither fully open nor fully closed. Direction. The valve selects the direction of fluid flow through two or more branches of a system or allows flow to pass in only one direction. Protection. The valve protects the system from excessive pressure. Isolation Needle valves are used for isolation. Screw actuation allows the valve to be opened gradually—the threaded stem requires three or four turns of the handle to open and close the valve (see Fig. 1).



Fig. 1 Swagelok Integral Bonnet Needle Valve
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 For exceptionally high pressures—generally above 10 000 psig (690 bar)—a special variation of needle valves has been designed. Although similar to other needle valves, these valves contain unique design features and materials specially selected for high-pressure operation (see Fig. 2).



Fig. 2 Swagelok High-Pressure Valve Ball and plug valves are used widely for isolation. A quarter turn of the handle quickly opens or closes the valve. These compact valves are quick and easy to operate, and they provide a highly reliable seal. However, they do not allow a system to be turned on slowly and many should not be used in a partially open position for throttling (see Fig. 3).



Fig. 3 Swagelok Ball Valve 11-2



Swagelok Plug Valve



 Regulation Regulating and metering valves are designed to adjust the rate of flow. They usually have a long, finely tapered stem tip and a fine-pitch stem thread, and open in five to ten turns. Valves of this type are not suggested for isolation service and are generally designed so they cannot be shut off (see Fig. 4).



Fig. 4 Swagelok Metering Valve



Swagelok Regulating Needle Valve



Direction Selection valves have three or more connections, allowing flow to be directed towards two or more parts of the system (see Fig. 5).



Fig. 5 Swagelok 6-Way Crossover Valve
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 Check valves are held closed by a spring, opening automatically when the inlet pressure exceeds the outlet pressure by enough to overcome the spring force. When the flow stops, the check valve closes to prevent flow in the reverse direction (see Fig. 6).



Fig. 6 Swagelok Check Valve Protection Relief valves protect a fluid system from excessive pressure. The valve is held closed by a spring as the system operates at its normal pressure. When the pressure increases to the set point of the valve, it opens automatically and remains open until the system pressure decreases to the reseal point (see Fig. 7).



Fig. 7 Swagelok Relief Valve END CONNECTIONS Valves are made with many different end connections to suit the valve function and for convenience in building the system. The most common connections are: Swagelok tube fittings VCR® and VCO® face seal fittings Tapered pipe threads Weld connections Flanges 11-4



 Swagelok Tube Fitting Swagelok tube fitting end connections are used on the ends of valves in tubing systems to eliminate adapters and extra connections at the valve. This will reduce cost and minimize the number of potential leak points, along with making tubing systems smaller, easier to fabricate, and more reliable (see Fig. 8).



Fig. 8 Swagelok needle valve with Swagelok tube fitting end connections VCR and VCO Face Seal Fitting VCR and VCO face seal fitting end connections allow valves to be installed and removed without axial clearance in the system. They often are used in high-vacuum and ultra-high purity gas systems (see Fig. 9).



Fig. 9 Swagelok bellows valve with VCR end connections
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 Tapered Pipe Threads Tapered pipe threads are the most common end connection when valves must be connected directly to other equipment. Valves with a male pipe-thread inlet and a female pipe-thread outlet connection are often used as the isolation valve between the equipment and the system. When used with a pipe-thread inlet and a Swagelok tube fitting outlet connection, the isolation valve replaces the male connector fitting at the equipment and simplifies the system (see Fig. 10). Pipe threads always need a sealant, such as Swagelok TFE tape or SWAK anaerobic pipe thread sealant, to fill the gaps between male and female threads for a leak-tight joint (see pp. 3-54, 55, and 56).



Fig. 10 Swagelok Valves with pipe thread and Swagelok tube fitting end connections Weld End Connections Weld end connections are used when permanent, leak-tight connections are required. Small valves often have butt or socket weld connections for tubing. Larger valves generally have socket weld connections for tubing or pipe (see Fig. 11).



Fig. 11 Swagelok Bellows Valve with butt weld end connections 11-6



Swagelok Ball Valve with pipe socket weld end connections



 Flanges Flanges commonly are used on process valves to connect to standard pipe flanges (see Fig.12).



Fig. 12 Swagelok Process Ball Valve with ANSI Pipe Flange connections Special flanges frequently are used for connecting manifold valves directly to pressure measurement instruments (see Fig. 13).



Fig. 13 Swagelok Three-Valve Manifold with Flange connection for direct mounting to a differential pressure cell
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 Other special flanges are used for sanitary piping systems in the food and biotech industries (see Fig. 14).



Fig. 14 Swagelok Pinch Valve with Sanitary Flange end connections PRESSURE-TEMPERATURE RATINGS Valve pressure and temperature ratings specify the maximum and minimum temperatures and pressures at which the valve can be operated safely. These ratings are based on the properties of materials used in pressure-containing parts and those of other materials that contact the system fluid, on design requirements, and on performance tests. Swagelok Technical Bulletin No. 4 describes the design basis for our process and instrument valves, explains how pressure-temperature ratings are determined, and lists national codes and standards relating to valve ratings. Technical Bulletin No. 4 also provides pressuretemperature ratings tables for Swagelok valves. MATERIALS The material of the valve body must be selected to suit the needs of the application. The three most common materials are stainless steel, brass, and carbon steel. Also used are alloys of nickel, copper, chromium, and others. Valves made of plastic are available for certain applications (see Fig. 15). The choice of material is determined by compatibility with the system fluid, which encompasses such factors as corrosion resistance, pressure, temperature, and cleanliness. Materials are purchased in accordance with specifications published by the American Society for Testing and Materials (ASTM).
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 Fig. 15 Swagelok PFA Needle Valve SIZE The size of a valve often is described by the nominal size of the end connections. A more important measure of size is the rate of flow that the valve can provide. Flow through valves or other fluid system components depends primarily on component design, inlet and outlet pressures, and fluid density. Flow coefficients (Cv) for each valve are published in catalogs. C v values, determined by testing, and subsequent calculations are conducted in accordance with methods and formulas specified by the International Society for Measurement and Control (ISA). Swagelok Technical Bulletin No. 8 provides three simple graphs for estimating the flow of water or air through valves and other components, based on the Cv value given in the catalog. Technical Bulletin No. 8 also explains how to use the Cv value to calculate the flow and pressure drop for other fluids (see Fig. 16).
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 Fig. 16 Water Flow Graph STEM SEALS Stem seals, which prevent leakage of system fluids to atmosphere, are available in several designs to suit different valves and applications. The system designers and users may select from these choices to prevent leaks, minimize system fluid loss, and reduce maintenance, repair, and downtime expenses. Selecting the optimum seal can increase system efficiency and lower total costs of ownership. Conventional Packing A TFE packing cylinder fits closely around the valve stem (see Fig. 17). Tightening the packing nut forces the soft plastic material outward against the body and inward against the stem, forming a seal. We prevent leakage and minimize need for frequent packing adjustments by: • fine surface finishes on the stem shank to reduce wear of the packing as the stem slides during operation. • maintaining close tolerances—especially concentricity—of the packing, stem, and bonnet. • fully supporting the packing with metal or reinforced plastic glands to prevent extrusion under pressure.
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 Fig. 17 Swagelok Needle Valve with TFE packing Live-Loaded Packing Live loading maintains a constant pressure on the packing to ensure that it remains leak-tight. This is especially valuable in applications with frequent temperature or pressure changes, or high operating temperatures. It eliminates the need for frequent packing adjustment and extends packing service life. The two most common methods of live loading are an elastomeric O-ring seal or a spring-loaded plastic packing. The simplest live-loaded seal is an elastomeric O-ring. Elastomers are synthetic or natural rubber-like materials which return to their original shape after being deformed. The resilience of the elastomer provides the live load which maintains enough pressure on the seal to compensate for temperature or pressure changes and for wear. Spring-loaded stem seals employ a plastic packing, but because plastics are not as resilient as elastomers, live loading is provided by a series of disc springs above a metal gland. The packing nut compresses the springs to maintain a constant load on the packing, compensating for packing wear and for changes in pressure or temperature. For additional seal integrity, the packing is a two-piece split chevron design supported by an antiextrusion ring and a metal gland. The two packing rings move uniformly against the stem and bonnet, and form a larger seal area that also increases packing life (see Fig. 18). Of course, the same smooth surface finishes, close tolerances, and concentricity that characterize conventional packing systems are equally important in effective live-loaded packing systems. 11-11



 Swagelok Ball Valve with live-loaded packing



Fig. 18 Swagelok Needle Valve with spring-loaded stem seal Packless Valves Packless valves employ a bellows or diaphragm as an all-metal static seal that the stem does not penetrate. This design ensures no leakage to atmosphere.
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 In bellows valves, a flexible metal bellows is welded to a stem at one end and to a ring at the other end. The ring is welded or gasketed to the valve body. The seal to atmosphere is maintained by the flexible bellows as the valve is cycled (see Fig. 19). In diaphragm valves, a formed metal disc is placed between the body and the bonnet and sealed to the valve body at its outer circumference. As the stem is actuated, the diaphragm flexes to open or close the valve.



Fig. 19 Swagelok Bellows Valves Packless Valves with Secondary Stem Packing These valves have a primary and secondary stem seal. The primary static seal is a bellows; a secondary packing is provided outside the bellows (see Fig. 20). The secondary seal can be either a conventional or live-loaded packing. A sniffer tube connection normally is provided to monitor the space between the two seals and to detect a leak in the primary seal.
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 Fig. 20 Swagelok Bellows Valve ACTUATION Valves are actuated manually or mechanically. Manual actuation, by far the most common, is accomplished by rotary action with a screw thread stem, quarter-turn rotary, or toggle lever. They are illustrated in Figs. 1, 3, and 10, respectively. Valves that are operated frequently, located inconveniently, used with a hazardous system fluid, or integrated into an automated system usually require mechanical actuation. Mechanical actuators are operated by either pneumatic or electric power. Most common are pneumatic actuators, which are available in three types—normally closed, normally open, and double acting. In the first two, a spring holds the valve either closed or open, and pneumatic pressure moves the valve to the opposite position. Double-acting actuators have no springs and require pneumatic pressure to both open and close the valve. Pneumatic actuators may also include directmounted solenoid valves for control by an electrical signal from a control system (see Fig. 21).
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 Fig. 21 Swagelok Ball Valve with Pneumatic Actuator and Direct-Mounted Solenoid Valve Electric actuators are especially suitable for automated systems requiring direct electrical control, position indication, limit switches, slower cycle times and steady actuation. They also are used for remote actuation where compressed air is not readily available (see Fig. 22).



Fig. 22 Swagelok Ball Valve with Electric Actuator INSTALLATION Proper installation is an essential part of valve selection and use.
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 Mounting Valves should be mounted so that the weight of the valve is not supported by the tubing or piping system, but by the valve mounting itself. The valve support should be adequate to handle external loads, such as piping system expansion or seismic loads. The valve mounting also should absorb the torque used to actuate the valve, so that no stress is transferred to the valve end connections, piping, or tubing. Valves are designed with panel mounting, bottom mounting, or special brackets to provide adequate support. Most actuator brackets (see Fig. 21) include provisions to mount and support the valve-actuator assembly (see Fig. 23).



Swagelok Ball Valve panel mounted with a directional label



Swagelok Bellows Valve with Bottom Mounting Screw Holes



Swagelok Ball Valve with Mounting Bracket



Swagelok Mounting Bracket for Manifold Valves and Differential Pressure Cells Fig. 23
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 Position Valves should be installed so they can be readily seen, easily reached for actuation, and protected from accidental damage or operation. The valve should not be positioned so it becomes a convenient step ladder or hanger. Ball valves with lever handles should not be located so that the handle can be turned accidentally, or an oval handle should be used. Lockout Protection Current safety regulations require that valves be locked out during system maintenance. Some valve handles are available with a latch and locking mechanism. A convenient lockout box is available to fit over many standard valve handles (see Fig. 24).



Fig. 24 Swagelok Lokout Accessory fits over standard handles



Swagelok Ball Valve with Latch-Lock Handle
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 SAMPLE CYLINDERS Swagelok Sample Cylinders are manufactured in accordance with U.S. Department of Transportation specifications and can be used to sample and transport gases and liquids. A variety of valves are suitable for use with sample cylinders, including valves with a built-in rupture discs for overpressure protection (see Fig. 25).



Fig. 25 Swagelok Sample Cylinder with a Needle Valve and Rupture Disc for Overpressure Protection SAFE VALVE SELECTION When selecting a component, the total system design must be considered to ensure safe, trouble-free performance. Component function, material compatibility, adequate ratings, proper installation, operation, and maintenance are the responsibility of the system designer and user.
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 APPENDIX (SECTION A) Flow/Pressure Charts and Conversions • Flow & Pressure Charts • Heads and Equivalent Pressure Conversions • Pressure Conversions • Flow Rate Conversions DETERMINING INSIDE DIAMETER OF TUBING The ID of tubing is set by flow requirements, permissible pressure drop, and maximum allowable velocity. To aid in selecting the proper ID of tubing for liquid flow, Charts 1 through 10 are provided on the following pages. Charts 11 through 20 are provided for sizing tubing for gas flow. These charts give pressure drop for 100 feet of tubing for both water and air flow. By using the formula provided, it is also possible to obtain the pressure drop of fluids other than water and gas. To allow for pressure drops in bends and fittings, the equivalent lengths in Table A can be used when obtaining equivalent length of tubing for pressure drop calculations. To obtain equivalent length of tubing, total all straight lengths and then add lengths for each bend, elbow, or tee from Table A. EQUIVALENT FEET OF STRAIGHT TUBE Tubing OD (in.) 1/4



90° Elbow (ft) 1



90° Bend (ft) 1/2



180° Bend (ft) 1



45° Bend (ft) 1/2



Tee Branch (ft) 1



3/8



11/2



1/2



1



1/2



11/2



1/2



2



1/2



1



1/2



2



5/8



21/2



1



2



1/2



21/2



3/4



3



1



2



1/2



3



1



41/2



1



2



1/2



41/2



11/4



5



2



4



1



5



11/2



6



2



4



1



6



2



9



2



4



1



9



Table A
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 CALCULATIONS FOR LIQUID FLOW EXAMPLE 1. Water is to flow through 50 feet of tubing at 4 gallons per minute (GPM). Water velocity is not to exceed 5 feet per second. The maximum allowable pressure drop is 5 psig. What diameter of tubing can be used? Step 1.



Pressure drop for 100 feet would be two times the allowable pressure drop for 50 feet, i.e. 10 psi.



Step 2.



By looking at Charts 1 through 9, it can be determined that only 3/4 in. or 1 in. OD tubing can be used because the pressure drop would be over 10 psi for a 4 GPM flow in smaller tubing. From Chart 5, for 4 GPM flow rate, the pressure drop per 100 feet of any of the 3/4 in. OD tubes would be satisfactory.



Step 3.



The smallest ID on Chart 5 is 0.560 in. An ID of 0.560 in. on Chart 10 shows velocity of 5 feet per second for 4 GPM. Therefore, any of the 3/4 in. tubing can be used, and wall thickness selection would be determined by pressure requirements.



EXAMPLE 2. Suppose the maximum pressure drop of Example 1 was 1 psig. Find the proper size tubing. Step 1.



For 100 feet, maximum pressure drop would be 2 psi.



Step 2.



The 3/4 in. tubing is now too small as determined by Chart 5. Looking at Chart 6, it can be seen that 1 in. OD tubing of wall thickness less than 0.100 in. can be used because it will have less than a 2 psi pressure drop.



For liquids with specific gravity near water, the equivalent water flow rate can be calculated and then used to find pressure drop. An example follows: Equivalent Flow Rate of water = Flow Rate of other liquid times √S.G. Liquid



Qw = Q2 √specific gravity of other liquid EXAMPLE 3. Acetone at 1/10 GPM is to flow through 100 feet of tubing with a pressure drop not to exceed 5 psi. Step 1.



Qw = Q2 √S.G.L.



= (1/10) √0.792 (Specific Gravity Acetone = 0.792) = 0.089 GPM water
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 Step 2.



Chart 2 shows that 1/4 in. OD tubing of wall thickness 0.049 or less will be of sufficient ID to produce less than a 5 psi drop with a water flow of 0.089 GPM.



CALCULATIONS FOR GAS SYSTEMS (CHARTS 11 THROUGH 20) Pressure drop is directly proportional to length, inversely proportional to absolute pressure, and directly proportional to absolute temperature. Using this information, the pressure drop formula for use with Charts 11 through 20 is: PL = P 100



L 100



(



)( )



114.7 14.7 + P



460 + t 530



where PL — refers to pressure drop (in psi) of air per L feet of tubing at conditions of pressure (P in psig) and temperature (t in °F). P 100



— refers to pressure drop at 100 psig, 70°F for 100 feet of tubing.



In order to use Charts 11 through 20, it is necessary to obtain equivalent conditions at 100 psig. This is most easily explained by example problems given below. EXAMPLE 1. What is the pressure drop for 6 CFM of 100 psig air at 70°F for 100 feet of 3/4 in. 0.095 wall tubing? SOLUTION: From Chart 15 read 7.5 psi pressure drop. EXAMPLE 2. Same problem as 1 but for 200 feet of tubing. SOLUTION: Pressure drop is directly proportional to length. Therefore, if 7.5 psi is the pressure drop for 100 feet, 2  7.5 = 15 psi is drop for 200 feet. EXAMPLE 3. Same problem as 1 but for 50 feet of tubing. SOLUTION: Pressure drop is directly proportional to length. Therefore, if 7.5 psi is the pressure drop for 100 feet, 1/2  7.5 = 3.75 psi is the drop for 50 feet of tubing. EXAMPLE 4. 10 CFM free air is to pass through 75 feet of tubing at 80 psig inlet pressure and 75°F. The diameter of the proper tubing is to be found knowing the maximum allowable pressure drop is 6 psi. SOLUTION: Step 1.



Find the pressure drop for 100 feet of tubing at 70°F and 100 psig so that the charts may be used.
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 P = 6 = P 100



( )(



P 100



75 100



114.7 14.7 + 80



)( ) 460+75 530



= 6.55 psi drop per 100 feet at 100 psig at 70°F.



Step 2.



Change flow rate at 80 psig and 75°F to the flow rate at 100 psig and 70°F.



(



Qair at 100 psig, 70°F = Qair at 80,75



14.7 + 80 114.7



)(



)



530 460 + 75



= 8.18 CFM Step 3.



On Chart 16, note that all 1 in. tubing will give a pressure drop of less than 6.55 psi at 8.18 CFM flow at 100 psig.



EXAMPLE 5. Helium is to pass through 100 feet of tubing at 25 psig inlet pressure and 70°F. The flow rate of free helium is 8 CFM. What is the pressure drop in 3/8 in. 0.035 in. wall tubing? SOLUTION: Step 1.



Find the equivalent air flow so that air flow charts may be used.



flow rate of air = flow rate of helium √specific gravity of helium Qa = QHe √(S.G.) He



Qa = 8 √0.138 = 3 CFM free air Step 2.



Change flow rate at 25 psig to the flow rate of air at 100 psig.



Qair at 100 = Qair at 25



)



(



14.7 + 25 114.7



Step 3.



See Chart 13 and find that the pressure drop of 100 psig air at 1.0 CFM is 6 psi for 100 feet of tubing.



Step 4.



Solve for pressure drop in the problem by using the pressure drop formula.



P =



=



P 100 6



( )( )( ) ( )( )( ) L 100



100 100



114.7 14.7 + P



114.7 14.7 + 25



460 + t 530



530 530



= 6 (2.9) = 17.3 psi pressure drop. A-4



=1.0 CFM



 EXAMPLE 6. 8 CFM of 15 psig, 70°F air is to pass through 10 feet of 1/2 in. OD, 0.049 wall tubing. What is the pressure drop? SOLUTION: Step 1.



Change flow rate at 15 psig to flow rate at 100 psig.



Qair @ 100 = Qair @ 15



(



14.7+15 100 + 14.7



)



=8



( ) 29.7 114.7



= 2.07



Step 2.



From Chart 14, pressure drop at 100 psig is found to be 6 psi for 100 feet of tubing.



Step 3.



Change this pressure drop to the condition of the problem.



( )( )( ) ( )( )( )



P = P 100 =6



L 100



10 100



114.7 14.7 + P



114.7 14.7 + 15



460 + t 530



530 530



= 6  1/10  3.86 = 2.3 psi drop. OR: Step 1.



Change flow rate to that of free air.



Qair @ 14.7 psia = Qair @ 15 psig



(



)



14.7 + 15 14.7



= 8  2.02 = = 16.16 CFM Step 2.



From Chart 14, pressure drop at 14.7 psia for 100 feet of 1/2 in. 0.049 wall tubing and 16.16 CFM free air flow is 6 psi.



Step 3.



Same as Step 3 above.
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 Chart 1: 1/8 in. OD Tubing



Pressure Drop per 100 feet of 1/8 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.035 in. 0.055 in. B 0.028 in. 0.069 in.
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 Chart 2: 1/4 in. OD Tubing



Pressure Drop per 100 feet of 1/4 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.065 in. 0.120 in. B 0.049 in. 0.152 in. C 0.035 in. 0.180 in. D 0.028 in. 0.194 in.
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 Chart 3: 3/8 in. OD Tubing



Pressure Drop per 100 feet of 3/8 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.065 in. 0.245 in. B 0.049 in. 0.277 in. C 0.035 in. 0.305 in.
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 Chart 4: 1/2 in. OD Tubing



Pressure Drop per 100 feet of 1/2 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.083 in. 0.334 in. B 0.065 in. 0.370 in. C 0.049 in. 0.402 in. D 0.035 in. 0.430 in.
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 Chart 5: 3/4 in. OD Tubing



Pressure Drop per 100 feet of 3/4 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.095 in. 0.560 in. B 0.065 in. 0.620 in. C 0.035 in. 0.680 in.
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 Chart 6: 1 in. OD Tubing



Pressure Drop per 100 feet of 1 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.120 in. 0.760 in. B 0.095 in. 0.810 in. C 0.065 in. 0.870 in. D 0.035 in. 0.970 in.



A-11



 Chart 7: 1 1/4 in. OD Tubing



Pressure Drop per 100 feet of 11/4 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.156 in. 0.938 in. B 0.120 in. 1.010 in. C 0.095 in. 1.060 in. D 0.065 in. 1.120 in.
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 Chart 8: 1 1/2 in. OD Tubing



Pressure Drop per 100 feet of 11/2 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.188 in. 1.124 in. B 0.134 in. 1.232 in. C 0.109 in. 1.282 in. D 0.083 in. 1.334 in.
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 Chart 9: 2 in. OD Tubing



Pressure Drop per 100 feet of 2 inch OD tubing WALL INSIDE CURVE THICKNESS DIAMETER A 0.188 in. 1.124 in. B 0.134 in. 1.232 in. C 0.109 in. 1.282 in. D 0.083 in. 1.334 in.
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 Chart 10: Mean Velocity versus Tube Inside Diameter for Various Water Flows
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 Chart 11: 1/8 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 1/8 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.035 in. 0.055 in. B 0.028 in. 0.069 in.



A-16



 Chart 12: 1/4 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 1/4 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.065 in. 0.120 in. B 0.049 in. 0.152 in. C 0.035 in. 0.180 in. D 0.028 in. 0.194 in.
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 Chart 13: 3/8 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 3/8 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.065 in. 0.245 in. B 0.049 in. 0.277 in. C 0.035 in. 0.305 in.
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 Chart 14: 1/2 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 1/2 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.083 in. 0.334 in. B 0.065 in. 0.370 in. C 0.049 in. 0.402 in. D 0.0235 in. 0.430 in.
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 Chart 15: 3/4 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 3/4 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.095 in. 0.560 in. B 0.065 in. 0.620 in. C 0.035 in. 0.680 in.
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 Chart 16: 1 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 1 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.120 in. 0.760 in. B 0.083 in. 0.834 in. C 0.035 in. 0.930 in.
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 Chart 17: 1 1/4 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 11/4 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.165 in. 0.938 in. B 0.120 in. 1.010 in. C 0.095 in. 1.060 in. D 0.065 in. 1.120 in.
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 Chart 18: 1 1/2 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 11/2 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.188 in. 1.124 in. B 0.134 in. 1,232 in. C 0.109 in. 1.282 in. D 0.083 in. 1.334 in.
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 Chart 19: 2 in. OD Tubing CFM Air Standard Temperature and Pressure (14.7 PSIA @ 70° F)



Pressure Drop per 100 feet of 2 inch OD tubing. 100 psig Line Pressure WALL INSIDE CURVE THICKNESS DIAMETER A 0.188 in. 1.624 in. B 0.156 in. 1.688 in. C 0.120 in. 1.760 in. D 0.095 in. 1.810 in.
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 Chart 20: Air Velocity versus Tubing ID for 100 PSIG Air and 14.7 PSIA Air



ID OF TUBING (inches)
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 HEADS AND EQUIVALENT PRESSURE CONVERSIONS To Convert atmospheres atmospheres atmospheres atmospheres atmospheres atmospheres ft of water at 60°F ft of water at 60°F ft of water at 60°F ft of water at 60°F ft of water at 60°F ft of water at 60°F in. of water at 60°F in. of water at 60°F in. of water at 60°F in. of water at 60°F in. of water at 60°F in. of water at 60°F in. of mercury at 32°F in. of mercury at 32°F in. of mercury at 32°F in. of mercury at 32°F in. of mercury at 32°F in. of mercury at 32°F mm of mercury at 32°F mm of mercury at 32°F mm of mercury at 32°F mm of mercury at 32°F mm of mercury at 32°F mm of mercury at 32°F pounds per sq ft pounds per sq ft pounds per sq ft pounds per sq ft pounds per sq ft pounds per sq ft. pounds per sq in. pounds per sq in. pounds per sq in. pounds per sq in. pounds per sq in. pounds per sq in. A-26



Into pounds per sq in. pounds per sq ft in. of water at 60°F ft of water at 60°F in. of mercury at 32°F mm of mercury at 32°F pounds per sq in. pounds per sq ft in. of water at 60°F in. of mercury at 32°F mm of mercury at 32°F atmospheres pounds per sq in. pounds per sq ft ft of water at 60°F in. of mercury at 32°F mm of mercury at 32°F atmospheres pounds per sq in. pounds per sq ft in. of water at 60°F ft of water at 60°F mm of mercury at 32°F atmospheres pounds per sq in. pounds per sq ft in. of water at 60°F ft of water at 60°F in. of mercury at 32°F atmospheres pounds per sq in. in. of Water at 60°F ft of Water at 60°F in. of mercury at 32°F mm of mercury at 32°F atmospheres pounds per sq ft in. of water at 60°F ft of water at 60°F in. of mercury at 32°F mm of mercury at 32°F atmospheres



Multiply By 14.696 2116.22 407.17 33.931 29.921 760 0.4335 62.43 12 0.8826 22.418 0.029481 0.03613 5.204 0.08333 0.073483 1.8665 2.458  10-3 0.49116 70.7266 13.608 1.1340 25.40005 0.033421 0.019337 2.78450 0.53576 0.04461 0.03937 1.3158  10-3 6.9445  10-3 0.19224 0.01603 0.01414 0.35916 4.725  10-4 144.0 27.684 2.307 2.03601 51.7148 0.06804



 PRESSURE CONVERSIONS To



mmHg



in.Hg



in.H2O



mmHg



1



0.03937



0.5353



in.Hg



25.40



1



13.60



in.H2O



1.868



0.07355



1



ftH2O



22.42



0.8826



12



1



0.02950



0.4334



atm



760



29.92



406.8



33.90



1



lb/in.2



51.71



2.036



27.69



2.307



kg/cm2



735.6



28.96



393.7



kPa



7.500



0.2953



bar



750



29.53



From



ftH2O



atm



lb/in.2



Kg/cm2



kPa



bar



0.1333



0.0013



0.03453



30.387



0.0339



0.08333 0.00246 0.03612 0.00254



0.2490



0.0025



0.03048



2.988



0.0299



14.70



1.033



101.3



1.013



0.06805



1



0.07031



6.894



0.0689



32.81



0.9678



14.22



1



98.05



0.981



4.016



0.3347



0.00987



0.1451



0.0102



1



0.01



401.6



33.47



0.987



14.51



1.02



100



1



0.04461 0.00132 0.01934 0.00136 1.133



0.03342



0.4912



FLOW RATE CONVERSIONS To



Lit/sec



gal/min



ft3/sec



ft3/min



bbl/hr



bbl/day



Lit/sec



1



15.85



0.03532



2.119



22.66



543.8



gal/min



0.06309



1



0.00223



0.1337



1.429



34.30



ft3/sec



28.32



448.8



1



60



641.1



1.54x104



ft3/min



0.4719



7.481



0.01667



1



10.69



256.5



bbl/hr



0.04415



0.6997



0.00156



0.09359



1



24



bbl/day



0.00184



0.02917



6.50x105



0.00390



0.04167



1



From
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 APPENDIX (SECTION B) General Information • Birmingham Wire Gauge Table • O-ring Dimensional Table • Properties of Saturated Steam • Specific Gravity of Water • Specific Gravity of Liquids • Specific Gravity of Gases • Table of Elements • Temperature Ratings of Materials • Volume Conversions • Area Conversions • Decimal Equivalents and in. to mm Equivalents • °C to °F Conversion Table • Pipe and Tube Wall Thickness, Area
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 BIRMINGHAM WIRE GAUGE TABLE



B-2



BWG



Wall Thickness Decimal Equivalent in in.



30



0.012



29



0.013



28



0.014



27



0.016



26



0.018



25



0.020



24



0.022



23



0.025



22



0.028



21



0.032



20



0.035



19



0.042



18



0.049



17



0.058



16



0.065



15



0.072



14



0.083



13



0.095



12



0.109



11



0.120



10



0.134



9



0.148



8



0.165



7



0.180



6



0.203



5



0.220



4



0.238



3



0.259



2



0.284



1



0.300



 O-RING DIMENSIONAL TABLE Actual Dimensions Uniform Size Number



ID (in.)



006 007 008 009 010 011 012 013 014 111 112 113 114 115 116 117 118 119 120 121 122 123 125 126 128 130 132 133 134 136 212 215 219 223 902 9021/2 904 905 906 908 910 912 916 920 924 932



0.114 0.145 0.176 0.208 0.239 0.301 0.364 0.426 0.489 0.424 0.487 0.549 0.612 0.674 0.737 0.799 0.862 0.924 0.987 1.049 1.112 1.174 1.299 1.362 1.487 1.612 1.737 1.799 1.862 1.987 0.859 1.046 1.296 1.609 0.239 0.070 0.351 0.414 0.468 0.644 0.755 0.924 1.171 1.475 1.720 2.337



Cross Section (in.) 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.139 0.139 0.139 0.139 0.064 0.040 0.072 0.072 0.078 0.087 0.097 0.116 0.116 0.118 0.118 0.118



OD (in.) 0.254 0.285 0.316 0.348 0.379 0.441 0.504 0.566 0.629 0.630 0.693 0.755 0.818 0.880 0.943 1.005 1.068 1.130 1.193 1.255 1.318 1.380 1.505 1.568 1.693 1.818 1.943 2.005 2.068 2.193 1.137 1.324 1.574 1.887 0.367 0.150 0.495 0.558 0.624 0.818 0.949 1.156 1.403 1.711 1.956 2.573
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 PROPERTIES OF SATURATED STEAM Abs press. psia



Temp. °F



Abs press. psia



Temp. °F



Abs press. psia



Temp. °F



Abs press. psia



Temp. °F



Abs press. psia



Temp. °F



1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 14.696 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37



101.74 107.92 113.26 117.99 122.23 126.08 129.62 132.89 135.94 138.79 141.48 152.97 162.24 170.06 176.85 182.86 188.28 193.21 197.75 201.96 205.88 209.56 212.00 213.03 216.32 219.44 222.41 225.24 227.96 230.57 233.07 235.49 237.82 240.07 242.25 244.36 246.41 248.40 250.33 252.22 254.05 255.84 257.08 259.29 260.95 262.57



38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83



264.16 265.72 267.25 268.74 270.21 271.64 273.05 274.44 275.80 277.13 278.45 279.74 281.01 282.26 283.49 284.70 285.90 287.07 288.23 289.37 290.50 291.61 292.71 293.79 294.85 295.90 296.94 297.97 298.99 299.99 300.98 301.96 302.92 303.88 304.83 305.76 306.68 307.60 308.50 309.40 310.29 311.16 312.03 312.89 313.74 314.59



84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 102 104 106 108 110 112 114 116 118 120 122 124 126 128 130 132 134 136 138 140 142 144 146 148 150 152 154 156 158



315.42 316.25 317.07 317.88 318.68 319.48 320.27 321.06 321.83 322.60 323.36 324.12 324.87 325.61 326.25 327.08 327.81 329.25 330.66 332.05 333.42 334.77 336.11 337.42 338.72 339.99 341.25 342.50 343.72 344.94 346.13 347.32 348.48 349.64 350.78 351.91 353.02 354.12 355.21 356.29 357.36 358.42 359.46 360.49 361.52 362.03



160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192 194 196 198 200 205 210 215 220 225 230 235 240 245 250 260 270 280 290 300 320 340 360 380 400 420 440 460 480 500



363.53 364.53 365.51 366.48 367.45 368.41 369.35 370.29 371.22 372.14 373.06 373.96 374.86 375.75 376.64 377.51 378.38 379.24 380.10 380.95 381.79 383.86 385.90 387.89 389.86 391.79 393.68 395.54 397.37 399.18 400.95 404.42 407.78 411.05 414.23 417.33 423.29 428.97 434.40 439.60 444.59 449.39 454.02 458.50 462.82 467.01



520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940 960 980 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 1,600 1,700 1,800 1,900 2,000 2,200 2,400 2,600 2,800 3,000 3,200



471.07 475.01 478.85 482.58 486.21 489.75 493.21 496.58 499.88 503.10 506.25 509.34 512.36 515.33 518.23 521.08 523.88 526.63 529.33 531.98 534.59 537.16 539.68 542.17 544.61 550.57 556.31 561.86 567.22 572.42 577.46 582.35 587.10 591.71 596.23 604.90 613.15 621.03 628.58 635.82 649.46 662.12 673.94 684.99 695.36 705.11



Note: To convert PSIA into PSIG subtract 14.7 (approx.) B-4



 SPECIFIC GRAVITY OF WATER VS. TEMPERATURE Water Temperature °F



Specific Gravity



32 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 212 220 240 260 280 300 350 400 450 500 550 600



1.0013 1.0013 1.0006 1.0000 0.9989 0.9976 0.9963 0.9945 0.9920 0.9902 0.9872 0.9848 0.9817 0.9787 0.9751 0.9716 0.9681 0.9645 0.9605 0.9594 0.9565 0.9480 0.9386 0.9294 0.9193 0.8917 0.8606 0.8269 0.7863 0.7358 0.6797
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 SPECIFIC GRAVITY OF LIQUIDS



Liquid Acetone Alcohol, Ethyl (100 %) Alcohol, Methyl (100 %) Acid, Muriatic (40 %) Acid, Nitric (91 %) Acid, Sulfuric (87 %) Bunkers C Fuel Max. Distillate Fuel 3 Max. Fuel 5 Min. Fuel 5 Max. Fuel 6 Min. Gasoline Gasoline, Natural Hydrochloric Acid Kerosene M. C. Residuum Mercury Olive Oil Pentane SAE 10 Lube* SAE 30 Lube* SAE 70 Lube* Salt Creek Crude Sea Water 32.6° API Crude 35.6° API Crude 40° API Crude 48° API Crude Water *100 Viscosity Index.
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Specific Gravity Relative to Water at 60°F 0.792 0.789 0.796 1.20 1.50 1.80 1.014 0.850 0.898 0.966 0.993 0.993 0.751 0.680 1.256 0.815 0.935 13.570 0.919 0.624 0.876 0.898 0.916 0.843 1.025 0.862 0.847 0.825 0.788 1.000



 SPECIFIC GRAVITY OF GASES RELATIVE TO AIR @ 70°F Name of Gas



Chemical Formula



Acetylene Air Ammonia Anthracite Producer Gas Argon Benzene Bituminous Producer Gas Blast-Furnace Gas Blue Water Gas Butane Butylene Carbon Dioxide Carbon Monoxide Carbureted Water Gas Chlorine Coke Oven Gas Ethane Ethyl Chloride Ethylene Freon (F-12) Helium Hydrogen Hydrogen Chloride Hydrogen Sulphide Methane Methyl Chloride Natural Gas* Neon Nitrogen Nitric Oxide Nitrous Oxide Oxygen Pentane Propane Propylene Sulphur Dioxide Toluene Xylene



C2H2 — NH3 — Ar C6H6 — — — C4H10 C4H8 CO2 CO — Cl2 — C2H6 C2H5Cl C2H4 CCl2F2 He H2 HCl H2S CH4 CH3Cl — Ne N2 NO N2O O2 C5H12 C3H8 C3H6 SO2 C7H8 C8H10



Specific Gravity Relative To Air 0.9107 1.000 0.5961 0.85 1.377 2.6920 0.86 1.000 0.53 2.06654 1.9936 1.5282 0.9672 0.65 2.486 0.42 1.04882 2.365 0.974 4.520 0.138 0.06959 1.268 1.190 0.5543 1.738 0.667 0.696 0.9718 1.034 1.518 1.1053 2.4872 1.5617 1.4504 2.264 3.1760 3.6618



* Representative value B-7



 TABLE OF THE ELEMENTS name



sym.



Actinium Aluminum Americium Antimony Argon Arsenic Astatine Barium Berkelium Beryllium Bismuth Boron Bromine Cadmium Calcium Californium Carbon Cerium Cesium Chlorine Chromium Cobalt Copper Curium Dysprosium Einsteinium Erbium Europium Fermium Fluorine Francium Gadolinium Gallium Germanium Gold Hafnium Helium Holmium Hydrogen Indium Iodine Iridium Iron Krypton Lanthanum Lawrencium Lead Lithium Lutetium Magnesium Manganese Mendelevium



Ac Al Am Sb Ar As At Ba Bk Be Bi B Br Cd Ca Cf C Ce Cs Cl Cr Co Cu Cm Dy Es Er Eu Fm F Fr Gd Ga Ge Au Hf He Ho H In I Ir Fe Kr La Lw Pb Li Lu Mg Mn Md
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at. no.



at. wt.



89 13 95 51 18 33 85 56 97 4 83 5 35 48 20 98 6 58 55 17 24 27 29 96 66 99 68 63 100 9 87 64 31 32 79 72 2 67 1 49 53 77 26 36 57 103 82 3 71 12 25 101



227 26.9815 243 121.75 39.948 74.9216 210 137.34 247 9.0122 208.980 10.811 79.909 112.40 40.08 249 12.01115 140.12 132.905 35.453 51.996 58.9332 63.54 247 162.50 254 167.26 151.96 253 18.9984 223 157.25 69.72 72.59 196.967 178.49 4.0026 164.930 1.00797 114.82 126.9044 192.2 55.847 83.80 138.91 257 207.19 6.939 174.97 24.312 54.9380 256



name



sym.



Mercury Molybdenum Neodymium Neon Neptunium Nickel Niobium Nitrogen Nobelium Osmium Oxygen Palladium Phosphorous Platinum Plutonium Polonium Potassium Praseodymium Promethium Proactinium Radium Radon Rhenium Rhodium Rubidium Ruthenium Samarium Scandium Selenium Sililcon Silver Sodium Strontium Sulfur Tantalum Technetium Tellurium Terbium Thallium Thorium Thulium Tin Titanium Tungsten Uranium Vanadium Xenon Ytterbium Yttrium Zinc Zirconium



Hg Mo Nd Ne Np Ni Nb N No Os O Pd P Pt Pu Po K Pr Pm Pa Ra Rn Re Rh Rb Ru Sm Sc Se Si Ag Na Sr S Ta Tc Te Tb Tl Th Tm Sn Ti W U V Xe Yb Y Zn Zr



at. no.



at. wt.



80 42 60 10 93 28 41 7 102 76 8 46 15 78 94 84 19 59 61 91 88 86 75 45 37 44 62 21 34 14 47 11 38 16 73 43 52 65 81 90 69 50 22 74 92 23 54 70 38 30 40



200.59 95.94 144.24 20.183 237 58.71 92.906 14.0067 254 190.2 15.9994 106.4 30.9738 195.09 242 210 39.120 140.907 147 231 226 222 186.2 102.905 85.47 101.07 150.35 44.956 78.96 28.086 107.870 22.9898 87.62 32.064 180.948 99 127.60 158.924 204.37 232.038 168.934 118.69 47.90 183.85 238.03 50.942 131.30 173.04 88.905 65.37 91.22



 SUGGESTED MAXIMUM TEMPERATURES FOR FITTINGS—TUBING—SEAL MATERIALS Metals °F Alloy 20 1200 Aluminum 400 Brass 400 Copper 400 Copper-Nickel (70/30) 700 Copper-Nickel (90/10) 600 Alloy B2 800 Alloy C-276 1000 Alloy 600 1200 Alloy 400 800 Nickel 600 Stainless Steel 304L 800 Stainless Steel 316-321-347 1200 Steel 375 Tantalum* 2000 Titanium 600 * Protective coating may be required above 900°F.



°C 649 204 204 204 371 316 427 537 649 427 316 427 649 190 1093 316



Plastics Delrin®† 195 200 Kel-F® Nylon 165 PFA (Perfluoroalkoxy) 400 Polyethylene 140 Polypropylene 250 TFE 450 500 Vespel® † Ratings may be reduced for water or air service.



91 93 74 204 60 121 232 260



Elastomers Buna Ethylene-Propylene Kalrez® Neoprene Silicone Viton



255 300 500 280 450 400



124 149 260 138 232 204



Note: The data presented above is believed to be reliable, but this type of table cannot cover all conditions of fluid types, concentrations, aerations, etc. It is suggested that this table be used only to select possible materials for use, and then a more extensive investigation be made of published material standards and applicable piping standards. Swagelok Company is not responsible for the accuracy of the information in the above tables. B-9



 VOLUME CONVERSIONS To Convert Cubic feet Cubic feet Cubic feet Cubic feet Cubic feet Cubic feet Cubic feet Cubic feet Gallons Gallons Gallons Gallons Gallons Gallons Gallons Gallons Gallons Liters Liters Liters Liters Liters Liters Liters Liters Liters Cubic centimeters Cubic centimeters Cubic centimeters Cubic centimeters Cubic centimeters Cubic centimeters Cubic centimeters Cubic centimeters Cubic in.
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Into Cubic centimeters Cubic meters Cubic yards Cubic in. Gallons (Br.) Liters BBL(oil) BBL (liq.) Cubic centimeters Cubic millimeters Cubic feet Cubic in. Gallons (Br.) Liters Pounds of water BBL (oil) BBL (liq.) Cubic centimeters Cubic millimeters Cubic yards Cubic feet Cubic in. Gallons (Br.) Gallons BBL (oil) BBL (liq.) Cubic meters Cubic feet Cubic in. Gallons (Br.) Gallons Liters BBL (oil) BBL (liq.) Cubic centimeters



Multiply By 2.83  104 0.02832 0.03704 1728 6.229 28.32 0.1781 0.2375 3785 0.00379 0.1337 231 0.8327 3.785 8.35 0.02381 0.03175 1000 0.001 0.00131 0.0353 61.02 0.2200 0.2642 0.00629 0.00839 1  10-6 3.531  10-5 0.06102 2.20  10-4 2.642  10-4 0.001 6.29  10-6 8.39  10-6 16.387



 AREA CONVERSIONS To



cm2



From



m2



km2



cm2



1



0.0001



m2



1  104



1



km2



1



1010



in.2



6.452



ft2



929.0



mile2



2.59 



1010



1



1



1010



1  106 106



6.45 



104



0.09290 2.59 



mile2



0.1550



0.00108



3.86  1011



1550



10.76



3.86  107



1010



9.29  108



106



ft2



1.55 



1 6.45 



in.2



2.590



1.08 



109



1 144 4.01 



0.3861



0.00694



2.49  1010



1



3.59  108



2.79 



109



107



107



1



DECIMAL EQUIVALENTS 8ths



32nds



1/8 = 0.125 1/4 = 0.250 3/8 = 0.375 1/2 = 0.500 5/8 = 0.625 3/4 = 0.750 7/8 = 0.875 16ths



11/32 = 0.03125 13/32 = 0.09375 15/32 = 0.15625 17/32 = 0.21875 19/32 = 0.28125 11/32 = 0.34375 13/32 = 0.40625 15/32 = 0.46875



11/64 = 0.015625 13/64 = 0.046875 15/64 = 0.078125 17/64 = 0.109375 19/64 = 0.140625 11/64 = 0.171875 13/64 = 0.203125 15/64 = 0.234375



33/64 = 0.515625 35/64 = 0.546875 37/64 = 0.578125 39/64 = 0.609375 41/64 = 0.640625 43/64 = 0.671875 45/64 = 0.703125 47/64 = 0.734375



11/16 = 0.0625 13/16 = 0.1875 15/16 = 0.3125 17/16 = 0.4375 19/16 = 0.5625 11/16 = 0.6875 13/16 = 0.8125 15/16 = 0.9375



17/32 = 0.53125 19/32 = 0.59375 21/32 = 0.65625 23/32 = 0.71875 25/32 = 0.78125 27/32 = 0.84375 29/32 = 0.90625 31/32 = 0.96875



17/64 = 0.265625 19/64 = 0.296875 21/64 = 0.328125 23/64 = 0.359375 25/64 = 0.390625 27/64 = 0.421875 29/64 = 0.453125 31/64 = 0.484375



49/64 = 0.765625 51/64 = 0.796875 53/64 = 0.828125 55/64 = 0.859375 57/64 = 0.890625 59/64 = 0.921875 61/64 = 0.953125 63/64 = 0.984375



INCHES TO MM 1/16 in. = 1/8 in. = 3/16 in. = 1/4 in. = 5/16 in. = 3/8 in. = 7/16 in. = 1/2 in. = 9/16 in. = 5/8 in. = 11/16 in. = 3/4 in. = 13/16 in. = 7/8 in. = 15/16 in. = 1 in. = 1 1/4 in. = 1 1/2 in. = 2 in. =



1.59 mm 3.17 mm 4.76 mm 6.35 mm 7.94 mm 9.52 mm 11.11 mm 12.70 mm 14.29 mm 15.87 mm 17.46 mm 19.05 mm 20.64 mm 22.22 mm 23.81 mm 25.40 mm 31.75 mm 38.10 mm 50.80 mm



64ths



MM TO INCH EQUIVALENT 11 mm = 0.039 in. 12 mm = 0.079 in. 13 mm = 0.118 in. 14 mm = 0.157 in. 15 mm = 0.197 in. 16 mm = 0.236 in. 17 mm = 0.276 in. 18 mm = 0.315 in. 19 mm = 0.354 in. 10 mm = 0.394 in. 11 mm = 0.433 in. 12 mm = 0.472 in. 13 mm = 0.512 in. 14 mm = 0.551 in.



15 mm = 0.590 in. 16 mm = 0.630 in. 17 mm = 0.669 in. 18 mm = 0.709 in. 19 mm = 0.748 in. 20 mm = 0.787 in. 21 mm = 0.827 in. 22 mm = 0.866 in. 23 mm = 0.905 in. 24 mm = 0.944 in. 25 mm = 0.984 in. 25.4 mm = 1 in.



B-11



 TEMPERATURE CONVERSION FORMULAS Degrees Fahrenheit (°F) °F = 1.8 (°C) + 32 °F = °R - 459.69



Degrees Celsius (Centigrade) (°C)



Absolute Degrees Rankine (°R) Degrees Kelvin (°K)



°C = °F - 32 1.8 °C = °K - 273.16



0°R = 0°K °R = °F + 459.69 °K = °C + 273.16



CELSIUS (°C) FAHRENHEIT (°F) CONVERSION TABLE TEMPERATURE CONVERSION TABLE °C



°F



°C



°F



°C



°F



°C



°F



-200 -180 -160 -140 -120 -100 -95 -90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60



-328 -292 -256 -220 -184 -148 -139 -130 -121 -112 -103 -94 -85 -76 -67 -58 -49 -40 -31 -22 -13 -4 5 14 23 32 41 50 59 68 77 86 95 104 113 122 131 140



65 70 75 80 85 90 95 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400



149 158 167 176 185 194 203 212 230 248 266 284 302 320 338 356 374 392 410 428 446 464 482 500 518 536 554 572 590 608 626 644 662 680 698 716 734 752



410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780



770 788 806 824 842 860 878 896 914 932 950 968 986 1004 1022 1040 1058 1076 1094 1112 1130 1148 1166 1184 1202 1220 1238 1256 1274 1292 1310 1328 1346 1364 1382 1400 1418 1436



790 800 810 820 830 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450



1454 1472 1490 1508 1526 1562 1652 1742 1832 1922 2012 2102 2192 2282 2372 2462 2552 2642 2732 2822 2912 3002 3092 3182 3272 3362 3452 3542 3632 3722 3812 3902 3992 4082 4172 4262 4352 4442
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 PIPE WALL THICKNESS Nominal Size



OD



1/8 1/4 3/8 1/2 3/4 1 1 1/4 1 1/2 2



0.405 0.540 0.675 0.840 1.050 1.315 1.660 1.900 2.375



Wall Thickness



Inside Diameter



Sch 10



Sch 40



Sch 80



Sch 10



Sch 40



Sch 80



0.049 0.065 0.065 0.083 0.083 0.109 0.109 0.109 0.109



0.068 0.088 0.091 0.109 0.113 0.133 0.140 0.145 0.154



0.095 0.119 0.126 0.147 0.154 0.179 0.191 0.200 0.218



0.307 0.410 0.545 0.674 0.884 1.097 1.442 1.682 2.157



0.269 0.364 0.493 0.622 0.824 1.049 1.380 1.610 2.067



0.215 0.302 0.381 0.546 0.742 0.957 1.278 1.500 1.939



All dimensions in in.
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 FRACTIONAL TUBING OD , WALL, ID CROSS SECTIONAL AREA
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ID Cross Sectional Area (in.2)



Tube (in.)



OD (in.)



Wall Thickness (in.)



Tube ID (in.)



1/16



0.062



0.010 0.015 0.020



0.042 0.032 0.022



0.0014 0.0008 0.0004



1/8



0.125



0.028 0.035



0.069 0.055



0.0037 0.0024



3/16



0.187



0.028 0.035 0.049



0.131 0.117 0.089



0.0135 0.0108 0.0062



1/4



0.250



0.028 0.035 0.049 0.065



0.194 0.180 0.152 0.120



0.030 0.025 0.018 0.011



5/16



0.312



0.035 0.049 0.065



0.242 0.214 0.182



0.046 0.036 0.026



3/8



0.375



0.035 0.049 0.065



0.305 0.277 0.245



0.073 0.060 0.047



1/2



0.500



0.035 0.049 0.065 0.083



0.430 0.402 0.370 0.334



0.145 0.127 0.108 0.088



5/8



0.625



0.049 0.065 0.083 0.095



0.527 0.495 0.459 0.435



0.218 0.192 0.166 0.149



3/4



0.750



0.049 0.065 0.083 0.095 0.109



0.652 0.620 0.584 0.560 0.532



0.334 0.302 0.268 0.246 0.222



7/8



0.875



1



1.000



1 1/4



1.250



1 1/2



1.500



2



2.000



0.049 0.065 0.083 0.095 0.109 0.065 0.083 0.095 0.109 0.120 0.083 0.095 0.109 0.120 0.134 0.156 0.095 0.109 0.120 0.134 0.156 0.188 0.109 0.120 0.134 0.156 0.188



0.777 0.745 0.709 0.685 0.657 0.870 0.834 0.810 0.782 0.760 1.084 1.060 1.032 1.010 0.982 0.938 1.310 1.282 1.260 1.232 1.188 1.124 1.782 1.760 1.732 1.688 1.624



0.474 0.436 0.395 0.369 0.339 0.595 0.546 0.515 0.480 0.454 0.923 0.883 0.837 0.801 0.757 0.691 1.348 1.291 1.247 1.192 1.109 0.992 2.494 2.433 2.356 2.238 2.071



 METRIC TUBING OD , WALL, ID CROSS SECTIONAL AREA ID Cross Sectional Area (mm2)



Tube OD (mm)



Wall Thickness (mm)



Tube ID (mm)



1



0.2 0.3 0.4



0.6 0.4 0.2



3



0.5 0.6 0.8



2.0 1.8 1.4



3.14 2.54 1.54



0.6 0.8 1.0 1.25 1.5 1.6 0.8 1.0 1.25 1.5 1.6 0.8 1.0 1.25 1.5 1.6



4.8 4.4 4.0 3.5 3.0 2.8 6.4 6.0 5.5 5.0 4.8 8.4 8.0 7.5 7.0 6.8



18.10 15.21 12.57 9.62 7.07 6.16 32.17 28.27 23.76 19.64 18.10 55.42 50.27 44.18 38.48 36.32



12



1.0 1.25 1.5 1.6 2.0



10.0 9.5 9.0 8.8 8.0



78.54 70.88 63.62 60.82 50.27



14



1.0 1.2 1.5 1.8 2.0 2.2



12.0 11.6 11.0 10.4 10.0 9.6



113.10 105.68 95.03 84.95 78.54 72.38



15



1.2 1.5 1.6 2.0 2.3



12.6 12.0 11.8 11.0 10.4



124.69 113.10 109.36 95.03 84.95



16



1.2 1.5 1.6 2.0 2.3



13.6 13.0 12.8 12.0 11.4



145.27 132.73 128.68 113.10 102.07



1.2 1.5 1.6 2.0 2.3 2.5 2.6 1.5 1.6 2.0 2.3 2.5 2.6



15.6 15.0 14.8 14.0 13.4 13.0 12.8 17.0 16.8 16.0 15.4 15.0 14.8



191.13 176.72 172.03 153.94 141.03 132.73 128.68 226.98 221.67 201.06 186.27 176.71 172.03



6



8



10



18



20



0.2827 0.1257 0.0031



Table Continued B-15



 METRIC TUBING OD , WALL, ID CROSS SECTIONAL AREA (continued) Tube OD (mm)



22



25



28



30



32



38



B-16



Wall Thickness (mm)



Tube ID (mm)



ID Cross Sectional Area (mm2)



1.5 1.6 2.0 2.3 2.5 2.6 1.5 1.6 2.0 2.3 2.5 2.6 3.0 2.0 2.2 2.5 2.8 3.0 3.5



19.0 18.8 18.0 17.4 17.0 16.8 22.0 21.8 21.0 20.4 20.0 19.8 19.0 24.0 23.6 23.0 22.4 22.0 21.0



283.53 277.59 254.47 237.79 226.98 221.67 380.13 373.25 346.36 326.85 314.16 307.91 283.53 452.38 437.43 415.47 394.08 380.13 346.36



2.0 2.2 2.5 2.8 3.0 3.5



26.0 25.6 25.0 24.4 24.0 23.0



530.92 514.71 490.87 467.59 452.38 415.47



2.0 2.2 2.5 2.8 3.0 3.5 4.0 2.2 2.5 2.8 3.0 3.5 4.0 4.5



28.0 27.6 27.0 26.4 26.0 25.0 24.0 33.6 33.0 32.4 32.0 31.0 30.0 29.0



615.75 598.28 572.55 547.39 530.92 490.87 452.38 886.68 855.29 824.47 804.24 754.76 706.85 660.51



 APPENDIX SECTION C Corrosion Charts The data presented is believed reliable but a chart of this sort cannot cover all conditions of concentration, temperature, impurities, and aeration. It is suggested that this chart be used only to select possible materials for use and then a more extensive investigation be made of published corrosion results under the specific conditions expected. Where such information cannot be found, corrosion testing should be conducted under actual usage conditions to determine which materials can be utilized.
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 Acetaldehyde Acetic Acid Acetic Anhydride Acetone Acetylene Acrylonitrile Alcohols Aluminum Chloride Aluminum Fluoride Aluminum Hydroxide Aluminum Sulfate Amines Ammonia-Anhydrous Amm. Bicarbonate Amm. Carbonate Ammonium Chloride Ammonium Hydroxide Amm. Monophosphate Ammonium Nitrate Ammonium Phosphate Ammonium Sulfate Ammonium Sulfite Amyl Acetate Aniline Apple Juice Arsenic Acid Asphalt Barium Carbonate Barium Chloride Barium Hydroxide Barium Nitrate Barium Sulfate



Aluminum Brass Steel Alloy 400/405 316 SS TFE/PFA Nylon Polyethylene Buna-N Viton Neoprene Delrin Alloy 600 Alloy 20 Alloy C276 Titanium



1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.



1 2 1 2 1 2 2 4 1 2 3 2 2 2 2 4 2 2 2 1 4 4 1 2 2 4 1 4 2 4 2



1 4 4 1 2 1 2 4 4 2 4 2 4 4 3 4 4 4 4 4 4 2 4 3 4 2 1 2 4 4 2



3 4 4 2 1 1 2 4 4 2 4 2 1 2 2 3 2 4 1 1 3 4 1 1 4 4 1 2 2 2 2 2



2 3 1 1 1 1 1 2 2 2 2 1 1 4 2 2 4 2 3 1 2 3 1 2 2 1 2 2 2 3 2



1 1 2 1 1 1 1 4 3 2 3 1 1 2 2 2 1 2 1 1 2 2 1 1 2 2 1 2 2 1 2 2



1 1 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1



3 4 3 4 3 3 4 2 3 4 2 3 4 4 1 1 4 3 2 1 1 2 2 2 1 2 2 2 2 2 1 1 2 4 2 2 2 3 2 1 2 1 2 2 2 2 2 1 3 2 3 1 1 1 1 1 2 2 1 1 1 1 1 1 2 4 4 4 3 1 1 2 1 1 1 3 1 1 1 1 1 3 2 1 1 2 2 1 1 2 2 2 1 1



4 3 3 3 1 4 1 2



2 4 4 1 1 4 1 1



1 4 2 1 1 1 1 1 1 1 1



1 1



4 3 1 1 3 1 1 1 1



2 1 2 3 1 1 1 1 1 1 1 1 1 1 1 4 1 2 2 2 1 4 1 1 2 2 1 1 1 1 1 4 1 2 2 2 2 1 1 1 1 1



1 1 1 1 2 1 2 1 1 2 2 4 2 1 1 1 2 2 1 1 1 2 1 1 2 1 1 2 1 2 2 2 2 1 2 2



3 1 1 1



1 2 1



NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-2



 Barium Sulfide Beer Beet Sugar Liquor Benzene Borax Blk. Sulfate Liquor Boric Acid Brine Bromine-Dry Bromine-Wet Bunker Oil Buttermilk Butyric Acid Cal Bisulphite Cal Carbonate Calcium Chloride Cal. Hydroxide Cal. Hypochlorite Calcium Sulphate Carbolic Acid Carbon Bisulfide Carbon Dioxide Carbonic Acid Carbon Tet-Wet Carbon Tet-Dry Carbonated Water Castor Oil Chlorinated Solv. Chloric Acid Chlorinated Water Chlorine Gas—Dry Chlorine Gas—Wet



Aluminum Brass Steel Alloy 400/405 316 SS TFE/PFA Nylon Polyethylene Buna-N Viton Neoprene Delrin Alloy 600 Alloy 20 Alloy C276 Titanium



1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.



4 1 1 2 3 4 2



4 2 3 2 3 2 2



2 4 1 1 2 4 3 2 3 4 2 2 1 1 1 4 1 1 1 1 4 4 4 4



4 4 2 4 4 4 2 2 4 4 2 3 3 1 1 2 3 2 1 1 4 4 4 4



1 3 2 2 2 1 4 3 4 4 2 4 4 4 1 2 2 3 2 3 2 1 4 4 4 2 2 1 4 4 2 4



4 1 1 1 1 2 1 3 2 1 2 4 2 1 2 3 2 2 2 1 1 1 1



1 3 1 1 2



1 1 1 2 1 1 2 2 4 4 1 1 2 1 1 2 2 3 1 1 2 1 1 1 2 1 1 1 3 3 2 3



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1



1 1 2 2 1 1 3



1 1 1 4 1 1 1 1 4 4 2 1 3



1 1 1 1 2 1 1 2 1 1 2 1 2 1 1 2 4 2 4 1 2 2 3 1 2 2 1 1 2 3 4 2 4 2 1 1 1 1 4 3



1 1 1 2 1 4 4 2 1 4 4 1 2 4



2 2 2 2 4



1 3



2 1 1 1 4 2 1 2 1 1 2 4 4 4 1 1 1 2 2



1 1 1 2 1



1 1 1 1 1 1 1 2 1 1 4 4 1 1 1 3 4 1 2 1 1 1 2 1 4 1 4 4 2 1 1 1 1 1 1 1 1 1 1 1 1 1



1



2 1



1 1 4 4 4



1 1 4 4



1 1 2 2 1 1 2



1 1 1 1 1 1 1 1 1 1 1 1 1 1



1 1 1 1 1



1 1 1 4 1 4 3 3 2 3 1 4 1 4 3 4 4 2 4



1 1 1 4 1



NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-3



 Chloroform—Dry Chlorosulphonic-Dry Chlorosulphonic-Wet Chrome Alum Chromic Acid Citric Acid Coconut Oil Coke Oven Gas Copper Acetate Copper Chloride Copper Nitrate Copper Sulfate Corn Oil Cottonseed Oil Creosote Crude Oil, Sweet Diesel Fuel Diethylamine Dowtherm Drying Oil Epsom Salt Ethane Ethers Ethyl Acetate Ethyl Alcohol Ethyl Chloride, Dry Ethyl Chloride, Wet Ethylene Glycol Ethylene Oxide Fatty Acid Ferric Chloride Ferric Nitrate



Aluminum Brass Steel Alloy 400/405 316 SS TFE/PFA Nylon Polyethylene Buna-N Viton Neoprene Delrin Alloy 600 Alloy 20 Alloy C276 Titanium



1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.



1 1 4 3 4 2 1 1 4 4 4 4 4 2 2 1 1 2 1 3 1 1 1 1 2 2 2 1 4 1 4 4



1 4 4 3 4 4 3 3 4 4 4 2 4 2 2 2 1 4 1 3 2 1 2 2 1 2 2 2 4 3 4 4



1 1 4 2 2 4 3 2 3 4 4 4 4 3 2 2 1 1 2 3 3 1 1 1 1 1 4 1 2 2 4 4



1 1 1 3 2 1 4 4 1 1 1 4 4 1 2 3 1 2 1 1 1 1 1 2 1 2 4 1 4 2 1 2 2 1 4 1 1 2 1 1 2 1 1 1 1 1 2 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1 1 2 1 2 1 1 2 1 1 1 1 1 2 2 1 2 1 1 4 4 1 4 2 1



2 4



4 4 4 2 4 2 4 4 4 1 1 2



2 4 4 4 2 3 4 1 1 1 2 2 3



4 1 1 1 4 2 1 1 1 4 2 1 1 4 4 1 1 2 4 1 1 1 3 4 1 4 3 3 2 2 1 1 3 4 2 2 4 2 1 2 1



1 1 1 1 1 1 1 1 3 4 1



2 4 1 1 1



1 2 4 2 3 3 4 2 1 2 3 4 1 3 3 1 4 2 1 1



1 1 3 3



2 1 1 4 1



4 2 1 1 1 1 1 1 1 1 4 2 2 1 4 1



2 1



1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 3 1 2 1 1 1 4 1 4



1 1 1 1 1



1 1 2 1 2 1 1 2



2



1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 2 2
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-4



 Ferric Sulfate Ferrous Chloride Ferrous Sulfate Fish Oils Fluorine—Dry Fluorine—Wet Fluoroboric Acid Fluorosilicic Acid Formaldehyde Cold Formaldehyde Hot Formic Acid Cold Formic Acid Hot Freon Fuel Oil Furfural Gasoline Gas, Manufactured Gas, Natural Gas Odorizers Gelatin Glucose Glue Glycerine Glycols Grease Heptane Hexane Hydraulic Oil Hydrobromic Acid Hydrochloric Acid Hydrocyanic Acid Hydrofluoric Acid
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-5



 Hydrogen Gas—Cold Hydrogen Cl—Dry Hydrogen Cl—Wet Hydrogen Perox—Dil Hydrogen Perox—Con Hydrogen Sulfide—Dry Hydrogen Sulfide—Wet Hydrofluosilicic Illuminating Gas Ink lodine Iodoform Isooctane Isopropyl Alcohol Isopropyl Ether JP-4 Fuel JP-5 Fuel JP-6 Fuel Kerosene Ketchup Ketones Lactic Acid Lard Oil Magnesium Bisulfate Magnesium Chloride Mag Hydroxide—Cold Mag Hydroxide—Hot Magnesium Sulfate Maleic Acid Malic Acid Mayonnaise Melamine Resin
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.



1 4 4 1 1 2 2 4 1 3 4 1 1 2 1 1 1 1 1 1 1 1 1 2 2 4 4 1 2 2 4 2



1 3 4 4 4 2 4 4 1 3 4 1 1 2 1 1 1 1 1 1 1 4 1 2 2 2 4 1 3 2 4



1 2 4 4 4 2 3 4 1 4 4 1 1 1 1 1 1 1 1 1 1 4 3 3 2 2 2 1 2 4 4



1 1 3 2 4 2 1 1 1 2 2 1 1



1



2 2 1 1 1 1 2 2



1 2 4 2 1 1 1 3 1 1 2 1 1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 1 2 1 1 2



1 2 1 1 1 1 1 2 1 1 1 4 1 4 2 1 1 1 2 1 1 1 4 4 1 1 1 1 4 2 3 4 4 4 2 2 1 1 4 2 3 4 4 4 2 2 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 3 2 1 2 1 4 2 4 1 1 1 2 2 1 1 1 1 3 1 1 1 3 1 3 1 1 1 1 1 3 3 1 1 1 1 3 1 1 1 1 1 3 1 1 1 1 1 3 1 1 1 2 1 1 3 1 1 1 1 1 1 1 1 1 4 4 4 1 1 1 2 3 3 4 1 2 1 1 1 1 2 1 1 2 1 2 1 1 1 2 1 1 1



1 1 2 1 1 1 1



1 1 1 1 1 1 1



1 1 1 1 1 1 1



1 1 1 1 1 1 1



1



1 1



1 1 1 1 2 2 1 1 1



NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-6



 Mercuric Cyanide Mercury Methane Methyl Acetate Methyl Acetone Methyl Alcohol Methyl Chloride Methylamine Methyl Ethyl Ketone Methylene Chloride Milk Mineral Oil Molasses Mustard Naphtha Naphthalene Nickel Chloride Nickel Nitrate Nickel Sulphate Nitric Acid—10 % Nitric Acid—30 % Nitric Acid—80 % Nitric Acid—100 % Nitric Acid—Anhyd. Nitrobenzene Nitrogen NitrousAcid—10 % Nitrous Oxide Oils Animal Oleic Acid Oleum
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-7



 Olive Oil Oxalic Acid Oxygen Ozone—Dry Ozone—Wet Palmitic Acid Paraffin Paraformaldehyde Pentane Parez 607 Phenol Phosphoric-10 %-Cold Phosphoric-10 %-Hot Phosphoric-50 %-Cold Phosphoric-50 %-Hot Phosphoric-85 %-Cold Phosphoric-85 %-Hot Phthalic Acid Phthalic Anhydride Picric Acid Pine Oil Pineapple Juice Potassium Bisulfite Potassium Bromide Potassium Carbonate Potassium Chlorate Potassium Chloride Potassium Cyanide Pot. Dichromate Pot. Diphosphate Pot. Ferricyanide Pot. Ferrocyanide
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-8



 Pot. Hydroxide Pot. Hypochlorite Pot. Permanganate Potassium Sulfate Potassium Sulfide Propane Propyl Alcohol Pyrogallic Acid Salad Oil Salicylic Acid Salt Seawater Silver Bromide Silver Chloride Silver Nitrate Sodium Acetate Sodium Aluminate Sodium Bicarbonate Sodium Bisulfate Sodium Bisulfite Sodium Borate Sodium Bromide Sodium Carbonate Sodium Chlorate Sodium Chloride Sodium Chromate Sodium Cyanide Sodium Fluoride Sodium Hydroxide Sodium Nitrate Sodium Perborate Sodium Peroxide
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-9



 Sodium Phosphate Sodium Silicate Sodium Sulfate Sodium Sulfide Sodium Sulfite Sodium Thiosulfate Soybean Oil Stannic Chloride Starch Steam—212°F Stearic Acid Styrene Sulphate, Blk. Liq. Sulphate, Grn. Liq. Sulphate, Whi. Liq. Sulphur Sulphur Chloride Sulphur Dioxide—Dry Sulphur Dioxide—Wet Sulphur-Molten Sulphur Trioxide Sulphuric Acid 0-7 % Sulphuric Acid 20 % Sulphuric Acid 50 % Sulphuric Acid 100 % Sulphurous Acid Tannic Acid Tartaric Acid Tetraethyl Lead Toluene Tomato Juice Transformer Oil
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1 C-10



 Tributyl Phosphate Trichloroethylene Turpentine Urea Varnish Vegetable Oil Vinegar Water, Boiler Feed Water, Fresh Water, Salt Whiskey Wine Xylene—Dry Zinc Chloride Zinc Hydrosulfite Zinc Sulfate
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1. Excellent. 2. Good, Most Conditions. 3. Fair, Limited life and restricted conditions. 4. Unsatisfactory.
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NOTE: USE THIS CORROSION CHART WITH CAUTION! See p. C-1



CREDITS FERRULE PAK, GOOP, SNOOP, SWAGELOK, SWAK, ULTRA-TORR, VAC GOOP, VCO, VCR —TM Swagelok Marketing Co. DOWTHERM—TM Dow Chemical DELRIN, FREON, KALREZ, VESPEL, VITON—TM DuPont KEL-F—TM 3M Company PYREX—TM Corning Glass THERMINOL—TM Monsanto Company TYGON—TM Norton Company Various products throughout this manual are subjects of patent or patent pending applications.
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 INDEX PAGE Allowable pressure charts. See Pressure ratings Anaerobic sealant ..............................................3-55, 3-56 ANSI Code B31.3................................................9-1—10 Appendix Birmingham wire gauge table........................B-2 conversions area.........................................................B-11 decimals to fractions ...............................B-11 flow rate ..................................................A-27 fractions to decimals ..............................B-11 inches to millimeters................................B-11 length ......................................................B-11 millimeters to inches ..............................B-11 pressure..................................................A-26, A-27 temperature °F to °C ..............................B-12 volume ....................................................B-10 corrosion charts ............................................C-1—11 credits............................................................C-11 decimal equivalents ......................................B-11 elastomers ....................................................B-3 elements, table of ..........................................B-8 equivalent straight lengths tubing ..................A-1 flow calculations air ............................................................A-16—25 liquid........................................................A-2—15 flow charts air ............................................................A-16—25 water ......................................................A-6—15 material temperature ratings ........................B-9 mean velocity vs. tube ID ..............................A-15 O-ring dimensional table ..............................B-3 pipe wall thickness ........................................B-13 specific gravity of gases ..................................................B-7 of liquids..................................................B-6 of water vs. temperature ........................B-5
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 Appendix (cont.) steam, properties of.......................................B-4 temperature conversion formulas................................B-12 conversion tables °C to °F ......................B-12 ratings of materials ..................................B-9 tubing, wall cross sectional area ..................B-14—16 ASTM specifications, tubing ....................................9-1—7 A161 steel ..............................................2-5, 2-9 A179 steel ..............................................2-5, 2-9 A213 stainless steel ................................2-5, 2-8 A249 stainless steel ................................2-5, 2-8 A269 stainless steel ................................2-3, 2-5, 2-8 A450 general requirements ....................2-9 A632 stainless steel ................................2-5, 2-9 B68 copper..............................................2-5, 2-10 B75 copper..............................................2-5, 2-10 B88 copper..............................................2-5, 2-10 B165 alloy 400/R-405 ............................2-5, 2-11 B167 alloy 600 ........................................2-5, 2-11 B210 aluminum ......................................2-4, 2-11 B251 copper............................................2-10 B338 titanium ..........................................2-6, 2-11 B468 alloy 20 ..........................................2-6, 2-11 B622 alloy C-276 ....................................2-5, 2-11 standards, tolerances ....................................1-10, 2-8—11 Bending ..............................................................3-17—25 factors............................................................3-14 near tube fitting..............................................3-24, 3-25 radius ............................................................3-26 Birmingham wire gauge table ..........................B-2 Checklist for excellence in tube fittings ..........1-8, 1-9 design ............................................................1-8, 1-9 installation......................................................1-9 performance ..................................................1-9 service ..........................................................1-9
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 Compressed gas systems corrosive........................................................4-4 flammable......................................................4-4 inert ..............................................................4-5 oxidant ..........................................................4-5 oxygen ..........................................................4-5 toxic ..............................................................4-5 Conversions area ..............................................................B-11 decimals to fractions ......................................B-11 flow rate ........................................................A-27 fractions to decimals ......................................B-11 inches to millimeters ......................................B-11 length ............................................................B-11 millimeters to inches ......................................B-11 pressure ........................................................A-26, A-27 temperature °F to °C......................................B-12 volume ..........................................................B-10 Corrosion charts ................................................C-1—11 Credits ................................................................C-11 Cryogenic service ..............................................4-21 Decimal equivalents ..........................................B-11 Depth marking tool ............................................4-1, 4-2 Distributors ........................................................1-12, 1-13 Elastomers ........................................................6-7, 6-8, 11-11, B-3 Elements, table of ..............................................B-8 Fittings, types of automatic tube weld ......................................6-4 bored-thru......................................................1-8 bulkhead........................................................3-50 retainers..................................................3-50, 3-51 configurations ................................................1-4, 1-5 face seal “B” Type VCO ........................................6-8 VCO ........................................................1-1, 6-7, 6-8 VCR ........................................................1-1, 6-6, 6-7 ferrules ..........................................................1-2, 1-3 flareless ........................................................1-1, 1-2 I-3



 Fittings, types of (cont.) hose connectors ............................................6-11 hose clamps............................................6-11 inserts ....................................................2-8, 6-10, 6-11 serrated shank ........................................6-11 sleeves....................................................6-11 tapered....................................................6-11 materials........................................................1-6, 1-7 mechanical grip ............................................1-1 pipe................................................................1-1 port connectors..............................................3-48, 3-49 positionable elbows ....................................................3-52, 3-53 tees ........................................................3-52, 3-53 reducers ........................................................3-44—46 size range......................................................1-1, 1-6 tube adapters ................................................3-44—48 vacuum butt weld..................................................6-4 Ultra-Torr ................................................6-8 VCO ........................................................6-7 VCR ........................................................6-6, 6-7 weld adapter....................................................6-2, 6-3 alignment ................................................6-1 permanent ..............................................6-1—6 to threaded pipe ......................................6-1 zero clearance ........................................6-6—8 Flow calculations air ..................................................................A-16—25 liquid ..............................................................A-2—15 Flow charts air ..................................................................A16—25 water..............................................................A-16—15 Gageability, Swagelok tube fitting ..................1-11, 3-35—38 Gap inspection gage ........................................1-11, 3-35—38, 4-1, 4-2 Gasket fittings ....................................................6-6, 6-7 retainer ..........................................................6-6 I-4



 Heat transfer fluids ............................................4-15 High pressure gas systems ..............................4-3, 4-4 Hose flexible metal hose ........................................6-17 push-on hose ................................................6-18 swaging machines ........................................6-20, 6-21 TFE lined hose ..............................................6-18 thermoplastic hose ........................................6-18—20 Hydraulic Fluid Index (HFI) ..............................10-3 Hydraulic swaging unit (HSU) ..........................3-42, 3-43 Imitation of Swagelok fittings ..........................1-11, 1-12 Impulse service ..................................................4-19 Installation 1 1/4 turns ....................................................1-1, 1-3, 3-34, 3-35 bottoming of tubing........................................1-2, 3-34 depth marking tool ........................................4-1, 4-2 gap inspection gage ......................................1-11, 3-35—38, 4-1, 4-2 how it works ..................................................1-2, 1-3 hydraulic swaging unit ..................................3-42, 3-43 instructions, Swagelok tube fitting ................3-33—53 make/break service ......................................4-18, 7-9—11 preswaging ....................................................3-40—43 retightening....................................................3-39 SAE/MS port..................................................3-52, 3-53 sealing ..........................................................1-2 torque ............................................................3-36 troubleshooting..............................................5-1—9 Interchangeability, intermixability of tube fittings ............................................1-11, 1-12, 7-18 Leakage causes ..........................................................10-1 compressed air..............................................10-4, 10-5 cost of............................................................10-2—6 definition ........................................................10-1 formula for determining ................................10-2
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 Leakage (cont.) how expressed ..............................................10-1—4 hydraulic systems..........................................10-3, 10-4 loss from one single oil leak ..........................10-4 pressurized systems......................................10-1, 10-2 steam ............................................................10-5, 10-6 vacuum systems............................................10-1 Materials. See Fittings, types of See Tubing O-rings ................................................................6-7, 11-11 dimensional table ..........................................B-3 Oxygen................................................................4-5 Pipe diameters ......................................................8-5 end connection ratings (male and female) ....9-10 metric screw threads pitch ........................................................8-9 thread angle............................................8-9 typical designators ..................................8-9 thread sealing components ..........................3-53—56 threads dryseal ....................................................8-2 gaskets ..................................................8-3, 8-4 ISO..........................................................8-2, 8-3, 8-5 NPT ........................................................8-1, 8-5 parallel ....................................................8-3 protectors................................................3-33 pitch ........................................................8-1—3, 8-5, 8-9 SAE ........................................................3-52, 3-53 sealants ..................................................8-1 tables of sizes ........................................8-5 tapered....................................................8-1, 8-2 thread angles ..........................................8-1, 8-2, 8-5 threads per inch ......................................8-5 truncation ................................................8-1—3, 8-5, 8-9 wall thickness ................................................B-13 Plastic fittings............................................................1-6 tubing ............................................................2-6—11 valves ............................................................11-9 I-6



 Pressure ratings allowable pressure charts ............................9-3—7 chart of factors ..............................................9-9 design factors ..............................................9-11 pipe end ratings ............................................9-10 S (stress) values ..........................................9-3—7 temperature ..................................................9-8 tensile strength..............................................9-3—7 Quick-Connects ................................................6-13—16 keyed QC series............................................6-14 QC series ......................................................6-13 QF series ......................................................6-14 QH series ......................................................6-15 QM series ......................................................6-15 QTM series....................................................6-16 Safety considerations ..............................................4-3 factors ..........................................................9-11 high pressure gas..........................................4-3, 4-4 severe service ..............................................4-3 Service and availability distributors ....................................................1-12, 1-13 regional warehouses ....................................1-13 Severe service fittings explanation....................................................6-10 pressure ratings ............................................6-10 principle ........................................................6-10 sizes ..............................................................6-10 tube walls ......................................................6-10 with annealed tube ........................................6-10 with tempered tube........................................6-10 Sizes (tube fittings) fractional........................................................1-6, 1-7 metric ............................................................1-6, 1-7 SNOOP, liquid leak detector ............................4-12 Specific gravity of gases ........................................................B-7 of liquids ........................................................B-6 water vs. temperature....................................B-5 I-7



 Specifications. See ASTM See Tubing Steam piping ............................................................4-6—14 properties of ..................................................B-4 systems testing..............................................4-12 tracing............................................................4-6—14 Swagelok tube fitting 1 1/4 turns ....................................................1-1, 1-3, 3-34, 3-35 bends near tube fitting ..................................3-24, 3-25 gageability ....................................................1-1, 3-35—38 gap inspection gage ......................................1-1, 3-35—38, 4-1, 4-2 handling ........................................................3-32 installation instructions ..................................3-33—35 materials........................................................1-6, 1-7 ultra-clean systems ......................................4-15, 6-6, 6-7 vibration ........................................................4-18 Temperature conversion formulas ......................................B-12 conversion tables °C to °F ............................B-12 high temperature service ..............................4-19—21 material ratings..............................................B-9 Testing and evaluation of tube fitting performance ........................7-1—19 burst ..............................................................7-14—16 configuration selection ..................................7-6 evaluation ......................................................7-1—19 extrapolation of test results ..........................7-3 field testing ....................................................7-4 gas leak ........................................................7-7, 7-8 impulse ..........................................................7-14 independent labs ..........................................7-3 interchange....................................................7-18, 7-19 make/break....................................................7-9, 7-10
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 Testing (cont.) material selection ..........................................7-6 measurements ..............................................7-7 obtaining test samples ..................................7-4 obtaining tubing ............................................7-5 quality assurance testing ..............................7-7 rotation ..........................................................7-14 sampling ........................................................7-3 size selection ................................................7-6 steam ............................................................7-17, 7-18 tensile ............................................................7-13, 7-14 testing pitfalls ................................................7-2 test planning..................................................7-4 test purpose ..................................................7-2 thermal cycling ..............................................7-17, 7-18 tube cutting....................................................7-5 tube wall thickness ........................................7-5 vacuum..........................................................7-8, 7-9 vibration ........................................................7-12, 7-13 TFE tape..............................................................3-53, 3-54 Threads metric screw ..................................................8-9 pipe. See Pipe Tubing allowable stress ............................................9-3—7 ASTM specifications. See ASTM specifications comments and suggestions ..........................2-1 copper water ................................................2-1 corrosion allowance ......................................9-3—7 cutting............................................................3-27—30 deburring ......................................................3-30—32 derating factors..............................................9-8 embossed copper..........................................2-1 equivalent straight lengths ............................A-1 erosion allowance..........................................9-3—7 for gas service ..............................................2-1, 2-2, 9-2 ganging..........................................................3-11 handling ........................................................3-4, 3-5 hardness tolerances ......................................1-10, 2-8—11 I-9



 Tubing (cont.) heavy wall ....................................................2-2 laminated ......................................................2-1 layout planning ..............................................3-6 materials........................................................2-3, 2-4 mean velocity vs. tubing ID ..........................A-15 measuring ....................................................3-13, 3-14 minimum wall ................................................9-2 multi-wall ......................................................2-1 OD tolerances ..............................................1-10, 2-8—12 ovality ............................................................2-1—3 ovality tolerances ..........................................1-10, 2-3, 2-8—11 restricted hardness........................................2-4 restricted surface finish ................................2-4 restricted tolerances......................................2-4 Rockwell hardness ........................................9-5—7 SAE specifications ........................................2-9 scratches ......................................................2-1, 2-2 seamless ......................................................2-3 selection ........................................................2-2, 2-3 soft plastic ....................................................2-1 specification and ordering ............................2-1—12 stacking ........................................................3-11 standards ......................................................2-8—11 straightening..................................................3-15—17 support ..........................................................3-8, 3-9 surface defects ..............................................2-1, 2-2 surface finish ................................................2-1—3 thin wall ........................................................2-2 tolerances......................................................1-10, 2-4—12 wall thickness ................................................2-2 welded ..........................................................2-4 Tubing calculations ..........................................9-1, 9-2 Tubing tolerances ..............................................1-10, 2-8—12 Tubing versus piping ........................................3-1—4 Tubing wall/ID cross sectional area ......................................B-14—16



I-10



 Vacuum fittings. See Fittings, types of ultra-high ......................................................6-6 Valves actuation........................................................11-14, 11-15 end connections, types..................................11-4—8 face seal ................................................11-5 VCO..................................................11-5 VCR ..................................................11-5 flanges ....................................................11-7, 11-8 pipe threads ............................................11-6 Swagelok tube fitting ..............................11-5 weld ........................................................11-6 flow capacity ..................................................11-10 flow coefficient ..............................................11-9, 11-10 functions, explanation ....................................11-1 directional................................................11-3, 11-4 isolation ..................................................11-1, 11-2 overpressure protection ..........................11-4, 11-18 regulation ................................................11-3 installation......................................................11-15—18 lockout protection....................................11-17 mounting ................................................11-16 positioning ..............................................11-17 sample cylinders ....................................11-18 materials........................................................11-8 pressure ratings ............................................11-8 safe valve selection ......................................11-18 size................................................................11-9 stem seals, packing types ............................11-10—13 conventional............................................11-10 live-loaded ..............................................11-11 packless..................................................11-12, 11-13 temperature ratings ......................................11-8 Welding full penetration ..............................................6-1 orbital head....................................................6-6 weldable material ..........................................6-1
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