
i~,, BUTTERfLY VALVES FOR SECOND POWER ~WIT, FORT PECK: __ 

:MM OD RESERVOIR FO - · ITANA 

A 
Garrison Cot'J)s of gineersu. s. ARMY H<G'.!'--!EER:DISTRICT, GARRISON 

Riverdale, North akota CORPS Of ENGINEER~ 

Repair Procep\lre for Nos. ~ ana 2 Lovtr_ nd Nos~ J and 2 Upper Butterfly Valve 

Bodies. 

l. ~ait gauge remaltld,t of stainless .. st~el overlay from tJ\e valve bodJes. 

2. Cleanup and magnet le particle inspect parent metal. . . . 

•· Proef ~tt\h to·. in$tire .· absence of s,tainless .. steerJSU?$f'e-~mli.grtetic 
1)$.rtf.cle inspeetlon 

-;;/ 

J. Stress relieve valve bodies tru,.t have: a9t been. previously stress reU,vA?li. 

4. .~eld:build-up of base :metal, th.eluding existing groove,suffieiently to r~g~ 
mashlnt flush wJth finished surface. (See at~ched sketch Fig·. ,i} ·. 

. , 

a. Use ~. a. electr,ode E7016 Qt equal and.approv•d ·VISCO. :.Ptocedu!'e A.)38U 
b. ·Magnetic part1ole· inspect each J/8;..ineh layer of deposited weld m.et~1. 

e •. Stress relieve v~lve bo~ when deposited veld metal. has reach~<i • 

depth of)/4-inch. 

d. Str,ess relieve valve bodies after burtd-up of base- metal has .been 
cQmplet-ed. 

5. Rough machine the center of the valve bodies approximately 3-inches vid•to 
contour as shown on attached sketch Fig. l for r•c:dving stain.less steer.· 

a. Magnetic particle inspect entire inner' 14•1nch width of the 3-lnch 

paret1t. __ metal. 
~-' < , 

6. Build up of St•inless Steel. . 
a. Depo~it one· lay~r-Qf ".,t;over the· s~r:face of the carbon s\eel _to 

be eovered. 1,t th . stainle~• -steel .. 
. . 

lote: The·i _layer shall 9e· :followed or overlayed with subsequent 
, . 

paa~~s ~•',s,en u po,~Jble. - This ls done tG t~i' hU:d-
struetures in the fusion line ~d. heat~feeted, ~ne n•rt·n1~ 



/'. , . : '-~ .· •·. .'-' " ... , 

\,VJLLAMETTE lRON •ANb:s-fieL~COMPANY 
SttEf.i;T_~2_· ___ oF---~---

H-------~--............. -----'--.,...;..._-- - ·-' . ·~~""~~ 
18' Butter.tty Valves :: :·>< , 

b. 

__ Jo~a.NAME .-tm-J~ukJla.m __ amLBe.ui'Y-PJ.r ..... ~------ ·- CATE -.~J1mLJ.;:,. .. Jl~----_...._,. ...... 

maxlnNm reaetion stresses deve'lQf Jn weld e-001-dovn.' This ls 
pax-tlcula:rly important for th~ .out.l?oard surface passes, vhich 

. , . , , ,.- ~ . . 
~ . . , ' . 

it\ a~dition, should blend smoothly_ into the b~$t? metafhl': · 
grfoding, if neeessaty. 

Finish depostting. stainless .Jteel to desired. contour using E3<;>8-16 ·· 

electrode~ (S~e attached sketch Fig. 2) 

J:,. Do not stress reH.eve .e:!ter stainless overlay is .deposited. 

7; f(achtne to .(!nish diaensi.ons as .shown oa attached sketch Fig. 3. 
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STEP I 

STEP II 

· STEP III 

STEP IV 

STEP V 

FORT PECK DAM 
18 FT. BUTTERFLY V VE 
FABRICATION PROC URE 

DISC WELDMOO 

EX 
u. s. ARlv\Y ENG:N:n GARRISON 

CORPS OF ENGINEERS I 
:JAtL2 ... Q.J9.5,9.... ............ DATE / 

CU.t all parts to size and rough machine trunnion castings. / 

1. Fit-up and weld horizontal ribs, mark AC, to trunnion caatingsf/1 

2. Fit-up and weld center vertical· stiffeners, mark AD and AE., to trunnion 
casting/horizontal rib weldment. 

3. Fit-up and weld vertical ribs., mark AF, AO, and AA, to trunnion casting/ 
horizontal rib weldment. 

4. Inspect for alignment and straighten as necessary. 

l. Fit-up weldm.ent manutactured under step II, to head, mark AB. 

2. Mark all ribs to fit contour of head. 

J. Burn ribs to head contour. 

4. Fit-up and weld rib and trunnion weldment to head, mark AB. 

1. Fit-up head., :mark AA, to weldment manufactured under step III. 

2. Mark ribs to fit head, mark il. 

3., Rem.ove head.1 mark AA, and burn ribs to fit contour of head mark A.A. 

4. Fit-up and plug weld head, mark il, to canplete the lea! assembly. 

1. Weld heads, mark il and AB together at ·periphery. 

2. Stress-relieve completed weldment • 

.3. Inspect completed weldmento 

I _, 
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WILLAMETTE IRON AND STEEL COMPANY r~. £.. ·" . t, 
SHEET .OF __ _J__ __ . -·---· ····-· 

JOB NO. JOB NAME DATE 

DESCRIPTION 

DESIGN BY CHECKED BY APPROVED 

A PROCEDURE SPECIFICATION FOR MAlfUAL METAL ARC WELDING OF STRUCTURAL S_:rEEL 
,_ ... :1.:. (Ref,. A.W&S .. Bridge Specs~, i4h1f Ed.,) & UNFIRED PRESSURE VESSELS, ±952~ Code 

I 't'!f~. \ :'.'.:I,~... <Ct~~. 
Specification No., A-3126 Date: July 9, 1954 

R~. •.L t, .. ', -' · .. H<. 't: \() ',':) S'S 

Process : Manual Metal Arc 

Posi tio:n t Vertical o ~ p,._ ·::i P Et~. u \ R. s D , 

Preparation of Base Material: All excess scale, rust, or grease sh;p.l be 
remove plates before any welding is done.. Joint design 
shall be per Sketch A- • 

Welding Current: 

Welding Details: Technique, Electrode Sizes, Mean Voltages and Currents shall 
'be subst,antialJ.y as shown on attached Sketch ~ 

Appearance of Welding Layers: Layers of welding shall be deposited w.i. th 
practi.cally no undercutting on side walls of groove. Any undercutting 
shall be chipped out before depositing succeeding layero 

Cleanin : All slag or flux shall be removed from any bead of welding before 
positing succeeding passo 

Defects: All cracks, blow-holes, and areas of la.ck o.f fusion shall be removed 
from each bead of welding by chipping, grinding or flame gouging before 
depositing next succ~edini layer of weldo 

>I:: Peening3N0Peening shall be done,bet.weeft,-~,s.ee-~ aeee~-*-~-~­
~ -~··-SOOle-~--

Tre a tment of Underside of Welding Groove: After groove is completely filled, 
back-up st'r·p s all be remover1Vgrinding, chippinr~, flame gouging or 
ma.chiningo 

Preheating: None re quired except when necessarJ to remc,ve excessive moisture 
from welding grooveo 

Heat Treatment: None -requlred. 

WILLAMETTE IRON & STEEL Cm.PANY 
Approved: 

~ a. ~ 
George Ae Conner 
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DIMENSION DATA 

Lubrite Bushings and Bearings are made to suit individual requirements or practice. Lubrite products 
are finished to size and are ready for assembly without further machine work. Reaming for clearance or 
alignment will reduce their efficiency and operating life. 

The following proportions are recommended: 

DIAMETER 

LENGTH 

Bushings of least diameter consistent with shaft strength and stiffness give the highest 
mechanical efficiency. Where pressures require that bearing area be increased, change 
the length rather than diameter for a minimum loss of power by friction. 

If possible, the length of the bushing should not be less than one and one-half times 
shaft diameter. Although a greater ratio of length to diameter is desirable, in certain 
applications such as hoisting sheaves, it is impossible to obtain this ratio. Lubrite 
bushings are in successful operation in many such places. 

THICKNESS In general, the thickness of the wall should be at least 10 % of the inside diameter. In 
diameters under two inches, however, it is necessary to use relatively thicker walls in 
order to have sufficient metal to provide suitable lubricating recesses economically. 
We recommend the following minimum wall thicknesses for either one-piece or two­
piece bushings. 

STANDARD WALL THICKNESSES 

I.D. OF BUSHING WALL THICKNESS 

under 1/2" 1/8" 
l/2"-13/16" 5/32" 
7 /8"-1-1/4" 3/16" 
1-5/16"-l-5/8" 7/32" 
1-11/16"-2" 1/4" 
2-1/16"-2-5/8" 9/3,2" 
2-11/16"-3" 5/16" 

Over 1-1/4" I.D. the wall thickness can be figured by: 

or 

I.D. + 1/8" ( to nearest 1/32") 
16 

O.D. = 1-1/8 x I.D. + 1/4" (to nearest 1/16") 

These proportions provide ample strength and proper quantity of lubricant for satisfactory results. 
Naturally, other wall thicknesses can be provided. However, an extremely thin wall for the size of bushing 
is not recommended. 

In FLANGED BUSHINGS, the thickness of the flange is ordinarily the same as the thickness of the wall of 
the bushing. 

THRUST WASHER thickness should run from a minimum of 1/8" for small diameters up to 1/2" or more 
for large diameters. A rough formula is: 

THICKNESS = O.D. 
16 

For washers up to 18" outside diameter a thickness of 1/2" will usually be sufficient. 

l 

SPEEDS AND LOADS 

Lubrite Bushings are designed primarily for medium and heavy loads and slow and medium speeds. 
They are not recommended for shaft surface speeds over 500 feet per minute, at conservative loads. 

For ordinary service, bearing pressures equal to those customarily used for oil bushings are well within 
the capacity of Lubrite. For bushings requiring the greater load carrying capacity of Lubrite, the 
following factors are suggested and are well within the limits of successful Lubrite operation. 

PY 

p V PV 

Class of Service Maximum Maximum 
Load Speed Average 

(p.s.i.) (f.p.m.) Factor 

lll 
~ Conservative 1,000 500 15,000 0 
~ 

.E 
"E 

General 2,000 300 30,000 0 
t) 

Bridge-Hydraulic 

i:i Power Devices, Large 3,000 100 50,000 
~ Movable Structures ·s .. Bridge Bearings (I) 

] Severe Loads, Hoists, 3,500 100 70,000 
Sheaves, etc. 

7,000 10 70,000 
I Cl u 

!:?; .s ·-= Special Consult 0 >~ ts ..... 0 ..., 
15,000 tll ::E tll - our 

Engineers 

P = Bearing Pressure in pounds per square inch of Projected Bearing Area. 

p = Total Load on Bearing (pounds) 
Bearing Length (inches) x Shaft Diameter (inches) 

V = Shaft Surface Speed in Feet per Minute 

V = 0.262 x r.p.m. x Shaft Diameter (inches) 

PV The product of Actual Speed (V) x Unit Loading (P) should not exceed Average Factor 

P :x V = PV (maximum) 

Bearings should not be shortened in design simply because the resulting area will bring the product of 
load and speed within a particular factor, for the lower the pressure, the longer the service life. 
The choice of an actual factor to be us-ed in design work is a matter of judgment and experience. Three 
representative groups are suggested. They do not represent ultimate limits, but are intended as a 
guide to bearing proportions which will give long, efficient service. Where conditions necessitate a factor 
greater than 70,000, speeds exceeding 500 feet per minute, pressures greater than 3,500 pounds per 
projected square inch, or other oonsiderations that may affect the operation of.the bearings - consult our 
engineers. Their experience is at your disposal and their recommendations place you under no obligation. 

See Page 3 for proper material selecition to s?Jit 1,rri# PWririg WJJ$4ure for your appliootion. 
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MATERIALS AND BEARING VALUES 

Lubrite Bushings and Washers may be made with practically any bearing metal to meet the conditions of 
the application. However, continued tests, experiments, and actual reports from Lubrite installations have 
enabled us to determine that of all the bearing metals tested, the following have proven the most 
successful with Lubrite lubrication and will meet the requirements of most applications. 

GENERAL DUTY- for unit loadings up to approximately 1200 psi.* 

STANDARD LUBRITE BRONZE ALLOY 
ONE AND TWO PIECE BUSHINGS 

We highly recommend for most applications, our Standard Lubrite Bronze Alloy which 
was developed in our own Laboratory and Foundry. You will find that this is the most 
economical high-grade bearing metal for Lubrite lubrication. 

The approximate physical and chemical properties are as follows: 

HEAVY DUTY 

CHEMICAL 

86% Copper 
9% Tin 
3% Zinc 
2% Lead 

Medium Speeds 
Slow Speeds 
Static Loads 

PHYSICAL 

Ult. Tensile Strength - 38,000 psi. min. 
Yield Point - 16,000 psi. min. 
Elong. in 2 inches - 25% min. 
Reduction in Area - 15% min. 

-- up to 2000 psi. 
-- up to 3500 psi and higher.** 
-- up to 7000 psi and higher.** 

CAST ·BRIDGE BEARING BRONZE ALLOY 

ONE PIECE BUSHINGS TWO PIECE BUSHINGSt 

This material may be or-

► 
A. S. T. M. Bl47-49 Alloy Be A. S. T. M. Bl47-49 Alloy 8b 

dered under any of the Mil-B-16522 Class 1 Mil-B-16522 Class 2 
following Specifications: S. A. E. 430 Grade B S. A. E. 430 Grade A 

QQ-B-726c Grade C QQ-B-726c Grade B 
A. S. T. M. B22-S 1 Grade E 

PHYSICAL PROPERTIES ONE PIECE BUSHINGS TWO PIECE BUSHINGSt 

Ult. Tensile Strength ........................... 110,000 psi. min. 90,000 psi. min. 
Yield Point ............................................... 60,000 psi. min. 45,000 psi. min. 
Elongation in 2 inches ....................... 12% min. 18% min. 
Brinell Hardness ................................... 210-240 175 

Our foundry is completely equipped to produce quality castings for Lubrite Bushings to practically any 
Bronze Alloy Specification,. upon request. However, the above alloys have proven to be very successful 
and will meet the conditions of most applications. 

For unusual applications, Lubrite Bushings have been made from Monel metal, cast iron, stainless steel, 
Meehanite, Ductile Ni-Resist Cast Iron and Others. 

*This loading is conservative and provides ample factor of safety for long service. It is used with equal success up 
to 2000 psi for slow-moving and static loads. 

**For extremely heavy '!"'nit lo<:ds,. beyond th~ ~apacity of o~h.er bearings, w~ suggest our One Piece Bridge Bearing 
Bronze Lubrite Bushings with internal ,drilling and Lubriting. These bushings provide extremely high load-carrying 
capa<:i,tY. and provide high factor of safety for applications where extra long life is a must. Please present your 
application to our Engineers for their advice regarding higher loadings. No obligation, of course. 

tThe change of grade of alloy is necessary for two-piece bushings in order to properly manufacture. 
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CLEARANCES AND TOLERANCES 
The Lubrite lubrica~ing filII1; is considerably thicker than an oil or grease film, therefore, for a running fit, 
gre~ter de?rance 1s r~qmred .between bushing and shaft than for oiled bushings. In order to receive 
maximum life and service Lubrite self-lubricating bushings should not be reamed on assembly. 

STANDARD CLEARANCES 
( Running Fit) 

Clearance Shaft Sizes (Over Nominal Shaft Size)* 

3/8" - l" 
1-1/16" - 1-3/8" 
1-7 /16" - 1-15/16" 
2" - 2-1/2" 
2-9/16" - Z-15/16" 
3" - 4" 
4" - 5" 
5" - Up 

SPECIAL CLEARANCES 
Special applications require larger running clear­
ances because of the nature of the operation. A 
Coarse Running Fit should be used for high ~ 
temperature applications, for sheave bushings, 
hydro-electric gate rollers and other similar oper­
ating conditions. The table on the right will guide 
you in specifying for this class of duty. 

.004-.005" 

.005-.006" 

.006-.007" 

.007-.008" 

.008-.009" 

.009-.010" 

.010-.012" 

.012-.015" 

Nominal Shaft 
Diameter 

1-1/8 to 1-9/16 
1-5/8 to 2-1/16 
2-1/8 to 2-15/16 
3 to 3-5/16 
3-3/8 to 3-15/16 
4 to 4-15/16 
5 to 5-15/16 
6 to 6-15/16 
7 to 7-15/16 
8 to IO 

10-1/16 to 12 
12-1/16 to 16 

STANDARD PRESS FIT 

Coarse Running 
Fit Allowance 

in Bore 

.007 to .013 

.008 to .015 

.009 to .017 

.010 to .020 

.012 to .022 

.013 to .023 

.014 to .025 

.014 to .026 

.016 to .028 

.017 to .032 

.019 to .034 

.022 to .039 

up to 4" O.D .............................................. 002-.003 inch 
over 4" O.D .............................................. 003-.004 inch 

STANDARD PRACTICES 

Press Fit 
Allowed on 

Outside Diameter 

+ .002 to .003 
If If 

If II 

,, II 

+ .003 to .004 
II II 

II II 

II II 

,, II 

II " 
If ,, 
,, ,, 

It is customary that the shaft size be made to the nominal fractional dimension, i.e.; for a 1-1/2" D shaft, the 
decimal dimension of the shaft is assumed to be: 1.500 ±·.881 (.001 beyond, either way). If a 1-1/2" I. D. 
bushing is ordered, we automatically provide the bushing with the proper clearance, i. e., 1.506 ~:886 
I.D. as obtained from the table of standard clearances. 

The above listed clearances are our standard. If other clearances are necessary or the shaft is not to the 
nominal fractional size, we have a wide range of completed tooling to take care of the majority 
of possibilities. 

The press fit is also assumed to be to the nominal fractional dimension, i. e., for a 1-15/16" O. D. 
bushing we assume the housing bore is to the nominal size, i. e., 1.937 ~:886. The bushing would be 
supplied with the 0. D. 1.940 ±.:88?. 
The aforegoing information is provided as a basic guide to assist the designer as to the best and most 
economical practices for Lubrite. Should the design or application require deviation from the above, our 
complete facilities make it possible to meet the most exacting requirements. 

*"Close-in" due to press fit considered. 

4 



5 

LUBRITE LUBRICANTS 
Lubrite products are unlike many other so-called "oilless", "graphite" or "self-lubricating" 

items in that Lubrite lubricants are completely self-lubricating and do not require supple­

mentary lubrication at varying intervals o.f time. Other "similar-appearing" graphite type 

bushings have not been able to duplicate the low coefficient of friction and performance of 
Lubrite. 

The Lubrite lubricating film does not break down under severe static or slow moving loads as 

an oil or grease film tends to do. 

Lubrite lubricants have been developed to meet nearly all possible conditions of operation. 

Specific Lubrite lubricant formulae have been developed to operate best under specific 

operating conditions. 

STANDARD LUBRITE LUBE 

This lubricant will meet the great majority of requirements of operation and is supplied on 

all orders unless the operating conditions warrant our providing a more practicable grade 

of Lubrite lubricant for the application. Typical uses are as follows: 

GENERAL DUTY 

UNDER WATER 

IN STEAM (not super-heated) 

TEMPERATURE RANGES UP TO 250°F 

SUB-ZERO TEMPERATURES 

EXPOSED TO THE ELEMENTS 

If your conditions are other than standard, we should be advised details of your operating 

conditions to insure our selection of the proper lubricant, i. e., temperature range, and/or, 

in presence of oil or grease (intermittent oiling or oil bath), and/ or, presence of acids or 

corrosive gasses, and/or must operate in solvent solution, etc. 

Since the proper lubricant for the application is the key to Lubrite success, it is important 
that you obtain the recommendation of our Engineers for your specific conditions. 

FINISHES 
It is not necessary to provide a ground or polished surface on the pin or shaft. A plain 

machined finish, approximately 125 microinch rms is all that is desirable. The Lubrite bushing 

is also supplied with the same finish. This class of finish has proven most satisfactory in 

conjunction with Lubrite lubrication. 

COEFFICIENT OF FRICTION 
Lubrite Bushings will run at a coefficient of friction from 0.035 to 0.07 for medium and heavy 

loads, and, approximately 0.09 for light loads. The coefficient, being a function of the :speed and 

the load, varies with the operating conditions. 

FOR DESIGR it is suggested that a coefficient of friction of ten (10) percent be used. For high 
temperature and extremely light load applications, it is suggested that o value of fifteen (15) 
percent be used. 

~; 

The following information will prove helpful to us and assure your obtaining the proper Lubrite product 
for the application involved. We vary the bearing metal and the Lubrite lubricant £ormulae to give best 
performance for your conditions of operation. 

BEARINGS LUDDITE BUSHINGS 

INQUmY □ ORDER □ ORDER No.___ __ _ 

NAME ......................................................................................................... DATE ............................................... . 

ADDRESS .................................................................................................. B/P OR DWG. NO .................... .. 

1. Unit or Machine ........................................................................................................................................ . 

2. Quantity Required ................................................................................................................................... . 

3. One-Piece (Solid) ............... Two-Piece (Split) ................... Thrust Washer ....................................... . 

4. Shaft Diameter, for Bore (A) ............................................................................................................... . 

5. Housing Bore, for Outside Dia. (B) .................................................................................................. .. 

6. Overall Length ( C) ................................................................................................................................. . 

7. Has Bearing a Flange? ......................... Diameter? (D) ........................ Thickness? (E) ..................... . 
Is Flange Plain or to be Lubrited? ..................... . 

8. Load (approx.), in lbs. per sq. in. of Projected Bearing Area ................................................. . 

9. Speed, in R. P. M ................................................................ Motion: Full Revolution ...................... .. 
Oscillating ............................... . 
Min. Degrees .......................... . 
Sliding ...................................... . 

10. If Load or Motion is Intermittent, describe conditions ................................................................. . 

11. Describe Conditions of Temperature, Moisture, Chemical Vapor, Dust, etc. 

Unless you advise to the contrary, it will be assumed that you require a running fit on the bore 
and a press fit on the outside diameter. (See Page 4 of Engineering Data Manual) 

C 
C 

COPIES OF THE ABOVE ORDER FORM ARE AVAILABLE ON REQUEST 
6 



FORM E !Oat WlLt,AMETTE IRON .AND STEEL COMPANY 

SHEET ' l> 

J~BNAME ... J~.! ... ~n.fflr--Y~~ ~-~-.w~ .......... ~ ... ,-.a,,,. OAfi:-· .J0/J0/,~--
DESCRIPTION \'a/lft>/SS- ~E.\/,,-~ 

WELDIIKl SP.ECIEICATIOI .,,,._ F.0,Rl'_J1JOLBlfl'.Tm'LY lTALll'E. . . . - -0 7J . . 
0 r•~:-s~: 'ft:.AMol\[.[~ ✓ CHECKED BY APPAO~ Q,t_ ~-
) J·· 
I. GDERALr 

II. 

This specif teat ton covers both shop and field veld ing of the vatvEr body, 
valve disc, transitions and. optu-a.tor. · 

Shop Weldings 

Shop welding shall be performed by the ·!UU\ual shielded metal ate · 
welding prooess, t_he submerged melt aut•atie welding process or a 
ecmb!nat !on of these processes. AU welding shall be ln accord~c• . · 
with e1tablished p~ocedures. · 1 

All manual welding fllectrodes ahall be of the low hydrog~ type• and 
shall be suitable for all-y.,osition welding. In welding,. tgo,,<"tmtll 
not be struck in other than weld locations. · •. · 

Alt'shcp welding shall be in accordance with the requltaentt show:b on 
the shop drawings, and shall oonform to the requirements otith'I A.SM! · 
Boiler and PressureVVessel Code, appUcable to the work, except that 
stamping with the eode symbo 1 and reports vi 11 not be .t'equfnd and· 
thermal stress reUef shall be as shown on the shop drawings. 

~- Field Weldinga 

'~

; Field welding shall be p.•r!. onne. d ·by. /th• .. ' man.ua.1 •~tal arc vet·d·•.··.····.l .. ·ng.···.·'.Pr•css., 
·--:-----,__---,·-·,.;.' and shall be in accordance with W!,ll~~tte Iro~, And Steel Coapat't7' .· 

f.t::::. t wlding speci.fioatlon lo.·,A-JJ81 _attael'usd.r'\,, ··, - · · • . :,\ . · 1 

1,, The valve body and transit ions shall be f idd erected i.ri accordance 
Willamette Iron And Sted Company Drawing lumbers 52:33•2'100, . 
5233-2200, and 5233-5000. 

2,, Field welding shall be in aecordanoe with Wi11ame1rh• lt'Oh::Ancr · 
Steel Company Drawing lo. $233-1000. ,. 

'. III.. QUALIFICATIOI OF WELDERS t 

All welding both shop and f!~ld, on the valve. body, valve dbc, and . 
transit ions shall he done·, only by welders qualified in acce>~an.c• with the 
applicable provisions of the ASME Code, Section IX. "ll•ldirtg ~U:ti~ati011-a• 
1956 edition, by passing all the necessary tests at the. job dte( irresp.e~tlve 
ot any previous quallfioatlon. · · 

IV. WEiDIIG TECHIIQUE s 

1. Pr,R1.t1.tion for Welding •. M~rs to be joined by welding shall be·· . 
cut accurately to sl~e and, where required., shall be rolled or pressed 
to the proper curvature in aceordanee with dimensions shown on the 
drawings. The edges· of the m.embert shall be sheared, flame-cut, or 
ma.chin. ed to suit the .required type; of welding and to all t ough 
penetration. The cut surfaces shall expose sound metal ram 

w 



FORM F- 1001 

v. 

WILLAMETTE IRON AND STEEL COMPANY 

1// // II , 1 ;, SHEET 2A 

' \ 
3. Interpass defects shall be raovfd :t,y- chipping and/or grinding to 

squft4 metal. 

4. Completed wdds shall. show uniform cross seethms with smooth contour 
and absence of undercut and overlap,. Visual inspect ion shall show 
good fusion with the base metal. 

IISP!CTIOI OF WELDSt 

A! Velds shall be inspected by the use of X-Ray or magnaftux as fo11~s a 

l. !fldrauUe Operator Cyl!nderi 

x ... R~ all uin welded Joints in accordance with ASME Code Section VIII 
unfired pressure vessds., 19,6 edition., Paragraph UW-Sl. 

2. Valve BO,dy And Transition: 

Butt X•RaY all full penetration welds magna!'lux all other welds. 

). Valve Disc: 

Magna.flux a 11 welds. 

B. ffagnaflux weld inspection shall be done as follows, 

Full 'Penetration Velds: 

Magnaflux root pass and each 3/8" thickness of deposited meta~ 
including the finish pass. 

Fillet Welds: 

Magnatlux tinish pass only. 

!VI. RPAIR OF DIFECTS, 

D~fects disclosed by inspection tha11 ])e. remowd·by chipping, 1w;ing1 or 
grinding to 1ound metal and reve,ld•d• Repairs shall be re-examined by the 
applicable ln9Peetiet1 method. 
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AUTOMATIC 

THE CHEVRON TRADE-MARK 
GENUINE CHEVRON PACKING is manufactured only by The Garlock 
Packing Company. It can always be identified by the registered trade­
mark ~bove which appears on a tag attached to every set of Garlock 
CHEVRON Packing .. 



GARLOCK CHEVRON* PACKING 
for rams, plungers and reciprocating rods 

1. Assures a low friction, positive seal. 

2. Lasts much longer, needs less maintenance than 
ordinary V-type packing. 

3. Works efficiently in a shallow stuffing box. 

*CHEVRON is a 
registered trade-mark of 
The Garlock Packing Company 

Garlock CHEVRON packing is entirely different from 
ordinary V-type packings. CHEVRON packing has an 
exclusive hinge-like construction. This permits free oper­
ation with minimum friction at all pressures. 

With increasing pressures CHEVRON packing rings 
tighten to prevent leakage. As pressures decline, the rings 
instantly ease off and permit free operation of the rod, 
ram or piston without leakage. 

On a machine with hydraulically operated clutches­
¾" cylinder, maximum pressure 500 p.s.i., service inter­
mittent, maximum travel ¾"-customer used cups, then 
O-rings, neither of which worked well. Now packedwith 
Garlock 431 CHEVRON 3/s" x ¾" x 13/32" deep and do: 
a smooth, positive sealing job. ~· 

IF IT ISN'T GARLOCK IT ISN'T CHEVRON PACKING 

2 

The low-friction properties plus the variety of materials 
in which CHEVRON packing is furnished, assure long 
life. Also, with proper initial adjustment of the gland, no 
later adjustments are necessary to compensate for varia- · 
tions in pressures. 

The design of Garlock CHEVRON packing permits the 
use of a greater number of rings in a shallower stuffing box 
depth than is the case with ordinary packing. For further 
information see the depth tables on pages 4, 5 and 7. 

On hydraulic press-40" ram, 6000 p.s.i., ram honed and 
chrome plated, gland machined to give clearance of .006" 
between gland and ram, Garlock CHEVRON packing size 
40" x 41 ½" x only 2" deep gave 14 years service. 

TO ORDER CHEVRON PACKING 

Specify: 1. Diameter of rod or plunger 

POPULAR GARLOCK CHEVRON STYLES 

Materials of Construction 

Cotton duck and rubber compound 

Cotton duck and oil-resistant neoprene 

432 Cotton duck and nitrile rubber 

433 Cotton duck and butyl rubber 

530 Asbestos cloth and rubber 

531 Asbestos cloth and neoprene 

7262 Asbestos and rubber-molded rock-
hard 

7815 Special rubber compound containing 
asbestos fibre (homogeneous) 

7857 Cotton duck and rubber-molded 
rockhard 

8051 Cotton duck and white rubber 

8452 Buna-N rubber (homogeneous) 

8764 Teflon* 

9291 Kel-F** 

Generally Recommended For Use Against 

Hot or cold water up to 300° F. Max. 

Cold oils and other rubber solvents up to 300° F. 
Max. 

Oils at low and medium temperatures. Non­
corrosive during protracted periods of idleness 
up to 300° F. Max. 

Phosphate ester base hydraulic fluid-(not suit­
able for petroleum oils). Fire resistant types up 
to 225° F. Max. 

Steam, air or gas at temperatures up to 600° F. 

Oils and other rubber solvents at temperatures 
up to 300° F. 

Steam, air, oil,-up to 600° F. Max. 

Water-base non-flammable hydraulic fluids and 
warm or cold oils up to 225° F. Max. 

Water or oil in very heavy hydraulic service and 
non-flammable hydraulic fluids of the phosphate 
ester type. Also for high temperature up to 300° 
F. Max. 

Equipment in dairy and food industries where 
white packing material is desired. 

Cold and warm oils up to 225° F. Max. 

All services except molten alkali metals and 
fluorine at elevated temperature-from - 110° 
F. to+ 500° F. Max. 

Chemicals, caustics, alcohols, mineral oils and 
aliphatic hydrocarbons-from -120° F. to 
+325° F. Max. 

*Teflon-duPont's trade-mark for its tetrafluoroethylene resin. 
**Kel-F-Registered trade-mark of Minnesota Mining & Mfg. Co. 

for its fluorocarbon plastic. 

2. Diameter of stuffing box 
3. Depth of stuffing box 
4. Extreme gland entrance into stuffing box 
5. Bevel of gland 
6. Bevel of bottom of stuffing box 
7. Type offluid 
8. Pressure 
9. Temperature 

10. Number of sets required 

FURNISHED IN RINGS 

Garlock CHEVRON packing is 
furnished in ring form only. It is 
usually supplied in complete sets, 
consisting of a top and bottom 
adapter ring conforming, respec­
tively, to the bevel of the gland 
and stuffing box, and a sufficient 
number of CHEVRON rings to 
make up the required depth. 
For depth tables see page 4, 5, 
and 7. 

ADAPTER RINGS 

Top and bottom adapter rings are 
usually made of the same ma­
terial as the CHEVRON packing 
rings. However, for pressures 
above 3000 p.s.i., the use of filler 
rings and/or rockhard or metal 
adapter rings (see page 6) is 
suggested. 



The table below is for general guidance. Many satisfactory 
CHEVRON packing installations can be made with pack­
ings smaller or larger than the sizes indicated and with a 
lesser or greater number of rings than shown. 

General Recommendations tor Chevron Packings Against Various Pressures 
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Packing Space 

Number of 
Chevron Rings 

Nominal Depth 
of Set 

Packing Space 

Number of 
Chevron Rings 

Nominal Depth 
of Set 

Packing Space 

Number of 
Chevron Rings 

Nominal Depth 
of Set 

Packing Space 

Number of 
Chevron Rings 

Nominal Depth 
of Set 

Diameter of Rod or Ram 

1" to 3" 3" to 8" 8" to 14" 14" to 24" 

¾" ½" ¼" ¾" 

3 3 3 

1" 11%l' 

3/s" ½" ¼" ¾" 

4 4 4 4 

23/3211 

½" 1/a" ¾" ¾" 

5 5 5 

2 Ya" 

½" ¼" ¾" ¾" 

6 6 6 6 

2" 

24" 
and up 

3/a" 

3 

21/s" 

¼" 

4 

2½" 

¼" 

2 3/s" 

½" 

6 

3¼" 

SPECIAL NOTES 

For ease in determining the approximate 
depth of CHEVRON packings containing fab­
ric, the table on page 5 is published: 

1. Depths are approximate. 

2. Schedule does not apply to sets 
with metal adapters. 

"E' ----------1~ 

C = 1/16" FABRIC TOP 

'B• r ---_ _X~,.,,•-O.,,,• ,..,,,.,,,f---A..,..-OAPTER 

NUMBER OF FABRIC 

CHEVRON RINGS 

AS REQ•O TO OBTAIN 

PROPER DEPTH • •e:• 

FABRIC CHEVRON RING 

GARLOCK CHEVRON PACKING MADE OF TEFLON AND KEL•F 

FOR EXTREMELY CORROSIVE LIQUIDS AND GASES 

Low Coefficient of Friction •.• Non-Adhesive 

Garlock 8764 CHEVRON PACKING is made of 
Teflon which is chemically inert to all materials 
except molten alkali metals. This packing is suitable 
for use at temperatures ranging from -110° to 
+500° F. 

Garlock 9291 CHEVRON packing is made of Kel-F 
which is recommended for use against chemicals, 
caustics, alcohols, mineral oils and aliphatic hydro­
carbons. This packing is suitable for use at temper­
atures ranging from -120° to +325° F. 

Garlock 8764 Teflon Chevron Packing 

Approximate Depths for Chevron Packings Containing Fabric 

H ~~ • ~ 
ti Stack Ht. fi Height of r1 Nominal 

Packing 
Space 
"A" 

ll of One ~ Adapter !1 T I D h , ,, W . 
ll CHEVRON ll Rings it-~ __ ot_a____,,..e-=--pt_'_E-,,;-( _h_1c_h_l ___ nc_lu_d_es_'_'C_"_P_lu..,;,,s_"_D'_' _Pl_us_Nu_m_b_e_r o_f_C_H_EV_R_O_N_R_in..:::g_s _as_l_n_di.,....ca_te_d)=-----
A Ring "B" ~~'C" + "D"~ 1 Ring ll 2 Rings ?, 3 Rings ~ 4 Rings !l 5 Rings ll 6 Rings H 7 Rings i; 8 Rings ~ 9 Rings ~: 10 Rings 

3/a" ¾" 1" 1 ¾" 1 ¾" 21/s" 2 ½" 2 3/a" 3 ¼" 3 %" 4'1 41/s" 4 ¾" 

1¼" ½" 1¾11 13/s" 2¾" 2½" 3¾" 3¼" 4¾" 43/s" 5¾" 5¼" 6¾11 

Approximate Depths for Chevron Packings Made of TEFLON and KEL-F 

Stack 
Height Height 

Nominal of One of 

Total Depth Which Includes Adapters Plus Number 
of CHEVRON Rings Indicated 

Packing CHEVRON Adapter 
\ Space Ring Rings 1 Ring 2 Rings 3 Rings 4 Rings 5 Rings 6 Rings 7 Rings 8 Rings 
----------------------------------------------

.083" .218" .384" .467" .550" .633" .716" .799" .882" 

.083" .218" .301" .384" .467" .550" .633" .716" .799" .882" 

¼" .083" .234" .317" .400" .483" .566" .649" .732" .815" .898" 

.123" .234" .357" .480" .603" .726" .849" .972" 1.095" 1.218" 

.140" .265" .405" .545" .685" .825" .965" 1.105" 1.245" 1.385" 

1y32" .156" .265" .421" .577" .733" .889" 1.045" 1.20 l" 1.357" 1.513" 

¾" .156" .296" .452" .608" .764" .920" 1.076" 1.232" 1.388" 1.544" 

.156" .452" .608" .764" .920" 1.076" 1.232" 1.388" l.54f' 

.197" .321" .518" .715" .91211 1.109" 1.306" 1.503" 1.700" 1.897" 

.197" .321" .518" .715" .912" 1.109" 1.306" 1.503 11 1.700" 1.897" 

½" .197" .359" .556" .753" .950" 1.147" 1.344" 1.541" 1.738" 1.935" 

.197" .398" .595" .792" .989'' 1.186" 1.383" 1.580" 1.777" 1.974" 

¼" .250" .421" .671" .921" 1.171" 1.421" 1.671" 1.921" 2.171" 2.421" 

Note: Garlock 8764 and 9291 CHEVRON 
packings can be furnished in nominal 
packing space sizes from 1/i6" to l" in 
¼/' increments. 
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HOMOGENEOUS 
GARLOCK CHEVRON PACKINGS TO J. I.C. STANDARDS 

GARLOCK CHEVRON PACKINGS FOR EXTREME PRESSURES 

Standard set of 
Garlock CHEVRON Packing 

6 

The Garlock Packing Company guarantees that any product of its 
manufacture, which upon e~amination is found by a Garlock repre­
sentative to be defective either in workmanship or material whereby 
it is not suitable under proper usage and service for the purpose for 
which designed, will be replaced free of charge including trans­
portation charges but not cost of installation. This shall be Garlock's 
maximum liability. The sale of Garlock products under any other 
warranty or guarantee, expressed or implied, is not authorized by 
Garlock. 

J. I.C. Suggested Sizes tor Homogeneous V Packings tor Hydraulic Equipment 

j ''. :, ','. 

.o83 c.o83i'.033 r.o83ll. I4o 

Garlock CHEVRON Packing 
With "D" shaped Filler 

Rings 

Garlock CHEVRON Packing 

Wilh Metal Separators 

and Metal End Rings 

3/a 3/a 3/a 3/a 

Rockhard Adapters 

for CHEVRON Packing 
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MORE OF 

"THE GARLOCK 2,000"' 

Two thousand different styles of packings, 

gaskets and seals to meet al I your needs. 

The only complete line available. Get 

unbiased recommendations from your 

Garlock representative. 

0-Rings and back-up rings 
(Teflon and rubber) for dy­
namic sealing and static gas­
keting. 

Ask for catalog AD-148 

BITAN* Leather Packings: 
cups, V-packings, flange or 
hat packings, U packings, 
washers, gaskets, discs. 

Ask for catalog AD-121 

LATTICE BRAID* flax pack-
ings for hydraulic service. , _ _/ 

The Garlock Packing Co. 
Palmyra, New York 

SALES OFFICES AND WAREHOUSES 

Baltimore 18, Md., 2828 Loch Raven Rd. 
Birmingham 1, Ala., 519 South 19th St. 
Boston 10, Mass., 80 Broad St. 
Chicago 6, 111., 600 W. Jackson Blvd. 
Cincinnati 16, Ohio, 8329 Vine St. 
Cleveland 13, Ohio, 1276 West Thiro St. 
Denver 2, Colo., 1863 Wazee St. 
Detroit 11, Mich., 2781 East Grand Blvd. 
Houston 3, Texas, 2409 Sabine St. 
Los Angeles 21, Calif., 2303 East 8th St. 
New Orleans 25, La., 3525 Lowerline St. 
New York 6, N. Y., 114 Liberty St. 
Palmyra, N. Y., Maple Aye. 
Philadelphia 2, Pa., 20 South 15th St. 
Pittsburgh 22, Pa., 933 Penn Ave. 
Portland 9, Ore., 1036 N.W. 18th Ave. 
Salt Lake City 1, Utah, 322 Dooly Bldg. 
San Francisco 7, Calif., 750 18th St. 
St. Louis 8, Mo., 3635 Forest Park Blvd. 
Seattle 4, Wash., 814 Lane St. 
Spokane 4, Wash., West 61 O Second Ave .. 
Tulsa 20, Okla., 816 East 6th St. 

Ask for catalog AD-131 

Molded cups for pump pis­
tons, hydraulic service and 
pneumatic equipment. 

Ask for catalog AD-145 

Teflon V rings, piston rings, 
cups, U-packings, etc. 

Ask for catalog AD-155 

EXPOR_T DIVISION, PALMYRA, N. V. 
*Registered trade-mark 

In Canada: The Garlock Packing Co. of Canada, Limited, Toronto, Ontario 

SALES OFFICES AND WAREHOUSES 

Edmonton, Alta., 8407 103rd St. 
Hamilton, Ont., 200 Queen St., North 
Montreal 9, Que., 5215 De La Savane St. 
Toronto 2, Ont., 750 Bay St. 
Vancouver 5, B. C., 1925 West Georgia St. 
Winnipeg 3, Man., 1436 Erin St. 

Copyright 1956 and 1957 The Garlock Packing Co. Palmyra, N. Y., U. S. A. 

AD-115-15M-11-57 Printed in U.S.A. 



CATALOG NO. 203A 



IMPORTANT 

APPLICATION 
PRINCIPLES 

The urgent military need for better, more efficient, and more practical 
packing and sealing in aircraft hydraulic equipment led to develop­
ment of the synthetic rubber O-ring. National Seal Division entered the 
field in the early stages of development and today National O-rings 
are used not only in aircraft and vehicle applications, but for almost 
unlimited applications throughout industry. No other pressure sealing 
device offers all the advantages O-rings can give. 

TYPICAL APPLICATIONS 

Reciprocating Motion 

Extensively used in hydraulic and 
pneumatic cylinders, valves, boosters, 
actuators and similar devices. 

Gasket or Seal 

Unlimited use for seals for pressure 
chambers, end caps, end plates, cov­
ers, plugs, unions, couplings, flanges, 
and many others. 

Select 0-ring to meet required size. 
It must be consistently uniform and 
free of surface imperfections to assure 
good performance under controlled 
conditions. 

Oscillating Movement 

Simplifies construction of mechanism 
by eliminating gland adjustment devices 
and multiple packings. 

Intermittent Seal 

Very efficient under periodic comp~es­
sion, as in valve seats. Offers except;orcai 
resistance to mechanical fatigue. 

j 

r 

Provide a groove which will permit 
the 0-ring to function properly. Size, 
shape, and finish of this groove are 
factors which influence the efficiency 
of an 0-ring. 

Rotating Motion 

For low rubbing speeds, continuous c~ 
,intermittent, where the heat is dis,:. 
pated. A device is required to contro 
diametral squeeze. 

Adiustrnent Screw Seal 

Permits adiustment and provides sealing 
a lim:ted space. The low compression 

se· assures constant sealing. 

Compound ~se::: 
with work -
stalled 

-.;st be compatible 
'"'Citions. When in­

must retain essen­
physical properties 

:.:;nditions. 
tial che? :::: 
under v:::· ::::: 

____./ 

. ~tf . r1a .. g,. :u;se . 111,,,. 
· herent -stabiljty of its B~~ti N J,a$e, ·· hq ei~ellent; · = -··. '.F~t txtreme or' 

· _ resistan(;;e to most of the c0nimonly_~ed ftuids; Its· _· ring$ ate· ~vai18.i 
oll~mieal and physical ·propertie$ make. it $p:i~lole · • fu~'l1t . .TbtHis! ~£. 

.• far :e.treetive sealing under a wide ran~e{~t r,p~ting • · •·· 2) shaws:tiloise. in 

,. .. . . · .·· WollK1NG ,QU-.L1 
· PEBA';fUBE-lndustrial O~rinrs a}iplied .... w-bio. . . .• 
uri&l- i:ec.@filtil.ertd~ womng conditions retai11 niucb ... ··. . · S. • 

:t; ofth,~irpri~l fl~pbility and resilieney'.from ... 40°F .· · 
, . t_o 30()~F; .~n)~jJ;lt~r · dynamic or . s\at:ie appli~ati()J;iS" 
. · Speciqi . .U.rt® are available for temperatures 
fr~/ to 500°'.F. . . .·.· ./? · ..• 

"··;;:. !:@.~J.. ... ~I~. f}ynamic applications . the,,~.,~{ .... · 
:,, ; .: :W:ill wi~timrl ron$(;ant, pulsating; or . intermi~~nt r 

. ~,QfJ,PSI jn eith~ direction of flow. . ... . .. . 

Lubricating oils 
and greases 

Hydraulic 
fluids 

{mineral base) 

Coolants, anti­
freeze solutions 
and alcohols 

Air and 
inert gases 

Gases used as 
fuel 

Water 

Gasoline­
Kerosene 

(automotive) 
(aviation non­

aromatic) 

Fuel and 
Diesel oils 

:\tfl~:elearanee, .g.a-p. Bat:k 

All dynamic and static applications. Excel­
lent for automotive engine oils and lubricants, 
also other petroleum base oils having a 
minimum aniline point of 150° F. 

All dynamic and static applications used in 
hydraulic systems. The mineral base oil is 
used in all industries, including Aircraft, 
Tractor, Agricultural and Industrial equip­
ment; also Automotive except brake system, 
which use compound L1. (Table 2) 

All dynamic and static applications related 
to coolant service. Commonly used fluids ore 
ethylene glycol, soluble oil and water with 
or w /out anti-freezes. 

All pneumatic and pressure applications 
both dynamic and static related to air sen,. 
ices also inert gases such as oxygen, acetc­
lene, carbon dioxide, etc. Means for lubri­
cating the 0-ring musl be provided. 

All static applications related to naturol 
gases, such as butane and propane or cool 
gases. Also dynamic applications except 
where a constant minimum friction is required 
in sensitive devices such as regulators, mete,,, 
etc. For low swell applications, use B 1. 
Table 2) 

Very adaptable to water service in both 
dynamic and static applications. 

All dynamic and static applications. For 
aromatic gasoline use compound B 1. (Table 
2) 

Excellent for static applications related to 
diesel oils. Also for most dynamic uses except 
where a constant friction 0-ring is needed 
for sensitive devices such as regulators, 
meters, etc. For such applications use low 
swell B 1. (Table 2) 

-40° to 
+300° F 

-40° to 
+300° F 

-40° to 
+300° F 

-40° to 
+225° F 

-40°to 
+225° F 

-40° to 
+212° F 

-40° to 
+160° F 

-40° to 
+300° F 

• • Tensile • Elongation Hardness 

• Maximum Ultimate Shore A 
• psi % ±5 • Original properties obtained 2350 285 • 70 

• • • 
: TE~\l'SILE--An increase in tensile strength is gained when 
0 subJected to oven test at 250°F. or oil immersion at 300°F for a 

period of 70 hours. Results in tensile strength loss due to the 
adverse reaction of some fluids is sufficiently light to be 
neglible. 

ELONGATION--Ample flexibility for stretching over protru­
sions permits easy installation. Test conditions show that chang­
es in the original elongation of 285% is well within required lim­
itations for general applications. 

high degree of stability is maintained at both 
extremes recommended limits. The original Durometer-A 
hardness of 70 points gains 9 points when oven tested for 70 

0 hours at 212°F and slight losses or gains are evident when oil 
• tested, depending on fluid specifications . 
• • VOLUME CHANGE-This is an important characteristic to 
• be considered because shrinkage and swell caused by certain 
• fluids and working conditions affect the design and tolerances ! of metal parts. All volume changes for the recommended fluids 
• and conditions are well within limits compatible with standard 
• groove design. 
• 
• "--'''-'•'"'l'-''U''-Y1'.'-"" Does not have any corrosive action against 
• any or alloys employed in machinery and will not de­
: stray any fine finishes due to contact. 

: ABRASION RESISTANCE-- This is one of the prime quali-
• tics sought after in 0-ring sealing for dynamic applications. 
• This has been accomplished to a high degree without sacrificing 
• other required qualities. 
• 
• C<)1'H~RE~,SIC1N SET- This is another quality which must 
: meet severe tests for 0-ring sealing. The National Industrial 
• 0-ring will not lose its effectiveness due to compression set. 
• Under average working conditions the compression set is a 
• very slight factor. 
• 
• .a,u¼Aa.,,._,"._, This compound material will not adhere to any 
• metals, or other materials used in machinery. Break-out 
• friction curves are not influenced by adhesion. 
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SPECIAL SERVICE COMPOUNDS 

The only necessary departure from the Industrial 
0-ring is when it does not meet the required chemical 
resistance or it is necessary to meet an extreme 
operating condition. 

National has a large selection of special compounds 
for specific purposes and is in a position to meet any 
difficult assignment. A . partial list of special service 
compounds is shown below (Table 2). 

DEVIATIONS from recommended working condi­
tions, services, or physical characteristics can be 
accomplished. 0-ring Data Sheets are available from 
National to make it easy to submit required informa­
tion on the liquid or gas to be sealed, temperature 
ranges, operating pressures, type of application and 
a drawing of the application, showing tolerances, 
finishes, etc. 

Lubricating 
Oils 

Hydraulic 
Fluids 

Fuel 

Gases 
(inert) and 
Hot Air 

Food and 
Beverages 

Refrigerants 

Water 

Applicable to extreme low temperature 

Especially compounded for non shrinkage in oils of high aniline point 

For applications requiring high temperature resistance in oil 

For general purpose usage where a deviation is required in the standard durom­
eter hardness as used in the industrial compound B-46A (Table 1) 

For use in ap·plications related to hydraulic systems using vegetable base hy­
draulic oil. For mineral base oil use industrial compound B-46A (Table 1) 

Recommend_ed for Skydraul, Lindol and Pydraul 

Used in connection with automotive and aromatic gasolene, kerosene and fuel 
oil where a low swell compound is required to obtain minimum friction in such 
devices as regulator mechanisms. For general purpose applications.ui;;e industrial 
compound B-Ll--6A (Table 1) · , . · · e . 

Recommended for use with Butane, Propane and other hydro-carbon gases. May 
also be used with inert gases. This is a low swell compound for uses where mini­
mum friction is required. 

For use Jn applications related to high temperature ranges. 

For use in, extreme low a_nd high temperatures 

Recommended for most gases and extreme pressures at normal temperature 
range. 

Compounded specifically to provide a low compression set at high temperature. 

Where a tasteless and odorless compound is required for use with foods, CO2, 
water, beverages, etc. this compound will meet all such needs. 

Especially suited for use with Freon 12, 22 and 31, also ammonia. When o\I of_low 
aniline point is present in applications of Freon 11, 12, 112 and i;Jmonia, 1t is 
recommended that the industrial compound B-46A be used (Table J) 

Furnishep· for us_e where conditions of small dimensional changes in water or low 
pressure steam Is desired. 

B3 

B14 

L3 
L13 

B5 
B50 
B8 
B38 
B33 
B35 

Ll 
L2 

Ll4 

B7 
B25 

Bl 

S17 
S30 
S39 
L3 
Ll3 

:s32 

Ll4 

S30 

Nl 

N2 

B37 

SPECIFICATION COMPOUNDS 

-65 to +250 70 

-40 to +250 70 

0 to +350 70 
0 to +350 80 

-40 to +250 90 
-40 to +250 85 
-40 to +250 80 
-40 to +250 60 
---:40 to +250 50 
-40 to +250 40 

-65 to +160 60 
-65 to +160 70 

-65 to +250 60 

-20 to +160 70 
-65 to +160 60 

-20 to +16'.) 70 

-65 to +500 50 
-65 to +500 60 
-65 to +500 70 

0 to +350 70 
0 to +350 80 

-125 to +500 70 

-65 to +250 60 

-65 to +500 60 

-40 to +220 70 

-40 to +250 70 

-40 to +300 70 

· National has developed and can furnish many com­
pounds to customers' specifications. Shown below 
are some of the popular AMS and MIL specifica-

tions. Many other compounds are available includ­
ing ASTM-SAE No. D735-51T, JIC and Military 
Specifitations MIL, NAVY, AAF and USAF. 

AMS 3200 Petrbleum base hydraulic fluids such as ANVO 366B and Mil-o-5606. B55 -40 to +250 60 
AMS 3201 Dry heat 862 -40 to +275 40' 
AMS 3202 Dry heat B54 -40 to +275 60 
AMS 3207 Weather NB -40 to +250 30 
AMS 3208 Weather, sunlight and oils of high aniline point NlO -40 to +250 50 
AMS 3209 Weather N2 -40 to +250 70 
AMS 3212 Aromatic fuel B4 -40 to +160 60 
AMS 3215 Aromatic fuel B70 -40 to +160 70 
AMS 3220 Moderate resistance to fuel lubricant oils and coolants. N5 -40 to +250 60 
AMS 3221 Rapid fuel swelling N9 -40 to +250 50 
AMS 3226 Hot oil and coolant B13 -40 to +250 50 
AMS 3227 Hot oil and coolant B31 -40 to +250 60 
AMS 3228 Hot oil and cbolant B20 -40 to +250 70 
AMS 3240 Weather, sunlight and oils of high aniline point N15 -40 to +250 40 
AMS 3242 Weather, sunlight and oils of high aniline point N14 -40 to +250 80 
AMS 7270 Fuel 817 -40 to +160 70 
AMS 7274 Oil B14 -40 to +160 70 
AMS 3301 _General purpose silicone rubber Sl9 -100 to +500 40 
AMS 3302 General purpose silicone rubber Sl -100 to +500 50 
AMS 3303 General purpose silicone rubber S21 -65 to +500 60 
AMS 3304 Low compression set silicone r.ubber S26 -65 to +500 70 
AMS 3305 Low compression set silicone rubber Sl2 -100 to +500 80 
MIL-R-6855 Fuel resistant for aircraft application B34 -65 to +160 60 

Class I-60 
MIL-R-6855 Oil resistant for aircraft application N3 -65 to +160 40 

Class II-40 
MIL-R-6855 Oil resistant for aircraft application N4 -65 to +160 60 

Class III-60 

~ 

~j 

COMPO·UND ·BASES ' f ; 
Comparative Properties of Compound Bases 

Certain natural and synthetic 
\ / rubbers may be specially com­

pounded for either moderately 
\_,,I high or low temperature use. 

PROPERTY 

Typical Tenslle Strength: Lbs. per sq. in. 

Buna N 

2,500 

Neoprene Thiokol 

2,500 1,500 

Natural 
Buna S Butyl Rubber Silicone 

2,000 2,500 3,800 700 

I 

Greater stability at one extreme 
is obtained at the expense of sta­
bility at the opposite extreme or 
other characteristic, therefore, 
formulating special compounds 
require careful analysis of work­
ing conditions. 

Elongation 

Du rometer"Hardness 

Stability in Heat 

Stability in Cold 

Resistance to Abrasion 

Resistance lo Oil 

Resistance to_ Petroreum Products 

Good 

10-100 

Very Good 

Very Good 

Excellent 

Excellent 

Excellent 

Excellent Poor 

20-90 20-80 

Very Good Poor 

Very Good Good 

Excellent Poor 

Good Excellent 

Good Excellent 

Good Excellent Excellent Good 

25-100 20-85 10-100 45-85 

Good Good Good Excellent 

Good Good Excellent Excellent 

Good Fair Excellent Poor 

Poor Poor Poor Good 

Poor Poor Poor Good 

GLOSSARY OF 0-RING TERMS 
ADHESION-To bond or adhere to a contact sutface. 

ANILINE N~: OF OIL--:Temperature at which a given 
amount of amhne reacts with a particular oil. The aniline 
point generally affects the swell. 

BLOOM-Cloudy or white discoloration that sometimes 
app~ars ~n the surface of the 0-ring after storage; does 
not impair the quality of the 0-ring. 

CROSS SECTION-Area across the 0-ring width. 
CURING DATE-0-ring molding date. 

DY~AMIC-0-ring application in which the 0-ring is 
subJect to movement. 

ELONGATION-Percent of stretch before breaking. 

EXTRUSION-Distortion of part of 0-ring into clear­
ance gap. 

~LASH-Excess rubber left around 0-ring at Parting 
lme of mold. Flash is subsequently removed. 

FRICTION, BREAK-OUT-Initial friction developed 
when employed as a dynamic seal. 

FR~CTION, _RUNNING-Constant friction developed 
durmg operation of a dynamic 0-ring. 

FUEL,_ AROMATIC-Fuel which contains benzene or 
aromatic hydrocarbons. 

FU:~L, NO~-AROMATIC-Fuel which is composed of 
straight cham hydrocarbons. 

GLAND-C:omplete assembly, including 0-ring, groove 
and contactmg surfaces. 

G~OOVE--:-Cavity machined in the metal part to con­
tam the 0-rmg. 

HARDNESS SHORE A-Durometer reading in degrees 
of the hardness of the rubber. (Shore A hardness of 35 is 
soft; 90 is hard.) 

IDENTIFICATION -Colored dots or stripes on O~rings 
for identification purposes. 

MODULUS-Stress at 100% elongation. 

SET, COMPRESSION-Permanent distortion of rubber 
after compression. 

SET, PERMANENT-Permanent distortion of rubber 
after elongation. 

SERVICE-Operating conditions to be met. 

SHRINKAGE-Decreased volume. 

SIZE, ACTUAL-Actual dimensions of the 0-ring, in­
cluding tolerance limits. 

SIZE, NOMINAL-Approximate size of 0-ring in frac­
tional dimensions. 

~QUEEZE-Cross section compression on the applica­
tion. 

STATIC-Stationary application such as a gasket. 
SWELL-Increased volume. 

T~MPERATURE_ RANGE-Lowest temperature at 
which rubber remams :flexible and highest temperature 
at which it will function. 

!ENSILE-Pulling strength before breaking, measured 
m pounds per square inch (PSI). 

TORSIONAL STRENGTH-Ability of rubber to with­
stand torque. 

ABBREVIATIONS 
AF 
AMS 
AN 
AND 
ASTM 
JIC 

Air Force 
Aeronautical Material Specification 
Air Force-Navy 
Air Force-Navy Design 
American Society for Testing Materials 
Joint Industry Conference on Hydraulic stand­
ards for Industrial Equipment 

MIL 
MS 
PSI 
SAE 
USAF 

Military 
Military Standard 
Pounds Per Square Inch 
Society of Automotive Engineers 
United States Air Force 

~~ECK LIST_ OF 0-RING FAILURES 0-ring failure can be caused by many con-
ditions not related to 1_ts manufacture. To assist in detecting a condition of this nature, we are listing below 
some of the causes which have been experienced. 

~ 0-ring pinched during installation. 
D 0-ring damaged during installation by sharp edges, 

threads or burr. 

D 111 etal parts out of tolerance. 

\~ 8 Temperature rise beyond limitations. 
Pressure surge beyond limitations. 
Corrosive agent added to fluid. 

D Finish of metal parts not up to specifications. 
□ Running dry due to lubricant starvation. 
D Foreign abrasive material in the lubricant. 
D Application not protected when spray painted. 

□ 
:-- Scratched running surface prior to assembly. 

Dust excluder not replaced when worn out. 

□ Lubricating value of fluid lowered when changed and 
no provision made for the 0-ring installation. 

Cl Groove design change needed. 
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PART 
NUMBER 

622701 
622702 
622703 
622704 
622705 

622706 
632707 
622708 
622709 
622710 

622711 
622712 
622713 
622714 
622715 

622716 
622717 
622718 
622719 
622720 

622721 
622722 
622723 
622724 
622725 

622726 
622727 
622728 
622729 
622730 

622731 
622732 
622733 
622734 
622735 

622736 
622737 
622738 
622739 
622740 

622741 
622742 
622743 
622744 

NOMINAL SIZE 

w ID OD 

½6 1/s ¼ 
½6 ¾2 %2 
½6 3/i6 3/l6 
½6 ½2 1½2 
½6 ¼ 3/s 

½6 3/l6 3/16 
1/16 3/s ½ 
½2 ¾ % 
½2 1/16 1/s 
½2 ½ 11/i6 

½2 1/16 ¾ 
½2 1/s 11/,6 
½2 1½6 1/s 
½2 ¾ lo/J6 
1/s ¾ l 

1/s 11/,6 1 ½6 
1/s 1/s 11/s 
1/s 13/16 l o/16 
1/s l l¼ 
1/s l ½6 13/16 

1/s 11/s l¾ 
1/s 1 o/16 13/i6 
1/s 1¼ 1½ 
1/s 13/16 1% 
1/s 1 3/s 11/s 

1/s 13/16 11½6 
1/s 1½ 1¾ 
o/16 1½ 11/e 
3/i6 1% 2 
3/i6 1¾ 21/s 

3/i6 11/s 2¼ 
3/i6 2 2¾ 
3/i6 21/s 2½ 
3/i6 2¼ 21/s 
¾6 2¾ 2¾ 

1/,6 2½ 21/s 
3/i6 2% 3 
1/i6 2¾ 31/s 
1/,6 21/s 3¼ 
o/16 3 3¾ 

% 31/s 3½ 
3/i6 3¼ 31/s 
3/i6 3¾ 3¾ 
3/i6 3½ 31/s 

ACTUAL SIZE 

w ID 

.070 ± .003 .114 ± .005 

.070 ± .003 .145 ± .005 

.070 ± .003 .176 ± .005 

.070 ± .003 .2b8 ± .005 

.070 ± .003 .239 ± .005 

.070 ± .003 .301 ± .005 

.070 ± .003 .364 ± .005 

.103 ± .003 .362 ± .005 

.103 ± .003 .424 ± .005 

.103 ± .003 .487 ± .005 

.103 ± .003 .549 ± .005 

.103 ± .003 .612 ·± .005 

.103 ± .003 .674 ± .005 

.103 ± .003 .737 ± .005 

.139 ± .004 .734 ± .006 

.139 ± .004 .796 ± .006 

.139 ± .004 .859 ± .006 

.139 ± .004 .921 ± .006 

.139 ± .004 .984 ± .006 

.139 ± .004 1.046 ± .006 

.139 ± .004 1.109 ± .006 

.139 ± .004 1.171 ± .006 

.139 ± .004 1.234 ± .006 

.139 ± .004 1.296 ± .006 

.139 ± .004 1.359 ± .006 

.139 ± .004 1.421 ± .006 

.139 ± .004 1.484 ± .006 

.210 ± .005 1.475 ± .010 

.210 ± .005 1.600 ± .010 

.210 ± .005 1.725 ± .010 

.210 ± .005 1.850 ± .010 

.210 ± .005 1.975 ± .010 

.210 ± .005 2.100 ± .010 

.210 ± .005 2.225 ± .010 

.210 ± .005 2.350 ± .010 

.210 ± .005 2.475 ± .010 
.210 ± .005 2.600 ± .010 
.210 ± .005 2.725 ± .015 
.210 ± .005 2.850 ± .015 
.210 ± .005 2.975 ± .015 

.210 ± .005 3.100 ± .015 

.210 ± .005 3.225 ± .015 

.210 ± .005 3.350 ± .015 

.210 ± .005 3.475 ± .015 

ID GROOVE OD GROOVE 

A B C D 

±.001 +.002 ±.001 +.ooo 
-.000 -.002 

.250 .137 .123 .236 

.281 .168 .154 .267 

.312 .199 .185 .298 

.344 .231 .217 .330 

.375 .262 .248 .361 

.4375 .3245 .310 .423 

.500 .387 .373 .486 

.5625 .3835 .373 .552 

.625 .446 .435 .614 

.6875 .5085 .498 .677 

.750 .571 .560 .739 

.8125 .6335 .623 .802 

.875 .696 .685 .864 

.9375 .7585 .748 .927 
1.001 .756 .747 .992 

1.063 .818 .809 1.054 
1.126 .881 .872 1.117 
1.188 .943 .934 1.179 
1.251 1.006 .997 1.242 
1.313 1.068 1.059 1.304 

1.376 1.131 1.122 1.367 
1.438 1.193 1.184 1.429 
1.501 1.256 1.247 1.492 
1.563 1.318 1.309 1.554 
1.626 1.381 1.372 1.617 

1.688 1.443 1.434 1.679 
1.751 1.506 1.497 1.742 
1.876 1.502 1.497 l.871 
2.001 1.627 1.622 1.996 
2.126 1.752 1.747 2.121 

2.251 1.877 1.872 2.246 
2.376 2.002 1.997 2.371 
2.501 2.127 2.122 2.496 
2.626 2.252 2.247 2.621 
2.751 2.377 2.372 2.746 

2.876 2.502 2.497 2.871 
3.001 2.627 2.622 2.996 
3.126 2.752 2.747 3.121 
3.251 2.877 2.872 3.246 
3.377 3.003 2.996 3.370 

3.502 3.128 3.121 3.495 
3.627 3.253 3.246 3.620 
3.752 3.378 3.371 3.745 
3.877 3.503 3.496 3.870 

0-ring Groove Groove Radius Oiametrcil 
Wi:dth Width Length Cle'cira!'ce 

~1r1~ 
w E F R G 

{NOMINAL) +.005 
(MAX) -.000 (APPROX) (MAX} -~ 1/16 JJ67 ½1 ½2 .005 

Approx. ~ f ~ E ½2 .090 %4 ½2 .065 
1/s .123 3/i6 ½2 .006 
o/16 .18.8 %2 ½2 .007 
¼ .240 ¾ 1/32 .008 

622700 SERIES (CONTINUED) 

PART 
NOMINAL SIZE ACTUAL SIZE ID GROOVE OD GROOVE 

NUMBER w ID OD w ID A B C D 

±.001 +.002 ±.001 +.ooo 
;~ 

622745 1/,6 3% 4 .210 ± .005 3.600 ± .015 
-.000 

4.002 3.628 
-.002 

3.621 3.995 
622746 3/i6 3¾ 4½ .210 ± .005 3.725 ± .015 4.127 3.753 3.746 4.120 
622747 1/i6 31/s 4¼ .210 ± .005 3.850 ± .015 4.252 3.878 3.871 4.245 
622748 3/i6 4 4¾ .210 ± .005 3.975 ± .015 4.377 4.003 3.996 4.370 
622749 3/i6 4¼ 4½ .210 ± .005 4.100 ± .015 4.502 4.128 4.121 4.495 

622750 1/,6 4¼ 41/s .210 ± .005 4.225 ± .015 4.627 4.253 4.246 4.620 
622751 1/i6 43/s 4¾ .210 ± .005 4.350 ± .015 4.752 4.378 4.371 4.745 
622752 3/i6 4½ 41/s .210 ± .005 4.475 ± .015 4.877 4.503 4.496 4.870 
622753 ¼ 41/s 5¼ ,275 ± .006 4.600 ± .015 5.128 4.649 4.621 5.100 
622754 ¼ 4¾ 5¼ .275 ± .006 4.725 ± .015 5.253 4.774 4.746 5.225 

~· ~ 622755 ¼ 41/s 53/s .275 ± .006 4.850 ± .015 5.378 4.899 4.871 5.350 
622756 ¼ 5 5½ .275 ± .006 4.975 ± .015 5.503 5.024 4.996 5.475 
622757 ¼ 5½ 51/s .275 ± .006 5.100 ± .023 5.628 5.149 5.121 5.600 
622758 ¼ 5¼ 5¾ .275 ± .006 5.225 ± .023 5.753 5.274 5.246 5.725 
622759 ¼ 5¾ 51/s .275 ± .006 5.350 ± .023 5.878 5.399 5.371 5.850 

622760 ¼ 5½ 6 ,275 ± .006 5.475 ± .023 6.003 5.524 5.496 5.975 
622761 ¼ 5% 61/s ,275 ± .006 5.600 ± .023 6.128 5.649 5.621 6.100 
622762 ¼ 5¾ 6¼ ,275 ± .006 5.725 ± .023 6.253 5.774 5.746 6.225 
622763 ¼ 51/s 6¾ ,275 ± .006 5.850 ± .023 6.378 5.899 5.871 6.350 
622764 ¼ 6 6½ ,275 ± .006 5.975 ± .023 6.503 6.024 5.996 6.475 ~· ~ 622765 ¼ 6¼ 6¾ ,275 ± .006 6.225 ± .023 6.753 6.274 6.246 6.725 
622766 ¼ 6½ 7 ,275 ± .006 6.475 ± .023 7.003 6.524 6.496 6.975 
622767 ¼ 6¾ 7¼ ,275 ± .006 6.725 ± .023 7.253 6.774 6.746 7.225 
622768 ¼ 7 7½ ,275 ± .006 6.975 ± .023 7.503 7.024 6.996 7.475 
622769 ¼ 7¼ 7¾ ,275 ± .006 7.225 ± .030 7.753 7.274 7.246 7.725 

~ 622770 ¼ 7½ 8 ,275 ± .006 7.475 ± .030 8.003 7.524 7.496 7.975 
622771 ¼ 7¾ 8¼ .275 ± .006 7.725 ± .030 8.253 7.774 7.746 8.225 
622772 ¼ 8 8½ .275 ± .006 7.975 ± .030 8.503 8.024 7.996 8.475 
622773 ¼ 8½ 9 ,275 ± .006 8.475 ± .030 9.003 8.524 8.496 8.975 
622774 ¼ 9 9½ .275 ± .006 8.975 ± .030 9.503 9.024 8.996 9.475 

622775 ¼ 9½ 10 .275 ± .006 9.475 ± .030 10.003 9.524 9.496 9.975 
622776 ¼ 10 10½ .275 ± .006 9.975 ± .030 10.503 10.024 9.996 10.475 
622777 ¼ 10½ 11 .275 ± .006 10.475 ± .030 11.003 10.524 10.496 10.975 
622778 ¼ l 1 11 ½ .275 ± .006 10.975 ± .030 11.503 11.024 10.996 11.475 
622779 ¼ 11 ½ 12 .275 ± .006 11.475 ± .030 12.003 11.524 11.496 11.975 

622780 ¼ 12 12½ .275 ± .006 11.975 ± .030 12.503 12.024 11.996 12.475 
622781 ¼ 12½ 13 .275 ± .006 12.475 ± .030 13.003 12.524 12.496 12.975 
622782 ¼ 13 13½ .275 ± .006 12.975 ± .030 13.503 13.024 12.996 13.475 
622783 ¼ 13½ 14 .275 ± .006 13.475 ± .030 14.003 13.524 13.496 13.975 
622784 ¼ 14 14½ .275 ± .006 13.975 ± .030 14.503 14.024 13.996 14.475 

'~ I 

622785 ¼ 14½ 15 .27 5 ± .006 14.47 5 ± .030 15.003 14.524 14.496 14.975 

~ 
622786 
622787 

¼ 15 15½ 
¼ 15½ 16 

.275 ± .006 14.975 ± .030 

.27 5 ± .006 15.47 5 ± .030 
15.503 15.024 
16.003 15.524 

14.996 15.475 
15.496 15.975 

622788 ¼ 4½ 5 .275 ± .006 4.475 ± .015 5.003 4.524 4.496 4.975 
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OD Groove with diametral 
squeeze applied on the OD dia­
meter 

ID· Groove with diametral 
squeeze applied on the OD 
diameter 

OD Groove to seal internal pres­
sure with diametral squeeze 
applied to the lateral cross­
section width 

PART NOMINAL SIZE ACTUAL SIZE GROOVE 

NUMBER 
+.ooo +.005 
-.005 -.000 

w ID OD w ID A B 

623001 1/e 15/e 11/a .139 ± .004 1.609 ± .010 1.871 1.629 
623002 1/e 1¾ 2 .139 ± .004 1.734 ± .010 1.996 1.754 
623003 1/e 11/a 21/e .139 ± .004 1.859 ± .010 2.121 1.879 
623004 1/e 2 2¼ .139 ± .004 1.984 ± .010 2.246 2.004 
623005 1/e 21/e 2¾ .139 ± .004 2.109 ± .010 2.371 2.129 

623006 1/e 2¼ 2½ .139 ± .004 2.234 ± .010 2.496 2.254 
623007 1/e 2¾ 25/e .139 ± .004 2.359 ± .010 2.621 2.379 
623008 1/e 2½ 2¾ .139 ± .004 2.484 ± .010 2.746 2.504 
623009 1/e 2% 23/e .139 ± .004 2.609 ± .010 2.871 2.629 
623010 1/e 2¾ 3 .139 ± .004 2.734 ± .015 2.996 2.754 

623011 1/e 21/a 31/e .139 ± .004 2.859 ± .015 3.121 2.879 
623012 1/e 3 3¼ .139 ± .004 2.984 ± .015 3.246 3.004 
623013 1/e 31/s 3¾ .139 ± .004 3.109 ± .015 ~ 3.371 3.129 
623014 1/s 3¼ 3½ .139 ± .004 3.234 ± .015 3.496 3.254 
623015 1/e 3¾ 3% .139 ± .004 3.359 ± .015 3.621 3.379 

623016 1/s 31/2 3¾ .139 ± .004 3.484 ± .015 3.746 3.504 
623017 1/e 3% 31/a .139 ± .004 3.609 ± .015 3.871 3.629 
623018 1/s 3¾ 4 .139 ± .004 3.734 ± .015 3.996 3.754 
623019 1/e 33/s 41/s .139 ± .004 3.855 ± .015 4.121 3.879 
623020 1/e 4 4¼ .139 ± .004 3.984 ± .015 4.246 4.004 

623021 1/s 41/s 4¾ .139 ± .004 4.109 ± .015 4.371 4.129 
623022 1/a 4¼ 4½ .139 ± .004 4.234 ± .015 4.496 4.254 
623023 1/s 4¾ 45/a .139 ± .004 4.359 ± .015 4.621 4.379 
623024 1/s 4½ 4¾ .139 ± .004 4.484 ± .015 4.746 4.504 
623025 1/e 4% 43/s .139 ± .004 4.609 ± .015 4.871 4.629 

623026 1/a 4¾ 5 .199 ± .004 4.734 ± .015 4.996 4.754 
623027 1/a 41/a 51/a .13(} ± .004 4.859 ± .015 5.121 4.879 
623028 1/a 5 5¼ .139 ± .004 4.984 ± .015 5.246 5.004 
623029 1/a 51/a 5¾ .139 ± .004 5.109 ± .023 5.371 5.129 
623030 1/s 5¼ 5½ .139 ± .004 5.234 ± .023 5.496 5.254 

623031 1/a 5¾ 55/a .139 ± .004 5.359 ± .023 5.621 5.379 
623032 1/a 5½ 5¾ .139 ± .004 5.484 ± .023 5.746 5.504 
623033 1/a 5% 51/a .139 ± .004 5.609 ± .023 5.871 5.629 
623034 1/a 5¾ 6 .139 ± .004 5.734 ± .023 5.996 5.754 
623035 1/a 51/a 61/s .139 ± .004 5.859 ± .023 6.121 5.879 

623036 1/a 6 6¼ .139 ± .004 5.984 ± .023 6.246 6.004 
623037 1/a 6¼ 6½ .139 ± .004 6.234 ± .023 6.496 6.254 
623038 1/a 6½ 6¾ .139 ± .004 6.484 ± .023 6.746 6.504 
623039 1/a 6¾ 7 .139 ± .004 6.734 ± .023 6.996 6.754 
623040 1/s 7 7¼ .139 ± .004 6.984 ± .023 7.246 7.004 

623041 1/s 7¼ 7½ .139 ± .004 7.234 ± .030 7.496 7.254 
623042 1/a 7½ 7¾ .139 ± .004 7.484 ± .030 7.746 7.504 
623043 1/s 7¾ 8 .139 ± .004 7.734 ± .030 7.996 7.754 
623044 1/s 8 8¼ .139 ± .004 7.984 ± .030 8.246 8.004 
623045 1/s 8¼ 8½ .139 ± .004 8.234 ± .030 8.496 8.254 

623046 1/a 8½ 8¾" .139 ± .004 8.484 ± .030 8.746 8.504 
623047 1/a 8¾ 9 .139 ± .004 9.734 ± .030 8.996 8.754 
623048 1/s 9 9¼ .139 ± .004 8.984 ± .030 9.246 9.004 
623049 1/s 9¼ 9½ .139 ± .004 9.234 ± .030 9.496 9.254 
623050 1/s 9½ 9¾ .139 ± .004 9.484 ± .030 9.746 9.504 

623051 1/s 9¾ 10 .139 ± .004 9.734 ± .030 9.996 9.754 

6 
623052 1/a 10 10¼ .139±.004 9.984 ± .030 10.246 10.004 

ID Groove to seal external pres­
sure with diametral squeeze 
applied to the lateral cross­
section width 

GROOVE 
+.ooo +.005 
-.005 -.000 

C D 

1.875 1.625 
2.000 1.750 
2.125 1.875 
2.250 2.000 
2.375 2.125 

2.500 2.250 
2.625 2.375 
2.750 2.500 
2.875 2.625 
3.000 2.750 

3.125 2.875 
3.250 3.000 
3.375 3.125 
3.500 3.250 
3.625 3.375 

3.750 3.500 
3.875 3.625 
4.000 3.750 
4.125 3.875 
4.250 4.000 

4.375 4.125 
4.500 4.250 
4.625 4.375 
4.750 4.500 
4.875 4.625 

5.000 4.750 
5.125 4.875 
5.250 5.000 
5.375 5.125 
5.500 5.250 

5.625 5.375 
5.750 5.500 
5.875 5.625 
6.000 5.750 
6.125 5.875 

6.250 6.000 
6.500 6.250 
6.750 6.500 
7.000 6.750 
7.250 7.000 

7.500 7.250 
7.750 7.500 
8.000 7.750 
8.250 8.000 
8.500 8.250 

8.750 8.500 
9.000 8.750 
9.250 9.000 
9.500 9.250 
9.750 9.500 

10.000 9.750 
10.250 10.000 

J 
l 

I 
\ 

\ AMS7270 
For Fuel 

AN123956 
AN123957 
AN123958 
AN123959 
AN123960 

AN 123961 
AN 123962 
AN 123963 
AN123964 
AN 123965 

AN 123966 
AN123967 
AN123968 
AN123969 
AN123970 

AN123971 
AN 123972 
AN123973 
AN123974 
AN123975 

AN123976 
AN123977 
AN 123978 
AN123979 
AN 123980 

AN123981 
AN 123982 
AN 123983 
AN123984 
AN 123985 

AN123986 
AN123987 
AN123988 
AN123989 
AN123990 

AN123991 
AN123992 
AN123993 
AN123994 
AN123995 

AN123996 
AN123997 
AN123998 
AN 123999 
AN124000 

AN 124001 
AN124002 
AN124003 
AN 124004 
AN 124005 

AN 124006 
AN 124007 
AN124008 
AN 124009 
AN124010 

AN 124011 
AN124012 
AN124013 
AN124014 
AN124015 

AN124016 
AN124017 
AN124018 
AN124019 
AN124020 

AN124021 
AN 124822 
AN124023 
AN124024 
AN124025 

AN124026 
AN124027 
AN124028 
AN124029 
AN 124030 

AN12403l 
AN 124032 
AN124033 
I\Nl24034 

AMS7274 
For Oil Width 

AN 123856 l,1(6 

AN 123857 ½6 
AN 123858 ½6 
AN 123859 ½6 
AN 123860 ½6 

AN123861 ½6 
AN123862 ½6 
AN 123863 ¾z 
AN123864 ¾z 
AN123865 ½z 
AN123866 ½2 
AN123867 ¾z 
AN123868 ½2 
AN123869 ½z 
AN 123870 lfs 

AN123871 1/s 
AN123872 1/s 
AN 123873 1/s 
AN123874 1/s 
AN123875 1/s 
AN123876 1/s 
AN123877 1/s 
AN123878 lfs 
AN123879 1/s 
AN123880 1/s 

AN123881 1/s 
AN123882 1/s 
AN 123883 1/s 
AN123884 1/s 
AN123885 1/s 

AN123886 1/s 
AN123887 1/s 
AN123888 1/s 
AN123889 1/s 
AN 123890 1/s 

AN123891 1/s 
AN123892 1/s 
AN123893 1/s 
AN 123894 1/s 
AN123895 1/s 

AN123896 1/s 
AN123897 1/s 
AN123898 1/s 
AN123899 1/s 
AN 123900 1/s 

AN 123901 1/s 
AN123902 1/s 
AN 123903 1/s 
AN 123904 1/s 
AN 123905 1/s 

AN 123906 1/s 
AN 123907 1/s 
AN123908 1/g 
AN123909 1/s 
AN123910 1/s 

AN 123911 1/g 
AN123912 1/s 
AN 123913 1/s 
AN123914 1/g 
AN123915 1/s 

AN123916 1/s 
AN123917 1/s 
AN123918 1/s 
AN123919 1/g 
AN123920 1/s 

AN123921 1/s 
AN123922 1/s 
AN123923 1/s 
AN123924 1/s 
AN123925 1/s 

AN123926 1/s 
AN 123927 1/s 
AN123928 1/s 
AN123929 1/s 
AN 123930 1/s 

AN123931 1/s 
AN 123932 1/s 
AN123933 1/s 
AN123934 lfs 

NOMINAL SIZE ACTUAL SIZE 
ID OD Width + ID + 
1/s ¼ .070 .003 .114 .005 
% % .070 .003 .145 .005 
½6 3/,5 .070 .003 .176 .005 
½2 1½2 .070 .003 .208 .005 
¼ ¾ .070 .003 .239 .005 

S;fo ~-fo .070 .003 .301 .005 
¾ ½ .070 .003 .364 .005 
¾ % .103 .003 .362 .005 
1/16 % .103 .003 .424 .005 
½ 1½6 .103 .003 .487 .005 

% ¾ .103 .003 .549 .005 
% 11/J6 .103 .003 .612 .005 
1½6 Ys .103 .003 .674 .005 
¾ 11/,6 .103 .003 .737 .005 
¾ 1 .139 .004 .734 .006 

1½6 1½6 .139 .004 .796 .006 
Ys l1/s .139 .004 .859 .006 

11/,6 1½6 .139 .004 .921 .006 
1 1¼ .139 .004 .984 .006 
1½6 11/,6 .139 .004 1.046 .006 

11/s 1% .139 .004 1.109 .006 
1% 1½6 .139 .004 1.171 .006 
1¼ 1½ .139 .004 1.234 .006 
11/,6 lo/i6 .139 .004 1.296 .006 
1% 1% .139 .004 1.359 .006 

1½6 11½6 .139 .004 1.421 .006 
1½ 1¾ .139 .004 1.484 .006 
1% 1 Ys .139 .004 1.609 .010 
l¾ 2 .139 .004 1.734 .010 
1 Ys 21/s .139 .004 1.859 .010 
2 2¼ .139 .004 1.984 .010 
21/s 2% .139 .004 2.109 .010 
2¼ 2½ .139 .004 2.234 .010 
23/s 2% .139 .004 2.359 .010 
2½ 2¾ .139 .004 2.484 .010 

2% 23/s .139 .004 2.609 .010 
2¾ 3 .139 .004 2.734 .015 
23/s 31/s .139 .004 2.859 .015 
3 3¼ .139 .004 2.984 .015 
31/s 3% .139 .004 3.109 .015 

3¼ 3½ .139 .004 3.234 .015 
3% 3% .139 .004 3.359 .015 
3½ 3¾ .139 .004 3.484 .015 
3% 33/s .139 .004 3.609 .015 
3¾ 4 .139 .004 3.734 .015 

33/s 41/s .139 .004 3.859 .015 
4 4¼ .139 .004 3.984 .015 
41/s 43/s .139 .004 4.109 .015 
4¼ 4½ .139 .004 4.234 .015 
4% 4% .139 .004 4.359 .015 

4½ 4¾ .139 .004 4.484 .015 
4% 4:1/s .139 .004 4.609 .015 
4¾ 5 .139 .004 4.734 .015 
43/s 51/s .139 .004 4.859 .015 
5 5¼ .139 .004 4.984 .015 

51/s 5% .139 .004 5.109 .023 
5¼ 5½ .139 .004 5.234 .023 
53/s 5% .139 .004 5.359 .023 
5½ 5¾ .139 .004 5.484 .023 
5% 53/s .139 .004 5.609 .023 

5¾ 6 .139 .004 5.734 .023 
5:1/s 61/s .139 .004 5.859 .023 
6 6¼ .139 .004 5.984 .023 
6¼ 6½ .139 .004 6.234 .023 
6½ 6¾ .139 .004 6.484 .023 

6¾ 7 .139 .004 6.734 .023 
7 7¼ .139 .004 6.984 .023 
7¼ 7½ .139 .004 7.234 .030 
7½ 7¾ .139 .004 7.484 .030 
7¾ 8 .139 .004 7.734 .030 

8 8¼ .139 .004 7.984 .030 
8¼ 8½ .139 .004 8.234 .300 
8½ 8¾ .139 .004 8.484 .030 
8¾ 9 .139 .004 8.734 .030 
9 9¼ .139 .004 8.984 .030 

9¼ 9½ .139 .004 9.234 .030 
9½ 9¾ .139 .004 9.484 .030 
9¾ 10 .139 .004 9.734 .030 

10 10¼ .139 .004 9.984 .030 

7 
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One of the basic principles of prime consideration is to provide a groove which will permit the 
0-ring to function efficiently. National 0-rings have ample dimensional stability to allow 
the use of standard specifications consistent with good design within its temperature range. 

l C D 

O-ring 
Width 

The rectangular groove is recommended for all 
applications and is mandatory for moving seals. 

/\i D l(T 
.oos_!l_ad. ~-­
Approx. 1-- F ~ -

G Slope-For all normal 
uses the sides may 
have a slight degree of 
slope to facilitate ma­

E chining, not to exceed 
70_ 

Radius-The recommended radius at the bottom 
corners of the groove should be followed to prevent 
localizing the stress at the clearance gap. See de­
tails in size section. 

Length-The groove length is a controlled factor 
on all dynamic installations, according to the cross­
section width of the O-ring. The established stand­
ards as shown in the design table have been cal­
culated to provide adequate volumetric swell due 
to fluid contact and deformation due to diametral 
squeeze. Also provision is made to allow the O-ring 
to roll slightly at the beginning of each stroke so 
that the fluid will lubricate the running surface. 
Ease of installation and replacement is another 
consideration. 

It may be necessary to use other groove shapes in 
exceptional cases where space limitations, con­
struction or installation features require them. 
Other shapes in use are as follows: 

The semi-rectangular groove is suitable for appli­
cations where the pres­
sure flow is in one di­

PRE~ rection. This type 
~ groove is used when 

necessary to facilitate 
installation. 

The Vee groove should be used only for static 
applications. Its use for dynamic installations is 
not recommended because the O-rings create con-

siderable friction and 
extrude more readily 
at relatively low pres­
sures. 

Width 
E 

Diametral 
Squeeze 

Groove Length F. 
+.oos -.ooo 

Radius 
R 

Diametral 
Clearance 

The life and pressure range of an O-ring seal can 
be affected by the amount of clearance between 
the mating metal parts. The clearance should be 
held to an absolute minimum consistent with 
thermal expansion within the working tempera­
ture range. 

7 
If excessive, the extru­
sion into the clearance 
gap at relatively low 
pressures will cause 
failure. 

The important feature is to establish and maintain 
diametral squeeze, or interference, under variable 
working conditions taking into consideration all 
factors such as tolerances and clearances. Dimen­
sional tables are provided which establish the cor­
rect amount according to the cross-section width 
for all normal operations. 

LEAKS AT ZERO OR 
LOW PRESSURE 

7fa::G 
EXCESSIVE SURFACE 

CONTACT 

Insufficient diametral 
squeeze will not pro­
vide positive sealing 
under zero or low 
pressures. 

Excessive diametral 
squeeze increases fric­
tion, shortens life and 
causes assembly prob­
lems. 

The efficiency of a moving seal is dependent on 
the smoothness of the 

Dynamic HStatic contact surface over 
15 RMS Max.~· 40 RMS which the ring must 
30 RMS Max... ( l 

-... _ __. _ _,____, approx. slide. A micro-inch fin-
ish of 15 RMS max. is 

recommended. The groove surface should have a 
maximum of 30 RMS, free from nicks, burrs, 
scratches or tool marks. Static seal surfaces should 
be held to 40 RMS max. 

j 

APPLICATION 

There are three primary functions for installation of Back-up Rings in any application 
where the 0-ring is required to seal across a clearance gap under pressure. 

1. To eliminate extrusion at pressures in excess of 
1500 PSI as it then becomes a critical factor under 
recommended working conditions. (Fig. a) The 
1500 PSI limitation can be exceeded up to 3000 
PSI by employing leather back-up rings which 
bridge the gap and prevent extrusion. (Fig. b) 

2. To permit the use of wider tolerances. Back-up 
rings are mandatory when the clearance gap is 
increased beyond recommended limitations. 
(Fig. a) 

3. To extend O-ring life in any pressure range by 
giving added protection as a dirt wiper and aid to 
lubrication. 

MATERIALS 
Leather was originally established and adopted by 
industry as the most suitable material particularly 
because it absorbs the fluid and aids lubrication. 

Other materials are being developed and are under 
test which may prove more advantageous than 
leather such as Kel-F, Teflon and Nylon. 

SIZE AND GROOVE DATA 

Size-For each standard size O-ring a correspond­
ing Back-up Ring is provided having the same 
Nominal ID and OD dimensions. 

The Back-up Ring dash numbers are the same as 
the last digits of the O-ring numbers. 

Groove-When using Back-up Rings all dimen­
sions and tolerances of the groove remain the same 
except the length. The size table shows groove 
length for one or two Back-up Ring installations. 

In the smaller sizes it may be difficult to stretch 
them sufficiently to install them in a one-piece 
groove. This can be accomplished by soaking in 
oil for 30 minutes at room temperature prior to 
installation. They should then be air-dried at ap­
proximately 200°F which will shrink them to 
groove size. Whenever practicable a two-piece 
groove should be provided. 

DASH 
NUMBERS 

6246 
Series 

1-7 
8-14 

15-27 
28-52 
53-88 

FOR USE WITH 622700 SERIES 0-RINGS 

Outside Dia. A equivalent to O-ring OD 

ACTUAL SIZE 
GROOVE 
LENGTH 

FOR FOR 
OUTSIDE THICK- ONE TWO 

DIAMETER WIDTH NESS RING RINGS 
A B C F F 

+.010 +.oos +.005 
±¼4 -.005 ±.D1O -.000 -.000 

¼"- ½" .057 .062 .138 .205 
~116" - lo/,6" .090 .062 .171 .238 

l" -1¾" .123 .062 .208 .275 
13/a"-41/s" .188 .094 .311 .410 
511 -16" .240 .125 .408 .538 

6244 FOR USE WITH 623000 SERIES 0-RINGS 

Series Outside Dia. A equivalent to O-ring OD 

·l-52 11/s"-10¼" .125 .0621,208 .2751 

A precaution to be observed is to assemble the 
flesh side adjacent to the O-ring. Also splitting the 
Back-up Ring should never be permitted. It will 
not function efficiently unless it is assembled in 
one continuous ring. 
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.114 .005 .254 .070 
546920 .145 .005 .285 .070 
546921 .176 .005 .316 .070 
546922 .208 .005 .348 .070 
546923 .239 .005 .379 .070 
546924 .301 .005 .441 .070 .003 3/16 1/16 1/i6 -11 -11 -6 AN6227B-6 501219 546925 .364 ,005 .504 .070 .003 3/s ½ ¼6 -12 -12 -7 AN6227B-7 501220 -11 --:-011 AN123961 AN123861 .362 .005 .568 .103 .003 % % % -110 -110 -8 AN6227B-8 501211 
546926 -12 -012 AN123962 AN123862 .424 .005 .630 .103 .003 1/,5 % ½z -111 -111 -9 AN6227B-9 501221 · 
546927 -110 -ll0 AN 123963 AN123863 .487 .005 .693 .103 .003 ½ 1½6 ½z -112 -112 -10 AN6227B-10 

'S- 501460 
546928 -111 -111 AN123964 AN 123864 546929 -112 -112 AN 123965 AN123865 

.549 .005 .755 .103 .003 % ¾ ½z -113 -113 -11 AN6227B-11 501223 .612 .005 .818 .103 .003 % 11/,5 ½z -114 -114 -12 AN6227B-12 501212 
546930 -113 -113 AN123966 AN123866,· .674 .005 .880 .103 .003 1¼6 3/s ½2 -115 -115 -13 AN6227B-13 501224 
546931 -114 -114 AN 123967 AN123867 .737 .005 .943 .103 .003 ¾ 13/i5 ½z -116 -116 -14 AN6227B-14 501225 
546932 ...:.115 -115 AN123968 AN12386B .734 .006 1.012 .139 .004 ¾ 1 1/s -210 -210 -15 AN6227B-15 501461 
546933 -116 -116 AN 123969 AN123869 546934 -210 -210 AN123970 ·. .796 .006 1.074 .139 .004 1 ~,fo l1;fo 1/s -211 -211 -16 AN6227B-16 501227 AN123870 .859 .006 1.137 .139 .004 3/s 11/s 1/s -212 -212 -17 AN6227B-17 501228 
546935 -211 -211 AN123971 AN123871 .921 .006 1.199 .139 .004 13/fo 11/,5 1/s -213 -213 -18 AN6227B-18 501213 
546936 -212 -212 AN 123972 AN 123872 .984 .006 1.262 .139 .004 1 I¼ 1/s -214 -214 -19 AN6227B-19 501462 
546937 -213 -213 AN 123973 AN123873 546938 1.046 .006 1.324 .139 .004 111,6 11/,5 1/a -215 -215 -20 AN6227B-20 501230 -214 -214 AN123974 AN123874 546939 -215 -215 AN 123975 AN 123875 

1.109 .006 1.387 .139 .004 11/s 1% 1/s -216 -216 -21 AN6227B-21 
-22 501210 546940 -216 --216. , 1.171 .006 1.449 .139 .004 11/,5 11/,5 1/s -217 -217 AN6227B-22 501231 AN123976 AN123876 1.234 .006 1.512 .139 .004 1¼ 1½ 1/s -218 -218 -23 AN6227B-23 501232 

546941 -217 -217 AN123977 AN123.877 1.296 .006 1.574 .139 .004 l3/i5 1% 1/s -219 -219 -24 AN6227B-24 501233 
546942 -218 -218 AN123978' AN123878 1.359 .006 1.637 .139 .004 13/s 1% 1/s -220 -220 -25 AN6227B-25 501234 
546943 -219 -219 AN123979 AN123879 546944 -220 -220 AN123980 AN123880 

1.421 .006 1.699 .139 .004 l 1/,5 11 ½6 1/s -221 -221 -26 AN6227B-26 501463 1.484 .006 1.762 .139 .004 l½ l¾ 1/s -222 -222 -27 AN6227B-27 501236 
546945 -221 -221 AN123981 AN123881 1.475 .010 1.895 .210 .005 1½ B's 3/16 -325 -325 -28 AN6227B-28 501237 
546946 -222 -222 AN123982 AN123882 1.600 .010 2.020 .210 .005 1% 2 3/16 -326 -326 -29 AN6227B-29 501238 
546999 -325 -:-:·325 1.725 .010 2.145 .210 .005 1¾ 211s 1/,5 -327 -327 -30 AN6227B-30 547000 -326 -326 501239 570201 -327 -327 1.850 .010 2.270 .210 .005 H's 2¼ 1/,5 -328 -328 -31 AN62278-31 546801 570202 1.975 .010 2.395 .210 .005 2 21/s 3/16 -329 -329 -32 AN6227B-32 546802 -328 -328 ~-
570203 2.100 .010 2.520 .210 .005 21/s 2½ 31,5 -330 -330 -33 AN6227B-33 546803 -329 -329 2.225 .010 2.645 .210 .005 2¼ 2% 1/,5 -331 -331 -34 AN6227B-34 546804 
570204 -330 -330 
570205 2.350 .010 2.770 .210 .005 23/s 2¾ 3/16 -332 -332 -35 AN62278-35 546805 570206 

-331 -331 
-332 -332 2.475 .010 2.895 .210 .005 2½ 23/s 1/,5 -333 -333 -36 AN6227B-36 546806 2.600 .010 3.020 .210 .005 2% 3 3/16 -334 -334 -37 AN6227B-37 546807 

570207 -333 -333 2.725 .015 3.145 .210 .005 2¾ 3 1/s 1/,5 -335 -335 -38 AN6227B-38 546808 
570208 -334 -334 2.850 .015 3.270 .210 .005 23/s 3¼ ~fo -336 -336 -39 AN6227B-39 546809 
570209 -335 -335 2.975 .015 3.395 .210 .005 3 33/s 1/iG -337 -337 -40 AN62278-40 546810 
570210 -336 -336 
570211 -337 -337 3.100 .015 3.520 .210 .005 31/s 3½ 1/,5 -338 -338 -41 AN6227B-41 546811 3.225 .015 3.645 .210 .005 3¼ 3% 1/,5 -339 -339 -42 AN62278-42 546812 
570212 -,-338 -338 3.350 .015 3.770 .210 .005 33/s 3¾ o/16 -340 -340 -43 AN6227B-43 546813 
570213 -339 -339 3.475 .015 3.895 .210 .005 3½ 33/s 1/iG -341 -341 -44 AN6227B-44 546814 
570214 -340 -340 3.600 .015 4.020 .210 .005 3% 4 3/16 -342 -342 \"'---✓ -45 AN6227B-45 546815 
570215 -341 -341 
570216 -342 -342 3.725 .015 4.145 .210 .005 3¾ 41/s 1/,5 -343 -343 -46 AN6227B-46 546816 570217 3.850 .015 4.270 .210 .005 33/s 4¼ 3/16 -344 -344 -47 AN6227B-47 546817 -343 -343 3.975 .015 4'.395 .210 .005 4 4% 1/,6 -345 -345 -48 AN6227B-48 546818 
570218 -344 -344 4.100 .015 4.520 .210 .005 41/s 4½ 1/,5 -346 -346 -49 AN62278-49 546819 
570219 -345 -345 4.225 .015 4.645 .210 .005 4¼ 4% 1/,5 -347 -347 -50 AN6227B-50 546820 
570220 -346 -346 
570221 -347 -347 4.350 .015 4.770 .210 .005 43/s 4¾ ½G -348 -348 -51 AN62278-51 546821 570222 4.475 .015 4.895 .210 .005 4½ 43/s o/16 -349 -349 -52 AN6227B-52 546822 -348 -348 4.475 .015 5.025 .275 .006 4½ 5 ¼ -425 -425 -53 AN6227B-88 546858 
570223 -349 -349, 4.600 .015 5.150 .275 .006 4% 51/s ¼ -426 -426 -54 AN6227B-53 546823 
570224 -425 -425 4.725 .015 5.275 .275 .006 4¾ 5¼ ¼ -427 -427 -55 AN6227B-54 546824 
570225 -426 -426 
570226 -427 -427 4.850 .015 5.400 .275 .006 43/s 53/s ¼ -428 -428 -56 AN6227B-55 546825 570227 4.975 .015 5.525 .275 .006 5 5½ ¼ -429 -429 -57 AN6227B-56 546826 -428 -428 5.100 .023 5.650 .275 .006 51/s 5% ¼ -430 -430 -58 AN62278-57 546827 
570228 -429 -429 5.225 .023 5.775 .275 .006 5¼ 5¾ ¼ -431 -431 -59 AN62278-58 570229 -430 -430 546828 570230 5.350 .023 5.900 .275 .006 5% 53/s ¼ -332 -432 -60 AN6227B-59 546829 -431 -431 
570231 -432 -432 5.475 .023 6.025 .275 .006 5½ 6 ¼ -433 -433 -61 AN62278-60 546830 570232 5.600 .023 6.150 .275 .006 5% 6½ ¼ -434 -434 -62 AN62278-6I 546831 -433 -433 5.725 .023 6.275 .275 .006 5¾ 6¼ ¼ -435 -435 -63 AN6227B-62 546832 
570233 -434 -434 5.850 .023 6.400 .275 .006 53/s 63/s ¼ -436 -436 -64 AN62278-63 546833 
570234 -435 -435 5.975 .023 6.525 .275 .006 6 6½ ¼ -437 -437 -65 AN62278-64 546834 
570235 -436 -436 
570236 -437 -437 6.225 .023 6.775 .275 .006 6¼ 6¾ ¼ -438 -438 -66 AN6227B-65 546835 6.475 .023 7.025 .275 .006 6½ 7 ¼ -439 -439 -67 AN6227B-66 546836 
570237 -438 -438 6.725 .023 7.275 .275 .006 6¾ 7¼ ¼ -440 -440 -68 AN6227B-67 546837 
570238 -439 -439 6.975 .023 7.525 .275 .006 7 7½ ¼ -441 -441 -69 AN6227B-68 546838 
570239 -440 -440 .I 570240 7.225 .030 7.775 .265 .006 7¼ 7¾ ¼ -442 -442 -70 AN6227B-69 546839 -441 -441 
570241 -442 -442 7.475 .030 8.025 .275 .006 7½ 8 ¼ -443 -443 -71 AN6227B-70 546840 570242 7.725 .030 8.275 .275 .006 7¾ 8¼ ¼ -444 -444 -72 AN6227B-71 546841 -443 -443 7.975 .030 8.525 .275 .006 8 8½ ¼ -445 -445 -73 AN6227B-72 570243 -444 -444 546842 570244 8.475 .030 9.025 .275 .006 8½ 9 ¼ -446 -446 -74 AN6227B-73 546843 -445 -445 8.975 .030 9.525 .275 .006 9 9½ ¼ -447 -447 -75 AN6227B-74 546844 
570245 -446 -446 
570246 -447 -447 (Continued) 

1n 
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!'ORM£ fillll WILLAMETTE IRON AND STEEL COMPANY 
SHEET __ l ___ OF 

DESCRIP"ftON Pr~oo.,s:tSp~c,-. fqr: .1~11 Sbit,1.d,d .. K,tttl-Arc ... Wtl.diqg. ~ .. ,ASMJ _f!~•~•L,<1,. 
Carbon-Silicon Steel 

.WBS.,,·· CHECKED SY APPROVED 

W!LDIIG PROOESS SP!CIFICATICII 10.J A-JJ87 

I. GEIJ!RALs 
,, 

This specification coven the manual thlelded metal-~ welding ·of 
ASM! P-lumber 1, Oarbon-SUlcon steel under the provisions of the 
ASM! BttUer and Pressure Vesnl Code, Sections VIII and IX, 19,6 
Mitton and addenda. 

if; II• PRCX:!SS 1 

N• 
~ AU welding shall be done by the Manual Shielded Metal-Are process • 
• i 

S! Ill. ~....,....~ ' SPICIFICATIOI I 

A. The bue uterlal 1haU conf'om to the requlrementt ot the 
apeclflcatlons tor ASM! P-Wwnber 1, Carbon-SlHcon Steel. 

A. The procedure and welder quaUtlcatlon tests shall be made 
using t• plate. 

l/ • EILL!R METAi:, t 

Manual shielded metal-arc electrodes shall conform to the requli-e­
aents ot the specltieations tor ASMI SA-316, High Tmslle and Low 
Alloy Steel Covered ARC-Welding !1ectrodd and they shall be of the 
low t\,drogen potushn (I-XX16) type ,oating. !lcsctrodss shall be 

.~.,,thtf-AIX! ero11m 11 ation F-Wwnber 4 and of the ASME Weld Metal 
Analf!fs 1.')q &98: f Oft A-rf'umD,er 2 e 

VI. f'Rm.Tt 

The base mateda1 shall be pre-heated to a temperature of 1,0° F. 
minlaa, prior to any welanm.-.------------~__;,.-~. 

ED 
ED 



FORM E 1081 WILLAMETTE IRON AND STEEL COMPANY 

SHEET 2 

VII. W!LDDG T!CHIIQU!t 

A. The edges and surfaces of the parts to be joined by welding 
shall be prepared by shearing, machining, grinding, sawing 
or flaae cutting., or by 8ff9' combination of these methods in 
contonumce with the pert!neat joint design. The jolnt 
geometry to be used ln preparing the test jolnt(s) for 
qualification of this speciflcatlon and for welder performance 
quaUflcatlon ts shown ln the attached sketch. 

I. AU surfaces to be welded shall be free of all oil., grease 
cutting fluids, paint, oxides, alll scale and any other foreign 
matter. · 

A-3387 

C. Assembly shall be such u to secure proper root gaps for butt welds. 
Part leular care shall he taken In aligning and separating the edges 
to be butt welded ln order that complete penetration of the joint 
wl 11 be usured. 

D. All tacking ahall be done with the electrodes (filler metal) 
specified in Paragraph v. 

!. All welding shall be done using altematlng current (60 cycle) 
or direct current, reverse polarltyJ i.e., the work shall be 
connected to the_ negative side of the current source. 

P. Multiple pus welding shall be used. 

G. Teat wlds for quallfk:ation er thlt speelticatlon and for 
performance qualification Gt all welders under this speclficatton 
shall be done ln the horlsontal, vertical., and· overhead positions. 
Quatttication ln any of these poaltlons automatically qu.allfles 
this sr,eclticatlon, and welders qualified under It for welding 
ln the flat position. 

H. The electrode stze for each pus, and the welding current and 
arc voltage for the electrode slze and pus number shall contom 
with the sizes and values specified in the attached tableo 

I. Weld metal shall be deposited using a 1tringer bead technique. 
lo bead 1hall be wider than 2•1/2 tlaes the electrode diameter, 
except that vertical welds 111\Y' be aade with a. wave technique. 

J. AU veld craters shall be visually exam.lned and any defects 10 
detected shall be removed before the wld bead ls covered by 
the next pus. 

K. All slag and spatter shall be thoroughly ratoved from. each 
pus be.ton depositing the next successive pus of veld metal. 



FORM E 10lll WILLAMETTE IRON AND STEEL COMPANY 

SHEET 3 

................ ___ Process .. Spec. fer .. Mmwal .. Shielded Metal•ArctVelding. .ot.ASMI P~Num.bff l 
Carbon-Slllcon Steel 

c-·,.111$, '"'' 
CHECKED BY APPROVED 

L. The naanner ot depot it Ing the weld metal shall he such that 
undercutting cf a groove race or the bue metal at the toe 
ot a weld shall be held to a ainlmum. 

M. Peening shall not be employed at any stage of welding exeept 
u .may. be directed by the 'Project Welding !nglneer. 

I. The root of the "Second Side" shal 1 be desnmed to sound metal 
be.tore depositing an;y weld metal fra that slde. · 

VIII. P~-HBAT TRPATMIITa 
t 
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SHEET __ S 
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oEScRrP-rtoN })~~•• SpeQjf lcatlon for ~ual $lll•l~ec! Jt,t~l~rc: Welding of A$M! _}:i~lfumber 1 
Suben Silicon Steel - -

, DESIGN BY CHECKED BY APPROVED 

IV. llfSP!CTIOI': 

A. All welds shall be visually exatned tor defects. All evidence, of 
cracking, porosity and slag-filled voids detected shall be removed 
by aachlnlng, chipptng, grinding or gouging, or by any combina­
tion of these methods. The detective areas shall be rewelded 
and the repair weld examined before resumption of production Joint 
welding. 

B. Welded jolnts shall be completely examined by radiography upon 
completion or welding in accordance wlth Pua.graph UW-51,and/ 
Sectton VII! of the 1956 A.SM! Boller and Pressure Vessel Code. 

APPROV!t): !44AE!E IROll AND ST!EL C<JFAIY 





UPPER SHELL 
(CAST I RON) 

VALVE SEAT 
(BRASS) 

SOFT TIP 
(SI LICON RUBBER} 

VALVE 
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BALL 8 VALVE 
HOLDER 

HOLDING CAGE 

ALL 
FURNISHED 
BY 
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VALVE NUT (BRASS) 
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BALL FLOAT 
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SQUARE HEAD 
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HEX NUT 
( STEEL) 
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PIPE PLUG 
(CAST I RON) 

WATER MAIN 

Figure I-Cross Section of Simplex Automatic Air Release Valve, Type AGFD, Showing Materials of Construction. 

Copyright 1957-Simplex Valve & Meter Co. 
Simplex Trademark, Reg, U. S. Pat. Off, 

Printed in U.S.A. 
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FOREWORD 

Designing and operating engineers have experi­
enced difficulties resulting from accumulations of 
air in pipe lines operated under pressure. Air may 
be carried in solution in the liquid, may enter 
through inefficient joints in the pump suctions, or 
it may be drawn in at any other part of the system 
which may be continually, or for part of the time, 
under a vacuum. Air, which is in solutions under 
high pressure and low temperatures will separate 
out when the conditions are reversed. 

Whatever may be the source, the air which ac­
cumulates at peaks in the line reduces the cross 
sectional area and induces a friction head factor 
that lowers the pumping capacity for the entire 
line. This air, in the escaping through apertures 

too small to show water leaks, tends to remove 
particles of the jointing compound causing serious 
leaks. It is also capable of bringing about the more 
serious effect of water hammer. 

Since the ingress of air in the line can never be 
wholly eliminated the only safe solution is the use 
of well-designed air release valves with large dis­
charge capacities for its removal. Simplex Air 
Release Valves with vacuum holding attachments 
allow the accumulated air to separate while pre­
venting the re-entrance of air into the line through 
the valve. These valves will provide the greatest 
possible protection for any installation on which 
they are used. 

ADVANTAGES 

Simplex Automatic Air Release Valves are de­
signed to meet the following essential require­
ments and they have been proved repeatedly by 
thousands of installations over the past 40 years: 

1. Excess power to insure the opening of the valve 
against a high internal pressure. 

2. A valve seat of such form that will be least 
liable to stick shut or leak water. 

3. An operating float that will not corrode, col­
lapse, or become disconnected from its lever. 

4. Simplicity of construction of materials that will 
not corrode; easy bearings and few parts. 

5. Designed so that the outlet ports cannot be 
clogged by deposits of any kind thereby assur-

ing efficiency of the unit. 

6. A valve that may be shipped with a minimum 
of probability of damage and that may be 
placed in service without necessity for disman­
tling or assembly in the field. 

7. Designed so that ease of access for repairs, re­
placement of minor parts should they be re­
quired. 

8. Ability to prove proper action of the valve 
without dismantling or otherwise affecting the 
installation. 

9. Provision for draining the valve without dis­
mantling it or affecting the installation in the 
event of enforced idleness of the unit. 

OPERATION 
The valve is placed on the high portion of the line, 
wherever there is a possibility of air collecting as 
shown on cross section of Figure 1. 

When the line is empty the ball Roat is down and 
the needle valve open. As water is admitted it fills the 
valve and the float rises, closes the needle valve and 
prevents leakage. 

When air accumulates it will, on account of its light­
ness, ascend to the highest point in the line. 

It passes through the nipple connecting the valve to 
the line and gradually collects on the top of the valve. 
Air accumulates to such an extent that eventually the 

water is forced downwards and out of the valve. 
When this occurs the float, which has been buoyed up 
by the water, descends and opens the needle valve, 
and the entrapped air escapes immediately to the 
atmosphere. Water then rises to take the place of the 
escaped air and the Roat again is forced upward, clos­
ing the needle valve. 

It is most desirable that a large collection area in 
the form of a riser pipe be located directly beneath 
the valve. This riser pipe may be of any reasonable 
size consistent with diameter of the water main to 
which it is connected. This is illustrated in Figure 1. 

CONSTRUCTION 
The Simplex Automatic Air Release Valve, Type 
AGFD, shown in cross section, Fig. 1, contains but 
one lever movement which operates a needle valve so 
designed as to be always tight seating. The valve is 
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operated by a heavy thickness, glass ball float ( metal 
Roat under special conditions, at additional cost),. 
tested to several times the working pressure to which 
it may be subjected when in service. 



The Standard Simplex Air Release Valve is de­
signed for operation under working pressures up 
to 250 psig. It is normally furnished with a 2" 
tapped inlet connection, but can be bushed to 
provide a l ½" or l" connection. This valve is 
equipped with a standard 9/32" diameter air dis­
charge port. 

In order to meet different operating pressure 
conditions the AGFD valve may also be furnished 
with a 7 /32" diameter air port for a maximum 
working pressure of 300 psig. or a 1h" diameter 
air port for a maximum working pressure of 65 
psig. To provide for conditions where a vacuum 
might occur in the line after the expulsion of air, 
and to prevent the breaking of this vacuum, there 

TYPE AGFD 

Dimensions Weight 

Inlet Boxed Diameter Flange 
Diam. Height Net 

Domestic Foreign 

211 11" 101/s" 31 lbs. 45 lbs. 65 lbs. 
Can be bushed down 

to l½" or 1". 

STEEL PIPE 
With Simplex Air Release Valve mounted on 

saddle riveted to pipe. 

CAST IRON PIPE 
With Simplex Air Release Valve mounted on 

riser screwed into pipe. 

Figure 2-Type AGFD 
Valve. 

Figure 3-Type AGFD Valve 
with Vacuum Attachment. 

can be furnished a vacuum holding attachment which 
can be attached to the valve at the discharge port. 
Figure 2 shows general outline and dimensions of the 
standard air release valve, and Figure 3 shows this 
valve with the vacuum holding attachment. 

CONCRETE PIPE 
With Simplex Air Release Valve mounted on 

special saddle strapped to pipe. 

WOODEN PIPE 
With Simplex Air Release Valve mounted on 

special saddle strapped to pipe. 

Fig. 4-Forms of Mountings for Different Types of Pipes. 
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Figure 5-Type ARA Air 
· Release Valve. 

For Sewage 

Inlet 
Diam. 

2n 

Net 

135 lbs. 

TYPE ARA 

Dimensions 

Flange Height 
Diam. 

12½" 121/s" 

Weight 

Boxed 

Domestic I Foreign 

180 lbs. 260 lbs. 

When sewage or sludge is forced through mains un­
der pressure, the problem of obtaining unrestricted 
flow is further complicated by the fact that there is 
present not only entrained air but also the gases liber­
ated by decomposing organic matter. 

The use of a standard form of valve for this purpose 
is, of course, impossible, since the collection of sewage 
solids on the valve float and in the valve body will, in 
a relatively short time, prevent operation. 

The SIMPLEX Type "B" air release valve has been 
designed to meet especially that condition. 

The Simplex Type "B'' sewage air release valve, as 
shown in Fig. 6 is essentially the same as the Type 
AGFD described previously, with an additional con­
nection in its upper shell, which shell is mounted on 
side pipe ( P), the assembly of which terminates with 
a 2" valve ( l ), which connects to a vertical riser of 
the sewage force main. The connection at the force 
main should be at least 2" in diameter to match the 
size of the valve assembly, but if feasible the connec­
tion at the main itself should be larger so as to provide 
the greatest possible entrapment for air as it passes 
along the line. 

The trap formed by pipe ( P), and the inclined con­
nection from it to pipe ( P2) provides a place in which 
sediment, which may be carried towards the air re­
lease valve, may settle out. 

The Simplex type sewage valve is provided with a 
method of flushing to eliminate such sediment. This 
method includes a special diffuser which directs back 
flushing water in such a manner as to flush across the 
air outlet valve seat, flow over the ball float and cut 
loose adhering matter from the inner surface of the 
shell. 

There is furnished with each valve a Simplex dis­
connector, consisting of a hose and disconnecting 
lever for alternative attachment at special seats above 
Valves ( 3) and ( 4) in the back flushing operation. 

5 

In order to provide a correctly designed and efficiently 
operating air release valve for pressures higher than 
normally encountered, the Simplex Type ARA unit 
can be furnished. The Type ARA valve is constructed 
almost identically in principle as the standard valve, 
differing only in its materials of construction and 
general appearance. The shell and flange are of steel 
and the flanges are heavier and provided with a 
greater number of holding parts. General appearance 
of this unit is shown in Fig. 5. The Type ARA valve is 
designed for working pressures up to 800 pounds per 
square inch, and is provided with a 2" tapped inlet 
connection in the center of the under flange. 

A cast steel hemispherical shell houses the lever, 
needle valve and stainless steel float. The needle valve, 
lever and wire frame holding the float are constructed 
of non-rusting material. 

The needle and the valve seat are so manufactured 
that they are air-tight under highest pressures without 
the necessity for any grinding process. 

Figure 6-Type B Air Release Valve for Sewage. 



This disconnector assembly is provided to comply:, 
with all health requirements. Inspection of the valve' 
can be accomplished readily by removing the bolts at 
the valve center flange and breaking the union in cross 
connection ( 5 ) . 

Dimensions Weight 

Inlet Net Boxed 
Diam. Height Width Depth 

Domestic I Foreign 
85 lbs. 

2" 34" 15" 15" 125 lbs. 180 lbs. 

Figure 7 -Sewage Type Air Release Valve Mounted on Suction 
of Wet Well Pump. 

Figure 8-Air Release Valve Mounted on Pump Casing. 
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For Gasoline and Oil Lines 
The problem of releasing accumulations of air is also 
of prime importance in the pumping of oil, gasoline 
and other liquids in the industrial field. 

While the standard Simplex Air Release Valve will 
operate satisfactorily under most operating conditions, 
it can be adapted for use with corrosive liquids by the 
making of but few changes. 

Many installations in industry have proven the 
value of this use of the Simplex Air Release Valve. 

Specific recommendations can be obtained upon the 
receipt of a complete description of the conditions to 
be encountered. 

For Pump Casings 
In many instances it has been found desirable to in­
stall air release valves with large discharge capacities 
close to the pumping unit or, when conditions permit, 
on the pump casing itself. This is for the purpose of 
releasing air from the line which may later give 
serious trouble at other points in the system. 

When installed on pump casings the air release valve 
may be equipped with a vacuum holding attachment 
the purpose of which is to prevent the pump from 
becoming air bound during the period when the pump 
casing may be under a negative pressure. 

When used in connection with sewage type wet 
well pumps the Type B sewage air release valve com­
plete with the sewage piping arrangement may be 
mounted directly in the pump casing. In this instance, 
as shown in Figure 7, a 2-inch connecting pipe riser 
joins the pump casing and provides a means of sup­
porting the entire valve assembly. When the sewage 
air valve is equipped with a vacuum holding attach­
ment and the entire assembly mounted on the dis­
charge side of the pump casing such an installation 
will maintain the discharge efficiency of the pump and 
prevent loss of priming during shut down periods. 

When mounted directly on the pump casing, as 
shown in Figure 8 the valve should be placed at the 
topmost point utilizing 2 inch nipples and an inter­
mediate 2 inch gate valve between the air release 
valve and the pump casing itself. 

SUGGESTED SPECIFICATIONS FOR AIR RELEASE VALVES 

There shall be furnished at each of the points 
shown in the line a properly designed air release 
valve suitable for operating under a working pres­
sure of -- lbs., per square inch and shop tested 
at a pressure of -- lbs., per square inch. 

Each valve shall be of the type wherein a spher­
ical -f{,oat resting on the surf ace of the water within 
the valve casing opens or closes, by means of a 
lever movement, the air discharge vent hole. 

The valve casing shall be constructed in two 
sections of cast iron, both sections being of spher­
ical design and each having an internal cast -f{,ange. 

The -f{,ange sections shall be bolted together with 
a sufficient number of heavy bolts and nuts to suit 
the operating and test pressure conditions, thus 
completing the entire valve casing. 

The upper spherical section of the casing shall 
have integrally cast with it a chamber within 
which the valve stem and valve seat will be assem­
bled and the discharge opening through this cham­
ber shall not exceed---" in diameter. 

The spherical -f{,oat shall be constructed of glass 
of sufficient strength to withstand the pressures to 
which it will be subjected, and will be connected 

by means of a lever movement to the valve stem 
thereby providing opening and closing of the dis­
charge port subject to the position of the -f{,oat rest­
ing on the liquid within the valve chamber. 

The construction of the valve shall be such that 
there shall be an excess power in the -f{,oat to insure 
opening of the valve port under high internal pres­
sure and the design of the unit shall be such that 
it will not stick shut or leak water under continued 
long operating conditions. 

The valve shall be designed for sewage service 
and shall have incorporated with it a 2" pipe trap 
arrangement designed to act as a settling chamber 
for solid particles. This pipe trap arrangement 
shall be complete with a 1/2" shut off valve and 
-f{,ushing disconnector seat to provide an approved 
temporary back -f{,ushing connection for cleaning 
the entire valve and pipe trap assembly, all as 
shown on the plans. 

It is the intention of these specifications to ob­
tain air release valves complete with pipe trap 
assemblies such as the type "B» valve manuf ac­
tured for sewage service by the Simplex Valve and 
Meter Co. of Lancaster, Penna. 

SUGGESTED SPECIFICATIONS FOR AIR RELEASE VALVES 
ARRANGED FOR SEWAGE SERVICE 

There shall be furnished at each of the points 
shown in the line a properly designed air release 
valve suitable for operating under a working pres­

,'--..../_ sure of ---- lbs., per square inch and shop tested 
at a pressure of --- lbs., per square inch. 

Each valve shall be of the type wherein a spher­
ical -f{,oat resting on the surface of the water within 
the valve casing opens or closes, by means of a 
lever movement, the air discharge vent hole. 

The valve casing shall be constructed in two 
sections of cast iron, both sections being of spher­
ical design each having an integral cast -f{,ange. 

The fiange sections shall be bolted together 
with a sufficient number of heavy bolts and nuts 
to suit the operating and test pressure conditions, 
thus completing the entire valve casing. The bot­
tom section shall have a 2" threaded inlet opening. 

The upper spherical section of the casing shall 
have integrally cast with it a chamber within 

·\____/ which the valve stem and valve seat will be assem-

7 

bled and the discharge opening through this 
chamber shall not exceed ---" in diameter. 

The spherical float shall be constructed of glass 
of sufficient strength to withstand the pressures to 
which it will be subjected, and will be connected 
by means of a lever movement to the valve stem 
thereby providing opening and closing of the dis­
charge port subject to the position of the -f{,oat rest­
ing on the liquid within the valve chamber. 

The construction of the valve shall be such that 
there shall be an excess power in the -f{,oat to insure 
opening of the valve port under high internal pres­
sure and the design of the unit shall be such that it 
will not stick shut or leak water under continued 
long operating conditions. 

It is the intention of these specifications to ob­
tain air release valves such as the type AGFD unit 
manufactured by the Simplex Valve and Meter 
Co. of Lancaster, Pa. 
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