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2.2 Definitions

CLAMP: The general cafegory of special fasteners which includes, V-Couplings, band clamps, an

V-BAND COUPLING: A
band or band loops (i.e.,

V-RETAINER COUPLIN
Couplings have no band

V-COUPLING: The famil
V-COUPLING JOINT: TH
2.3 Symbols

Ag = Seal load, in psi
B = Bolt nominal diam
Df = Flange outside dig
Dn = Coupling nominal
Dpl = Pitch line diamete

Ds = Diameter at seal lin

NUT, SELF-LOCKING, 1200 DEG F

NUT, SELF-LOCKING, 250 DEG F, 450 DEG F, AND 800 DEG F

sheet metal band clamp with sheet metal or machined retainer sections
AS1960, AS4751). Also called V-Band Clamps.

GS: Coupling with the V-retainer as an integral part of the coupli
or straps. The latch components are attached to lugs on the retainer seg

y of V-Band Couplings and V-Retainer Couplings.

e connection composed of a V-Coupling;xmating flanges, and a seal whe

bter, in inches

meter, in inches

diameter, invinches

, in inches (flange to retainer contact point, see Figure 1)

eCor'seal, in inches

d strap assemblies.

welded or riveted to the

g segment. V-Retainer
ments (i.e., AS1895).

bn used.

H

Kb = Number of bolts at

= Hoop or circumferential band load, in pounds

each latch location

Ga = Radial apex gap, in inches

E

= Axial load, in pounds

Hs = Seal height, in inches

Ls = Axial load to preload seal, in pounds

M = Bending moment, i

n pounds-inches
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Na = Axial tension load, in pounds per inch of circumference

Nb = Axial force as a result of bending moments, in pounds per inch of circumference
Np = Axial force due to internal pressure, in pounds per inch of circumference

N = Design load, in pounds per inch of circumference

Ns = Seal seating load, in pounds per inch of circumference

P = Internal pressure, psig

T = Approximate design nut torque, in pounds-inches

® = V-Retainer angle, inh degrees (commonly 40 degrees)
2.3.1  Subscripts

¢ = coupling

f =flange

g = gasket

b =bending moment
pl = pitch line

n = nominal

p = pressure

s = seal line or seal

3. V-COUPLING DESI{GN FEATURESIAND FACTORS

V-Couplings are used tq join two(flanges together forming a V-Coupling Joint. The V-Coupling
torque to a nut which tightens a Circumferential band or band loops or an integral retainer and
radial force onto V-shaped sretdiner segments. These retainer segments then exert an axial
flanges, joining or presging)them together. V-couplings consist of V-band couplings (Figures

couplings (Figure 4). V-
features are shown in Figures 4 and 6.

is tightened by applying
lugs exerting an inward
clamping force onto the
? and 3) and V-retainer

etainer Coupling design
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5URE 1 - LOCATION OF FLANGE TO REATINER CONTACT POINT (D

SHEET METAL
BAND OR STRAP

pl)

\ SEE /1{ FIGURE 3
| | rGa
SHEET METAL N
RETAINER \
MACHINED FLANGE ~\ Hs 5
n
[ * ] D lDf
) \ r P

FIGURE 2 - V-BAND COUPLING JOINT AND MACHINED FLANGES
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SHEET METAL
BAND OR STRAP \
SHEET METAL | . r Ga
RETAINER ~

SHEET METAL
FLANGE

Dn

Df
Dpl %

NOTES:

/1/ Retainers may spread in the installed condition causing a gap betwegen the flange and retainer
/2/ Retainer foot at flange skirt usually has a gap equal to Ga

FIGURE 3 - V-BAND COUPLING JOINT AND SHEET METAL FLANGES

SEE FIGURE 1

RETAINER HALF

-\ f Ga

//

MACHINED FLANGE

Dn
, \- Dt
\ / N \ Dpl %

FIGURE 4 - V-RETAINER COUPLING JOINT AND MACHINED FLANGES
3.1 Design Loads and Torque
The axial compressive clamping load that is generated by the application of nut torque must be sufficient to withstand

design loads and the required seal load if used. These loads can be resolved into a load per unit of circumferential length
at the flange to retainer contact point (Dpl Figures 2, 3, and 4) by the following formulas:
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3.1.1 Seal Seating Load (Ns)
a. Load-per-unit circumferential length, Ns, at pitch diameter, Dpl, may be given by the seal manufacturer.

b. Or if total axial load, E, required to seal joint is given, then:

Ns = Tf)pl (Eq. 1)
c. Or with seal load per unit area Ag given:
Ns = Ag Hs (Eq. 2)
(No consideration is|given to the difference between actual diameter of seal and pitch dianLeter since it is relatively
minor as diameters ihcrease. The designer may account for it in the calculations if desired.)
3.1.2 Design Total Load (N)
a. As aresult of interngl pressure:
Np = % (Eq.3)
b. As a result of bending moment:
Nb < n(;'z'l)z (Eq. 4)
c. As aresult of axial tgnsion load:
Na = ngm (Eq. 5)
d. As aresult of seal sgating load;see 3.1.1.
NOTE: N is a result of ahy one’or the sum of all the preceding loads.
N—Np—=+Na—+Nb—+Ns (Eq. 6)

N aids in the use of published clamp manufacturers "pressure curves" which rate V-Couplings according to diameter and
internal pressure loading only. If such curves are unavailable, consult the clamp manufacturer.

3.1.3 Design Nut Torque (T)

The approximate design nut torque in pound-inches is

T=2= (Eq. 7)
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Neglecting friction between the retainers and flanges, the circumferential hoop load (H) in the band is
(O}
H = NDpI TAN (Ea. 8)

The recommended nut torque for the V-Coupling should be the approximate design nut torque given by the above
calculation plus an allowance for the friction of the locknut. Since thread friction is often unpredictable, actual testing and
reference to clamp manufacturers recommended torque values is suggested. Locknut designs and thread lubricants will
affect the design torque. Locknuts generally increase torque requirements while lubricants tend to decrease torque
requirements. The correct installation torque is the torque that tightens the V-Coupling to the design apex gap between
the flanges outside diameter and the retainers inside diameter.

3.1.4 Critical Installation

Most pneumatic duct flapge joints are critical in application because they contain high temperature gaseous fluid media.
For such installations, the following are design recommendations.

a. Consider the operafing temperature of the V-Coupling Joint when selecting materials. The more commonly used
materials are:

1. 300 Series cres:[800 °F max
2. A-286 cres: 1200 °F max

3. Nickel alloys: 12D0 °F max
All sheet metal V-Bpnd Couplings, especially those operating at elevated temperature ovyer 800 °F, should have

tangential band loogs or wraps (see Figure 5) to prevent excessive relaxation and further gtraightening of the band
resulting in reduced fightness of the latch.

\\_
SHEET [METAL RETAINER—_ / RETAINER GAP
/// \
BAND OR STRAP / 3
WITH TANGENTIAL 1 \
WRAPS I + 1
,
\\\ ///
\ 4 LATCH GAF
SELF-LOCKING NUT A\ ?,
T-BOLT
T-BOLT BUSHING

==§'%1'9)—<@’ OR WRAPPER

TRUNNION

FIGURE 5 - V-BAND COUPLING
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b. Recommended exclusively is the use of A-286 cres bolts per AS4108. This iron-based superalloy has been the
preferred material for aerospace bolts and has been specified on the V-Couplings in AS1895, AS1960, AS4751, and
AS5355.

c. The maximum load capacity of a V-Coupling is limited by the bending yield strength of the retainer segment at its
apex corners. The combined forces of axial load, internal pressure, and bending loads apply this bending load on the
retainer apex corners, see Figures 2, 3, and 4. The "burst pressure curves" published by manufacturers relates to the
yield point of the retainer at the maximum internal gas pressure only rated load as a function of seal diameter. The
formulas which combine axial, bending, and pressure loads into an equivalent pressure only load to facilitate the use
of the published pressure curves are in 3.1.2. Published maximum load rating curves apply only at room temperature.
V-Couplings to be used at elevated temperatures must have their design load capability reduced by a correction
factor (see applicable V-Coupling standard or supplier published data).

d. Most V-Couplings hpve Taiches consisting of a T-bolt or eye bolt, frunnion, and Tocknuf. $ome of these bolts are
defined in AS4108. Bome V-Band Couplings have a quick-release latch which adds a hinged and slotted yoke that
engages the bushirlg wrapped head of the T-bolt. Select the quick-release latchy'énly when the V-Coupling is
expected to be instglled and removed frequently, or when quick installation and removal i$ necessary. T-bolts can
only be replaced on| quick-release latches and cannot be replaced on the basic ‘T-bolt latgh. Eyebolts can only be
replaced by the manpfacturer.

Safety latches (segqondary backup latch) are commonly used on X-Retainer Couplings (see Figure 6) and
occasionally on V-Band Couplings. This is a redundant latch system that maintains joint integrity with reduced sealing
in the event of the pmary latch failure, which requires immediate replacement of the V-Coupling.

TRUNNION 0OR

SADDLE WASHER SAFETY LATCH

EYEBOLT

LOCKNUT

—J
ﬁ-ﬁhﬁ'

=
= ]

TRUNNION
RETAINER HALF

EYEBOLT
RETAINER HALF

i |

RIVET HINGE LINKS

FIGURE 6 - V-RETAINER COUPLING
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The maijority of aerospace V-Couplings are tightened with an all metal self-locking nut. Such locknuts conform to

either NASM7873 or NASM25027. These locknuts have a limited number of installations and removal cycles on a bolt
before excessive wear causes thread galling and seizure. The following recommended guidelines will promote

metal locknuts on V-Couplings.

ilver plated or dry film lubricated, to prevent thread galling and seizure.

Both the locknut and bolt threads should be clean and free of dirt, burrs, and damaged threads. All stainless steel

Installation of the locknut should not exceed 2 rps or 120 rpm. Installation with a hand torque wrench is

recommended. Excessive nut rotation speed causes frictional heat which promotes thread galling.

Lubricants greatly reduce the free running frictional resistance between locknuts and bolts. Dry film lubricants per

AS1701 when applied to bolt threads have significantly increased thread life and reduced galling. Antiseize thread

e.
successful use of all-
1.
nuts should be s
2.
3.
lubricants have 4
CAUTION: Use
lubri
that
f. Beware of excessived
stress corrosion cra
recommended for ex
3.1.5

V-Couplings are used o
machined flanges are U
mechanical accessory ¢
ducting. All solid machin
affect a seal between th
that they effectively seal
configuration, and the V
or both. Design and env
are based upon specific

The following items are

Flange Configuration and Seal Selection

Iso been used with success.

of lubricants on bolt threads can significantly affect torque/tension
cant is used, the installation torque must be reduced accordingly.to pre
can damage the clamp.

chlorine exposure to V-Couplings. The 300 series (austenitic) cres ma
Cking when exposed to excess chlorides. Nickel alloys/such as 625, 71
cess chloride exposure.

h two different kinds of flanges, solid machined flanges and flexible sh
sually used on high strength applications such as bleed air connecti
bnnections. Sheet metal flanges are lighter weight flanges and are us

e flanges. Flexible sheet metalyflanges do not use a separate seal. Thg
themselves on finely machined face surfaces. A joint relationship exists
Coupling. The choice of'flange and V-Coupling configuration is a result
ironmental conditions;<as a rule, will dictate seal selection. The criteria
system requirements.) Design standards for some specific systems are rg

ery importapt'considerations in any system:

hined flange profile configuration and tolerances should be per AS245
gnedito-mate with these profiles.

relationships. When a
ent excessive tightening

terials are very prone to
8, K-400 and K-500 are

eet metal flanges. Solid
ons on engines and on
hally used on pneumatic

ed flanges in pneumatic systems‘require a separate seal that is either ¢lastomeric or metallic to

bse flanges are made so
between the seal, flange
of joint analysis, testing,
for component selection
ferenced in Section 2.

63, since most available

ust’have their outside diameter flnngn corner machined to a radius n

less than the maximum

inside corner radius of the V-Coupling retainer to prevent interference.

a. Recommended mac
V-Couplings are des

b. Machined flanges

4. INSTALLATION PROCEDURE

Prior to installation, all of the V-Coupling components should be examined for defects. Prior to final assembly, a check of
the installation should be conducted.

4.1 V-Coupling Examination

Some V-Couplings may appear to be of the same size but designed for different applications and could be physically
interchanged. It is possible that a lighter duty V-Coupling could mistakeably be installed in an application requiring a
higher-strength V-Coupling, or one made from materials intended only for noncritical temperature applications may be
improperly used in an elevated temperature installation. Beware of installation of the wrong V-Coupling. Even though the

fit may seem to go together, the operating conditions require the correct as designed V-Coupling installation. Verify that
the specified part number V-Coupling is used.
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