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Introduction

A V-band is used to connect two segments of a rocket vehicle. The V-band is ejected via bolt-
cutters so that the segments may separate at the proper time during flight. Consider a V-band
which consists of two semicircular halves with two bolts on each V-band half.

Figure 1. V-band Joint Cross Section



OH1 INI _ZE-BELON

Hign3l vid € X
0290360¢ | CSH

051 0wt St

[5X031

ITIENTL

Figure 2. Top Looking Down View

There are two bolts for each half. Only the top bolt is shown in the diagram.

Loadin
The V-band is subjected to an external bending moment.

The applied moment will first cause the initial preload to reduce. Once this preload is overcome

by the moment, then the V-band tension increases as the band resists the force acting to separate
the rings from each other.



Objective

Determine the force in each bolt. Also determine the maximum allowable bending moment
based on the combined tensile strength in the bolts.

Assume that the mating surface between the V-bands and the rings is frictionless.

Variables

The variables are

M = | Applied Bending moment
M = | Maximum allowable bending moment
Fax = | Axial force due to drag, acceleration, etc.
Fsp = | Spring force
Fem = | Force in each bolt (2 bolts on each half)
R = | Radius of V-band
T _ Combineq tensﬂ'e strength (force) of the two
bolts on either side of the V-band.
Equations

The force in each bolt is

Ma 1
Fang = | —2 — —(Fax — Fop ) [tan15° 1
BM LR 8( AX SP)} (1)

The maximum allowable bending moment M is

Fax —Fsp )R
Mo 2RT  (Fax —Fsp) )
tan15° 2




A partial derivation of equation (2) is given in Appendix C via an approximate method. The
axial and drag forces are neglected in the derivation.

A separate derivation using a more rigorous method is given in Appendix E.



APPENDIX A

Forces Against V-band Cross-section

0=15° (A-1)

The factor 2 accounts for the forces on both sides of the V-band.

Fp =2F gtan15° (A-2)

Fa =%Fr / tal’llso (A‘3)



APPENDIX B

Total Force Acting on V-band as a Function of Bending Moment

Figure B-1.

Assume that the rocket vehicle body structure is much stiffer than the V-band. The deflection of
the V-band joint under a moment M will appear as shown in Figure B-1.

Fmax

Side View View A-A

Figure B-2.



Variables:

F(x) = | Line load at location x
C = | Slope
F(x)=Cx
C — Fmax
2R
x =R (1-cos0)

F(0) =CR (1-cos0)

M:Ij“ C (1-cos0)2R3 do

2
M=CR3 jo“ (1-cos0)% do
M:CR3 J.gn [1—2cose+c052 G]de

2
M=CR3I T 1—20039+l+100529 do
0 2 2

(B-1)

(B-2)

(B-3)

(B-4)

(B-5)

(B-6)

(B-7)

(B-8)

(B-9)



M:CR3 Izn é—2cosG+lcos2€) do
0 2 2

3 1 21
M=CR?> be—zsmmzsmze}

0

M =31CR3
C= M3
3t R

F(0)=CR (1—cos0)

F(0) = M 3 R (I-cos0)
3t R

F(©) = M 3 (1—cos0)
3n R

2m
Fiotal = [, F()R d0

F B 2 M
total = 0 I R2

(1-cosB)R dO

(B-10)

(B-11)

(B-12)

(B-13)

(B-14)

(B-15)

(B-16)

(B-17)

(B-18)



M

2
e 0” (1-cos0) do
T

Fiotal =

21

M .
Frotal =3 [6—sin6]
T 0

2M
Fiotal = =—

Reference: 006-007, page 14.

(B-19)

(B-20)

(B-21)



APPENDIX C

Allowable Bending Moment for a Given Bolt Tensile Strength

dF;
de/2 k T
T
de
Figure C-1.

For incremental angles,
dF, =2Tsin d_29

For small angles,

. do  do
SIMM—~ —

2
dF, =Td0

(C-1)

(C-2)

(C-3)
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jO“chr :TI(;T do
F, = :dFr

F,==nT

From Appendix A,

F, =F, tan15°

2F, tanl5" =xnT

T
F,=—"
2tan15°
Recall equation (B-21).

2M

F =—
total 3R

Ftotal = Fa
2M - nT
3R 2tanl5°

(C-4)

(C-5)

(C-6)

(C-7)

(C-8)

(C-9)

(C-10)

(C-11)

(C-12)
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The maximum allowable bending moment M is

M:(3—“j RT 236 RT
4 ) tan15° tan15°

Reference: 006-007, page 16.

Again, T is combined tensile strength (force) of the two bolts on either side.

Equation (2) in the main text neglecting the axial and spring stiffness forces is

RT
tan15°

(C-13)

(C-14)
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APPENDIX D

Force on V-band due to Preload

This is a beam approach. Assume that the V-band only resists tension.

Y
A
Fr
0
> X
Figure D-1.

FR = FR »max sin O (D-l)
FR Y= FR sin O (D-2)
FR.,Y = FR »max Sin> 0 (D-3)
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T
2T=j0 FR .y rd0
2T = j(’)‘FR,maX sin” 0 rdo

2T = FRomax R j(’; sin” 0d0

l cos 26} do

w1
2T = FRomax R [ [5—2

T

1 1
2T =Fgr, R|—6——sin20
R >max [2 4 }

0

2T = —nFR »max R

4T .
FR smax = e (Line Load)

Reference: 006-007, page 36.

(D-4)

(D-5)

(D-6)

(D-7)

(D-8)

(D-9)

(D-10)
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APPENDIX E

Line Load as a Function of Moment

Assume that the joint acts like a beam where V-band provides the joint tension and the structure
provides the compression.

Figure E-1.

Assume that the centroid is in the center of the beam. The V-band will not take compression. It
will be taken by the two structural rings of the joint.

x =R sin 0 (E-1)

Note that F is a line load with dimensions of (force/length).

F=ax where a is the slope (E-2)
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F = Fmax atx =R (E-3)

Thus
Fmax
a = —max E-4
n (E-4)
F
F=|lmax | E-5
(e &5)
Fmax :
F=|——"%|Rsin0 (E-6)
R
F = F,xsin0 (E-7)
The total moment M is
2
M:jO“FRsineRde (E-8)
2
M =R? jO“ Fsin© do (E-9)
2
M=R? F_,, IO“ sin” 0 do (E-10)
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2n 1
M =R? Finax J-ORE[I—COSze] do

I 1 o
2 .
M= ) R* Fax [6 —Esm 29}

0

M=nR? F,,
M
Fmax —2
nt R

Figure E-2.

(E-11)

(E-12)

(E-13)

(E-14)

(E-15)
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Figure E-3.

2T =j(;t Fy RdO

Fy =F, sin0

F, =2F, tan15°

F,=2F, tan15sin0

v

(E-16)

(E-17)

(E-18)

(E-19)
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2T = j(;“ 2 F, tan15° sin® R dO

T= j(;‘ F, tan15°sin® R dO

Fy = M2 sin©
n R

T=[ MianlS | - 20 R 4o
nRz

T=[MJK sinZ 6 do

T=[M}jn l[l—cos29] do
nR 0 2

T

| MtanlS o 10
2mR 2

0

(E-20)

(E-21)

(E-22)

(E-23)

(E-24)

(E-25)

(E-26)

(E-27)
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T= M tan15°
2R

The maximum allowable bending moment is thus

2RT
tan15°

Reference: 006-007, page 22.

(E-28)

(E-29)
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APPENDIX F

V-band Capability before Gapping

v
>~

Figure F-1.

Figure F-2.
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Preload Force Equation

The distributed force Fy (0) in the Y-axis is
Fy (6) = 2Py sin(B)
The preload tension P is related to the distributed preload by

T
2P = jo F, (6)Rd0

2P = jO“ 2P, sin(0)RdO

P=P,R jon sin(0)do

P=P R[- cos(e)]|g

P=2P R

P
P, =
V' 2R

(F-1)

(F-2)

(F-3)

(F-4)

(F-5)

(F-6)

(F-7)
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Gapping Threshold

The amount of bending moment that the V-band can be subjected to before the torque preload is
overcome depends on the torques in the bolts.

Assume a torque friction coefficient of 0.20 because the condition (dry or lubricated) is
unknown.

The preload P is
T
P=— F-8
0.20D (E-5)
where T is the bolt torque and D is the bolt diameter.
Reference 061-093, page 7.
The maximum allowable bending moment for no gapping is derived as follows.
Recall equation (E-14) where the force is now induced by the distributed preload Py,.
Po= s F-9)
n R
M =nR2P, (F-10)
P
P, = SR (from bolt preload) (F-11)

The maximum allowable moment for no gapping is thus
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M __mPR (F-12)

2 tan15°

This is also the moment that would cancel the preload.
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