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1. GENERAL DESCRIPTION:

1.1 Scope:

This calculation is for the fastening elements used in the mounting of the Toroidal LPG Tank shown in
Fig. 1.
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Figure 1

The calculation is done for the following tank which is the biggest tank produced by this company.

Outer Diameter :650 mm.
Height :270 mm.
Capacity 72 dm’

The materials used 1n the production of the tank has been chosen according to the EN 10120 and
complies the provised characteristics of the regulation ECE-R 67.01.

1.2 The Basis of Calculation:

Regulation ECE-R 67.01 Part: 17 Item: 17.4
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1.3 The Elements Calculated For:

a.- Bolt M10
b.- Nut M10

c.- Washer D30x2.4 mm

The Characteristics of the Materials Used:

Yield St '
OA[Mpa] Ox[Mpa]

Fastening Hook P265 NB 265 450
Bolt M10 C30 400 600
Nut M10 C30 400 600

1.3 Fastening of the Tank:
The fastening of the tank is shown in Fig. 1.

1.4 The Criteria Used in the Calculation:

The forces apply to the fastening of the tank and taken into the calculation are shown in Fig 2.

Figure 2

1.5 Forces Apply to Tank:

Fy, The inertia force in the direction of the movement of the vehicle
F,, Inertia force perpendicular to Fy and at the same time in horizontal

direction

Fy, Vertical force coming from the weight of the tank

a.- Multivalve mounted on the tank

b.- Tank weight empty
c.- LPG 80% of the volume
d.- The gravity accelaration

0.8 Kg.

37 Kg

0.509 kg/dm’
~10 kgm/s’

Possible dynamic forces applying to the tank mounted on a vehicle during movement:
Fx (Force of Inertia) according to the regulation ECE-R 67.01 17.4.6.(a)

F,.=20xG

Fz (Force of Inertia) according to the regulation ECE-R 67.01 17.4.6.(b)

F,= 8xG taken
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Reaction Forces:

Ra . Reaction forces at point A
Rp . Reaction forces at point B
2. CALCULATIONS:

2.1 Characteristics:

V=72 dm’ . Tank Capacity

v=0.509 kg/dm’ : Density of LPG

m=0.8 kg : Weight of multivalve

K=37 kg : Weight of tank empty

g=~10 kgm/s’ . GQravity accelaration

F,=G : Weight of 80% LPG filled tank

2.2 Calculation of the Forces Applying to Tank

Fy=G=g.[m+(y.V.80%)+K]

F,=658.43 N
Fx=20.G

F,=13168.6 N
Fz=8.G

F,=5267.44 N

2.3 Distribution of the Reaction Forces in the Screw Mounting:

In direction x:
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Figure 3 Fz = Ry, +Rp,
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Calculation of Reaction Forces:
Reaction forces in X direction:

Rax = Rpyx =Fx/2=6534.3 N

Ra | L2 L/2 Rey

Reaction forces in Y direction:

SFy= (2xFo1)+Fy;

Fo1: Pretension
Fyi: Tank weight =G
Ap: The crosssection of M10

"By Foi=0ox A;1= 10920 N

YF,=22498.43 N

Ray = Rp,=22498.43/2=11249 N

Reaction forces in Z direction:
RA,~=Rp,=2633 N

Ra

Z

Friction analysis:

= 0.25
Fr=Friction Force

Fi=2F,xu=2812N
CONCLUSION:

Since F,> R4,=Rg; ; it is safe.
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3. ANALYSIS OF THE STRENGTH TO THE SURFACE PRESSURE

Calculation of the Contact Area of the Washer:
Ar=—-ovéod = 6,115x10% m?,
Pnax = 2Fy / Ar = 1.8x10Pa

For steel Pe :

Pem~=0 a/4= 400/4=100 Mpa= 10 x 10’ Pa
For nut Pep:
Pem = 265/4=66.25 Mpa= 6.625 x 10’ Pa

**%* The Result: Since Ppax < Pem ; it is safe.

4. ANALYSIS OF THE AUTOBLOCADE CONDITION

d, = Median diameter of M10 thread =9.172 mm.
h =Pitch: 1.2 mm

0 = Helix angle
p = Friction angle

tg ot=h/(1t x do) = o =2.38°

Since the friction coefficient between bolt and nut threads is L = 0.15:
tgp=pn=>p=8.5

** Conclusion: Since the Friction Angle > Helix angle, there is autoblocade.
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S. CALCULATIONS FOR THE TOROIDAL TANK FASTENING
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Load magnitudes are shown in Fig 2.2.
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S.1 Calculation of the forces in “Y” axis:

Mxc

/ O ac =265 Mpa
o kaynak :265 Mpa
4

T =kx—
A

2. Mg=0

330x117+330x200-RFx345=0
RF=3 03.2N

O =

2. Fx=~660N
Re+Rr=660=>» R:=660-303.2=356.8N

o he 1.59x303.2 _ 95 9MfPu
' 0.43x12 '

1.5x417.4
Cp = . ? =121.35MPa <o, .
0.43x12 .

453.
o, = ITOX0  _ 4s 07 MPa < o

0.43x12° /12

z-E < Z-Kaynak O.F < Gkaynak O-H max < O-Sac
Conclusion: It 1s safe in “Y” axis.
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S.2 Calculation of the forces in “Z” axis:

F;=5267.44 N (Sec. 2.2)

AFn A
1 e
A, A

Picture: Example of fixing points A,B,C,D

Calculation is made for toroidal tank fastening mounted by 4 bolts at points A and B. (A;, A,, Bi, B»)
and M10 is assumed for the bolts as the minimum diameter.

Fo1: Pretension= 10920 N (Page 4 Sec. 2.3)

For Four pcs nuts
FT()1= 4x10920= 43680 N

Friction force created by the pretension (u=0.25)

FRz': FTOI X 0= 43680 x 0.25 =10920 N.

AB SAB
1
2. Mpp = 0=242 x F; — Repx 512 = 0 Rep= 2490 N.
-] i RAB - Fz —2490=2778 N
b
: RAB, Rep < Frz=10920 N.
Conclusion: It 1s safe to “Z” axis.
. B
CD ReD
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5.3 Calculation of the forces in “X” axis:
Fx=13168N (Sec: 2.2)

Calculation for CD points:
It 1s assumed that 4 bolts of M10 is used at points CD:

Fo1: Pretention=10920 N (Page 4 Sec. 2.3)
Total bolt pretension:

FT01= 4x10920= 43680 N

Friction force created by the pretension (u=0.25)

FRx: FTOI X = 43680 x 0.25=10920 N.

A B ZMRD:() -> FRC:5530 N

|” Frp = Fx - Fre= 13168-5530=7638 N.

R

Since Fre < Fryx and Frp <FRry, it 1s safe in “X”
axis.

& D

' R & YFF?D

GENERAL CONCLUSION:

**%* According to the calculations, the method used in fastening of the toroidal LPG tank is safe.
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