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The article presents stress distribution in a seat face
Rescue faces (salvage faying faces) in submarines are u
vessels and submarines possess special seat faces whi
an emergency vehicle. Due to corrosion environment, seat ines undergo degradation, which requires
periodic inspection of their condition. With accordance to the dards, the minimum thickness of faying faces
cannot be less than 25,4 mm on account of the str islocations. Seat measurements made it possible to carry
out simulation studies to determine their strengthf ses and displacements. The obtained results of
seat strength allow for a submersion of a submarine um depth according to the current standards.

ncy vehicles. Both submergence recovery
sition of a crew from a sunken ship to
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1. Introduction

Submarines of the Polish
changing components used i
tower and location of rud
evacuate in case of failur
and the rescue vessel t
faying face of a subm
pressure equalization

, as well as changing the shape of the hull, conning
units have one emergency scuttle that allows the crew to
cuation of crew takes place through scuttles of the ship
are opened When an the vehicle seat face connects with the salvage
next step is to pump out water from the space between faces and
scuttles can be opened and the crew is evacuated to an

Due to the poor te ion of the submarines it was necessary to check the surface
adhesion of the s '

Salvage faying face9@exposed to the maritime environment, hence its thickness gradually
decreases [5 + 8, 11]. Changing the thickness of the seat is a consequence of the removal of
corrosion by grinding the ship when in the harbor.

The main purpose of this study is to make strength calculations of a rescue seat face to
determine its capacity. Therefore, it was necessary to carry out numerical simulations involving



the analysis of stresses and displacements in order to determine the current capacity of the seat and
to indicate the minimum thickness of the seat at the maximum depth submergence of the
submarine.
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Fig. 1. The location of a salvage ( g a submarine

Standard NO-42-A2007 identify

- minimum outside diameter 1676,4 mm, maximu eter 1143 mm,

- thickness of contact plate 25,4 mm, surface roughness should be no more than R, = 6,3 um,
- the location of the seat face should b@§ Jve to the vertical centering line of the

salvage A
scuttle contact plate of

_ salvage faying

Fig. 3. View of submarine seat face

In the absence of data concerning the steel the faces are made of, further calculations were
based on 10GHMBA steel parameters [13]. Flange of the adapting basket has dimensions of

shown in Fig. 5. The standard also illustrates the distribution of the forces acting on the surface of
the seat (Fig. 6).
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Fig. 4. View of the measuring points of the seat Fig. 5. Fl imen nergency vehicle seat
contact plate thickness bow

Dead load caused by hydrostatic Additional load cause
pressure P, current P_

gl

No of point No of point Thickness, mm
1 13 25,8

14 -
15 25
16 26,6
17 -
18 24,6
19 24,2
20 -
21 21,3
22 24,4
23 -23,9
24 -




In characteristic points 2, 5, 8, 11, 14, 17, 20 and 23 no measurements were made due to the
high roughness of the surface. The average thickness of the plate was 24,29 mm. On average,
reduction in thickness of the contact plate was 1,11 mm, while the largest point reduction in seat
plate thickness was more than 4 mm. Thus, it became necessary to carry out the numerical analysis
for determining the actual seat face capacity and to determine the minimum thickness of the
contact plate for particular submergence depth of the submarine.

4. Geometric representation of the submarine salvage faying f

Based on the ship's documentation, sketches and photogra
the seat, on which the contact plate is attached. Next the geo
using CAD software [1, 2]. Then the geometry of the scuttl
creation of geometry of contact plate reinforcement.
strengthening the pressure hull from the inside (Fig. 7).

When creating the geometry of t} g lifications were used to facilitate the creation
of the computational model. In thg ic :
the course of the work aiming at@Rappi e faying face, it was found that all the welds were in
perfect condition [5 + 8]. In Ssome of the dimensions in the geometric model were
averaged (e.g. a constant cont

An analysis of free vibr of the system was carried out to determine the continuity of the
geometry. The notion of ion of the system means that the structure deflected out of
balance is affected only by*the intern ces caused by the deflection. Analysis of free vibration
frequency allows to pred#t the behavior of the structure during motion [3, 4].

In MES free vibratj system are described by the following relation:

K-U+M-U=0, (1)
where:

K - stiffness g
U — node displaCiglitts vector,
U — self-acceleration Vegie

M — inertia matrix for one element represented in the formula:

M®=p[NT -NdV )
\%



where:

N — form function matrix,
p — density,

V — volume of element.

In equation (2) the following substitution shall be applied:

U=X-sinot,
3)
where:
U — displacements vector,
X —amplitude vector,
o — ring frequency.
1
ﬂ’ T
g (4)

where:
A — proper value.

In order to verify the continuity of
rms were analyzed. To do this, the

was divided into 101 parts (partitioning
digitization of individual seat elements. Fir: ise of the seat was separated from the pressure
hull, thus getting two parts. Then, the plate was separated from the base and the
strengthening brackets, dividing it igisms n subsequent steps individual brackets were
separated | order to get independe ts. BesMes, the base was divided into 26 parts. In the
final stage the internal strengthenj
division of a face model resultea
possible to make calculations |
nodal elements, and 42261
pressure hull sector togethe the construction of salvage face were supported along the edge

yendent digitization of its individual components. It was
2]. The model was digitized with 31693 tetragonal 4-

Fig. 8. View of faying face support with regard to boundary conditions



In the moment of connecting an emergency vehicle seat with the contact plate of a submarine
rescue seat (salvage faying face), the buoyancy force balances the gravity. When pumping out
water from the space between the faces, the force acting on the seat is determined by a simple
relation.

Py AS = p, - S, thus p ©)

Section of internal surface of a face measured from the end

Surface area of the contact plate of an emergency vehi
AS=S,-S, ,

where:

pn — hydrostatic pressure at the depth of submergence,

pw — pressure in the space between the faces,
Sw — internal area (to the outside edge of the

3 adopted specific weight of water equal
10.000 N/m®. Table 2 shows load of the face en depth of submarine submergence.

epth of submarine submergence

Depth of docking, m ' g pth, MPa Load of face, MPa
100 6,21
200 12,41
300 18,62
400 24,82

5. Numerical calculationsof the stre of the submarine rescue seat

duced stresses were determined with use of Huber’s Strength
plate of 25,4 and 23 mm, and the submarine submergence
ary stress and displacement patterns in a face of 25,4 mm
depth of 100 m is presented in Fig. 9 and 10. Table 3 includes
s for a 25,4 mm thick contact plate.

Numerical simulatj
Hypothesis for the thj
at a depth of 100 +
thickness, loaded wi
results of the co



5, Mises

(Avg: 75%)
+3.096e+08
+1.500e+08

+5.006e+07
+3‘7569+D;

+8.3866+04

U, Magnitude
+2.169e-03
+1.966e-03
+1.807e-03
+1.627e-03
+1.446e-03
+1.265e-03
+1.084e-03
+9.037e-04
+7.230e-04
+5.422e-04
+3.615e-04

+1.807&-04
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Fig. 10. Displacements pattern in a submarine faying of 25,4 mm thickness in vertical direction at a depth

Tab. 3. Results of nu | 8% a contact plate of 25,4 mm thickness

Depth of docking L Reduced stress, MPa Relative vertical
submergence recovery max local extremum displacement,
vessel, mm
m
100 6,2 150 310 0,621
200 330 618 1,434
300 450 928 2,165
400 600 1237 2,892
Value of stresses in e faying face at a depth 100 m amounted 0,008 + 310 MPa,
while displacemg i rection achieved 0,621 mm (Fig. 9, 10). At a depth of 400 m
local value of g exceeded 1200 MPa, and the displacements were close to 3 mm
(Table 3). Re gptiation calculations of stresses and displacements for a contact plate of 23

mm thickness¥
presented in table 4.

For the thickness of CBntact plate of 23 mm, and the depth of docking submergence recovery
vessel of 100 + 400 m, reduced stresses amount 0,172 + 1536 MPa, and the displacements exceed
3 mm for the submergence depth of 400 m.

ocking submergence recovery vessel at depths of 100, 200, 300, 400 m are



Table 4. Results of numerical simulations for a contact plate of 23 mm thickness

Depth of docking sub- Load value, Reduced stress, MPa Relative vertical
mergence recovery MPa max | local extremum | displacement, mm
vessel, m
100 6,21 179 384 0,671
200 12,41 370 767 1,538
300 18,63 550 115 ,307
400 24,82 700 15 ,077

pressure at a depth of

3, Mises
(Avg: 75%)

+7.6768+08
+3.700e+08
+3.392e+08
+3.084e+08

m thickness at a depth of 200 m

+ 2450
Vi fmam i

Bin a submarine faying face of 23 mm thickness in vertical direction
at a depth of 200 m

Exemplary stress Ad displacement patterns in a face of 23 mm thickness, loaded with

resented in Fig. 11 and 12.

. Simulation cajee that docking a submergence recovery vessel on a submarine
faying face ickaass complies with the applicable standards) is safe at a depth up to
200 m. Ne g depth of 200 + 300 m the locally appearing stresses exceed the yield
point of the

. For 23 mm thick act plate it is safe to dock an emergency vessel at a depth up to 100 m.

Docking a submergence recovery vessel at a depth up to 100 + 200 m may result in permanent
local deformations of the faying face construction. In the case of docking at a depth above 200
m the stresses significantly exceed the yield point of the matter.



3. More than forty years of operation of submarines caused a wear of the seats (faying faces) and
thus limited the secure depth of submergence, taking into account safety conditions of the crew.

4. In order to maintain safety conditions a submarine should not submerge to a depth exceeding
200 m.
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