
1.10-1 Why are submarines constructed with a transverse framing system in preference to a longitudinal

framing system?

The significant hydrostatic loads on the pressure hull for a submarine diving to any appreciable depth

significantly exceed the loads found due to waves/hydrodynamics. For this reason, transverse framing

provides the most efficient structural design.







2.10-5 What is the difference between hard tanks and soft tanks?

Hard tanks may be flooded or blown directly from/to the sea. Accordingly, they are designed to

withstand full submergence pressure wheras soft tanks need only see a few hundred psi associated with

pumping/pressurizing by low pressure air.

3.10-6 Draw a diagram showing the inner hull, outer hull, and main ballast tanks. Which of these must be

able to withstand hydrostatic pressure when submerged?

The pressure hull (inner hull) is exposed to submergence pressure. The Main Ballast Tanks (between

the inner and outer hulls) are always open to sea (via the flood ports at the bottom) so their structure

is not exposed to a significant differential pressure (unlike the pressure hull itself, the interior of which

is maintained at near atmospheric pressure – where the crew are housed).











4.10-13 A submerged SSN-688 class submarine has been patrolling the arctic ice pack. While under the ice,

the sub was neutrally buoyant at a displacement of 6,900 LT assuming water conditions of 70% salt

water and 30% fresh water at a temperature of 30◦F . The submarine is now transiting south into the

North Atlantic where the ocean is 100% salt water at a temperature of 35◦F . What action must the

Diving Officer take to maintain neutral buoyancy?

@30◦F − ρfresh = 1.9399 lb·s2
ft4

@35◦F − ρfresh = 1.9400 lb·s2
ft4

@30◦F − ρsalt = 1.9947 lb·s2
ft4

@35◦F − ρsalt = 1.9945 lb·s2
ft4

ρarctic = 0.3 · 1.9399
lb · s2

ft4
+ 0.7 · 1.9947

lb · s2

ft4
= 1.9783

lb · s2

ft4

FB, arctic = ∆arctic = 6,900 LT

FB, North Atlantic = ρNorth Atlantic ·g ·∇S =
ρNorth Atlantic

ρarctic
·∆arctic =

1.9945 lb·s2
ft4

1.9783 lb·s2
ft4

·6,900LT = 6956.6LT

Ship now acts 56.6 LT lighter than before so the Diving Offcer must ingest 56.6 LT of ballast water.

5.10-14 A surfaced submarine’s pressure hull is a right cylinder 30ft in diameter and 300ft in length. When

at depth, the hydrostatic force compresses the hull’s length by one inch. Neglecting any changes in

diameter due to hydrostatic forces, calculate the change in buoyancy due to compression of the hull.

δFB = ρg·δ∇S = 64
lb

ft3
·
[
π

4
(30 ft)

2 · 300 ft− π

4
(30 ft)

2 ·
(

300 ft− 1 in · 1 ft

12 in

)]
· 1 LT

2240 lb
= 1.683LT





6.10-16 A SEAWOLF class submarine is operating at neutral buoyancy and zero trim at a displacement

of 9,100 LT ; KB = 20 ft and KG = 16.5 ft. In preparation for an exercise, the crew loads 8 Mk-48

torpedoes (3,434 lb each) into the tubes. To load the tubes, each torpedo is moved forward a distance

of 30 ft.

(a) What is the effect of loading torpedoes on the submarine’s LCG?

δLCG =
w · l
∆0

=
3,434 lb · 8 · 30 ft

9,100 LT
· 1 LT

2240 lb
= 0.0404 ft (LCG moves forward.)

(b) Calculate the trim angle that results from loading torpedoes.

tan(θ) =
wl

∆ ·BG
⇒ θ = atan

(
wl

∆ · (KB −KG)

)
= atan

(
8 · 3434 lb · 1 LT

2240 lb · 30 ft

9,100 LT · (20 ft− 16.5 ft)

)
θ = 0.662◦ down by the bow

(c) Using an appropriate diagram, show the relationship between LCB and LCG before and after

loading torpedoes.

(d) If the submarine’s trim tanks are located 310 ft apart, how many pounds of water must be

transferred to restore the sub to level trim?

(wl)torp = (wl)ballast

⇒ wballast =
(wl)torp
lballast

=
8 · 3434 lb · 30 ft

310 ft
= 2658.6 lb

(e) If KG increases, how does this affect the submarine’s tendency to trim?

KG increases will reduce BG and the submarine will be more susceptible/responsive to trim due

to weight shifts (i.e. smaller denomentor will produce larger tangent results and, therefore, larger

trim angles for a given weight shift)





7.10-18 A submerged submarine has a KB = 14.5 ft and KG = 13 ft. Its displacement is 6,500 LT .

(a) Write the equation for the curve of intact statical stability.

GZ(φ) = BG · sin(φ) = (KB −KG) · sin(φ) = 1.5 ft · sin(φ)

(b) Compute the submarine’s maximum righting moment.

RMmax = ∆ ·GZmax

GZmax = BG⇒ RMmax = ∆ ·BG = 6,500 LT · 1.5 ft = 9,750 ft · LT

(c) At what heeling angle does the maximum righting arm occur?

90◦ ( where sin(φ) = 1)

(d) What is the range of stability?

R.O.S. = 0◦ − 180◦

(e) Using integral calculus, compute the submarine’s dynamic stability.

D.S. = ∆ ·
∫ 180◦

0◦
BG · sin(φ)dφ

6,500 LT · [1.5 ft · cos(φ)| 180
◦

0◦ = 6,500 LT · 1.5 ft · 2 = 19,500ft · LT

(f) Repeat all of the above for KG = 14 ft. Compare your results.

GZ(φ) = BG · sin(φ) = (KB −KG) · sin(φ) = 0.5 ft · sin(φ)

RMmax = ∆ ·GZmax

GZmax = BG⇒ RMmax = ∆ ·BG = 6,500 LT · 0.5 ft = 3,250 ft · LT

90◦ ( where sin(φ) = 1)

R.O.S. = 0◦ − 180◦

D.S. = ∆ ·
∫ 180◦

0◦
BG · sin(φ)dφ

6,500 LT · [0.5 ft · cos(φ)| 180
◦

0◦ = 6,500 LT · 0.5 ft · 2 = 6,500ft · LT

8.10-19 A surfaced submarine traveling at full power can achieve a speed of 15 knots, yet when submerged

at a depth of 400 ft can achieve 25 kts at full power. What accounts for the difference in speeds?

The surfaced submarine faces significant resistance due to wavemaking and air resisistance which are

not present once the submarine submerges to depth.



9.10-21 Name two advantages and two disadvantages of skewed propellers for submarines.

Advantages:

• Reduced vibration

• Reduced cavitation

Disadvantages:

• Very inefficient for backing.

• Very difficult and expensive to manufacture.

• The unusual shape reduces the strength of the blades.



10.10-24 What is snap roll?

Snap roll is a phenomenon during high speed turns which results in a large, undesired depth excursion

due to flow patterns over the hull and control surfaces.
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