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Most of the vehicle simulators, such as airplane, car, ship, have motion bases that provide the motion feelings of vehicles to the
trainee or user, However, the motion base has a limit on its movement due to its constrained mechanism, so the motion
generated by the motion base is somewhat different from the real vehicle motion, Instead of ‘classical washout filter’, the part
1 of this paper proposed a new motion filter: it uses the motion states as inputs, provides the method of determining parameters,
homing action, and measurement method of motion fullness, Using this motion filter, this paper deals with applications to a
submarine, Since a submarine simulator does not have the graphics which show the environment change, so without a motion
base, the trainee in it can not feel the situation even though some instruments indicate the submarine movements, Therefore, for
the purpose of the simulator training, the motion base of a submarine simulator is highly required, Part 1 of this paper has dealt
with the basic theory and general applications, and this part 2 deals with the applications to a BB2 submarine,
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Table 1 Particulars of a BB2 submarine (Overpelt et al., 2015)
Lpp 70.2 m
B 9.6 m
Height hull 10.6 m
Displacement 4,365 ton
Fullness parameter (Cq) 0.85 -

Fig. 3 Model of a BB2 submarine
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Table 2 Proposed parameters of motion filter for a BB2

submarine
X Y Z .
N A AT A
ms?) | misY) | mis)
Motion limit 1 1 1 30 30 30
Rate max. 10 2 2 20 20 3
Acc. max. 0.1 0.1 0.1 - - -
k, 1 1 1 1 1 1
k, 1 1 1 2 2 1
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Fig. 4 Free-run model test data of a BB2 submarine (on surface, 35° turn)
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Fig. 5 Comparisons of motion variables during 35° turn on surface: target(BB2 free—run) motions and the ones from the
motion filter
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Fig. 9 Comparisons of motion variables during 30° turn and surfacing: target(BB2 simulation) motions and the ones from the
motion filter

JSNAK; Vol, 61, No, 6 December 2024 465



EreEaolEHe 2

HEE: M2E. BB2 &2 Mg

4 0.1 2
&2 S 005 a0
2 K \ & 2 -
E o - E I E 2
@ L \ @ 0 k# @ L
o o <] —Target
S -2 L I S -4 e Simulator
L u e Target L 005 Taroet 2 r || mm—— Inertia
S -4 Simulator S = Targe 5 bt i
T e W 3| || %L e
VR R N P Gravit S 0N & 4
x -6 Yy b I N | N -8 %

8 L 1 1 x 1 1 1 -0.15 1 1 1 -10 L / 1

0 400 800 1200 1600 2000 0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
time (s) time (s) time (s)

Fig. 10 Comparisons of specific forces during 30°

motion filter

Fig. 11 The ratio

HWE Helstie
dsl gErie

0.

Fig. 9o _'.:_AléFﬂEL
St lon], M3| AIRF A Mzt 3]

0 M3|7} AlEtEQCk= 7

210 2Mei2

oz g

Otor

AL

0
|

>
NI
16
Rt
>|r|r
A

]
o 0\'

4> o ol
g o>
2 o
H1 mjo
o
&gk
\. mo ok
N

L
9
g
2

o 42

o
=2
1o
o
for
iy

PoHXIE

1 ~v
0.8
x
3
S 06
£
Z
o 04
g S
| = Total Average
02 o= == == == |nstantaneous
_: ———— Running Average
0 1 1 1 B N I
0 400 800 1200 1600 2000
time (s)
1
I T r
0.8 T
> | |
@3 |
3 06 :
c |
s !
's 0.4 :
© - Total Average :
o === |nstantaneous ]
0.2 —— Running Average !
- [}
0 1 1 1 ! 1
0 400 800 1200 1600 2000
time (s)
1
0.8
N
g L
o 0.6
£
E L
g 04
® L —
o e Total Average
0.2 ===~ Instantaneous
| ——— Running Average
0 1 1 1 1 1
0 400 800 1200 1600 2000
time (s)

of fullness during 30° turn and surfacing

5-0.6 mys® 0|t pakMslet el £F
Hul-ﬂA} 3T K-I_l.:_; o= xl-,_—_F

|_ =
4%'"6&“12 ME Helstis 72

“Hol|

CHARRSA 2
7 }x|

T
@
3
2
HI
>
o
xR
r‘

turn and surfacing: target(BB2 simulation) forces and the ones from the

1
S L
4
3
3]
£ 05
=]
w
8
g - —— Total Average
o= o= == == |nstantaneous
—— Running Average
0 1 1 1
0 400 800 1200 1600 2000
time (s)
1
i
5 | i
o
3
(73
£ 05
=1
w
o
b | Total Average
4 === = Instantaneous
——— Running Average
0 1 1 1 1
0 400 800 1200 1600 2000
time (s)
1
- —
g 05
>
@ -
£
| 4
8
g 0.5 Total Average
Instanteneous
B - Running Average ﬁ
- 1 1 1
0 400 800 1200 1600 2000
time (s)
2 Hol| TERIE WE M2lStiEs RARH Melste U=
g =lolgh 5= Ut
Fig. 112 SSMSHBATE Z0o{F=|, ZV|EL A, M3[A|
ZA|, FHEE A Heotis =2 2SMEHSATE 2oiF
Aok
3.389| DYA[RALRO| olet ZAnfet Ajo[7t Ls H2 A
TO|=7} ichs A}, REMSATIL sCks Folck Al
JOIElE BUHOR Seist AZeloltte] 2nE MARIoE

S| ATlof Bigst, SRl 77] SEofl o2t '
J_|,_ oI5t A|S2{[0|Mof| EHYSHE A|AEI0|E 2 2 HofA| A}
%EF A7 AR AlZ2l|0[ElA RS Zalet Aol RARE

i

>\I

I:l
|_

T X613 Moz 20244 128



Table 3 Maximum values of BB2 submarine motions in various maneuvering tests and simulations

Speed X Acc. Y Acc. Z Acc. Roll Pitch Yaw

foots) | () | ) | mis) | S| ES | e
35° Turn (on surface) 12 0.06 0.05 0.04 5.0 0.7 2.2
10° Turn (on surface) 12 0.01 0.02 0.005 1.5 0.25 1.0
20°/20° Zig—zag (on surface) 12 0.04 0.035 0.03 3.0 0.8 1.5
10°/10° Zig—zag (on surface) 12 0.03 0.03 0.015 2.0 0.4 1.0
30° Turn (submerged) 10 0.055 0.06 0 0.6 0.3 2.6
10°/10° Zig—zag (submerged) 10 0.01 0.04 0 0.4 0.2 1.5
20°/20° Zig—zag (submerged) 10 0.04 0.06 0 0.6 0.35 2.0
30° Tun (submerged) 20 0.24 0.25 0 3.4 6.0 5.5
Submerged to surface 20 0.026 0 0.14 0 1.3 0
Surface to snorkel to surface 20 0.036 0 0.1 0 0.9 0
Surface to submerged 20 0.05 0 0.12 0 1.3 0
20° Diving 10 0.05 0 0.05 0 1.2 0
20° Surfacing 10 0.05(0.6) 0 0.05(0.4) 0 1.2 0
30° Tumn(depth control on) and 20° surfacing 10 0.05(0.5) 0.06 0.05(0.35) 0.25 1.2 1.8
30° Tun(depth control off) and 20° surfacing 10 0.05(0.5) 0.06 0.05(0.4) 0.25 1.2 1.8
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Fig. 12 Comparisons of the forces and ratio of fullness in 1
DOF(pitch) and 2 DOF(surge, pitch) simulator during
forward acceleration
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Table 4 The priority of motion mode in submarine simulator

Priority | Motion mode | Possible mechanism
1 Pitch Center bearing & actuator
2 Roll Center bearing & actuator
3 Surge(X) Sliding block
4 Yaw Tun table
5 Sway(Y) Sliding block
6 Heave(2) (6DOF platform)
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