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Preliminary Study for Clearance According to Types of the
Tiller of the Steering Gear Using the Finite Element
Method
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Abstract: A steering gear with rudder roll stabilization is an integrated device of the steering and rolling
inhibiting of a ship. The rotary vane motor is an important part in the rudder roll stabilization system.
The fluid flows as the tiller in the rotary vane motor rotates. Therefore, the clearance of the tiller is very
important. In general, clearance depends on the designer’s know-how. In this research, the finite element
method is used to define the clearance according to types of the tiller. Ram type and vane type tillers are
selected for this research. Deformation and deformed shape of the tiller is checked by describing the
situation analytically in which the tiller is assembled. By comparing the real clearance with the results of

the analysis, the guideline to define the clearance of the tiller is suggested.
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(a) Ram type (b) Vane type

Fig. 4 Types of the tiller
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Table 1 Push up force for the rudder stock

Force [tonf]

Model -

min. max.
Ram 1A 268 469
Ram 1B 739 1081
Ram 2A 591 864
Ram 2B 1511 2336
Vane 1 211 309
Vane 2 192 280

Fig. 9 Finite element model of Ram 1A
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Table 2 Information of the FE model

Model Total number of | Total number of
elements nodes

Ram 1A 87,846 134,978

Ram 1B 86,617 132,900

Ram 2A 96,156 146.981

Ram 2B 102,918 156,840

Vane 1 101,102 155,760

Vane 2 98,224 147,054
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Fig. 10 Deformation of Ram 1 model

—
5,=0.130

§,20043 |

(b) Ram 2B
Fig. 11 Deformation of Ram 2 model

Fig. 120 EAE 7|55 o]&3ly 48 & g
] €2¢l Ram 13 Ram 2 =499 A 713 &
IS Table 39 YERATE Table 39 AA| 71&
2ket Fig. 103 119] W3 sj4 AH#E vlwst

V3 W fAE Wy
Asht, sl oR FHE EIR] WY

A 7VE FAL) FH Aolo] L Hol7}

o @S rE of

Table 40l & B} €29 T34 Aot 4
A 73t vln ARE UERH ST Table
49 nE "y ndoA A3} Bitsiﬂo]-z%kq.
AA 7FE 32 ol ME Z dXEtaL ¢
& 4 Atk 717} S48k Ram 1A 2E ]9]
e #A My A4 FAE HFE5 2

RUEN] u]o
2 o o

KEY

B (8N ot

Fig. 12 Drawing of ram models for clearance

Table 3 Actual tolerances of ram type tiller

Model B; [mm] B, [mm]
Ram 1A 190701% 190% ) 040
Ram 1B 190, 0% 190,
Ram 2A 2507 (3% 250" 46
Ram 2B 250, 0046 250, 040

Table 4 Comparison of deformation analysis results

and actual tolerances for ram type tiller

Ram 1A | Ram 1B | Ram 2A | Ram 2B
B|B|B|B|B|B|B|b

Deformation
direction of
analysis results

=+ |+ |+ =]+ |+

Direction of
actual + =+ |+ |+ ] =] +]|+
tolerance

Analysis
results of
deformation
ratio (By:B)

Actual results
of tolerance
ratio (Bi:By)

The ratio of
deformation to
tolerance

30:1.0 | 1.0:1.0 | 3.1:1.0 | 1.0:1.0

35:10 | 1.0:1.0 | 53:1.0 | 1.0:1.0

10:18 | 1.0:15 | 1.0:19 | 1.0:1.1
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