BRI BN GRS, #2819, 1978
WRWT
HREFRIELA 23 wAEEE-REEY aRE B3 v
2 ¥ M- % FT-E & 2™
Optimam Alignmant of Marinz Engin> Shaftings by the Finite Elemcent Mcthod

Hiojung Jcon - Jingil Park - Jacsung Choi

.............................................................. a8 SR rerrnre e e e
L. 7 3:3 KOBBRES HE
2. WREEN 49 MBS 4. RERERES HE
2.1 AW FIBEA 41 XRERR 7 ERAESS R
2.2 HgHS] MEA 4.2 BCRELE GRS sRAUA B
2-3 PgwEe MBS 5 FuEA
2.4 A 23 BRAKEMNE 5.1 FFREH
3. XRRHH ROBBHREY HE 5.2 FHERR
3.1 RS BH 53 SIS npukel HWIEZRRARS] AL

32 B ES »tUE HES UE FHHHRZY 6 & &
His HERY WL

ABSTRACT

The authors have developed a calculating method of propeller shaft alignment by the
finite element method.

The propeller shaft is divided into finite elements, which can be treated as uniform
section bars. For each element, the nodal point equation is derived from the stiffness
matrix, the external force vector and the section force vector. Then the overall nodal
point equation is derived from the element nodal point equation.

The deflection, offset, bending moment and shearing force of each nodal point are ca-
Iculated from the overall nodal point equation by the digital computor. Reactions and
deflections of supporting points of straight shaft are calculated and also the reaction
influence number is derived.

With the reaction influence number the optimum alignment condition that satisfies all
conditions is calculated by the simplex method of linear programming.

All results of calculation are compared with those of Det norske Veritas, which has
developed a computor program based on the three-moment theorem of the strength of
materials.

The authors finite element method has shown good results and will be used effective-
ly to design the propeller shaft alignment
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Fig.6 Shaft arrangement of the steam turbine.
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Table 3. Reaction of bearings in the straight support (%g)

Order of bearing J 1 2 3 4
Authors’ results | 85576. 63 29059. 53 60830.13 6459.21
Det norske Veritas l 85765. 00 29144. 00 60932, 00 6453. 00

results
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Table 4. Reaction influence numbers (values in parentheses are results of Det norske

Veritas) (%g/0.01 cm)

|
Order of bearing 1 2 } 3 4
— ! -
1 150 —246.0 | 336.0 —202. 0
(120. 0) (—263.0) l (370.0) (—227.0)
2 —246.0 639.0 J —1327.0 934.0
(—263.0) (701.0) (—1526.0) (1089.0)
3 334.0 —1327.0 4399.0 —3492.0
(370.0) (—1526. 0) | (5276.0) (—4120.0)
4 —202.0 934.0 i —3497. 0 2688.0
(—227.0) (1089. 0) ‘ (—4120.0) (3258.0)
i
Table 5. Bending moments, stresses and deflections of supporting points in the straigt

support (Values in parentheses are results of Det norske Veritas)

|
Order of bearing | Bending moment

{

Stress Deflection (rad)
. (cm-kg). (kg/cm?)
1 2601913. 0 36.36 —0. 00002619
(2547000. 0) (35.59) (—0. 00002390)
2 2053375. 0 58. 44 0. 00005155
(2009000. 0) (57.16) 0. 00004746)
3 3048239, 0 75.00 —0. 00003077
(3099000. 0) (77.89) (—0. 00002969)
4 16545, 0 0.41 0. 00000342
‘ (16545. 0) (0.42) (0. 00000319)
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Table 6. Reactions of the bearing according to the offset of supporting point.

§
Ordfer offset | reaction | offest ! reaction | offset | reaction | offest ‘[ reaction | offset | reaction
o :
bearing | mum kg mm . kg mm " kg wm | kg mm ; kg
| |
1 0 84246. 63 ] 82916. 63 0 81586. 63 0 82577. 63 0 } 78575. 83
2 0 32989. 53, 0 36919. 53 0 40849. 53 2.1 35132.53 2.1 46022, 53
3 —1 51760. 13 ~—2 42750. 13 —3 33710.13 1.18 { 53790.53] —1.82 26645. 83
4 —1 14529. 21 —2 22639. 21 —3 30669. 21 0. 89 3 8731.81] —2.11 32965. 43
i !
Table 7. Optimum shaft alignment calculated by the linear programming method
Order of bearing offset reaction offset reaction offset reaction
mm kg mm kg mm kg
1 0 82702. 94 l 81336. 42 0 79969. 87
2 0 37487 ‘49 ‘ 41495. 36 0 45503. 22
3 —2. 14452 41379. 34 —3. 16433‘ 32094. 25 —4. 18415 22808. 95
4 —2. 14452 23808. 38! —3.16433 32094. 25 —4. 18415 40308. 95
\ SRR
Decr_ease of No.1 2873. 66 4240. 21 5606. 76
bearing load (kg) . - L
Load difference between 17500. 00 0.0 17500. 00
No. 3 and No. 4 bearing(kg)
BLES) RRE 2 MM O1F e B IR ) B8 pone o9 %

AKIEGRAER 2E) 2. 14452mmu] =] 4. 18415mmE
izl fREZEsE 17.5 WAk o. 2 =l 7 3.16433
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