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SOME ASPECTS OF THE PROPELLER BEARING 
FORCES EXCITING HULL VIBRATION OF A 

SINGLE SCREW SHIP* 

By Toyoji KUMAI** 

Abstract A study is made on the propeller bearing forces exciting hull 
vibration of a single screw ship. As the external vibratory forces, vertical 
moment and force, horizontal moment and force, thrust and torque are calc­
ulated for 3- to 6-bladed propellers with two types of ship wake. The 
above moments and forces applied at the propeller disk are approximately 
estmated provide that the harmonic components of the curves of the circu­
mferential distributions of thrust and torque coefficients of given propeller that 
rotating in optional ship wake are obtained. 

Introduction 

The external vibratory excitation of the hull of a ship consists of six 
components, namely, vertical moment and force, horizontal moment and force, 
twisting moment and longitudinal force. It is to be noted that neither thrust 
variation nor torque variation contributes to the main vibratory excitation of the 
flexural hull vibration of a ship. On the other hand, the torsional vibration of the 
hull of a single screw ship will be excited by the couple due to surface force. 

The present paper gives the calculation of the first four components of 
moment and force produced by the propeller blades mentioned above. These 
components of mement or force are computed by summing up those of the moment 
due to thrust or the tangential force with respect to each blade that encounters 
the flow of unequal wake at the propeller disk. 

The components of moment other than that mentioned above are accounted 
those of the thrust eccentricity due to gravity of the propeller itself and also as 
the twisting moment of the blade induced by the peak of wake concentration. 
These two kinds of moments should be added to the moment due to thrust. For the 
sake of simplicity, however, these moments are ignored in the present study. No 
surface forces have taken into account in the present paper. 

* Paper was read in Rostock at "Symposium Schwingungserscheinungen 
der Schiffstechnik an der Schiffbautechnischen Fakultat der Universitat 
Rostock", May 17, 1961. 

** Professor of Kyushu University, member of the Research Institute of 
Applied Mechanics. 
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28 T. KUMAI 

1. Calculation of Propeller Bearing Forces 

When a one-bladed propeller rotates in the flow of uniform wake, neither the 
thrust variation nor the torque variation is accounted. However, the vertical and 
horizontal components of the moment due to thrust and of tangential force of the 
blade are clearly accounted as periodic ones. One can understand that the above 
mentioned components of the moment due to thrust as well as those of the tangential 
force are the vibratory ones exciting hull vibration of a single screw ship at the 
stern tube and bearings through the propeller shaft, as be shown in Fig. 1. If the 
number of blades of the propeller consists of more than two, the components of 
vibratory force and moment cancel in the uniform wake. However, since the ship 
wake at the propeller disk is nonuniform along circumference, the vertical and 
horizontal components of the moments of thrust and tangential forces of blades 
which encounter the corresponding wake are accounted. Consequently, the vibratory 
moments and forces exciting hull vibration are calculated by summing up the 
vertical or horizontal components of the thrust mom~nts and tangential forces 
produced by blades at the corresponding wake fractions. 

As the thrust or torque coefficient of the propeller at the given advance 
coefficient is obtained by using the chart of open test results of a given propeller, 
the relation between the wake fraction and the thrust or torque coefficient is easily 
shown, for instance, as was presented by Hans Brehme for an example [1]. Acco­
rdingly, the distribution of thrust or torque coefficient along circumference of the 
propeller disk at 0.7R, as an approach, is obtained for a given wake pattern and 
the propeller. 

In the next stage, the fraction of the thrust or torque coefficient varying 
along the circumference of the propeller disk is represented by Fourier cosine series 
respectively provide that only the longitudinal wake is adopted, namely 
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Fig. 1. Components of moment and force due to one-bladed propeller. 
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T.,. KT ~ 8 -T. =~=ao+ ~ancosn, 
0 ATO n=l 

Q.,. Kq b ·t1b -Q =-K. = o+ ~ nCosn8, 
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where, KK.Q fractions of thrust and torque coefficients respectively 
QO 

ao, ho, an, bn respective Fourier coefficients, n= 1, 2, ... 
8 turning angle of datum blade measured clockwise from zero 

at the upper vertical axis 
The vertical and horizontal components of moment due to 

tangential force of the blade at the corresponding wake are summed 
blade respectively as shown by the following forms; (see also Fig. 1) 

thrust and 
up in each 

Mv =-1-i:J Tmr cos{2i.(n;_.-1) +8 }, 
Mo Z m=l Toro 

(3) 

Mh,=_l_i]T.,.r sin{2i.(:,-1) +8 }, 
Mo z m=l Toro 

(4) 

~ = _l_iJ Qmrf sin{ 2i.(m-l) +8 }, 
Po z m=l Qor z 

(5) 

P11, 1 ~ Qmr'o { 2i.(m-1) 8 } 
p;- = z m~l Qor' cos Z + ' (6) 

where, 

Mv Mh, 
Mo' Mo 

fraction of the vertical and horizontal components of moment 

due to thrust respectively 

;; , ;: fraction of the vertical and horizontal components of tangential 

force respectively 

z number of blades of a prepeller 
m=l, 2, ...... z 

~: , i: fraction of thrust and torque at the m-th blade respectively 

r, r' lever of moment due to thrust and torque respectively at the 
m-th blade 

ro, r'o mean lever length which corresponds to r, r' respectively 

In the above expressions of the components, the levers of thrust moment 
and torque denoted by r, r' are assumed to be equal to ro, r'o respectively as an 
approach in the present study, so the fractions of the thrust and tangential force 
presented in the foregoing (1) and (2) at the m-th blade are substituted into (3), 
(4) and (5), (6) respectively. 

Carrying out the above substitutions, the following components of moment 
and force are delivered ; 

[1] Brehme, H. "Der Einfluss der Fliigelzahl eines Schiffspropellers auf die 
Erregung von Schiffsvibrationen" Schiff u. Hafen 6, 1954. 

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked



30 T. KUMAI 

1 -2 k~ (bkz-1-bkz+1) sin kz0, 

1 1 = 
= - 2 ·b1 +-2 ~ (bkz-1 + bkz+1) COS kz0, 

k=I 

(7) 

(8) 

(9) 

(10) 

where, k=l, 2, 3, ...... oo. 

On the otherhand, the thrust and torque as the functions of z and 0 are easily 
calculated in the following forms [2]. 

T = 
~T, =ao+ ~ak,coskz0, (11) 

0 k=l 

Q -··-Q =bo+ ~ bkz cos kze. (12) 
0 k=l 

The variations in the above moments, forces, thrust and torque as variables 
e with the parameter z up to the second harmonic, for practical use, are easily 
obtained. 

As the rough estimation of the maximum values of components, the double 
amplitude of the variations of the components for the fundamental and the second 
harmonic, namely, those in the blade-frequency and twice the blade-frequency 
respectively are shown by simple forms_ as follows : 

( JMv) 
Mo maxi 

= I a,-1 + llz+l I , ( JMv) 
Mo max2 

= f a2,-1 +a2z+l I, (13) 

(JM1i) 
Mo mnxl 

I a,-1- a,+1 I , ( JM1i) 
Mo max2 

= f a2,-1-ll2z+l I , (14) 

( JPv) 
Po- maxl 

I b,-1- bz+i], ( JPv ) 
7;- m ax2 

= I b2,-1-b2z+1 I , (15) 

( JP1i \ 
7;-)maxl I b,-1 + hz+1[, ( JP1i) 

7;- max2 
= f b2z-l +b2,+1 J , (16) 

( f tax! = 2Jazf, ( ~~ t,x2 =2fa2zl, (17) 

( ~~ taxl 
= 2[ bz[, 

( ~~ tax2 
(18) 

where, 1 and 2 in suffix show the double amplitudes of the first and the second 
harmonics respectively. 

As noticeable in the above results, the maximum values of the vibratory 
exciting moments and forces depend on akz-1, akz+i and bkz-1, bkz+i respectively, 
whereas the thrust and torque variations depended on akz and bkz respectively, 
though in the same periodic function of 0 with kz in argument in both cases. The 
Fourier coefficients mentioned above are determined by only the circumferential 
distribution of the thrust or torque coefficient of given propeller in the present 
steady state calculation. 

[2] Ritger, P. D. and Breslin, J. P.: "A Theory for the Quasi-Steady aqd 
Unsteady Thrust and Torque of a Propeller in a Ship Wake" E.T. T. 
Rep. No. 686. 1958. 
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2. Numerical Examples 

(a) Bearing Forces in Ordinary Stern 
The distribution of the thrust and torque coefficients along circumference at 

the radius 0.7R of propeller disk in ordinary U-type stern [3] with Troost 
propeller B4-55, as an example, are shown in Fig. 2 with the numerical table 
of Fourier coefficients. 
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Fig. 2. Circumferential ditsributions of thrust and torque and 
these Fourier coefficients in ordinary stern. 

Substituting the respective numerical values into (13) to (18), the variations 
of the vertical and horizontal components of the exciting moment and force and 
also of the thrust and torque are obtained in the thee- four- five- and the six-bladed 
propellers by using KT, K,rcharts of given propellers with the same advance coefficient 
respectively. (Fig. 3) 

It is to be noted that the distributions of both the thrust and torque 
coefficients represented by Fourier series mentioned above in the ordinary stern 
seem more predominant in the Fourier coefficients of the even numbers than in 
those of the odd numbers. Accordingly, it is concluded from the results of above 
calculation that the vertical moment and horizontal force are generally seen to be 
larger than thrust and torque variations hi the five-bladed propeller, whereas the 

[3] Neifert. H. R. and Robinson, J. H·.: "Further Results from the Society's 
Investigation ·of Tailshaft Failures" Trans. S. N. A. M. E. 63, 1955. 
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Fig. 3. Double amplitudes of variations of bearing moments, 
forces, thrust and torque in ordinary stern. 

former is smaller than the latter in the four-bladed propeller in the same flow at 
the propeller disk in the ordinary type of the stern. 
(b) Bearing forces in Weser-stem 

The same process as was shown in the previous article is applied for the 
respective wake distribution produced by various types of the stern form. The 
second example provides the bearing moments and forces in the Weser-stern. The 
wake survey in the Weser-stern has been carried out by Nitzki and Weser [4]. 
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Fig. 4. Circumferential distributions of thrust and torque and 
these Fourier coefficients in Weser-stem. 

Using one of the results of Nitzki-Weser's tests of wake distribution, the harmonic 
components of the curves of Kr/ Kro andKq/ KQo for given propeller that obtained 
by the same process as described in the previous article are obtained as shown in 
Fig. 4. The maximum values of the components of the mement and force and 
thrust and torque variations are computed with respect to the number of blades 
as shown in Fig. 5. 

Conclusion 

From the results so far obtained, it will be concluded that the propeller 
vibratory bearing forces exciting flexural hull vibrations of a single screw ship are 
less in the propellers with even number blades than that of the odd number ones, 
whereas the thrust and torque variations in the propeller of the odd number blades 
are less than that in the even number ones in the ordinary stern. As the second 
example, the numerical calculation was carried out into vibratory forces in the 
Weser-stern and the results were compared with that of the ordinary stern. 

The brief conclusions mentioned above are qualitatively confirmed by the 
experimental investigations into the propeller forces recently carried out by van 
Manen and Wereldsma[5]. 

As a result, the vertical and horizontal components of the vibratory moment 
and force as well as thrust and torque variations due to action of the propeller 
blades are approximately estimated provide that the harmonic components of the 
curves of the circumferential distributions of the thrust and torque coefficients of 
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34 T. KUMAI 

given propeller that rotating in optional ship wake are obtained. 
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Fig. 5. Double amplitudes of variations of bearing moments, 
forces, thrust and torque in Weser-stem. , 

(Received Aug. 30, 1961) 

[4] Nitzki, L. and Weser, A.G. "Resistance and Propulsion of High-Powered 
Single Screw Vessel". European Shipbuiding, No. 3, 1959 .. 

[5] van Manen, J, D. and Wereldsma, R .. "Yorn Propeller erregte Wechsel­
krafte in der Welle eines Einschrauben-Tankers." Schiff u. Hafen 1960, 
H. 9. "Propeller Excited' Vibratory Forces in the Shaft of a Single Screw 
Tanker" I. S. P. No. 73. Vol. 7, 1960. 




