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Abstract This paper proposes a method and results of modeling the thrust force
(F) and torque (M) generated by the propeller working behind the hull in water
environment for the container vessel Fortune Navigator (CV. FN), that belongs to the
Vietnam Ocean Shipping Joint Stock Company. The input data for modeling consists
of periodic-changing signal pairs (F, M) that are obtained by authors from the hull-
propeller numerical simulations for CV. FN using CFD method and commercial soft-
ware STAR/CMM+. The input database is obtained based on design of experiments
(DoE) for CV. FN with: Draft varies from ballast to full load; the draught differ-
ence (Trim = T, — Tg), considered as a disturbance (where: Tp—draft of the aft,
Tr—draft of the forward) and the changing propeller speed. The propeller’s excited
force/torque are transformed from the time domain to the frequency domain by the
FFT method after re-sampling twice the input data. This implementation method
ensures that the data is sampled in a constant time step, and the sample number
of the extracted data vectors (T and M) is applied to the exact FFT-algorithm. The
database obtained from processing F and M signals in the frequency domain is the
input for regression modeling to determine force and moment components according
to the impact factors. Research on signal processing and modeling the forces and
moments are carried out on the LabView (NI, USA Company).
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1 Introduction

The propeller torque and thrust when the propeller works behind the hull in the water
environment are variable parameters and changes following the propeller working
cycle. The mean torques of the engine and the propeller are used to evaluate the
power of the main propulsion plant (MPP) at steady-state rotation. The average
power, torque, and rotational speed are used to determine the operating (static) mode
of the engine-propeller system. Similarly, the mean propeller’s thrust is equal the
average hull resistance when the ship works in the water. This feature is combined
with the ship’s speed set at the average propeller’s rotary revolution give an estimation
of the hull and propeller powers, and working efficiencies.

The periodic-variable components of the excited torque M (or Thrust, F) generated
by the propeller affects the excited torsional vibrations (the axial vibrations) on the
MPP. The excited torsional moment and axial force (ETM, EAF) of the propeller
are expressed as harmonic functions, which is a multiple of the number of propeller
blade z,. It is necessary to pay attention to the amplitudes orders 1, 2, and 3, or
harmonic degree: k = z,, 27, and 3z,

The study of vibrations (torsional and axial) on the MPP needs to determine the
exciting forces/moments with harmonics of 1st, 2nd, or 3rd orders of the propeller’s
blade number (z,) because the propeller can lead to some resonance states.

The American Bureau of Shipping (ABS) [1] provides the results of more 20
real ship studies of the propeller’s torque and axial force. In the reference [1], there
are not shown any specific boundary condition and research using method. In other
aspects, the results show that the amplitudes of the torque harmonics AM (k = zp,
2z,, and 3zp) are expressed through the mean torque My (same for the axial force
Fp). In [2], Yuriy Batrak also pointed out that there is not any information about the
force/torque calculation used by the CFD method. That raises the study problem to
determine ETM and EAF by CFD method in this paper.

The commercial professional software STAR-CCM+, developed by SIEMENS, is
adapted in the hull-propeller working investigations in water environment. In order to
ensure accurate calculation results, the finite elements number of the calculated area
surrounding the hull is selected according to detailed instructions of the company [7].
In addition, the hydrodynamic calculation method (CFD) is usually used as RANSE
(Reynolds Averaged Navies-Stokes Equations) to ensure real-time results [3].
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2 Materials and Methods

2.1 Making Torque and Thrust Signals from Hull-Propeller
Simulation by CFD

Using CFD method and STAR-CCM+ software the two digital array signals in real-
time are obtained moment M(t) and force F(t). Under the received convergence data
we choose some Nc cycles (about 3 = 5) for noise processing later. In the last Nc
cycles, often the time step is different dt(m) = k.dty,;y, k = 1, 2, we re-sample with
step dtg = dtpmin = 1 (ms) as the smallest step [see Eq. (1)].

From Egq. (1), the outputs are two steady periodic signals M(t) and force F(t), with
the same dt = 1 ms. Proposing the propeller speed n;, (rpm), one revolution will be
extracted N, samples (calculated by Eq. (2), the integer part of the rounded number).

Mm—+i)=M@m)+idM(@m), dM(m) =k.dty;i =1..k
dM(@m) = M(m + 1) — M(m);
Fm+i)=F@m)+idF(m), dF(m) =k.dty;i = 1..k
dF(m) = F(m+1) — F(m); (1)

And, a chunk of data with Ny = N,.. N samples, where N_ is the number of cycles
to be sampled N, = 3,4 or N, = 5.

Nye = [60/n,/0.001] = [60000/n,]; Ny = N..Nj. )

[.]—The integer part is rounded of the sample numbers.

The transformation of the signal is done by the FFT algorithm, where the number
of samples in NFFT = 2k = 512, for example, k = 9, NFFT = 512. Resampling by
“spline” approximation method, we can use the module included in LabView to build
signal processing software (VI). The average propeller thrust and torque vectors for
one cycle from N, cycles were resampled (Mgs) with resampling in the Ngs = 512
samples. The FFT transform, coded in LabView with the FFT(.) statement, is an
example of a filtered signal of torque (Xy).

N.
LN
Xy (k) = ~ > Mps(i k) k =1..512
¢ i=1

N,
1 X

Xrk) = A E Frs(i,k); k =1..512 3)
¢ =1

FFT(Xy) => {Mo, AM;, AM,, ...; {1, §...}
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MP
M(D) = Mo + Y AM sin(kot + gi)
k=1
M(t) = AM, sin(wf + ¢;) + Mg, sin(Z ot + Cz)
+ AMZ.Zp sin(2Zpa)t + CZZp) (4)

where: o, z,—angular velocity, number of blades of propeller; My—average value
of torque; AM, ;(—amplitude and phase of the harmonics.

Formula (4) represents the signal according to all harmonics from 1 to M, but
only focuses on two harmonics that have practice: k = 1, z,, 2z,,.

2.2 Building Signal Processing Module on LabView

Simulating with CCM+, the input signal is large for one experiment (about 5000
samples) and saved in *.csv format. Therefore, it is necessary to code in high-level
code programming to read *.csv recorded data files. The authors create a subVI that
reads *.csv, relatively in LabView.

Resample for signal torque (M) of 1 cycle with Ny, samples, to get a new array
of the same cycle with 512 samples, we create two sequences of variables x; and x,
and follow the command:

In MathScripts some statements are used for research:

dx; = 1/Njc;dx, = 1/512; x; = 1: Nyg;
X1 =X xdxy;Xp =1 :512; X5 = Xp % dXp;

M, = interpolateld(x;, M, x,," spline’); (5)

The FFT for the resampled vector M, obtain the amplitude (R) and phase (ph)
values of the complex number harmonics (z) by the corresponding command:

z = fft(M,, 512)/258; R = abs(z); ph = angle(2); (6)

2.3 Simulation Plan for MV. FN

MV.FN is a container ship of VOSCO as the studied object of the article. The basic
parameters of the MV main propulsion system. The FN in the norminal regime
when the ship is newly built, at the sea-trial tests, is significant in the torque/force
simulation (shown in Tables 1 and 2 [8]).

Checking the reliability of the simulation model with real data of MV.FN at the
sea-trial regimes shows the difference in power 8P = [Py (sea-trail) — P, (CFD)]/
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Table 1 Informations about MV. FN and Sea-Trial tests

ME Propeller Sea-trail tests
Type |B&W 8L35MC Propeller 1 Data: 27th of May 1998
HITACHI ZOSEN Blade number Z, |4 Place: off the coast of Yuge
MCR | Maximum cont. rate—210 | Diameter, m 4.05 Island (Japan) .
(RPM) Pitch (m) (0.7R) 25 Drafts(m)-Fore/Middle/Aft:
- - 3.537/4.444/5.349
Output: 4657 kW at M.C.R Pitch ratio 7(0.7R) |0.61 Sea condition: Slight.
Weather: Blue-sky

Table 2 Results of the FV. FN Sea-Trial and CFD simulation

No. |MELI |MV speed | ME rev Torque | Power (CFD) | Power (sea-trial) | 3P

% knot w,rad™! | M, kN | PwkW kW %
1 50 13.33 17.51 124.7 2184 2491 12.38
2 75 15.22 20.01 156.7 3137 3478 9.81
3 90 16.02 21.29 179.8 3829 4196 8.75
4 100 16.39 21.97 1955  |4295 4681 8.25

Py (sea-trails) < 13% (Table 2) between the two methods are acceptable in practice.
Since then, continue to use 3-D model using CFD for the design of experiments
(DoE).

From the actual operation data of the MPP of CV.FV, we consider the following:
the ship usually operates with an engine rotation of about 173.5 (rpm), or: n% =
82.5 (M.C.R), load LI = 56.4% when loading (Load Cargo Index) LCI% = 100,
corresponding to mean draft: D, = 7.8 =+ 8.8 (m). The mode of the train running
without cargo, (ballast) at the average draft is about Dy, = 4.4 m. Therefore, the
authors simulated in different loading regimes corresponding to draft from ballast to
full mode, different trims (cause of noise), as shown in Table 3.

2.4 Mathematical Model of F,,(Draft) and M,,,(Draft)

The results of the average thrust F, and average torque M,,, generated by the propeller
ateach cargo-loading—Dy, (Draft, m) need to be set. To get a suitable model, we draw
the whole graph in the form of Y(D,,). And from there, we can select each variation
segment of the D-axis and build the corresponding regression model. Analyzing the
representation with the results of the regression model for the entire Draft Dm =
[4.4, 9.5] (m), we find that both thrust and torque cannot follow a common model.
From there, it is necessary to divide each segment to perform modeling to ensure the
accuracy and reliability of the tree according to the corresponding Fisher statistical
criteria.
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Table 3 DoE and CFD results for mean force and moment of propeller

N. D. Vuong et al.

No. |D \'% n Tm Mm No |D \'% n Tm Mm

Unit | m knots | rpm kN kNm Unit | m knots | rpm kN kNm

1 4.38 | 14.15 | 160.20 |214.00 | 94.80 |23 |7.30 |12.30 | 173.46 | 330.30 | 138.70
2 4.39 | 14.08 | 166.50 | 365.10 | 158.60 |24 | 7.63 | 11.60 | 173.46 | 343.70 | 144.60
3 4.40 | 14.00 | 155.65 |355.90 | 153.10 | 25 7.70 | 11.60 | 173.46 | 337.70 | 142.50
4 4.41 | 14.10 | 160.20 | 374.60 | 158.40 |26 |7.75 |11.70 | 173.45 | 337.70 | 142.40
5 4.42 |14.20 | 160.20 | 212.80 | 95.30 |27 |7.95 |11.30 | 173.45 | 353.80 | 148.40
6 5.35 | 13.60 | 172.14 |276.90 | 121.80 |28 8.00 | 11.30 | 173.47 | 354.00 |149.00
7 5.46 | 13.80 | 173.30 | 281.60 | 123.70 |29 |8.09 | 11.30 | 174.03 | 353.50 | 150.20
8 5.53 |13.60 | 173.02 | 285.70 | 124.70 |30 |8.10 | 11.32 | 173.52 | 352.70 | 147.20
9 5.61 | 13.82 | 173.12 | 287.90 | 125.70 |31 8.13 | 11.30 | 172.37 | 346.60 | 146.50
10 |5.65 | 13.70 | 173.50 | 283.60 | 122.70 |32 |8.14 | 11.31 | 173.40 | 352.60 | 149.00
11 6.10 | 13.40 | 173.47 | 290.20 | 123.20 | 33 8.15 | 11.20 | 173.45 | 353.40 | 148.10
12 16.25 | 13.30 | 173.47 | 294.30 | 124.90 |34 |8.40 | 11.03 | 173.60 | 357.90 | 150.50
13 6.35 | 13.25 | 173.47 |298.70 | 125.10 |35 8.50 | 11.00 | 173.60 |361.20 | 150.60
14 1643 |13.15 | 173.12 | 303.60 | 133.10 |36 |8.60 | 10.63 | 173.60 | 365.30 | 153.70
15 6.52 | 13.30 | 173.51 | 308.80 | 135.90 |37 |8.70 | 10.60 | 173.60 |365.90 | 154.00
16 |6.55 |13.22 | 173.48 | 308.00 | 135.00 | 38 8.80 | 10.50 | 173.60 | 365.20 | 153.30
17 6.65 | 13.22 | 173.46 | 306.20 | 132.80 |39 |8.90 | 10.40 | 173.60 | 368.90 | 156.00
18 6.85 [12.80 | 173.46 | 307.00 | 130.40 |40 |9.00 | 10.36 | 174.50 | 367.70 | 155.80
19 1690 | 12.60 | 173.30 | 315.60 | 132.70 | 41 9.10 |10.36 | 174.50 | 367.50 | 154.90
20 |6.95 |12.60 | 173.50 | 318.30 | 134.10 |42 |9.20 | 10.34 | 174.50 | 370.40 | 155.00
21 7.06 | 12.50 | 173.46 | 322.60 | 135.10 |43 9.30 [ 10.30 | 174.50 | 370.10 | 155.80
22 |7.10 | 12.40 | 173.45 | 321.1 |134.00 |44 |9.40 | 10.10 | 174.50 | 374.70 | 158.30

2.5 Harmonic Amplitudes of the Force AF (T,

and Torque AM(M,,, kp)

ky)

At each mode of average draft D,,(m), we have determined the average thrust and
moment through the regression functions mentioned in (2.3) corresponding to the
using rotation speed (n, rpm). To calculate the axial and torsional vibrations of the
shaft system, we need to determine the excited harmonics by the propeller. According
to the recommendations of the ABS registry (USA), as well as the experience of Prof.
D.D.Luu, only need to determine two or three harmonic degrees of the propeller.
This is also consistent with the investigation of the total M}, harmonics for diesel
engines: My, = 12 for two-stroke engines, and My, = 25 - for four-stroke engines.
The first, second or third order (kp1, kp2, kp3) for the forcing forces/moments will be
respectively: k1 = 7y, kpo = 27, kp3 = 37, The amplitude of the force/moment is
expressed through the corresponding force/moment mean values [1].
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3 Results and Discussion

3.1 Accuracy of 3-D Model for Simulation by CFD for VI-CV

The first requirement is that the 3-D model must be suitable for the object calculated
by CFP. The methodology for testing the confidence of the 3-D model is that the CFD
results compared with the actual ship results tested at the same boundary conditions
are similar. The results are shown in Table 2 with an error of 13% of propeller powers
between the sea-trial tests and the CFD simulation, allowing a reliable 3-D model to

continue the simulation in the future.

3.2 Synthesizing Simulation Results F,,(D,,) and M,,(D,,)

In Table 4 are shown the regressive models of the thrust F,(Dy,) and torque My, (Dyy).

For example, in the Dy, = [6.85 9.54] (m), the F;, and My, are calculated:

and M, =

Tm

Table 4 Regressive models Fy, (D) and M, (D)

[—283.18 133.0 —6.73 ] % [1 Dm(Dm)?]'
—283.18 + 133.0 % Dy, — 6.73] % (Dy)?

[—111.07 53.87 —2.70 ] * [1Dpu(Dp)?] with the confidence 99%.

Dp, m | Reg. models: Confidence Reg. models: Confidence
Fin(Dm) Mm(Dm)

[4.42 [-37.23187.80 |377.2>>12.06 =F;; |[-18.4393.53 — |220.5>>12.06 =

5.61] —12.27] (0.99,3,5) 6.70] F(0.99, 3, 5)

[5.61 [—107.25 100% [-75.0 100%

5.65] 889.56]—level 1 546.45]—level 1

[5.65 [622.87 —129.92 |384.2>>215.7= [158.23 —15.04 | 1460 >>215.7 =

6.25] 12.37] F(0.95,3, 1) 1.55] Fi¢(0.95,3, 1)

[6.25 [44.40 100% [2.00 100%

6.35] 16.80]—level 1 112.4]—level 1

[6.35 [—714.16 257.42 | 189,970 >> 5403 = [—14602 4516.74 | 459.5 >>215.71 =

6.52] —15.42] F¢(0.99, 3, 1) —346.05] Fi¢(0.95, 3, 1)

[6.52 [3067.7 —824.29 | 18.7>>9.28 = [157526 —415.49 | 348.6 >>29.46 =

6.85] 61.29] F(0.95, 3, 3) 29.86] F(0.99, 3, 3)

[6.85 [—283.18 133.0 [55>>4.76= [-111.07 53.87 [54>>4.76=

9.40] —6.73] Fi¢(0.99, 3, 23) —2.70] Fic(0.99, 3, 23)

151
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Table 5 Amplitudes of MV.FN propeller force and moment at k = 1, 4, 8 harmonics

No. |Dm, My, |MAHI |MAH4 |MAHS | F,, |FAHI FAH4 FAHS8
Exp |m kNm kN

15 [6.52 (1359 |0.010309 |0.052673 | 0.004945 | 308.8 | 0.001311 | 0.009935 | 0.002096
20 [6.95 | 1341 |0.005200 | 0.052100 | 0.004200 | 318.3 | 0.000630 | 0.006989 | 0.001047
25 |7.70 | 142.5 | 0.007000 |0.043500 | 0.006500 |337.7 | 0.000783 | 0.007161 |0.001923
30 [8.10 | 147.2 |0.011415 | 0.037169 | 0.004869 |352.7 | 0.000307 | 0.006544 | 0.001401
35 [8.50 | 150.6° | 0.019570 | 0.033049 | 0.006642 |361.2 | 0.000909 | 0.007185 | 0.001815

3.3 Harmonic Amplitudes of Propeller Thrust Force
and Torque

After the FFT, the amplitudes are expressed on a relative scale dividing by the
parameter’s mean value. Table 5 shows the results obtained in some experiments
of simulating the propeller force/torque harmonics according to the experimental
order.

4 Conclusion

The database of the propeller’s thrust and torque via the draft is built by the CFD
method using software STAR/CMM+. The article has built a DoE to verify the 3-
D model of MV.EFN used with CFD in accordance with test data at sea-trial. The
test results show that the difference in propeller powers between simulation and
experiment is less than 13%. The 3-D model was built for the MV.FN propeller hull-
propeller is reliable enough for simulations with the CFD method in other experi-
ments of the offered simulation DoE. The simulation DoE (Table 3) simulated on
CCM+ with draft from ballast to full cargo loading. The obtained from simulation
data were twice-resampled and processed in real-time and in frequency domain.
summarizing the force/torque results we received regressive models Fy, and M, via
draft. The obtained database allows for determining the harmonics amplitudes of the
propeller force and torque.

References

ABS (2018) Guidance notes on ship vibration.

. Batrak Y (2022) Tortional vibration calculation issues with propulsion system. http://www.sha
ftdesigner.com/. Accessed from 15 Mar 2022

3. Luu DD et al (2020) Numerical study on the influence of longitudinal position of centre of

buoyancy on ship resistance using RANSE method. Nav Eng J 132(4):151-160

N =


http://www.shaftdesigner.com/
http://www.shaftdesigner.com/

Modeling Thrust and Torque of the Propeller on Ship Container Fortune ... 153

4. Molland AF (2017) Ship resistance and propulsion: practical estimation of ship propulsive
power. Cambridge University Press. Online ISBN: 9781316494196; https://doi.org/10.1017/
9781316494196

5. Ngoc PV, Luu DD (2022) Calculating torsional moment of propeller in simulation of marine
vessel hull-propeller by the CFD method. J Giao thong Van tai (Viet Nam) 7. ISSN: 1859-316X

6. Ngoc PV, Luu DD (2022) Processing thrust of numeric simulation results for marine vessel hull-
propeller using STAR-CCM+ software. JMST (Vimaru, Viet Nam) 70:59-63. ISSN: 2354-0818

7. Siemens (2020) STAR-CCM+ user guide.

8. VOSCO, Technical documents of container vesel (CV.) fortuner navigator


https://doi.org/10.1017/9781316494196
https://doi.org/10.1017/9781316494196

	 Modeling Thrust and Torque of the Propeller on Ship Container Fortune Navigator
	1 Introduction
	2 Materials and Methods
	2.1 Making Torque and Thrust Signals from Hull-Propeller Simulation by CFD
	2.2 Building Signal Processing Module on LabView
	2.3 Simulation Plan for MV. FN
	2.4 Mathematical Model of Fm(Draft) and Mm(Draft)
	2.5 Harmonic Amplitudes of the Force AF(Tm, kp) and Torque AM(Mm, kp)

	3 Results and Discussion
	3.1 Accuracy of 3-D Model for Simulation by CFD for VT-CV
	3.2 Synthesizing Simulation Results Fm(Dm) and Mm(Dm)
	3.3 Harmonic Amplitudes of Propeller Thrust Force and Torque

	4 Conclusion
	References


