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Abstract
The main focus of this thesis has been the noise level inside combat boat 90, CB 90H a 
common boat in the Swedish navy. The stakeholder of this project has been Dockstavarvet, 
the developer of the boat. Almost all parts of the project have been carried out at the 
company headquarters in Docksta, except some testing which occurred at a laboratory at 
Luleå University of Technology.  The development of these aluminium boats are going 
towards having higher speed with more powerful engines and at the same time tougher 
requirements for the noise level. This thesis aimed to evaluate the transporter room where 
the marines are stationed while transport. The current noise level is above 85 dB(A) which 
exceeds the recommended noise level for hearing protection which is 80 dB(A). In recent 
years the fire regulations have increased, to meet these stricter regulations Dockstavarvet 
wanted to see an improvement without using anything that could be classified as 
flammable. This limited the project to focus on changing the aluminium structure and 
using the fire approved viscous compound Noxudol, which is used for noise control today. 
To evaluate the situation two research questions was necessary to answer”where does the 
noise origin and how does it propagate?” To answer these questions a large study of 
pervious noise control assessments was conducted and a search for similar projects. 
Through the research it was determined the CB 90H has two sources contributing to the 
high noise level, water streaming against the hull and the engines, two water jets. Each of 
these sources contribute with a high noise level, the hulls contact with water gives the 
highest dB(A) value while the engines contribute with a low frequency noise and the 
highest dB value. In this thesis the goal have been to lower the dB(A) level which for the 
most parts are the requirement in a new development of a vessel. Therefore the main focus 
of this thesis has been to reduce the noise from contact with water and secondly the engine 
noise. A literature study was conducted to understand how these noises could be damped 
and if there is any suitable methods. The research showed increasing the stiffness of the 
main girders would attune the vibrations from the engines. To reduce noises which occur 
from the contact with water, weight needed to be added for parts of the bottom hull plates. 
After this point the engine noise was unprioritized and the focus was put on detail 
development for the radiated noise from hull plates. Due to practical reasons, testing on a 
CB 90H in water wasn’t possible. Therefore a test rig was built; the test rig was a section of 
the lower hull structure in the transporter room. The test contained three different 
configurations, bolting plates on the bottom hull plates, adding a layer Noxudol between 
the plates and finally spraying the test rig with Noxudol. The test showed an expected effect 
with the added plates but also showed that the viscous compound had no effect between 
the plates and small effect when it was sprayed. The effect from adding the plates were 
notable and will improve the situation but with a cost of some additional weight. The 
recommendations for Dockstavarvet is to further examine the possibility to increase girder 
stiffness in engine room and search for an more effective way to reduce the radiating noise 
from hull plates. 
 
KEYWORDS: Noise control, Aluminium boat, CB 90H



 

Sammanfattning 

Fokus i det här examensarbetet har varit bullernivån i stridsbåt 90, CB 90H, en vanligt 
förekommande båt i svenska flottan. Initiativtagarna i projektet har varit utvecklarna av 
båten, Dockstavarvet. I stort sett har allt arbetet med projektet utförts på deras 
huvudkontor i Docksta, förutom en del tester som utförts i ett laboratorium vid Luleå 
tekniska universitet.  Utvecklingen för dessa snabba aluminiumbåtar går mot högre fart 
med kraftfullare motorer och samtidigt ökar kravet på ljudnivå. Syftet med examensarbetet 
var att utvärdera transportrummet som marinsoldaterna är placerade i färd. Idag är 
ljudnivån över 85 dB(A) vilket överskrider nivån för när hörselskydd rekommenderas, 
vilket är 80 dB(A). En hög ljudnivå är inte bara skadligt för örat fysiska delar utan även 
utmattande och försvårar kommunikationen. På senare år har brandsäkerhetskraven ökat 
och för att möta detta, skulle Dockstavarvet vilja se en förbättring utan någonting som kan 
klassas som brännbart. Detta begränsade projektet till att ändra på aluminiumstrukturen 
och använda det brandklassade viskoelastiska ämnet Noxudol som används i stor 
utsträckning vid bullerbekämpning idag. För att utvärdera situationen krävdes svar på två 
frågor; vart kommer ljudet från och hur fortplantar sig ljudet? För att svara dessa frågor 
utfördes en omfattande studie av tidigare utförda test och en eftersökning efter liknande 
projekt. Genom förundersökningen fastställdes det att stridsbåt 90 har två framstående 
källor till den höga bullernivån, vattnet som strömmar mot skrovet och maskineriet, dubbla 
vattenjetaggregat. Källorna bidrar med höga bullernivåer på olika sätt, kontakten med 
vattnet ger det högsta dB(A) värdet och motorerna med ett låg frekventljud och det högsta 
dB värdet. I det här projektet har målet varit att sänka ljudnivån i dB(A), vilket är det 
vanligaste kravet vid nyproduktion. På grund av detta har fokus i första hand varit på att 
reducera bullret från kontakten med vattnet och i andra hand det motorrelaterade bullret. 
När problemområden var bestämda initierades en ny fas av projektet. En litteraturstudie 
utfördes för att hitta lämpliga metoder och förstå hur bullret kan dämpas. Studien visade 
att en ökning av balkarnas styvhet i maskinrummet skulle dämpa de exciterande 
vibrationerna från motorerna, och att det krävs en ökning av vikt hos skrovets bottenplåtar 
för att reducera bullret från skrovets kontakt med vattnet. Efter det här steget prioriterades 
motorrelaterade bullret bort och fokus förflyttades till en detaljutveckling av viktökningen 
av bottenplåtarna. På grund av praktiska skäl var det inte möjligt att utföra tester på en CB 
90H i vattnet. För att kunna utföra tester tillverkades en testrigg som representerade den 
lägre delen av skrovet. Testet omfattade tre olika konfigurationer, extra plåtar bultade i 
bottenplåten, ett lager med Noxudol mellan bottenplåten och extraplåtarna och slutligen 
testriggen täckt med Noxudol. Testen visade en väntad effekt med de bultade plåtarna och 
att ingen ytterligare effekt erhölls när Noxudol användes mellan plåtarna. En mindre effekt 
visades när hela testriggen täcktes med Noxudol. Effekten av de bultade plåtarna var 
märkbar och kommer att förbättra situationen men till en kostnad av extra vikt. 
Rekommendationerna till Dockstavarvet är att undersöka möjligheten att öka styvheten för 
motorbädden och leta efter ett mer effektivt sätt att dämpa buller utstrålningen från 
bottenplåten.   
 

Nyckelord: Stridsbåt 90, Aluminiumbåt, buller 
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1 Introduction  
This master thesis project focus on how to the reduce noise level inside a combat boat 90 H 
during propulsion, a common vessel in the Swedish navy. The report was written 
throughout spring 2015 in collaboration with Dockstavarvet AB and is the final 
examination for a Master of Science Degree in Industrial Design Engineering at Luleå 
University of Technology (LTU). The concepts have been developed to fit Dockstavarvet 
CB 90 H but it is hoped that it also could be implemented for future military projects as 
well as non military. This section describes the project incentives, project stakeholders, 
motivates this project along with the boats purpose and also a brief presentation of the 
company where the project was carried out. 
 
1.1 Project initiatives 
Initially Dockstavarvet wanted to examine the possibility to find a way to reduce the source 
of the noise and form an approach to lower the noise level inside the transporter room. In 
a personal interview with Johan Lif at Dockstavarvet he sates that the main issue today is 
that the development of fast going aluminium boats is going towards being faster with 
more powerful engines and at the same time noise requirements are getting stricter. This 
equation is difficult to solve and this is why Dockstavarvet AB wishes to see a study with 
focus on noise reduction for the CB H 90.   
 
1.2 Project stakeholders 
The primary stakeholder in this project is Dockstavarvet in Sweden, who aims to be a 
leading developer in the area of combat and patrol boats. Generally fast going aluminum 
boats have a tendency to be quite noisy [1]. An insufficient noise plan could be both time 
consuming and expensive to correct later. The foremost end users of this project will be 
marine soldiers in the Swedish navy. Since 1990 the number of people with hearing loss 
has increased significant and is considered as a growing problem. The largest group 
representing this statistics is people in the age from 16-84 who are active in their working 
life [2, p 221]. During propulsion the marines are placed below deck in the transporter 
room large parts of the voyage. This area is except the engine room the noisiest area, 
therefore the transporter room has been the main focus in this project. When the navy is 
performing a combat practice high noise level is considered annoying and could affect the 
concentration [14, p 1308]. In an actual battle situation it could be crucial to understand 
each others.    
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1.3 Project objectives and aims  
The company headquarter is located in Docksta, Sweden and was established in 1905 by N. 
Sundin. Until 1958 all new project was manufactured in wood, a period of steel boats 
followed and in 1969 the first aluminum boat was produced. Today the company is 
operated by the third generation Sundin and all new vessels are manufacture in aluminum. 
Since the 90s Dockstavarvet AB has been active in the development of high speed patrol 
boats for military and non military use. Up to this day over 200 units like CB 90 H or 
similar have been delivered to three different continents [21].     
 

1.4 Combat boat 90 H 
CB 90H have been exported to large parts of the world represented by Norway, Greece, 
Mexico, USA, Malaysia but the foremost buyer and user is the Swedish navy. The Swedish 
navy has over the years purchased 147 units (1990-2003). Today the number of boats in use 
by the Swedish navy is a lot less due to cut off in Swedish military budget, but there are still 
a considerably amount of boats active. The main purpose for the CB 90H is to be used for 
surveillance and for fast transportation of troops and military equipment, but it can also be 
used in battle close to land. The final letter H aspires for the word half and means one half 
platoon fully equipped marine soldiers fit inside CB 90H. There is also a version HS were S 
aspire for the Swedish word for cover [3]. These models are used in international battle and 
have extra cover for assaults. In figure 1 below facts about CB 90H is shown.   
 

 
Figure 1 Attributes CB 90H [3] 
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Below are the General arrangements (GA) for CB 90H (figure 2) which were retrieved from 
Dockstavarvet in a personal interview with the technical director Per Öberg. This shows a 
basic layout and how the spaces are divided. First room from the stern is the engine room 
where the engines are placed this section is followed by the transporter room where troops 
are placed during propulsion. Next is the wheelhouse where the officer crew steer the boat, 
a notice is that there are no door separating the wheelhouse area from the transporter area. 
The last room is the fore peak where soldiers are released in landing.  

 
Figure 2 General arrangements CB 90H 

 
1.5 Project aim 
The ambition with this project was to define the noise problem and develop an approach 
of how to handle the undesirable noise. First and foremost the aim was to find the origin 
of the noise and try to reduce the strength of the source. When it was determined the 
source wasn’t possible to reduce further other methods for reducing the unavoidable noise 
was evaluated. In the European union there is a directive that states that if the equivalent 
noise level exceeds 80 dB(A) the worker needs to be informed of the problem and the 
everyday noise level is not to exceed 85 dB(A) [2, p256]. These rules do not apply for these 
vessels but will be used as a reference to explain how harmful the noise level is. The levels 
in the transporter room are just above these levels and the goal was to bring the noise level 
down below 80 dB(A). The noise reduction solution should lead to more comfortable 
training environment for marines and less disturbance during combat. Another aim in this 
project was to get a good understanding of problems with noise in high-speed aluminum 
boats. To be able to solve the problem a few questions had to be answered.  
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Where does the noise origin?  
How does the noise propagated? 
Is it possible to reduce the source by altering the structure? 
Is it possible to reduce the noise, by altering the transmission path? 
Is it possible to reduce the noise below 80 dB(A)? 
 

1.6 Project limitation 
Due to high demands on fire safety the aims with the project was to work with aluminum 
structure in the extent possible. Besides the use of aluminum, only tested and approved 
material for this kind of construction was considered. How a solution will affect the boats 
hydrodynamic properties was excluded in the project. There was no calculation of how 
much a solution would cost but a proposed solution had to be within reasonable limits. 
The result was focused on A-weighted noise levels, but other measures were taken into 
account to explain the situation. The main objective was the transporter room but other 
sections were evaluated in consideration on the effect it has on the transporter room. The 
project was limited to this final thesis which is one person for 20 weeks with 40 hours every 
week.   
 
1.7 Thesis outline 

Under this section the content of each section is briefly explained.    

Chapter 1 

The introduction explains why the project was needed and which goals were set. 

Chapter 2 

First a situation analysis was done to get a solid understanding of the problem. 
The analysis was performed with help from the previous noise control work at 
Dockstavarvet.  

Chapter 3 

The theoretical framework was a base for both noise control and design approach for how 
to solve the noise problem on CB 90H.  

Chapter 4 

This section describes all the work done with both research and manufacturing of a test rig.  

Chapter 5 

Results and analysis shows the result from calculations and tests on the test rig. 

Chapter 6 

This chapter discusses the results from the test rig and calculations in relation to theory. 
Recommendations for Dockstavarvet are also stated.  

Chapter 7 

This section answers the research questions and draws conclusions from the work. 
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2 Situation analyses 
 
In this chapter the design and structure of the CB 90H is explained along with the current 
noise situation on the CB 90H.  A large part of the situation analyze have been made 
through studying previous tests performed on CB 90H. The available tests on the noise 
situation were in such a serious extent that any own testing to confirm the situation was 
considered unnecessary.  
 
2.1 Structure and design 

CB 90 has a traditional structure for aluminum boats with the basic elements of a keel, 
bulkheads, ring frames and hull. The foundation of the boat is the keel which starts at the 
back and finish in the front and tie together the boat. For each one meter there is a 
bulkhead (figure 3) or a ring frame (figure 4) which is welded together with the hull, keel 
and deck, these decide the shape of the hull. The boat has three bulkheads which divide 
the boat into different sections (figure 5) and all are water tight to prevent the boat from 
sinking if one part has a leak.  For some crucial areas a half ring frame is inserted to 
increase strength these run from keel to a bit above chine and are placed between two ring 
frames or bulkhead and ring frame. If the section of the hull (figure4) is studied one sees 
that the bottom hull goes from having an inclined shape to a horizontal surface, this 
feature is called chine and is to improve steering features. The following drawings were 
contributed by Dockstavarvet. 
 

 
Figure 3 Engine room bulkhead                       Figure 4 Ring frame 6 

 
 

 
Figure 5 Shows structure with ring frames and bulkheads from above 
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In figure 6 a picture from the inside of the transporter room of a CB 90H is presented. The 
picture is taken in front of the transport room and is looking at the rear parts on starboard 
side. On each side there are several sling seats for marines to be stationed at during 
propulsion. Below the seats is the bottom “corner” of the hull which is called chine. The 
rear part of the floor inside of the transport room is the tank top. In the middle the stairs 
leads out to rear deck, see figure 6. Figure 7 displays the bulkhead to the wheelhouse area 
and the port side of transport room. 
    
 

 
Figure 6 Displays the transporter room from the inside of one CB 90H, the picture is 

taken from the front. 
   

  
Figure 7 Shows the front side of the transporter room 
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2.2 Previous conducted tests 

When the CB 90 H was developed in the end of 1980, there were no demands on noise 
level. This resulted in a design which had low considerations to vibration and noise. 
Initially the noise level was not a problem, but the noise inside was perceived to be loud 
and uncomfortable. Through the years large resources have been put into solving the CB 
90H noise problem, in form of testing and implementation of noise design. In this chapter 
several of the more interesting tests which led to improvements or had interesting results 
are listed and evaluated in the next pages. In all tests improvements, thoughts from 
facilitators and noise levels are indicated. One important aspect to be aware of when 
comparing different tests is that the tests can have been done on different boats, with year’s 
apart, other equipment, placement of the microphone and conducted by different 
facilitators.  

2.2.1Test 1 
STRB 806 Ljudintensitetsmätningar 1991[4] 

One of the first noise assessments was conducted by Swedac in October 1991 on a CB 90H 
with the individual number 806. The test was performed with no cargo and without 
passengers. At the moment of measures the boat was at full speed which was 37 knots. The 
noise levels for the different areas vary almost nothing depending on the position in the 
area. Therefore only one measuring position is presented for each area. The following 
results were obtained (Table 1).   
 

Table 1 shows the noise level in the different areas 

Position dB(A) 
Transporter room 94,3 
Wheelhouse 88,8 
Below steering position 92,5 
Engine room 113,8 
 

Facilitator’s reflections 

Due to small variation depending on positions inside transporter room the facilitator 
believed that the noise level is mainly dependent on structural borne noise derived from 
deck, engine bulkhead and plates in side walls and roof.   
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Improvements on 805 before test 2.  

• On the floor inside transporter room a 1 mm plate was glued with a vicious 
compound. 

• Roof, sides in transporter room which are coated with thin aluminum plates are   
changed to a sandwich plate. 

•    The engine room bulkhead is further isolated with mineral wool.  
• With a viscous elastic glue a 1 mm plate was attached the fore peak bulkhead.   

 
 
 

2.2.2 Test 2 
STRB 805 Ljudintensitetsmätningar 1992-03-16[5] 
The previous test was followed up with a source evaluation, to identify the strongest sources 
sound intensity was used. A sound intensity prope was pointed at each of the measuring 
surfaces, then the intensity was measured and the surfaces were rated. The measures was 
done with the following measuring points in transporter room, 40 points engine bulkhead, 
20 points chine and bottom plates, 10 points floor/tank top, 8 points side hull, 18 points 
near the opening to wheelhouse. Further the facilitator concludes that there is no point in 
having measuring points further than the opening to the wheelhouse because of weak 
sound intensity. The results are presented in table with frequency and sound intensity 
levels see table 2.  
 
Table 2 show the sound intensity for each area from test 2 

Frequency (Hz) Engine bulkhead Chine Floor Side hull   

500 89,4 91 86,1 80 dB 

1000 86,1 91,6 88,4 79,6 dB 

2000 82,7 88,4 81,2 77,6 dB 
Total 91,6 95,9 91,3 82,6 dB(A) 
 

Facilitator’s reflections 
The reports state clearly that the most dominant source is the chine. At 500 Hz the engine 
bulkhead is almost as strong as the chine but when the frequency increases the difference 
becomes more significant.  
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Improvements on 809 for further testing 
 

• To reduce vibrations an aluminium profile (swedac 60.30.60.u-16) with rubber filling 
(figure 8) was used. These were welded along the hull and on the engine bulkhead. 
Two profiles per section on the hull plates and where it was possible on the bulk 
head. 

 

 
Figure 8 Vibration absorbing profiles 

  

• The engine room bulkhead was further isolated 
• On the floor and wheelhouse bulkhead a 1 mm plate was glued with a vicious 

compound. 
 

2.2.3 Test 3 
Mätrapport nr 92055 1992[5] 
To investigate the effect of the modification suggested in Test 2 another noise tests was 
carried out in 1992 on boat 809. The results are stated in table 3. 
 
Table 3, show the noise level in each area from test 3 

Position dB(A) 

Transporter room stern 92,6 

Transporter room middle 92,3 

Transporter room front 90,9 

Wheelhouse 86,2 

Below steering position 90,4 
 
Improvements on 809 for further testing 
 

• A drape between the transporter room and wheelhouse. 

• With a viscous elastic glue a 1 mm plate was attached the fore peak bulkhead.   
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Facilitator’s reflections 
The facilitator point out more testing is necessary to evaluate the noise sources and 
implement more improvement.  
 

2.2.4 Test 4 
Mätrapport 92057. 1992[6] 
The test began with evaluating the sound reduction of the engine room bulkhead. This was 
done by generating a noise inside the engine room and measuring the noise level inside the 
transporter room. The bulkhead test was carried out on two different boats (809 and 813) 
with different completion states. 809 was fully equipped, completed and in water while 813 
was missing some interior, engines and was still stationed in the workshop. During the 
reduction test the bulkhead vibrations was also noted. When the bulkhead was evaluated 
new test during propulsion was conducted on boat 809 in water with full speed, no cargo 
and no passengers. The noise level was measured, see table 4. 
 

Table 4, shows the results from test 4 

Position dB(A) 

Transporter room stern 91,5 

Transporter room middle 90,5 

Transporter room front 90,0 

Wheelhouse 86,0 

Below steering position 89,4 
Steering position with drape 85,5 
 

Facilitator’s reflections 

Due to the difference between the boats the bulkhead reductions test didn’t give a clear 
answer on efficiency. It was concluded more improvements were needed for further noise 
reduction.   
 

2.2.5 Test 5 
Mätrapport 92062, 1992[7] 
Next test was performed with four completed boats 809, 810, 813 and 814 and all testing 
occurred in water. To test the efficiency of different types of damping methods each boat 
was changed individual. The results was then evaluated and summarized. The evaluated 
areas were wheelhouse, transporter room and engine room. The changes and conditions 
for each boat are stated below.    
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Improvements before the test 
 

Boat 809 
 

• With a viscous elastic glue a 1 mm plate was attached to the fore peak bulkhead of 
the tank top/floor and fore peak bulkhead.   

• As in test 2[6], the aluminum profile (swedac 60.30.60.u-16) with rubber filling (see 
figure 8) was used in part of the chine and engine bulkhead. Two profiles per 
section were used.  

 

Boat 810 
• No changes. Used as reference boat. 

 
Boat 813 

• Engine bulkhead built as double wall.  
• Aluminum profile (swedac 60.30.60.u-16) welded on the engine bulkhead  

 
Boat 814 

• In large parts of the lower sections of the hull in transporter room and on the engine 
bulkhead aluminum profiles (swedac 60.30.60.u-16) was welded (figure 8). Totally 
72 profiles were used and this was to absorb the hull vibrations.  

 
Following results are shown in table 5. 
 
Table 5, shows the result from the result from test 5 

Position Boat 814 Boat 813 Boat809 Boat810 

Transporter room stern 92,5 94,5 92,6 94,0 

Transporter room middle 92,0 92,8 92,3   

Transporter room front 90,3 92,2 90,9 92,6 
Steering position 86,5 85,7 86,2 87,3 
 
Further an absorption test was conducted on boat 814. The test was performed in three 
stages. 
 

1. 2,4 m2 50 mm mineral wool around the steering area 
 

2. Stage one + 4,8 m2 mineral wool transporter room 
 

3. Stage two + 4,8 m2 mineral wool engine room  
 
The results shows a small reduction with 1-2 dB(A) in steering area and transporter room 
for stage 1 and 2. These improvements disappear when the boat is loaded with people. 
Stage three with increased absorption in the engine room gave no effect. 
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Facilitator’s reflections 

In the report from 1992-10-25 made by swedac, the facilitators point out a minor noise 
reduction on each boat and a good overall reduction. Further they point out that the noise 
level is a result of several different sources.  
 
Comments on test 

The results are quite weak and none of the areas shows a more significant reduction than 
one dB which could be consider inside the margin of measure. A questionable part of the 
evaluation done by swedac is when they summarize all noise reduction results from each 
test. This gives totally a noticeable noise reduction but each result is from different boats 
which probably doesn’t give a correct picture of how much the improvements give together.  
 

2.2.6 Test 6 
Stridsbåt 90 bullermätningsrapport 9704 [8].  
More boats were produced and in 1997 a request of a more comfortable boat was issued. 
Another period of noise testing occurred, now by Sten Scherman at Scherman NVC AB. 
The test was conducted by comparing two boats with different modifications, number 897 
and 899. As in the test from 1992 the bulkhead reduction was first tested, the test accrued 
with boat 899 stationed in harbor with full throttle on starboard engine. This time testing 
was expanded to include a vibration test to establish from where the structural borne noises 
derive. The main test was performed with full speed in water and contained a frequency 
analysis in the front- rear area of transporter room and area between driver and navigator. 
Except the comparison between the boats extra tests was done on boat 899 to cover the 
peak area, engine room and tanks.  
 

Improvements before the test 

 
Boat 897 
 

• With viscous elastic glue a 1 mm plate was attached to the engine room bulkhead 
and tank top/floor.   

 
Boat 899 
 

• Added three extra layers on the bulk head between transporter- and engine room 
(figure 9). First a plate then a layer of 45 mm insulation and finished off with a 
sandwich plate. This was to reduce vibrations in the bulk head and reduce radiating 
noise. 
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Figure 9 Description of engine room bulkhead 

 
• Roof in the transporter room covered with insulation, sandwich plate and perforated 

plate. To reduce radiating and bouncing sound from the roof structure.  
• With viscous elastic glue a 1 mm plate was attached in dry tanks and bottom hull 
• Roof in the wheelhouse covered with insulation, perforated plate and stiffened with 

aluminum profiles. To reduce radiating and bouncing sound from the roof 
structure.  

• With viscous elastic glue a 1 mm plate was attached to the tank top, floor, large parts 
of the bottom plate in engine room and the chine. The side hull got isolate with 
marine wool and sandwich plate (figure 10).  

 
Figure 10 shows how the damping was done one tank top/floor, chine and side hull 

 

Results: 

According to Sten Schermans report the improvements on 899 lowered the noise level with 
6 dB in transporter room, 4 dB in wheelhouse and the steer area with 4 dB compared to 
897. After improvements the noise level in the wheelhouse area 80 dB (A) and in 
transporter room 85,3 dB(A) for peak area and 87,8 dB for rear area.   
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Facilitator’s comments: 

Scherman makes an important notice early in the report when he concludes that noise 
travelling through air from the main machinery doesn’t affect the noise level in the rest of 
the boat. With this hypothesis and vibration test he concludes that the greatest contributor 
to the high noise level is the structure borne noise from the hulls contact with water and 
main machinery. Scherman also mentions that the tank top and floor still is the strongest 
noise source and the damping of structural borne noise for this haven’t been as successful 
as he had hoped. One reason to the somewhat lower result than expected might be due to 
that the plates were poorly glued. Further the evaluation of the tanks concluded that the 
absorbents in the dry tanks and bottom hull were unnecessary. From the vibration test 
Scherman concludes that the greatest noise contributions are from noises within the octave 
bands from 500 Hz to 2000 Hz. Due to relatively high frequencies, Sherman thinks there 
should be good opportunities for additional improvements. For further soundproofing 
Scherman suggest increased thickness of glued plates on tank top from 1 mm to 1,5 mm. 
 

2.2.7 Test 7 
2009. 37-00534 Mätrapport A[9] 
The most recent noise study were conducted in 2009 when one of the militaries CB 90H 
series 2 was converted to an ambulance boat. This means it had all the improvements from 
the last test done in 1997. The difference this time was that low noise level went from 
being an advantage to a requirement. This time the testing was performed by the consult 
firm Åf-Ingemansson AB. The noise requirement stated in the report, declares that the 
passenger area should not exceed 80 dB during propulsion. Totally four tests were 
conducted. The areas tested are showed in figure 11 below.  
 

 
Figure 11 shows the different measuring areas 

 

First test was done to confirm noise level. The sound level at the first test showed noise 
levels 77-79 dB in wheelhouse and 85-87 dB in transporter room at full speed, 41 knots. 
These results are almost correspondent to the test done in 1997.  
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2.2.8 Test 8 
37-00534 Mätrapport B[10] 
The objective of this test was to see at what speed the noise level was below 80 dB(A) in the 
transporter room. When the rpm for the given noise level was obtained the wheelhouse 
area was also measured.  
 

Results: 
At 1850 rpm and 25,9 knots the noise was just below 80 dB(A) in transporter room and 72 
dB(A) in wheelhouse area.  
 

2.2.9 Test 9  
37-00534 Mätrapport C[11] 
To locate the origin of the noise, a vibration and frequency analysis was performed along 
with a reduction test of the engine bulkhead. In the report the facilitators states a 
difference around 10 dB between the transporter room and engine room. With this 
information they conclude that the noise travelling through the bulkhead have an 
insignificant impact on the noise level inside the transporter room. Increasing the 
absorption on the engine bulkhead alone will not have an effect but with further 
improvements it’s possible that this situation will change. The facilitators also conclude a 
high sensitivity for waves, when the ship hits a wave the noise peaks. With help from the 
vibration test, the areas were ranked and noise contribution was estimated according to 
dB(A). Results are without any wave peaks and are shown in table 6. 
 
Table 6 shows the ranked noise sources in the transporter room. 

Surfaces inside transporter room Calculated contribution dB(A) 

Area around chine 80 

Water tank 75 

Engine bulkhead 72 

Tank top 71 

Roof 69 

Hatch 65 

Chair foundation 64 

Lower corner on engine bulkhead 63 

Plate behind stairs 63 

Sides 62 
Total noise level 83 
 

The calculations have been performed as follows [11] 
LA= 10 x log10(10dB(A)1/10 + 10 dB(A)2/10+ 10 dB(A)n/10)= X dB(A)    (1) 
 
LA= 10 x log10(106,2 + 106,3+ 106,3+ 106,4+ 106,5+ 106,9+ 107,1+ 107,2+ 107,5+ 108,0)= 82,5  (1) 
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The frequency test shows two critical frequency regions which contribute most to the total 
sound pressure (figure 12). The first area is represented with two sharp peaks at 100 and 
200 Hz which almost correspond perfect with the engine rpm. The deviation is the peak at 
100 Hz which should be at 125 Hz. The main machinery is appreciated to contribute with 
a noise level around 75 dB(A). Next area is more blunt peak around 500-1250 Hz and is 
the strongest contributor to the high noise level which contribute with a noise level up to 
80 dB(A). The facilitators believe this sound is from the water streaming against the hull 
[11]. One thing to remember when studying the graph is that the noise levels are shown in 
dB(A) which favors frequencies between 1-4 kHz. If the levels would be displayed in dB the 
engine noise would be higher then the water streaming against the hull [13].  
 

 
Figure 12 Displays the frequencies analyze from 2009 [11] 
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Improvements for further testing 
 

• With viscous elastic glue a 1 mm plate was attached to bulk head separating engine 
room and transporter room. This was to reduce structural borne noise. 

• The area around chine got isolated with 45mm mineral wool and sandwich plate. To 
reduce radiating noise from the hull section around the chine (figure 13).  

 

 
Figure 13 shows the isolation of the chine area 
 

 
 

• The water tank in stainless steel was peplaced by a tank in soft plastic.     
 

 

2.2.10Test 10  
37-00534 Mätrapport D[12] 
This test was to see the effect of the improvements that were the results of the previous test. 
The test was conducted with full speed at 40,5 knots.   
 

Result: 
In the report it’s stated that these improvements gave a reduction of one dB in each area. 
As mentioned earlier a reduction of one dB is quite small and could be considered inside 
the margin of measure.  
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Facilitator’s comments: 
One reason mentioned by the facilitators why the improvements didn’t have a greater 
effect, was that the isolation of the chine isn’t complete and should be complemented. The 
isolation of the chine doesn’t reduce the noise in an efficient way and the other 
improvements get masked when the chine remains dominant. After this attempt, no 
further testing was conducted since it was perceived almost impossible to reduce the noise 
level to 80 dB level. In the end recommendation was set to use 80 % of maximum engine 
load during propulsion, at that conditions the noise level is below 80dB. 
 

2.2.11 Method used today: 
During the last decade some things have been changes even if the CB 90H haven’t been 
produced. Recent year’s fire regulations have been increased in all aspects and the glue 
used to attach plates to the hull is no longer approved for these kinds of ship vessels. Today 
new vessels produced by Dockstavarvet use an extensional damping method. It consists of a 
viscous elastic paste based on polymer called Noxudol [20], to reduce the structural borne 
noise. This damp mass is sprayed on the entire inside of the hull with a thickness of around 
0,5 to 1 mm. With this method no counter plate is used. Noxudol is approved by strict fire 
regulations and have an ability to prevent condensation. Noxudol is recommended for car 
bodies, ventilations ducts and ship hulls with a plate thickness from 0,5 – 5 mm [20]. This 
compound was never used on any CB 90H but it’s used on new patrol boats which have a 
great similarity to CB 90H. How the compound effect the structural noise haven’t been 
determined by Dockstavarvet. 
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3 Theoretical Framework 
In this chapter relevant theory to the project is presented. The chapter is divided into 
several subsections. The first section gives a brief introduction to the master program in 
Industrial Design Engineering at LTU which is then followed by how noise is perceived by 
people, fundamentals in acoustics, methods to evaluate noise, ways to reduce noise, 
workflow and test equipment.   
 
3.1 Industrial engineering LTU 

The core of this thesis has been how noise and vibrations affect people with the goal to 
make a better working environment. At Industrial Engineering at LTU the focus is on 
having the person in centre when developing products and workstations. With one foot in 
classic engineering and one in creative design the program offers a good base for solving 
problems with innovative design. Further the program aims to deliver an education which 
gives a knowledge base to make decisions depending on use of material, economic and 
technology.  
 
3.2 Human hearing   

People without any hearing loss have a frequency range between 20-20000 Hz. Over the 
years, the upper frequency range is lowered and the reduction tilted if the person is 
exposed to harmful noise .A noise that is considered louder is usually said to be more 
annoying and of worse sound quality. Unlike a measuring instrument that measures sound 
energy, the ear perceives sound with special laws that take into account the sound's 
proximity to the frequency scale [13, p 14]. If a persons hearing will be damage or not, 
doesn’t only depend on how high the sound is but also how long the person is exposed for 
the noise. When estimating how harmful a sound is usually the equal-energy hypothesis 
works well on continuous noise. The hypothesis state a hearing loss can be an effect of a 
long exposure to a low level noise or a short exposure to a high level noise. In this 
hypothesis it’s assumed that the ear can stand a certain amount noise pressure in 24 hours. 
The hypothesis uses a so called trading ratio to evaluate time and exposure. The most 
commonly used trading ratio today is 3-dB, for every increase of 3 dB the exposure time is 
cut in half.  This means that if a person is exposed to a noise level of 70 dB for one hour its 
equivalent to an exposure of 67 dB for two hours [14, p 339]. Most of the noise controls 
and measures have the agenda to create a better environment for people. To get a more 
subjective estimation of how loud a noise is, three different dB scales was developed. These 
scales are designed in consideration of how a sound is perceived by the human ear; dB (A), 
dB (B) and dB (C). At first dB(A) was attended for levels between 40-60 dB and 
dB(B)&dB(C) for higher levels. Today dB(A) is almost the only one used for measuring 
human exposure to sound. The dB(B) is rarely used and the dB(C) are used to asses 
transient sound [14, p 1267] [2, p 235]. If sound levels are in dB and the goal is to see the 
dB(A) a certain weighted table is used which add or subtract dB depending on 
frequencies(table 7). The most sensitive frequency for the human ear is in the frequency 
range between 500-4000 Hz [14, p 1267].  
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Table 7, This table shows how the noise is weighted depending on the frequency [13] 
Octave band center 
frequency  A-weighting 

31,5 -39,4 

63 -26,2 

125 -16,1 

250 -8,9 

500 -3,2 

1000 0 

2000 1,2 

4000 1 

8000 -1,1 

16000 -6,6 
 
A normal conversation is usually in the frequency range between 100-4000 Hz and at 
pressure levels from 30 to 80 dB. During a normal speech the vowels are mostly located in 
the lower frequency range around 250-1000 Hz while consonants are found at higher 
frequencies about 1000-4000 Hz. To understand what someone says it is not enough just to 
hear the sound, you have to distinguish words and sentences. To understand a word, it is 
especially important to hear consonants that have a lower strength than vowels. In a 
normal conversion with background noise the speech needs to be about 6 dB(A) higher to 
be understandable. If the background noise is above 80 dB(A) it’s impossible to perform a 
telephone call. [13, p 395] [14, p 29]. 
 
When a noise level is increased the loudness is also raised. A way to explain loudness is to 
say it’s a subjective evaluation of the noise intensity when there are no other variables. 
Usually a noise is considered to be more annoying if the loudness is higher. Loudness is 
defined with a unit called sone; a sone is determined by a pure tone at 40 dB with a 
frequency of 1000 Hz. If a noise is increased to 2 sones it’s said the loudness is doubled. If 
you add two equally strong sources of noise, the noise level will raise with 3 dB [13, p13], 
but even if the sound would seem to be twice as strong it’s not perceived to be twice as 
loud. Through experiments it has been concluded that to achieve an enhancement of twice 
the loudness the noise needs to be increased 10 dB at a pure ton at 1 kHz. For a normal 
person to hear a difference in loudness you need a difference in sound level from 1-3 dB 
[13, p 25] [14, p 395]. If a person is exposed to two sounds with a difference in strength, a 
phenomenon called masking occur, this means that the faint sound drowns in the strong 
sound. The phenomenon becomes clearer when the noises are close in frequency [14, p 
272]. 
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3.3 Fundamentals of acoustic and noise 

When a plate is in a vibrating motion like a part attached to an engine and the change of 
sound pressure depend on time, it’s usually called simple harmonic motion. If this motion 
is plotted it will look like a sine curve, the curve repeats itself after a number of seconds. 
When the curve is back at the same y displacement the motion has completed a cycle. A 
frequency is the number of cycles that is completed per second. A frequency can be 
described in cycles per second or as its more commonly known Hertz, which is shortened 
with Hz. This means when the frequency increase the wavelength gets shorter [14, p1]. 
Below is equation to calculate frequency in Hertz (2), T is the time to complete a cycle in 
seconds.  

 

                 (2) 
  
Radiating noise from a plate in bending vibrations is characterized by a cut of frequency, 
called critical frequency, fc. This frequency is defined as when the bending wave speed 
equals the speed of sound in air. When the plate’s frequency is less than the critical 
frequency it propagates the plates bending vibration inefficient into the air. If, however, the 
plate frequency is greater than the critical frequency the plates vibration waves radiate 
efficiently into the air and the sound is amplified. This is explained with the fact that at 
very low frequencies the plate vibrations are radiated only from the corners. At higher 
frequencies up to critical frequency the radiation origin from the edges. When the 
frequency exceeds the critical frequency the vibrations are radiated from the entire surface, 
making the vibration radiation efficient. [14, p 36] 
The fc can be calculated with the following equations (3) and (4).  
 

        (3) 
Where, 
 

         (4) 
c is the speed of sound through air, h is the plate thickness and Cl is material properties. Cl 
is calculated with E-modulus for the specific material, ρ for density and σ is poisons 
number for the material [14, p 36]. 
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Calculation on total noise level 

To calculate a total noise level when there are several sources is done by the following 
equation.  
 
LA= 10 x log10(10dB(A)1/10 + 10 dB(A)2/10+ 10 dB(A)n/10)= X dB(A) equation according to (1) 
 
If the total dB(A) is desired the input value needs to be in dB(A) and the other way around 
if dB or dB(C) is the desired measure [13].  
 
3.4 Methods to evaluate noise 

In most noise problems there are more than one source of noise, different transmissions 
paths and several receivers but even if the case seems difficult the basic theory still remains. 
Usually the goal with a noise control program is to reduce noise level for a certain receiver. 
To reduce the noise level there are three different elements to consider, source-path-and 
receiver (figure 14). Generally the source can be of two kinds; Sound transmitted through a 
gas medium like a radio speaker into air or a vibrating part of a machine that excite a 
sound. These sources can be either of a so called steady state or an impulsive type. The path 
could be a structure connected with a vibrating source that propagates the vibrations or the 
air connecting the source and the receiver. Generally the receiver is a person, not always, 
but for the most part and when defining the problem it’s important to consider the 
purpose. If it’s to allow normal conversation in a room or prevent hearing loss the 
approach could be different. [14, p 649] 

 
Figure 14 shows the propagation of noise [14] 

 

To evaluate which and where the dominant source is located different methods are 
traditionally used. In most cases it’s necessary to perform some experiments. Below are 
some commonly used method listed. 
 

Subjective assessment 

When doing an experiment it’s recommended to perform a subjective operation. Many 
times a human ear can hear difference between two sounds that a machine can have 
problem with, for example if a machine is malfunctioning [14, p 649-669]. 
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Selective operation 

Another common experiment method is to do a selective assessment. The experiment 
could involve shutting down parts of a machine and measure the difference [14, p 649-
669]. 
Frequency analysis  

One of the most used methods is to perform a frequency analysis. If it’s done correct it can 
be very helpful to locate and understand the source. Especially when determine machine 
noise where it’s possible to calculate excitation frequencies from the machine. This can for 
example tell you, if the noise caused by a machine is the piston ignition or something else 
[14, p 649-669]. 
 
Sound intensity method   

To evaluate and rank different noise sources the sound intensity method is often used. The 
method is based on putting a probe next to a radiating surface which then measures the 
intensity radiating from the surfaces. [14, p 649-669]. 
 
 
3.5 Ways to reduce noise 

When managing a noise problem the most effective way is to modify the source. This could 
be accomplished by modifying or replacing components of a machine. Sometimes a noise 
indicates a problem, replacing a defect component or service maybe enough to eliminate 
the noise. If a plate in a machine is vibrating strongly there are traditionally three different 
ways to deal with it. Either you change the stiffness, add weight or use damping material 
[15, p 7-10]. 
 
 Altering the path is regularly done when it’s not possible to modify the source due to 
economic or technical reasons. To enclose the source or the receiver can be very successful 
but sometimes quite expensive. To control noise from engines, fans and turbines a muffler 
or silencer is usually used. These parts reflect noise back to the engine or scatter the sound 
when it passes through. Classic way of alter the path is to move the source further away or 
add a barrier between the source and receiver. For designing an effective barrier it’s 
important to know which noise and frequency to reduce. Depending on which frequency 
to reduce the approach changes, usually a homogenous wall is considered to have three 
different regions (see figure 15) [13, p 75] [15, p 7-10]. 
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    Figure 15 shows the different regions for a single wall [15] 

 
Region 1 Stiffness controlled  
Region 2 Mass controlled 
Region 3 Damping controlled 
 

The first region, the low frequency area transmission loss is primarily dependent on the 
stiffness of the panel. When the frequency exceeds the first resonant frequency the panel 
falls into region 2. In region 2, mass per unit is the dominant variable, when increasing 
stiffness a moderate or no effect is obtained on the transmission loss [14, p 96]. The last 
region occurs when the frequency surpass the critical frequency. Above the critical 
frequency, in region 3 the transmission loss is mainly decided by the internal damping [15, 
p 18-21].   
 
Controlling the noise at the receiver is quite limited, in most cases the receiver is a person 
and the alternative is often either to use hearing protection or limit the exposure time. 
Hearing protections is easy to implement but should be considered as the last action in a 
noise controlling plan [14, p 1030].   
 

In the Handbook of Noise and Vibration Control by Crocker, Malcolm J. brings up 
common mistakes and important aspects to be aware of when trying to reduce noise. One 
common mistake he points out is that an increase in stiffness is often considered as the 
best solution by engineers, but this is not always the case and if you are unlucky you can 
instead increase the vibrations and noise. Crocker underlines the importance of 
understanding some basic aspects before making any decisions weather to increase stiffness 
or not [14, p 1030].   
 
First thing to consider is in which frequency the plate is vibrating. If a machine excites low 
frequencies it’s probably a good idea to increase stiffness and get the first resonance 
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frequencies above the primary input frequency. If the machine excites high frequencies, the 
stiffening will have no, small or a negative effect on the vibrations. Next thing to have in 
mind is the different weighted sound levels. Usually the noise level in an area is measured 
with an A-weighted level, which emphasizes noise in the range 1-4 kHz and discounts low 
frequencies noise. When increasing stiffness for a plate with lower frequency then 1 kHz 
it’s possible to push the frequency pass 1 kHz and increasing the A-weighted noise level. 
The last consideration is the radiation efficiency, the measure of how effective the plate 
propagates vibrations into the air. This phenomenon is largest when the plate’s vibrations 
are at critical frequency and above. To reduce the radiation efficiency at a given mode the 
plate’s natural frequency needs to be lowered. [14, p 1030].   
 

In a publication in 2009 by Tian Ran Lin [1], ways are presented to attune structure borne 
noise caused by low frequencies. In the publication it’s shown that the majority of modal 
responses for modes at low frequency can be attuned by introducing a small irregularity in 
the placement of ring frames for the ship hull. One important conclusion Lian makes is 
that the mechanical wave propagation in the ship structure is mainly represented by long 
waves in the major stiffened beams. To attune these long waves Lin suggest an approach to 
change the stiffness of the beams structure located close to the mechanical source. In the 
test five different modifications of the engine bed girders is presented. It’s shown that 
increasing the beam stiffness will effect the propagation of vibrations from the mechanical 
source to the rest of the ship structure, see figure 16. With increased stiffness the vibration 
energy transmission is decreased. [1] 

 
Figure 16 shows the difference between regular girders designs (right) and design 

suggested by Lin with two extra side plates. 
 
Extensional damping  
This way of damping is considered to be one of the more simple ones. The method is to add 
a damping material on the top of a surface, for example a plate. When the plate is under 
flexural stress the plate makes the damping material extend and compress, as a result energy 
is released. Implementing this type of damping solution to a structure demands almost no 
design consideration; even with arbitrary added layers it’s likely the damping layer have some 

effect [14, p 743-744]. 
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Constrained-layer damping or shear damping 

This type of damping system is commonly used for stiffer structures and is most effective 
against mid range frequencies. Comparing with extensional damping an extra layer is 
added on top of the viscous layer, this is some kind of sandwich construction. When the 
system is put in motion the energy is dissipated through shear deformation instead of 
compression and extension. To the contrary of extensional damping the shear damping 
needs some design efforts to be effective, if the system is randomly assembled the effect 
could have small effect. Things to consider are in which temperature the system is going to 
be active and which frequencies to counteract. After these conditions the system is 
designed and a thicker viscous layer is not always better as one might think. The advantage 
of using shear damping instead of extensional damping is the possibility to obtain a greater 
damping effect at the targeted frequencies and the vicious material can be totally 
encapsulated. [14, p 743-744].  
 
To calculate how effective a shear plate system is the following way is used. P1 and P2 are 
the plates which are bound with the vicious compound in the middle (figure 17). The ratio 
between the plates gives a value Y a structural parameter which along with the viscous 
compound gives a loss factor for the system. To have as good damping as possible the Y 
should always be as high as feasible. When the structural parameter is set the viscous 
compound is chosen depending on the frequencies [14, p 743-744]. 
 
To calculate Y for small P2 thickness (figure 16) 
 
Y = 3 P1/P2          (5) 
 
If P1 is thicker  
 
P2=2 P1  Then Y ≈ 2 
 
If P2= P1 Then Y ≈ 3 

 
Figure 17 Shows how a shear damping system is composed [14, p 743-744]. 
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3.6 Test equipment 

The piezoelectric accelerometer  

Today the piezoelectric accelerometer is one of the most commonly used tools to measure 
vibration. The piezoelectric accelerometer covers a wide frequency ranges and dynamic 
range with a reliable linearity. Another advantage is that it’s self-generating and is in no 
need of an external power supply. The main part of accelerometer is the segment of 
piezoelectric material which has some unique properties. If the material is mechanical 
stressed in any way it generates an electric charge that is relative to the forced submitted. 
When the accelerometer is used in practice the whole assembly is vibrating and the mass 
subject the piezoelectric segment to a force which is equivalent with vibratory acceleration, 
this according to the mass law, [17].    
 
Force=Mass x Acceleration.       (6) 
 

 

Where and how to place the accelerometer? 

When choosing angel for the accelerometers it’s important to choose a point that puts the 
measuring axis parallel to the main sensitivity axis.  The position will of course depend on 
the goal with the measurement but the position should have a clear path to the source. To 
attach the accelerometer hard glue like epoxy or cyanoacrylate is recommended and soft 
glues should be avoided [17]. 
 

Potential error from surrounding 

The piezoelectric material in the accelerometer could be affected to temperature change, 
but is usually only a problem at very high or low temperatures [17].     
 

The frequency response function (FRF) 

A common and sufficient way to translate the vibration is through the frequency response 
function and is defined as  
 
H(ω)=X(ω)/F(ω).        (7) 
 
The equation counts the difference between inputs and output X(ω) depending on 
frequency. The concept with FRF is that the subject is subjected to a sinusoidal force at a 
specific frequency, ω and then the output will also be a sinusoidal acceleration with the 
same frequency. The FRF can be used to measure a wide frequency range at the same time. 
This is time effective if it is compared to other methods, were every frequency is measured 
one by one [17]. 
 

Excitation source       

When choosing how to excite vibrations some key parameters should be taken into 
considerations. The first thing is what will be done with the measuring data? Will it be read 
directly or is it for mathematical base, if it’s for the latter the precision needs to be more 
exact. Other aspects to consider are if the excitation needs to be linear? Speed of test? 
Equipment available? Crest factor? Spectrum control? Generally there are two types of 
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exciters for broadband excitation, attached exciter and non-attached exciter. The attached 
exciter could be a electromagnetic shaker, electrohydraulic shaker, eccentric rotating masses 
and the non-attached could be represented by hammers [17].  
 

Attaching the exciter 
It’s very important to attach the exciter properly; the goal is to make the force of the exciter 
only affect the desired point. Except this point the structure needs to be able to move in all 
five directions without constraints [17].    
 
Pseudo-Random Excitation    
These types of excitation waveform have a signal that repeats itself after a period of time. 
The waveform is random and is represented with a Gaussian-like amplitude distribution. 
Due to this repetition the spectral properties are very different. The spectrum is quite 
anonymous; only including the energy from the frequencies chosen in the analysis. Because 
each individual spectrum has the same amplitude and phase for a certain frequency averaging 
doest contribute with any valuable information. Further the structure is subjected to the 
same amplitude of force through out the analysis a linear approximation is neither of any 
value. This type of excitation eliminates the leakage error but rectangular weighting have to 
be implemented [17].    
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4 Methods and implementation 

This section explains the method and practical work of the project. This chapter contains 
project planning, literature review, manufacturing of the test rig and test procedure. 

 
Figure 18 displays the different parts of the project circle [2, p 577]. 
     
4.1 Process 

For a fast idea generation Bohgard promotes the project circle as method for workflow, see 
figure 18, the project circle is an iterative method where the project is divided into a few 
important steps planning, diagnostics, aim, idea generations, evaluation, develop concept, 
perform gradually and evaluate effect. Initial focus of the project is the two first steps, plan 
to change and determine the problem and then the focus is moved forward as the circle 

repeat itself. In this project some ideas were generated and calculations, research or test was 
performed and the circle started over again with new conditions [2, p 577].   
 
4.2 Project planning 

4.2.1 Meetings and schedule 

The project plan was illustrated with a Gantt schedule, which was updated continuously 
during the project (Appendix I). To keep everyone involved updated, continuous meeting 
were conducted with Dockstavarvet. In each meeting the contact person at Dockstavarvet 
was informed of progress and informed of the next step in the project.   
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4.2.2 Project plan 

After the initial meetings with Dockstavarvet and the supervisor from Luleå University of 
Technology about the context of the project a project plan was issued. This plan contained 
problem background, limits, and timetables with milestones, budgets and project goals.       

4.2.3 Budget 

Dockstavarvet agreed to contribute with material to a test rig, transportation to Luleå and 
technical support in manufacturing of the test rig. Luleå University of Technology 
committed to contribute with testing equipment and expertise to give the test reliable 
results. Besides material and professional support this projects budget is limited to this the 
final thesis and the 20 weeks the project is in progress.        
 
 
4.3 Situation analyze  

Initially the focus was to understand the problem. To understand in what extent 
Dockstavarvet had worked with this issue before, the first step became to review previous 
noise reports tests done through the years. The earliest tests were conducted in beginning 
of 1990 and the latest 2009. The collection of data was possible with help from 
Dockstavarvet and by reaching out to consults who had been performing the tests.  

4.3.1 Unstructured interviews 

To understand how people perceive a problem or a situation interviews is a common and 
effective method. Due to the fact that the persons being interviewed were far more 
experienced and familiar with the problem then the interviewer, the majority of interviews 
were unstructured. This type of interview lets the interviewed person respond freely and it’s 
possible to add questions during the interview [2, p 471-473]. This seemed like a good 
supplement to gather some subjective information. According to Crocker one of the more 
effective methods to identify a noise and vibration source is to do subjective assessments 
[14, p 649-669].Through these interviews several subjective assessments from experienced 
shipbuilders and noise experts were obtained.  
 
Dockstavarvet 
The interviews conducted at Dockstavarvet were unstructured and done through meetings. 
Most meetings concerning CB 90H were done with the current technical director Per 
Öberg who was managing the production of CB 90H during all the tests stated in this 
report. The CB 90H structure was further discussed.  
 
Interviews were also held with Andreas Nordstrand the current project managers for 
construction of a fast going aluminium boat. This interview had the objective to get 
familiar with how the noise reduction designs looks for new vessels constructed by 
Dockstavarvet today. This project was stationed in Docksta and therefore meetings 
happened spontaneously when questions occurred. 
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Ship designer, Petter Håkansson  
One of the consult engineers having a big part in designing the CB90 H from the start is 
still designing ships for Dockstavarvet. This interview was done through mail with a few 
questions and the objective was to investigate how an experienced shipbuilder believes the 
shape of the hull structure affects the noise level. Further the interview was unstructured 
and the goal was to get subjective opinion in how the general problem is perceived and if 
there were any concept worth following.  
 
Ph.D. in sound and vibrations, Jens Blomqvist 
With help from Dockstavarvet some initial contact were taken with a familiar consult who 
is a Ph.D. in sound and vibrations and have experience from working at Volvo Penta. The 
interview was held by phone and the purpose was to get an experienced opinion and to 
point the work in the right direction and possible approaches.    

4.3.2 Semi structured interviews 

Semi structure interviews have decided topics in advance but the questions can change [2, p 
471-473]. This was a useful method when the previous test conductors were interviewed. 
Through the years there have been a few consults involved in both building and 
constructing CB 90H. To get an outside assessment interviews were held with some of the 
more involved consults.  
 

Facilitators of tests Sten Scherman and Peter Petterson 

The first interview held was with Sten Scherman who conducted the test series in 1997 and 
had good results with the improvements. The interview only handled a few core questions 
through email. Next interview was done by phone with Peter Petterson the consult 
conducting test on the CB 90H which was converted to an ambulance boat. At the 
moment of the interview more original test data was recovered.   
 
Auson  

To evaluate the effect of Noxudol it’s important to know how it’s supposed to be used. 
Therefore a contact was established with Auson the reseller of Noxudol. The interview was 
to establish if Dockstavarvet used the compound in the right way.    
 
4.4 Dividing the problem  

Due to complex and unique structure among with different engines there are no easy 
solutions for this type of problems. In the area of noise control there are several well tested 
and documented approaches for noise control. According to Randall F. Barron one of the 
most common approaches to a noise problem is to divide it into three basic elements, the 
source, transmission path and receiver [15, p7]. This seemed like a good approach for this 
project where the problem is somewhat undefined and the noise could depend on many 
variables. When using this method a good complement is to do a simple schematic model. 
This explains how the different types of noises correlate [14, p 649]. 
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4.5 Literature Review  

To not get to focused on certain noise reduction applications early in the project, next step 
became to research common and approved approaches for general noise problems. 
Handbooks in noise and vibration were widely used to find the suitable methods. First the 
three different noise reduction ways was evaluated for each noise problem, changing 
stiffness and adding weight. When the problem was established and classic methods were 
recognized a new phase in the literature review started. This next step was to conduct a 
search for similar projects. To find these projects Google scholar was used in a wide extent. 
When an interesting article was found it was stored and if possible supported by other 
papers or hand books in the field of noise control.  
 
4.6 Calculations 

All proposed concepts and results from calculations was compared with the frequency 
analyze. It was then evaluated in how it would affect the noise level for different 
frequencies. Each possible adjustment was then supported by theoretical theories. In the 
following chapter methods for calculations and analyze of problem are explained. 

4.6.1 Calculations  

One of the main ambitions with this thesis was to find a solution that only changes the 
structure without adding other damping materials. If this goal is to be achieved there are 
only two ways to alter the structure to improve the noise reduction, changing stiffness or 
adding mass. The vibration from the engines and how the structure responds is stated in 
the frequency analyze [11]. Therefore it was concluded that the information was enough 
and no calculations were needed for the girders. Calculations were determined for the area 
around the chine which is represented by a part of the inclining bottom plate and the 
chine (figure 19). Further an iterative calculation was performed to see how much a 
reduction would affect the total noise level. 

 
Figure 19 displays the area which have been investigated 
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4.6.1.1 Changing stiffness 

First thing to investigate was how to change the stiffness, if it should be increased, 
decreased or unchanged. After some consultation from the interviews it was determined 
that calculations should be done to see how the critical frequency is relate to the frequency 
analysis [11]. The calculation was done according to Crocker Malcolm j, Handbook of 
noise and Vibrations [14, p36]. All material properties are used in equation (4) which are 
then inserted in to equation (3).  
 
 
 

         (3) 
 
 

         (4) 
 
To calculate fc  the following information were obtained for the hull plate which is 
constructed with the aluminum alloy 5083 [19]. 
k; plate thickness = 8 mm  
E; E-modulus = 71 GPa  
ρ; Density  = 2660 kg/m3  
σ; Poisson nr 0,33  
c; speed of sound 345 m/s  

4.6.1.2 Adding mass 

It’s commonly known that increasing mass lowers noise level. In Handbook in noise and 
vibration control a thumb rule is mentioned, if you double the mass the radiating surface 
will decrease its noise radiation with 6 dB [14]. Generally in ship structure unnecessary 
weight is avoided. Therefore calculations were made to see how much a doubling of the 
plate would contribute in weight. Calculation was first made with Iron cad and then 
double checked by hand. 
 

4.6.1.3 Noise contribution  
In the noise report from 2009 the total noise level in dB(A) is calculated with respect to 
each contributor source. To see how much the chine area needs to be reduced to get a 
notable effect, equation (1) was used and the dB(A) for the chine area is changed iterative.  
 



 34 

4.7 Idea Development 

The idea development was made in several steps. In the beginning of a creative part of a 
project it’s important to not get stuck with the same kind of solutions. The optimal 
situation would be to get started with the idea process before getting to familiar with 
previous attempts and theories. The dilemma in this case was that the problem was 
undetermined and quite difficult to comprehend without research. A big part of 
understanding the problem was to see how it responded to previous attempts. After the 
situation analysis was completed and a good understanding of the problem was obtained, it 
was important to use creative methods to clear the mind. Brainstorming [2, p 488] and 
sketching was used thru out the project. In the initial state group meetings were arranged at 
time to time and brainstorming was conducted. The group consisted of four people all 
involved with the process and with experience of shipbuilding. The meetings started with 
presenting progress and problems in the project and then solutions were discussed.  
 
4.8 Test rig 

To get reliable results it was absolutely necessary to perform some kind of test, to see how 
the vibration in the hull reacts to different configurations. Due to difficulties to alter a CB 
90H with equipment and conduct tests in water a test rig was developed. In this section the 
manufacturing of the test rig is explained.  

4.8.1 Format: 

From the situation analysis under chapter two we know that the area that excite the 
strongest noise is the chine area. The optimal test would be to manufacture the whole 
transporter room as a section, but the size of 5 m makes it not reasonable. Therefore a 
section of the lower parts of the hull is chosen to act as the test rig. To get close to reality 
when it comes to frequencies and vibrations the test rig was chosen to be in scale 1:1. The 
size was two meters wide which allows the test rig to include three web rings, one on each 
end and one in the middle. The longitudinal girders have same spacing and size as the CB 
90H. Due to the mirror feature the test rig was manufactured as a half model, cut along the 
centerline. To get significant results and comparable data all the bottom plates were 
covered with extra plates, even if the chine area is the target. This makes the comparing 
with Noxudol (see page 17) and the extra plates with Noxudol a lot easier to comprehend. 
The original thought was to use the same thickness for the extra plates as the bottom plates, 
but to ease construction and the test procedure the counter plates were chosen to be 6mm 
and 12mm instead of 8mm and 15mm. 

4.8.2 Choose section: 

First step when designing the test rig was to evaluate which sections and features to include. 
The choice was made with help from Dockstavarvet, both economical, transport 
possibilities and construction aspects were considered. It was decided section 6-8 would be 
a good representation to the transporter room area (figure 20).  
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Figure 20 Shows which section of the boat the test rig represent 

4.8.3 Drawing: 

Construction drawings for the test rig was developed thru collaboration with Dockstavarvet 
who contributed with both original construction drawings in 2D(.Dwg) and a 3D model in 
the universal file format .step. The drawing was set to be as close to reality as possible but 
some changes were made to simplify the construction. The test rig was modeled in 
Dockstavarvet primary cad program Iron cad. When the test rig geometry was set in Iron 
cad, see figure 21, construction drawings were made in CAXA, see figure 22 and 
AutoCAD.  

          
Figure 21 the test rig in Iron cad    Figure 22 drawing produced by CAXA 
     

4.8.4 Construction  

All manufacturing of the test rig occurred at Dockstavarvet shipyard in Docksta. Due to 
high pressure in the production at Dockstavarvet no shipyard staff was available for 
manufacturing the test rig. With some supervision and help from the workshop staff the 
author of the report manufactured the test rig. The person has no real education in 
welding or any other professional training except some previous experience from working 
at the shipyard. First all the parts of the test rig were cut out. If the part had a thinner 
thickness than 20 mm and geometry was straight the part were cut out in the clip machine. 
This method was used for the, middle web ring parts, all girders, extra plates and bottom 
plates. The keel who has a thickness of 20 mm was cut out with a circular saw (figure 23). 
The circular saw was also partly used in cutting out the straight lines on the end web rings 
(figure 24). For the curved features a figure saw was used.     
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After the bottom plate was bended the assembly started (figure 25). After some minor 
modifications to get the parts to fit together, smaller welding points was used to fixate the 
plates (figure 26&27). When all parts were placed at the right position the parts were 
welded according to specification (figure 28). When the test rig was finished the extra weight 
plates were clipped out and placed inside each space between the girders and the middle web 
ring. To be able to remove the extra plates during the tests the plates were screwed with 
bolts and a washer, (M6 for 6mm and M8 for 12 mm plate). Each plate had an individual 
place and was marked with letters and a number to mark position. The bolts had a c-c 
measure of 300 mm along the centerline and around 100 to 150 mm in the web ring  
direction depending on the width of the plate (figure 28).  

    
 Figure 23 Cut out of keel                                       Figure 24 Shows how the ring frame was cut    
 

   
Figure 25 Show the test rig from the outside     Figure 26 Welding points to assemble plates 

         

   
Figure 27 Almost completed test rig                        Figure 28 Example of welding length 
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4.9 Test procedure 

All tests were conducted in the laboratory for Engineering Acousics at Luleå University 
Technology with assistance from the supervisor from Engineering Acoustic division. The 
test rig put on soft rubber sheet to avoid surroundings affect the tests. One shaker (figure 
29, 30), eight accelerometer and four microphones (figure 31) were used to excite the test 
rig. For keeping the accelerometers at the same position for all tests plastic brackets were 
glued to the hull plates. The shaker which produces the vibrations was put in the bottom 
left corner of the test rig, if it is seen from outside. The measuring accelerometers and 
microphones were placed in the opposite section of the test rig, see figure 31.  
 

                                           
Figure 29 Test rig inside the sound laboratory at LTU       Figure 30 displays the shaker position 

 

 
 Figure 31 Placement of the microphones 
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Totally four tests were conducted. 
1. Test rig without modifications 
2. Test rig with extra plates 
3. Test rig with extra plates sprayed with Noxudol 
4. Test rig without plates but sprayed with Noxudol 

 
The placement of measuring equipment is showed below in figure 32. When spraying the 
Noxudol on the extra plate’s two layers was applied and a dry thickness of 0.3-1 mm was 
measured afterwards, see figure 33. This corresponds well with the thickness Dockstavarvet 
uses in production. 
 
 

 
Figure 32 displays the assembly of the test equipments 
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The extra plates were screwed with the Noxudol side against the hull when the test was 
conducted, see figure 34. Finally the whole inside of the test rig was sprayed three times 
and obtained the same thickness as on the extra plates 0.3-1 mm. To speed the dry time 
infrared heaters were used, see figure 35. 
 

 

   
Figure 33 Extra plates covered with Noxudol             Figure 34 Shows the extra plates screwed with  

                     Noxudol side against the hull.         

  

 
Figure 35 Shows the infrared heaters 
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4.10 Detail development 
 

 
Figure 36 Picture from the idea generation 

 
For the detail development a different method was used. In Julie .s Lindsey’s paper about 
effectiveness in idea generation with sketches, working with or without use of a creative 
method was investigated [18]. The result shows an increase in number of ideas when using 
a creative method without compromising the quality. One of the methods which showed 
most success was Brainsketching, this method was used in the final step of the detail 
development, see figure 36. The group consisted of four people and each person had two 
A3 papers. On each paper eight figures were distributed with even spacing, each figure 
represented contours of the problem area (Appendix II). This was made to speed up the 
process and help with the sketching scale. After the problem was explained five minutes of 
sketching followed. When the five minutes were up, sketches were moved clockwise one 
step. Everyone got a half finished sketch and was told to continue the sketching.         
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5 Results and Analysis 
In this chapter the results are presented and analyzed. First are the results from the 
situation analyze which include conclusion from the previous tests and the result from the 
interviews. This is followed by dividing of the problem, calculations and literature review 
which is then analyzed with comprising with the frequency analyze. [11] Finally are the 
results from idea generation, tests and detail development.     
 
5.1 Results from the situation analysis and interviews 

5.1.1 The review from old test 

After reviewing the tests, the most important conclusion was that the main problem with 
the high noise level is derived from structure-borne noise in the hull structure. It’s 
important to remember that this is for these specific boats and situations, it could be 
different for another boat in the CB 90H series or if more changes have been 
implemented. If the test from 1997 is compared with the one from 2009, it’s possible to see 
a different rating of the exciting surfaces. In 1997 Scherman concludes the tank top and 
floor as the strongest exciting surfaces in contrary to Åf-Ingemansson who points out the 
area around the chine. No larger changes have been implemented and the total noise level 
was more or less the same and if the dominant source is decreased the total noise level 
should have dropped. One likely explanation is that Scherman measured with vibration 
exciter without consideration to frequency and Åf-Ingemansson calculated contribution in 
dB(A). If the radiation from tank top and floor is dominate by low frequency noise created 
by the machinery they would get weighted down in dB(A). This theory is further support if 
the structure of the hull is studied, the tank top and floor is directly connected with the 
machinery girders. This could also be a reason why the glued plates didn’t help against the 
noise excited from the floor, it’s commonly known that passive methods are not effective 
against low frequency vibrations [1].  
 
One thing seems to be persistent throughout the years of testing is that one strong 
radiating surface is the area around the chine, see figure 37. The last source estimations 
shows that the chine is at 80 dB(A), the water tank is second at 75 dB(A) and a few more 
around 70 dB(A). This was before the water tank was changed from stainless steel to 
plastic; with this change and a rigid attachment this source should be reduced. These 
conditions look promising for a damping of total noise level. If the evaluation from 2009 is 
correct and the radiation from the chine area is damped significant there should be good 
possibility for the total noise level to be lowered. 
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The frequency and vibrations test from 2009 gave a good base for further investigations 
and was the base for the development of concept in this thesis. With the frequency test as a 
reference it’s clear how the main machinery contributes to the noise level. The difficult part 
is to determine how the structural borne noises from the water streaming against the hull 
occur and spread along the hull. Without this fact it is difficult to say for certain if the 
vibrations are the same for all the bottom plates in contact with water and the excitation is 
strongest around the chine, see figure 37. Or if a hydrodynamic phenomenon occur 
around the chine and the vibration start in this area.   

 
Figure 37 A section of the transporter room with indication of the strongest radiating 

surface. 
 
Unfortunately none of the test above shows a path to proceed even if the problem area is 
established. It’s likely the glued plates had good effect but there have been more than one 
change every time which makes it difficult to interpret the result. Another important 
question is which effect Noxudol has on the structural born noise? The reseller promotes 
the compound as a very effective damping against structural borne noise even if the plate 
thickness is above 5 mm [20]. After reviewing the previous reports it’s quite clear all 
improvements haven’t been as successful as one might hope. Therefore Noxudol should be 
tested on the specific application before it’s used in such a wide extent as it is used today. 
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Reflections of implementations 

One of the most used methods in previous studies was to glue a plate to the ship hull, to 
stop the vibrating area to radiate noise. It’s difficult to say how much effect the plates had 
because more changes were done at the same time but it seems to give an effect. This 
conclusion can be drawn if the noise level from 1993 is compared with 2009 result, in both 
cases the chine is the strongest source but the noise level is decreased. Although more 
changes were done this and the profiles welded to the chine were the only one’s targeting 
the chine area. The welded profiles didn’t give any effect and possible reasons for that 
could be there were quite light, the original construction was is in steel.  
 

5.1.2 Result from interviews 

Dockstavarvet 

From the interviews with the current project manager at Dockstavarvet Andreas 
Nordstrand, the new implementations were explained more in detail. Today the basic 
concept to avoid noise is to shield the transporter room from the exciting surfaces and 
avoid direct contact between interior and hull structure. In some minor extent the concept 
to glue thin plates on radiating surfaces are also still in use. In the interview with Per Öberg 
the previous test were explained more in detail and the subject about CB 90H weight was 
discussed and was estimated to be 4000 kg.        
 

Previous facilitators Sten Sherman and Peter Petterson 

The interviews gave some new perspectives on the problem. Sten scherman was certain the 
high noise level derive from water streaming against the hull. This effect is more significant 
at higher speeds, and mentioned increases of 5 dB(A) when the speed was increased 5 
knots. Further he promotes the bow of the ship as the main part that picks up the noise.  
Peter Petterson explained how he calculated the noise level and summed the different 
radiating surfaces.     
 
Shipbuilder Petter Håkansson 

The one with most experience of shaping ship hulls didn’t believe the shape of the chine 
itself had any major part of producing the noise. Maybe it produced some noise peaks 
when the water slams against the horizontal plate in rough sea but not picking up noise 
during cruising. Rather it is all the bottom plates in contact with the water which produce 
the noise and then it’s radiated from the chin because it’s not covered. Some own smaller 
experiments were briefly explained but they didn’t give any significant result. The interview 
ended with tips, filling the whole lower section of the hull with foam is mentioned. This 
approach is used on some smaller pleasure boats in plastic. This option is not considered in 
this thesis due to the limitations. No foam has been used previously at Dockstavarvet and 
there are no ones available with right fire regulation abilities.    
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Jens Blomqvist PhD in Sound and vibration  

Almost no research or calculations was done prior the interview. One idea came up to 
cover the outside of the chine with a softer fabric from the outside which would make the 
waters impact on the chine softer.       
 

Auson 

Recommendations from Auson were to use around four millimeter compound for eight 
mm plate. This is far more than Dockstavarvet uses and says possible without the 
compound to fall apart. Auson claims two layers should be enough to give a thickness of 
around three-four millimeters.     
 
Conclusion  

Both the facilitator from 1997 and shipbuilder agree that all the hulls bottom plates are 
producing the noise. This is not scientific but both persons have a large experience in the 
subject and the opinions should be considered. To be sure how the chine and bottom 
plates correlate more studies should be performed.  
 
5.2 Result from dividing the problem 

After reviewing previous test the noise problem in the transporter room could be divided 
into two separate main problems. The dominate source origin from the hulls contact with 
water which is represented by frequencies from 500-1250 Hz and the engine vibrations 
which contribute with a low frequency noise around 100-250 Hz[11]. When the sources are 
divided, each source is subdivided according to the source-path–receiver method. Below are 
the results from the dividing of the problem, see also figure 38 and 39. 
 

Water related noise 

Source: 

In this case the source would be the hull plate’s contact with water.  
 

Path: 

All the plates in contact with water during propulsion transport vibration through the 
plates to the rest of the structure. The area radiating the strongest noise is the chine area 
and this was considered as the path.  
 

Receiver: 
The receiver is any person who is in the transporter room. 
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Engine related noise 

Source: 
The source for this sound is the two water jets placed in the engine room. 
 
Path: 

The vibration go through the main girders and out in the hull structure and bottom plates 
where it radiates the noise.  
 

Receivers: 

The receiver is any person who is in the transporter room. 
 
 
 

 
Figure 38 Shows how the noise is propagated in the boat 

 

Figure 39 present a simplified schematic picture of the transmission paths in CB 90H. The 
figure shows how the engine noise passes through the engine mounts, girders and out to 
both hull structure and bottom plates which then radiate noise into the transporter room. 
The water streaming against the hull goes straight from the source to the bottom plates 
which both transmit vibrations to the hull structure and radiate the noise directly. The 
common denominator for these noises is the bottom hull and especially the area around 
the chine.  

 
Figure 39 Show how the noise propagates through the boat 
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5.3 Results from calculations 

Under this section the results from calculation of critical frequency, weight and estimated 
noise level is displayed.  
 

5.3.1 Critical frequency and mass calculations.   

With the material properties for aluminum EN-AW 5083 and a thickness of 8mm the 
following critical frequency was obtained.   
 
Fc = 1485 Hz  

This is above the problem frequencies for both the engine noise and the noise derived from 
contact with water.  

5.3.2 Mass calculations.   

If the weight is doubled in area marked in figure 40 and 41 it would increase the weight of 
each space between the ring frames with 8.9 kg. For the transport room which has five of 
these spaces on each side, the total increase would be 8.9x10= 89 kg. From the interviews 
with Dockstavarvet the weight of the ship hull was estimated to be 4000 kg. An increase of 
89kg is small weight addition to the hull and even more insignificant if the whole boats 
weight of 15400 kg is compared [3]. This added weight is not going to affect the boats 
maneuvering or speed in anyway.  
 
 

   
 
Figure 40 the chine area from the side.                     Figure 41 Shows chine area from above 

   
 

5.3.3 Noise contribution  

From the iterative test we get the following results. First equation states the current 
situation calculated by the consult from ÅF-Ingemansson. 
LA= 10 x log10(106,2 + 106,3+ 106,3+ 106,4+ 106,5+ 106,9+ 107,1+ 107,2+ 107,5+ 108,0)= 82,5 dB(A) 
 
If the chine area excitation is damped 2 dB(A), the results on the total noise level.  
 
LA= 10 x log10(106,2 + 106,3+ 106,3+ 106,4+ 106,5+ 106,9+ 107,1+ 107,2+ 107,5+ 107,8)= 81.5 dB(A)
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Total reduction of 1 dB(A) is obtained. 
 
If the chine area is reduced with 6 dB(A).  
LA= 10 x log10(106,2 + 106,3+ 106,3+ 106,4+ 106,5+ 106,9+ 107,1+ 107,2+ 107,5+ 107,4)= 80,2   
Total reduction of 2,35 dB(A). 
 
To achieve an reduction greater then 3 dB(A) the chine needs to be reduced by 10 dB(A). 
LA= 10 x log10(106,2 + 106,3+ 106,3+ 106,4+ 106,5+ 106,9+ 107,1+ 107,2+ 107,5+ 107,0)= 79,5 
 
One thing to have in mind is that after the chine area is reduced more than 5 dB(A) its not 
the dominant source anymore, after this the water tank also needs to be modified. At the 
tests from 2009 the material of the water tank was changed from stainless steel to plastic. 
It’s possible this had an effect but the chine area wasn’t reduced and the reduction of the 
water tank wasn’t noticeable. If the chine is reduced by 6 dB(A) and the water tank by 5 
dB(A) the reduction would be as followed. 
LA= 10 x log10(106,2 + 106,3+ 106,3+ 106,4+ 106,5+ 106,9+ 107,1+ 107,2+ 107,0+ 107,4)= 79.1 
The difference from unchanged water tank and chine would be 3,4 dB(A). 
 
5.4 Results of literature review 

In this part the result from the literature review is presented. The results from calculations 
in 5.3 are compared with the frequency analysis from section two and theory from section 
three.  

5.4.4 Option to change structure for chine area 

If the frequency analyze is studied it’s clear that the biggest contributor to the high noise 
level comes from the hulls contact with water and frequencies from 500 to 1250 Hz [11]. 
This shows that the frequencies are below the critical frequency calculated in 5.3 for the 
plate around the chine. With this fact the option to lower the stiffness was ruled out. This 
would be an option if the problem frequencies were above fc and lowering it below fc would 
reduce the noise radiation in a notable way [14]. The other option to increase the stiffness 
was also dismissed after the research. If the stiffness is raised the frequencies is also 
increased. In some cases this could improve the situation because generally it’s easier to 
reduce higher frequencies. The danger in this case is to push more resonance frequencies 
above 1 kHz which will result in a higher dB(A), when it favors frequencies between 1-4  
kHz [14, p 1030]. Another problem with increasing frequency would be that the bottoms 
plates’ radiation would increase as it comes closer to or above the fc. Then the damping is 
still a problem and the noise level will be higher if it’s not damped correct. One of the 
main design aspects when designing a ship is to keep the weight as low as possible. To 
increase weight the reason should be good. After the frequency analyze is studied and 
compared with the critical frequency for the plate, its clear the chine area falls inside the 
mass region that Barron speaks of [15, p 18-21]. The increase of totally 89 kg of the 
transporter room is pretty much but still within reason however it needs to be compared to 
the effect. It is commonly known that if a plate increases the weight by double the radiating 
noise will decrease by 6 dB. 
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5.4.5 Option to change structure for girders 

When Randall F. Barron explains the source-path-receiver method he points out the value 
of correcting the problem as early as possible in the transmission path [15]. With this fact 
the engine room girders was chosen as the target to reduce the engine vibrations. From the 
frequency test in 2009 it is stated that the ship structure have a noise peak that correspond 
to the engine excitation at 100 Hz and 200 Hz [11]. The excitation from the engine at the 
specific engine load is calculated to be 125 Hz and 200 Hz by the facilitators. This mean 
the ship have a lower resonance frequency than the actual excitation from the engines. 
According to both Barron and Carter, if the excite frequency are below the first resonance 
frequency the most efficient way to reduce the noise is by increase stiffness [15,14]. With a 
stiffer beam the first resonance frequency should be pushed above the excitation frequency. 
In Lins paper on ship structure noise and its control [2] he promotes a stiffening of the 
engine bed and main girders for aluminum boats. In the paper it’s shown that if the beam 
stiffness is increased correctly the vibration propagation from the engines is reduced 
significant. Further it’s commonly known that increasing weight is ineffective against low 
frequency, the amount of weight needed makes it not feasible. 
  

5.5 Results – Concept development for chine area 

This section displays the results from the idea generations. Each idea is presented and 
explained shortly. The different concepts include three basic ways to reduce vibration; 
increasing weight, changing stiffness and adding damping.  
 

Concept “Puck” 

A first idea was to add a profile with a heavy top which would absorb the vibrations and 
stiffen up the hull, see figure 42. This kind of vibration damper is widely used for other 
applications. [5] 
 
   

 
Figure 42 displays the concept "Puck" 
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Concept “Rubber mat” 

The most far fetched idea was to cover the outside of the chine with a soft fabric, see figure 
43. The idea was to lower the excitation of the plate by making the outside of the plate 
softer. This would make the waves in contact with the plate have a softer impact.  
 

 
Figure 43 displays the concept "Rubber mat" 

 

Concept “Sand box” 

This concept was to make a cassette in aluminum which would be filled with sand or a 
viscous liquid to absorb vibrations, see figure 44 
 
 
 

 
Figure 44 displays the concept "Sand box" 
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Concept” Extra plates” 

The most basic proposal was the “Extra plates”, see figure45.  The idea was just to weld a 
plate of the same thickness on the chine area. 
 

 
Figure 45 Displays the concept "Extra plates" 

 

Concept “Extra plates with Noxudol” 

This concept was a version of “Extra plates” with a layer of Noxudol on the plate side 
against the hull, see figure 46. This would be a shear damping system like the glued plates 
done previously but with Noxudol instead of glue [5] and thicker plates.  
 

 
Figure 46 displays the concept "Extra plates with Noxudol " 
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Concept “Noxudol” 

The compound is used for all new vessels and should be compared with other concepts, see 
figure 47. The compound would just be painted on the inside of the hull and cover the 
whole chine area.  
 

 
Figure 47 Displays the concept "Noxudol" 

 
5.6 Results from evaluation of concept for chine are 

Below are some advantages and disadvantages for each concept.  
 

The puck 

This concept have a large similarity to the aluminum profile (swedac 60.30.60.u-16, figure 8, 

p 8) used before. This profile was in aluminum with a rubber filling and was probably to 
light. To get the Puck to work properly it’s likely the top of the profile needs to be heavy 
with some absorbing material like rubber on the top. With the limitations of this project 
it’s going to be difficult to design it to have a great effect. 
 
The Rubber mat 
The idea was based on the fact that it was the chine that produced the vibrations by a 
hydrodynamic effect when it is in contact with water. If this was the problem it would be a 
very interesting idea to proceed but from the situation analyze and interviews it seems that 
it’s possible all the bottom plates are the problem. This would mean that changing the chines 
properties wouldn’t give any significant effect.     
 
The sand box 

This would also be a different approach for the problem. The goal would be that the sand 
could absorb some vibrations and stop the excitation. To keep the sand in place a box 
would be needed in aluminum and with both the box frame and the sand the total weight 
would be relative high. Along with a small amount of time this was excluded. 
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Extra plates 

The obvious disadvantage for this concept is the added weight. Extra weight is excluded in 
everything when constructing a boat unless it’s necessary. The extra weight calculated for 
this is doable. According to the calculations the effect is most likely noticeable and easiest 
to comprehend.   
 
Extra plates with Noxudol 

Except the effect of the extra weight it is hoped the layer of Noxudol would absorb some 
vibrations. One concern is that shear damping methods needs to be designed for certain 
frequency ranges to work properly. The problem in this case is that the only compound 
available for the viscous elastic layer is Noxudol. This gives very little variation possibility. 
 
Noxudol 

The project aim is to lower the noise level and all possible solutions needs to be considered. 
Therefore it’s important to see what effect Noxudol have if it’s compared with the new 
approaches. Noxudol contributes to a small weight increase and the implementations are 
not difficult either. The only question is how effective it is? From the interview with the 
sound and vibration expert the effect was questioned and he didn’t have much believe in 
the compound. 
 
Conclusion 

Problem with high noise level inside CB 90H have been investigated now for 25 years now 
and the situation have been improved but there are still a lot more to whish for. An 
optimal situation would be to lower the noise level below 80 dB(A). To reach that goal a 
large change is needed. All concept above shows a possible way to reduce noise, some more 
likely to work than others. According to the evaluation above the most likely to work is the 
Extra plates with Noxudol and without. Therefore these concepts were chosen to be further 
evaluated along with Noxudol.   
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When the total result for each concept is summed the score is quite equal even if the strong 
sides are very different. One of the highest scores gets the concept Noxudol which is used 
like a reference in this case. The concept which has the highest score is the Shear plates 
which end up at 17. The puck and Rubber mat get the same at 15 and overall strong 
results, but the possible effect weighs more than the rest which gives Extra plate’s and Shear 
plate an advantage. The results are stated in table 8 below. 
 
 
 
Table 8        

Concept Puck  
Rubber 
mat Sand box Extra plates 

Extra 
plates with 
Noxudol Noxudol   

Possible effect  2 2 3 3 4 2 x2 

Implementation 4 2 3 4 3 4 x1 

Cost  4 4 4 4 4 3 x1 

Weight 3 5 2 2 2 5 x1 

Total 15 15 15 16 17 16   
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5.7 Results from test rig 

The next pages go through the results from the tests conducted on the test rig at Luleå 
University of Technology. The results will mainly be showed in graphs but occasionally 
numbers will be presented. The graph starts at 100 Hz because of a high uncertainty when 
the shaker is exciting lower frequencies. Four tests were conducted and they will all be 
shown below. Because the test rig is only a part of the transporter room and an idealization 
the important feedback will be from comparing the different modifications. All 
modifications will be displayed together with the unchanged test rig. First the results from 
the microphones will be presented and then results from the accelerometers.  
 
First graph shows the complete result from the four microphones, see figure 48. The graph 
shows that all modifications had a positive effect on the noise level. Extra plates and Extra 
plates with Noxudol had the best effect with around 4-10 dB reduction at the critical 
frequency range, 500-1250 Hz [11]. The Noxudol modification also had a notable effect at 
this frequency range with around 4-7 dB reduction, the difference between the 
modifications gets more clear above 630 Hz.  
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Figur 48 Show the average results from the four microphones.   
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In figure 49, the results from the eight accelerometers are displayed. As in the previous 
result, see figure 48, the most effective configuration is the Extra plates and Extra plates 
with Noxudol. The reductions of the vibration are 11-13 dB at the frequency range 500-
1250 Hz [11]. The differences between these two are very small. With the results from 
microphones and accelerometers it’s possible to draw the conclusion that the extra layer of 
Noxudol between the plates had no effect. The Noxudol had a reduction of 2-5 dB at 
frequency range, 500-1250 Hz. The difference in effect between the Extra plates and the 
Noxudol increasing after 630 Hz, the effect of Noxudol is at some points a third of the 
Extra plates.    
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Figure 49 Show the average results from the eight accelerometers 
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5.8 Detail development of concept for the chine area 

From the tests it’s easy to see that adding the layer of Noxudol didn’t reduce the vibrations 
any further. The final concept for the chine area was then easy to choose, the concept Extra 
plates. The shape of the extra plates could be changed without theoretical altering the 
attributions, as long as each area between the ring frames has the same amount of weight. 
This was considered for a shorter session, but the fact is that the plates will almost not be 

visible for the eye and the current shape seemed easy to produce. The focus of the detail 
development was on how to attaché them permanently. When attaching the plates it’s very 
important they are attached in such a way it doesn’t vibrate to increase noise or gather 
water. To fixate the plates in long terms the most solid way would be to weld them to the 
bottom plate. If the plates are just welded in corners and edges it’s possible the plates 
doesn’t give the desired effect. To get an even distribution of fix points over the plate, cuts 
should be done to give opportunity for plug welds, see figure 50. Cutting evenly distributed 
holes by hand are time consuming and if this concept is implemented the plates should be 
laser cut. This would make all plates look the same and speed up attachment.   
   

 
Figure 50 Shows how the final concept and implementation 
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6 Discussion 
Under this section the results of the project is discussed. The first part includes the results 
from the test rig which is compared with the theoretical research. Further personal opinion 
on the projects method, progress and how the project is relevant for the stakeholders is 
stated. Finally the recommendations for further work with noise design on CB 90H are 
stated.    
 
6.1 Result from test  

All calculations and research pointed out that increasing the weight around the chine area 
would be the best option with the current limitations. Without any surprise the tests also 
confirms that the plates had an effect. The interesting aspect with this test was to see how 
the rest of the configurations worked compared with the extra weight. From the results of 
the test it’s possible to see that putting Noxudol on the plates gave no extra reduction. 
When designing a shear damping system it’s important to construct an optimal system 
depending on the frequencies to counteract and working temperature [14, p743-744]. It’s 
possible this could have gotten a better result with a different thickness of the Noxudol. 
But the likely problem is that the compound is not suitable for this kind of use, a softer 
compound would be preferable. If the tests rig results are compared it’s possible to see that 
the result from the accelerometers and microphones were a bit different. In the 
microphone result the difference in effect between the extra plates and the Noxudol was 
evident, but not as large as in the results from the accelerometers. The likely explanation is 
that the Noxudol was applied on all surfaces and the extra plate was only attached on the 
bottom plates. For the accelerometers the difference in effect was almost three times in 
favor for extra plates, in the critical frequency range. The aim is to reduce the noise excited 
from the chine area, therefore the vibration test gives the best approximation on the effect. 
Initially this seems to be a good effect anyway for the Noxudol due to low weight and 
relative high weight of the plates, but when the effect of a possible implementation is 
considered the picture is another. The ratio between the extra plates and the hull plates in 
the test were 1:3/4 and 1:4/5 for practical reasons. This means the ratio was not 1:1 which 
would double the mass. With this in mind a conclusion could be drawn that Noxudol at 
best give a third of the result an increase of double weight would do. A well know fact is, if 
the mass is doubled the excited noise from a surfaces will decrease 6 dB for the frequencies 
which are in the mass controlled region, between first resonance frequency to critical 
frequency [15, p18-21]. This would mean Noxudol would give 2 dB reductions on the 
chine area at optimal conditions. If the results from the iterative calculations in section 
5.2.3 are studied its possible to see that a reduction of the chine area with 6 dB(A) 
respectively 2 dB(A) would give a total reduction of around 2 dB(A) and 1 dB(A) on the 
total noise level. This is a theoretical estimation and because its -6dB only for the mass 
controlled region its not certain the dB(A) level will decrease as much. A reduction of 2 dB 
of the chine area would probably not even give a measurable result.  
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 6.2 Recommendation 

As explained in the situation analyze the chine area was the dominate source in 1992 [4] as 
well as in 2009 [11]. Now there have been improvements on several areas including the 
bulkhead, tank top and so on, of course without these improvements the chine area 
wouldn’t be so prominent. But the fact remains that it has been one of the main problem 
for almost 25 years. In 2009 it was concluded that the chine area is the dominate source by 
far and other measures will probably get masked by this noise [14, p808]. To reduce the 
noise substantially the excited noise should be decreased by 10 dB(A) in practice. This 
along with an improvement of the water tank would make a large difference on the total 
noise level and the focus should be moved to another source.  When an improvement is 
implemented a new series of testing should be done to confirm if the situation changed. To 
change the situation some options have been evaluated and are listed below.   
 
Add weight 

As discussed earlier, this option would decrease the noise theoretically by 6 dB(A) [15, p18-
21] which would give a total reduction of about 2 dB(A) and above 3 dB(A) if the water 
tank is reduced with 5 dB(A). How much this would give in practice is hard to say but it’s 
likely the actual result is a bit less. To achieve 10 dB(A) reduction of the excited noise from 
the chine area other options should be considered.  
 
Noxudol 

If the CB 90 would be produced today it’s likely the option of using Noxudol will be 
considered. If previous conclusions are taken into account and an implementation on a CB 
90 is considered the result would most likely be insignificant. Using Noxudol as it is used 
today is like doing small improvements on all surfaces on the hull. For the current problem 
where a strong dominant source is established, Noxudol doesn’t seem to be the solution. In 
the interview with Auson, they claim that the thickness should be three to four millimeters 
after applying two layers, with the same technique as used by Dockstavarvet. Both I and 
Dockstavavet consider this near to impossible. However if it would be possible to add such 
a thickness the compound should be evaluated again.  
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Shear damping 

In 1997 when the most successful noise reduction was done one approach seemed to have 
a bit more potential than the others, the glued plates. In this approach 1,5-2 mm thick 
plates were glued on the transporter room floor, tank top and chine area. This is a classic 
shear damping system and is widely used in these types of situations. The idea of using this 
approach in a greater extent was excluded due to limitations with the use of glue but the 
effect has been evaluated. How the plates implemented earlier were designed is not certain 
but its likely they are done arbitrary and made with thin plates to avoid extra weight. The 
structural parameter had a relative low value compared to the one obtained with an 
increase in weight (see page 24). Of course this is done to avoid unnecessary weight but it is 
possible with a smaller increase in weight the effect could be substantially greater.  
If it would be possible to find a fire approved viscous elastic glue with right frequency and 
temperature range, it would most likely be a good option to consider for further noise 
improvements. One assumption made in the situation analyze was that the tank top and 
floor excite low frequencies noise and the chine area higher frequencies. If a shear damping 
system is designed for the transporter room the weight of the counter plate should be 
increase for the critical areas. The viscous compound for the tank top and the chine area 
shouldn’t be the same. Maybe the tank top and floor shouldn’t be applied a shear damping 
system at all due to the low frequencies.  
 
Increasing stiffness of girders 

The strongest source to vibrations and the high noise level in dB inside the transporter 
room is the engines, but due to the low frequencies excitation which gives a lower dB(A) 
level the source is considered as a secondary problem. But the fact remains that to solve the 
noise problem in long terms the noise from the engines needs to be reduced. The engine 
mounts haven’t been researched due to limitations but this should be the first step to 
reduce engine vibrations. It’s likely this area has already experienced substantial 
improvements during the last two decades from the engine installment in the early 90ties. 
An improvement in this area would reduce the vibrations for almost all other areas 
including the chine area. The findings in this thesis support an increase in stiffness, before 
implementing such a change it is recommended to read Lins paper where the subject is 
further examined and explained. [1]  
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6.3 Reflections 

A large parts of this thesis have been to locate and understand the problem. Afterwards one 
thought occurred that maybe the extent of the problem was to large. This fact made itself 
clear when the time for concepts was quite limited. The chosen concepts were the most 
logic solutions according to the research but to contribute with something new in the area 
a more far fetched idea should have been tested. But with the limited time and resources 
this was not doable. Another aspect with the testing was the shear damping concept which 
should have been more carefully designed. The problem was that the Noxudol was the only 
viscous compound available for doing a shear damping system. The situation analyze made 
me also aware of the difference between logic, theory and practice. If something sounds 
logic it doesn’t necessary work and if theory point out an improvement it’s likely to be less 
than expected. Another valuable insight in this area is the way to analyze a problem. As the 
project precede the weight of really understanding the problem became clear. Dividing the 
noise according to sources and how it is derived, propagated and received was very helpful 
and necessary to explain the problem. As said by Crocker a common mistake by engineers 
is to increase the stiffness for a structure without having theoretical back up [14, p1030]. 
With this thesis I learned that every implementation needs to be carefully planned and a 
part of a larger strategic noise design. Large resources have been put to solve this question 
during the years and maybe this thesis doesn’t deliver an answer but it’s hoped that it push 
the development in the right direction. 
 
6.4 Relevance  

The part of this project Dockstavarvet will have most use of in a future development is the 
completion and evaluation of old tests. The noise situation for the last 25 years is well 
documented with large number of tests, which makes the situation analyze reliable. For 
similar research on fast going aluminum boats this thesis will be helpful to see which 
methods that have been considered and tested. In any problem weather its noise related or 
not it’s important to avoid repeating mistakes. 
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7 Conclusions 
Under this section the conclusion of the work is displayed. The foundation of this thesis 
has been some key issues. Initially these questions were asked in the project aim and the 
goal was to understand and answer these in the end of the project. Each question is stated 
below and answered according capabilities. 
 
Research question 1  

Where does the noise origin?  

One of the initial hopes of this thesis was to locate the noise sources and determine how it 
occurs. Early in the project the noise sources were narrowed down to two main problems, 
machinery and the hull plates contact with water. Each one a dominant source in its own 
way, the machinery contribute with low frequencies and the highest dB level while the hull 
plates contact with water contribute with higher frequencies and the highest dB(A) level. 
The origin of the machinery was established without any major effort, the two water jets. 
The large question before and after this thesis is how the noise from the hull plate’s contact 
with water occur in detail. Through the interviews some subjective assumptions have been 
stated but without any real proof it’s not possible to say for certain how the noise is created 
and spread over the hull plates. To answer this question more test needs to be conducted.      
 
Research question 2 

How does the noise propagated? 

The vibration path for the engine vibrations are well known and go from engine-engine 
mounts-girders-hull structure and hull plates. When the vibrations reach the hull structure 
and the bottom hull plates, they are radiate noise into the transporter room. The vibrations 
from the hull plates contact with water goes from the bottom plates to hull structure and is 
radiated to transporter room. The strongest radiating surfaces in the structure are the 
floor/tank top for engine vibrations and the chine area from the contact with water.   
 
Research question 3 

Is it possible to reduce the source by altering the structure? 

The water outside the boat is not possible to remove and the engines are outside the 
limitations in this thesis. This makes it not possible to reduce the source. One way would 
be to change the speed which affects both sources but this is a requirement and is not 
possible to change.  
 
Research question 4 

Is it possible to reduce the noise, by altering the transmission path? 

On the contrary to the source, the paths which propagate these vibrations are possible to 
reduce by changing the structure. The change would involve an increase in weight for the 
chine area and increased stiffness for the engine bed girders. 
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Project goal and aim 

Is it possible to reduce the noise inside the transporter room below 80 dB(A)? 

With this thesis alone it’s not possible to answer this question with any certainty. But it is 
believed with a long-term plan and well thought improvements this goal is not to far away. 
To reduce the noise level below 80 dB(A) two different problems needs to be improved 
significant. First the strong noise excitation from the chine area and secondly the engine 
vibrations. 
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