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Sammanfattning 
Denna rapport är resultatet av ett examensarbete utfört på Kungliga Tekniska Högskolan, 
KTH, från oktober 2014 till april 2015. Projektets uppdragsgivare var Lidl och det utfördes i 
samarbete med Stockholms Stad och Integrated Transport Research Labs på KTH, som en del 
av Off-peak projektet. 

Målet med projektet var att hjälpa Lidl utföra tystare gatulossningar under off-peak tider. 
Lossningen idag sker med hjälp av elektriska ledtruckar samt rullburar. 

En bakgrundsstudie genomfördes där den nuvarande utrustningen och metoden för 
gatulossning studerades genom observationer på plats. Då identifierades tre problemområden: 
den ojämna marken, utrusningen och användaren. Dessa studerades vidare på en ledtruck och 
några rullburar som lånades in från Lidl. En marknadsundersökning utfördes för att se vilka 
lösningar som redan fanns på marknaden. Andra off-peak projekt i andra städer studerades 
och vilka fördelar de medförde. Studiebesök gjordes på Toyota-BT i Mjölby och Karnag i 
Täby för att samla ytterligare kunskap. Ett möte hölls med K.Hartwall på Integrated Transport 
Research Lab för att diskutera deras nuvarande lösningar.  

De tre problemområdena diskuterades under ett avstämmningsmöte som hölls i mitten av 
projektet. Då valdes två av dessa områden: en tilläggsmodul som ska motverka att gaffeln 
skramlar och en dosa som ger feedback till förare om ljudnivån när hen kör den. 

Många iterationer av brainstorming, tester och utvärderingar ledde till det slutliga resultatet. 
Testen visade att påbyggnadsmodulen, som var tänkt att förhindra gaffeln från att skramla, 
inte gav något bra resultatet. Då gjordes valet att utveckla en lösning som med hjälp av en 
fjäder förhindrar att gafflarna slår mot varandra. Detta ledde till utvecklingen av en lösning 
med en bladfjäder som monteras på undersidan av gaffeln. Utvecklingen av ett hjälpmedel till 
förarna ledde till Noise advisor som är en ljudnivåmätare som sitter på sidan av ledtrucken 
och ger en visuell feedback till föraren. 

Nyckelord: Ledtruck, ljudreducering, Off Peak



ii 

 

  



iii 

 

 

 

 

 

 Master of Science Thesis MMK 2015:19 MKN 132 

Master of Science Thesis MMK 2015:19 IDE 143 

 

Noise reduction of pedestrian trucks for street  

unloading 
 

   

  Carl Wettergren 

Linda Zetterström 

Approved 

 

Examiner 

Ulf Sellgren & Claes Tisell 

Supervisor 

Conrad Luttropp 

 Commissioner 

Lidl 

Contact person 

Carl Ceder 

Abstract 

This report is the result of a Master’s Degree Thesis done at the Royal Institute of 
Technology, KTH, during October 2014 to April 2015. The project was commissioned by 
Lidl in collaboration with Stockholms Stad and Integrated Transport Research Labs at KTH, 
and is a part of the Off-peak project. 

The Aim of the project was to help Lidl perform quieter street unloadings during off-peak 
hours. The unloading, today, is done with electrical pedestrian trucks and roll containers. 

Information was gathered about the current equipment and the current method of unloading 
was studied through observations. There were three problematic areas identified: the uneven 
ground, the hardware and the user. These were studied further on a pedestrian truck which 
was borrowed from Lidl for the thesis work. A market study was performed to see what 
solutions existed on the market. Information was also gathered on Off-peak projects in other 
cities and what the benefits of such projects could be. Study visits were made to Toyota-BT in 
Mjölby and Karnag in Täby to gather further knowledge. A meeting was held with K.Hartwall 
at Integrated Transport Research Lab to discuss their current solutions.  

The three problematic areas were discussed during a midterm meeting. Two of them were 
selected for future work: an add-on module to keep the fork carriage from rattling and an aid 
for the drivers of the trucks that shows the noise level. 

Many iterations of brainstorming, testing and evaluating led to the final results. The testing 
showed that the module that was supposed to keep the fork carriage from rattling didn’t have 
the desired results. The choice was then made to develop a spring solution to keep the forks 
from bouncing of each other. This led to the development of a leaf spring solution that is 
mounted on the underside of the fork carriage. The development of an aid for the drivers led 
to the Noise Advisor which is a sound level meter that sits on the side of the trucks mast and 
gives visual feedback to the driver. 

Keywords: Pedestrian truck, noise reduction, Off Peak 
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NOMENCLATURE 
Notations 

Symbol Description 

dB Decibel 

dB(A) Decibel A-weighted 

 Power level measured 

 Reference power level 

.  Yield strength  

 Spring length when compressed 

 Spring length 

 Number of coils 

 Spring outer diameter 

 Spring inner diameter 

 Wire profile diameter 

 Spring mean diameter 

G Shear modulus wire 

	  Spring compression 

 Distance between center of mass and the chain 

 Distance between center of mass and springs 

g Gravity constant 

 Mass fork carriage 

 Spring force 

b Leaf spring width 

h Leaf spring thickness 

L Leaf spring length 

E Leaf spring Modulus 

∆ Leaf spring compression 

	  Leaf spring force 

I Inertia 

 Bending moment 

 Bending recistance 

 Shear force 

a Acceleration 

 Mass of the load 
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 Lateral force 

A Area 

 Shear force subjected to the tape 

  

Abbreviations 

CAD Computer Aided Design 

PDS Product Design Specification 

IP International Protection 

ITRL Integrated Transport Research Labs 

CG Center of Gravity 

ANSI American National Standards Institute 

SS Swedish Standards  
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1  INTRODUCTION 

This chapter serves as an introduction to the thesis. It gives information regarding the 
background, problem, aim, delimitations and the methods used during the project. 

1.1 Background 
Lidl is a German global discount supermarket chain that operates in over 25 countries and has 
close to 10 000 stores. They have existed in Sweden since 2003 and currently have over 160 
stores all over the country. Lidls business model is built on simplicity and providing high 
quality goods at low prices. Because of this they do not use expensive shelving and such in 
their stores; they use the same packaging that the goods are delivered in instead (Lidl, 2015). 

The business model also includes restocking their shops from a central storage facility, thus 
eliminating the need for storage space in the shops. The desire is for all Lidl stores to look and 
work in the same way but since some of the shops in city environments are rentals they don’t 
always meet the set requirements. For example; the preferred method of delivery is to have a 
lorry deliver the goods via a loading dock into a holding area from which the staff then can 
bring it into the store. Some of the shops, however, do not have a loading dock and unloading 
on the street is therefore necessary. Street unloading means that the lorry parks on the street in 
front of the store to unload the goods. The employees from the store then come out with 
pedestrian trucks and take the goods from the lorry into the store (Ceder, 2014).  

Lidl is part of the new Off-Peak project, which is developed by Stockholms Stad, which aims 
to investigate the possibility of delivering products to shops sometime between 22-06. This is 
problematic in areas of dense population such as Stockholm City center since the pedestrian 
trucks and roll containers that Lidl use to carry the products from the lorry to the stores aren’t 
constructed to be quiet. 

1.2 Goal 
The aim of this project was to improve the street unloading from lorry to store. The focus was 
mainly on making the process quieter.  

1.3 Scope 
This project focused on the Lidl stores that used street unloading and didn’t have loading 
docks. It also focused on the noise reduction of pedestrian stacker trucks. 

Lidl had already started development of a better ramp, that lets the pedestrian truck drive over 
the curb, when this thesis was started. They had also tried putting a rubber carpet on the 
sidewalk to drive the pedestrian truck over to make the unloading quieter. These kinds of 
solutions were therefore not looked into further. 

Stockholms Stad said that the sidewalk in front of the stores could not be changed.  

To change the unloading procedure completely with a new device or method to unload the 
lorry was after the brainstorming sessions deemed to be too complex for this project. 

All testing and measuring was done in KTH transport labs because of logistics problems 
posed and the absence of a reliable testing environment outside.  
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After discussions with Lidl and their current pedestrian truck provider Jungheinrich it was 
said that the trucks could not be modified. This left one option, to add something to the 
pedestrian truck. 

Solving the noise problems with the milk roll containers by changing each of them to make 
them quieter would pose a logistics problem since the roll containers belong to a cycle and do 
not necessarily end up in a Lidl delivery next time. It was therefore decided that a solution to 
this problem would have to be something that Lidl could keep in the stores. 

1.4 Method 
The initial stage of this project consisted of information gathering to learn about the Off-Peak 
project, sound, sound measurements and pedestrian trucks. Observations were conducted at 
different Lidl stores both during regular business hours and off-peak hours. These were done 
to collect information regarding the street unloading process and the possible problems that 
needed solving. 

A lot of the information needed for this project was gathered by talking with people who had 
knowledge that was deemed relevant for the project. One of them was Eero Heinonen from 
K.Hartwall who came to Transport Labs and talked about their silent roll containers 
(Heinonen, 2014). A phone interview was also held with Folke Riechmann who is 
Jungheinrich’s CEO in Sweden (Riechmann, 2014).  

Study visits to different companies were done during this project. One of them was to Toyota 
BT in Mjölby where Boris Ahnberg, Peter Tengvert and their colleagues talked about 
pedestrian trucks in general, their silent truck solutions and their company (Ahnberg & 
Tengvert, 2015). Another trip was done to Karnag in Täby, Stockholm, where Conny 
Doverlöv talked about the sound insulating materials they sell, what they are used for, and if 
they would be suitable for this project (Doverlöv, 2015). 

Brainstorming sessions were used in an iterative manner during the concept development 
stage.  The first brainstorming session was used to come up with ideas to solve the problem of 
this thesis. It was very beneficial to keep an open mind and come up with solutions that were 
a bit extreme but could be boiled down to useful ideas later on in the project.  

The CAD program Solid Edge ST6 (Siemens, 2015) was used to create models of some of the 
mechanical solutions. This was done to visualize and evaluate different concepts.  

The software MATLAB (Mathworks.com, 2015) was used for all calculations in this report. 

The Pugh-matrix method was used to evaluate the different concepts against each other. The 
concepts with the highest scores were the ones that best fulfilled the predetermined criteria 
and were the ones chosen.  

A lot of experiments were carried out during this project. The initial testing was mainly done 
to find out what parts of the pedestrian truck that created the noise. After that, a series of tests 
were conducted using simple materials and prototypes to try different ways to solve the 
problem. Most of the tests were filmed using a Panasonic HDC-SD5 for use in presentations. 
A sound level meter, ST-8850, was used to record the peak volume during the testing. It was 
put on a tripod and placed on a 2.5 m distance from where the pedestrian stacker was driven. 
The pedestrian stacker was then driven at full speed in a straight line across the room. 

Different prototypes were created and used for the experiments in this project. Some were 
made by using rubber bought at Kuntze while others were created using different things from 
the workshop. A design prototype of the Noise Advisor was also built by using parts 
purchased from Elfa. 
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2  SOUND AND SOUND MEASUREMENTS 

This chapter describes the basic knowledge of sound, sound measurements and the decibel 
unit, which was needed during this project. 

The bel unit, B, is a logarithmic ratio between two power levels: the measured level 
 and the reference level	 . To make the unit easier to use it is multiplied by 

ten to get the deci,‘d’, and form the decibel, dB (Carlsson & Bodén, 1999, s. 19). Since dB is 
a logarithmic scale; a doubling of the power level measured will give an increase of three dB. 
The reference level for measuring sounds is 10-12, which is the lowest level the human ear can 
pick up. To calculate the sound level  the following equation is used (Carlsson & Bodén, 
1999, s. 6). 

 
2

10 202

 
log 10 log 10measured measured

dB
reference reference

P P
L

P P
      (1) 

2.1 Weighted and Equivalent sound levels 
There are different ways to post process the measured power levels to better show the results. 
What to use depends on what the desired outcome is. 

Even though the reference level for measuring sound is the minimum level of what a human 
can hear, the dB unit is still not fully fit to measure how humans perceive noise. This is 
because the human ear perceives frequencies as different loudness intensities. For example; a 
high frequency noise is often perceived as more disturbing than a low frequency noise even 
though they may measure in at the same unit (dB) (Nnoisemeters.com, 2015). The human 
frequency perception can be said to be nonlinear.  

Different Weighting systems have been created to compensate for this. When measuring 
environmental noise it is standard to use the A-weighting, which is why that weighting was 
chosen for the experiments performed during this project. When measuring with A-weighting 
the decibels are expressed as dB(A) or dBA. 

Measuring noise is often done over a period of time. During this period there can be a lot of 
loud sounds and sometimes there are no sounds at all. The equivalent value is therefore used, 
which is the average power level over the whole time period. However, since the decibel is a 
logarithmic unit it is the power level that has been averaged and then the decibel unit has been 
calculated from that (Gracey, 2015). When talking about the equivalent sound level it is good 
to express between what hours or for how long it has been measured; as shown here:  

(18-03) were the time period is in the prentices. 
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3  PEDESTRIAN TRUCKS, STACKERS AND ROLL 
CONTAINERS 

This chapter describes the different equipment that is used in deliveries, such as pedestrian 
trucks, stackers and roll containers. 

What pedestrian trucks all have in common is that they are used for handling cargo, more 
specifically cargo on pallets. Most pedestrian trucks are electrically driven and are similar in 
layout. The normal working environment for a pedestrian truck is paved concrete flooring or 
other hard, smooth surfaces.  

Among the pedestrian trucks there are two main types; low lifting and stacker (high lifting). 
The main thing that sets them apart is the stacker mast, which gives the stacker truck the 
ability to lift its load higher. On stacker trucks the fork is also divided into two parts; the top 
fork carriage and the support arm. Some stacker trucks have the ability to carry two pallets at 
once, so called ‘double-deck’, which means that they can lift not only the top fork carriage but 
the support arm as well. The focus in this thesis is on pedestrian stacker trucks, specifically 
the EJD220 from Jungheinrich. 

3.1 Market study 

There is a very limited market for silent pedestrian trucks, which was confirmed by Toyota 
BT during a visit to their factory. Out of the 60 000 trucks they sell each year, only 50 were of 
their silent model, LWE200N (Ahnberg & Tengvert, 2015). Listed in Table 1 below are some 
of the silent models that can be found on the market and a brief explanation of each. 

Table 1. Silent trucks and pedestrian trucks, (Jungheinrich, 2015) , (Piek-international, 2015), (Linde-mh, 2015), 
(Hiab, 2015). 

Model: Manufacturer: Average sound level: PIEK certificate: Stacker:

EJE 116 S Jungheinrich 59 dB(A) yes yes 

CiTi Truck Linde <60 dB(A) yes no 

LWE200N Toyota BT 60 dB(A) yes no 

Moffett E-Series Hiab  <60 dB(A) - yes 

The Jungheinrich EJE116S was known as a regular pedestrian truck during the background 
study and not a stacker (none double-decker) which was later discovered. This model has 
softer wheels than the EJD220 and rubber material in the fork carriage (Jungheinrich, 2015). 

The CiTi truck from Linde is a very condensed pedestrian truck; it’s more of a regular pallet 
lift with a motor and battery. Since it doesn’t have the ability to lift the pallets from the lorry’s 
raised tail gate it was not interesting as a contender for Lidl (Linde-mh, 2015). 
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The LWE200(N) is the silent version of Toyota BT’s pedestrian truck. It is the same model 
but a different version of the one seen during the study visit at Toyota BT (Toyota BT 
catalogue – Toyota powered stacker trucks). 

Moffett E-series from Hiab is not a pedestrian truck. The truck is meant to travel with the 
lorry, mounted at the back. It is very wide and uses that to accompany softer air-filled wheels 
while maintaining stability and balance. The soft wheels provide the truck with smoother and 
quieter driving (Hiab, 2015). 

All of these models can be seen in Figure 1. 

 

Figure 1. From the left: EJE 116 S (Jungheinrich, 2015), CiTi (Linde, 2015), LWE200(N) (Toyota BT, 2015), 
Moffette E-series (Parklogistics, 2015). 

3.2 How trucks work  
Much of the information regarding how pedestrian trucks work was found through 
observations made on the EJD220 pedestrian truck seen in Figure 2. The information was 
later confirmed by investigating other pedestrian trucks during the study visit at Toyota BT, 
as well as observations of other pedestrian trucks found in different stores. 

 

Figure 2. The EJD220 pedestrian truck with stacker mast. 
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Balance is very important when it comes to pedestrian trucks since it must be operational, and 
able to lift heavy weights, without risk of tipping over. How the truck is loaded has a big 
effect on the risk of tipping but the truck must be balanced no matter what. The weight 
distribution can be shown in a stability triangle, see Figure 3. The figure shows the center of 
gravity, CG, for the truck and the load; as well as the combined CG. If the combined CG 
moves out of the triangle the pedestrian truck will tip over. 

 

Figure 3. Loading triangle (Osha.gov, 2015). 

Pedestrian trucks with the drive wheel and tiller arm (the arm you steer with) in the middle, as 
on the EJD220, have five wheels; two in front under the fork and three in the back. The three 
wheels in the back consist of the drive wheel in the middle and two wheels for steering, one 
on each side, see Figure 4. The steering wheels can swivel so that the pedestrian truck can 
turn. They are also spring loaded to give the drive-wheel good contact with the ground for 
traction. However; the spring loaded wheel provides the truck some unwanted instability 
during loading. 

 

Figure 4. Underside of a pedestrian truck [Toyota BT catalogue – Toyota powered stacker trucks] 

The battery compartment on the EJD220 sits right next to the stacker mast and can be seen in 
Figure 5, and access to it is gained from the top via a hatchet. The battery pack is held in place 
by a dual function lever that not only locks the battery in place but also aids in pushing the 
battery out the side when a battery change is needed.  

 

Figure 5. Battery compartment. 
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Most electric trucks use Lead Acid batteries (Pb) since they have two properties that are 
beneficial for pedestrian trucks: they have a very low energy density (watt-hours/kilogram), 
see Figure 6, which means that they are heavy; they also have a very low cost per kWh. 
Trucks that use lighter battery packs, such as Li-Ion, need to add extra counter weights to 
retain the ability to lift heavy loads. The main benefit of using Li-Ion battery packs is that 
they charge faster. Another benefit could be to place the counterweights close to the ground to 
add stability to the truck. 

 

Figure 6. Battery density chart (Low-powerdesign, 2015). 

The mast is what's sets a stacker apart from a low lifting pedestrian truck. Not all stackers 
have the same kind of mast however. In this case a Jungheinrich EJD220 stacker is used as an 
example to show the main components of the stacker mast. The mast itself is telescopic; the 
inner mast is pushed upwards with the lift cylinder. The fork carriage is connected to the 
cylinder via a pulley and chain. The other end of the chain is grounded to the main mast, 
which gives the pulley mechanism and ratio of 2:1 (for each length-unit the cylinder moves; 
the fork moves two). On the main mast there is also a clear plastic cover protecting the user 
fingers from damage i.e. finger protection. Figure 7 gives an overview of the different 
components of the EJD220. 

 

Figure 7. Pedestrian stacker truck overview. 
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Since the fork carriage and the inner mast move up and down they have linear bearings which 
consist of steel wheels. The fork carriage has four wheels, see Figure 8, two on each side. The 
bearings for the inner mast are also bearing wheel, one placed at the top of the main mast on 
each side, and one on the bottom of the inner mast on each side. There are no bearings to take 
lateral loads on the stacker mast and fork carriage; only loads radial to the bearing wheels. 
The inner masts beams are not fully parallel; the distance between them is smaller further up. 
This is to help with lateral stability when lifting loads higher up. This was learned during the 
study visit at Toyota BT and was also confirmed when measured on the EJD220 truck.  

 

Figure 8. Fork carriage and it's bearing wheels. 

At the top of the main mast, on the surface that faces towards the driver, there are two brass 
screws, one on each side as seen in Figure 9, which forces the inner mast in contact with the 
bearing wheels that sits on the top of the main mast. This helps keeping the inner mast from 
tilting back or forward in the driving direction. 

   

Figure 9. Brass screw on the main mast, pushing the inner mast. 
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The support arm functions as a manual pedestrian truck but is hydraulically actuated with the 
help of a compressor and uses a mechanism that pushes the wheels down the same distance as 
it heightens itself to keep the support arm and fork carriage leveled, see Figure 10.  The parts 
marked in red stay at the same height while the other parts move upwards when lifting the 
support arm. 

 

Figure 10. Support arm lift, grounded part marked in red (Jungheinrich.se, 2015). 

3.3 Milk roll containers 
The roll containers used for transporting milk are mainly composed of thin steel wires. They 
have shelves that can be folded up when the containers are empty so that they can be stacked 
together. Each roll container has four wheels; two in the front that can swivel for steering and 
two in the back that are fixed, as can be seen in the picture to the right in Figure 11. 

  

Figure 11. Three stacked milk roll containers and a milk roll container ready to use. 
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4  THE OFF-PEAK PROJECT AND PIEK STANDARDS 

This chapter presents the Off-peak project in Stockholm and the benefits that have been found 
from similar projects in other cities. It also describes the PIEK standards and how they are 
used for measuring noise. 

4.1 The Off-peak project 
The Off peak project in Stockholm is a two year trial to test the possibility of night time 
deliveries in the city central. At present time it is forbidden to operate trucks that weigh more 
than 3.5 tones between the hours of 22 and 06. This creates a situation where heavy lorry’s 
need to share the streets with regular traffic during business hours. The project aims to 
evaluate if it is possible to distribute these deliveries across all of the 24 hours in a day to 
make the city less cramped during rush hour. 

The participants in the project, besides the city of Stockholm, are Lidl, Svebol Logistics, 
Volvo Lastvagnar and KTH. Lidl, Volvo and Svebol are the main financial contributors who 
make the project possible. The city of Stockholm will pay for the evaluation of noise, 
transportation efficiency and work environment. The lorry has been partially financed by the 
EU-project Clean Truck in which the city and Svebol are participating (Stockholms Stad, 
2014). 

Similar projects have taken place in many other cities such as New York, London and 
Barcelona. All of these have shown similar results in which traffic congestion has lessened 
during day time and the delivery times were shortened. In New York it was reported that the 
deliveries required as much as 30 percent less time (New York City, 2014). This saves both 
money and is better for the environment. 
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4.2 The PIEK standards 
The PIEK standards for noise emissions during unloading and loading wares were developed 
by the Dutch Government in 1998. The PIEK project resulted in a certification scheme for 
vehicles and equipment operating under 60dB(A) that can be found in the TNO report (PIEK-
international, 2015). This is suitable for night time deliveries and will not disturb the nearby 
residents. The standard has since then been adopted by other countries such as the UK, 
Germany, France and Belgium. 

A PIEK measurement is performed with a sound level meter, type 1, and with a background 
noise level of less than 50 dB(A). The measurements are made on open surface with no walls 
or objects within a 25 m radius. The truck should run over a course as described in Figure 12, 
with four metal strips 30 mm wide and 5 mm thick. The microphone of the sound level meter 
should be placed 7.5 m from the center of the course at a height of 1.2 m. (PIEK-international, 
2015) 

 

Figure 12. PIEK rolling noise setup (PIEK-international, 2015). 

The TNO report is intended for everyone who is involved in producing equipment and 
material used in loading and unloading wares in retail. It is intended to define the methods of 
measurement so new equipment can be tested as to see how well it complies to the limits set 
in the “Retail Trade and Craft Businesses Environmental Management Decree” issued by the 
Dutch Government in 1998.  
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5  OBSERVATIONS 

Observations were carried out during this project; the findings of which are presented in the 
chapter below. 

5.1 Lidl Fridhemsplan 

The first observation was conducted at Lidl Fridhemsplan on the 20th of October 2014 at 
19.40. During this time the street outside of the store was undergoing some construction. The 
parts of the street that were directly in front of the Lidl store were closed off for general traffic 
and was only used for loading and unloading goods to the store. A temporary ramp had been 
constructed from asphalt due to the difference in height between the sidewalk and the street. 

The weather was cold and wet, but not raining, and there were only two people involved in 
the process of unloading the lorry: the person that drove the lorry and did the unloading from 
it and the person from the store that took the goods from the street to the store. 

Some parts of the process of unloading created more noise than others. The small roll 
containers that were used to transport milk made a lot of rattling noises, somewhat like the 
sounds of shopping carts but louder. The bigger pedestrian stackers made sounds that were a 
little lower in pitch but higher in sound; more of a clanking noise. 

Some safety issues were observed. For instance the person who drove the stackers in to the 
store had to walk out into the open street to turn them. This is mainly an issue during the 
hours when there is a lot of traffic but it is something that could be looked into. There was 
some use of an electric pedestrian stacker truck that could lift its fork to reach the goods while 
they were still on the lorry’s tail lift. This looked unstable and unsafe since the heavy roll 
containers looked like they could tip over. This was most likely due to uneven ground. 
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5.2 Manual pedestrian truck at Integrated Transport 
Research Labs 

Some observations were conducted to test different theories regarding what parts of the 
pedestrian trucks that were causing the problematic noises. A manual pedestrian truck was 
borrowed at Integrated Transport Research Labs and driven around on different kinds of 
floors and ledges to see if it was possible to isolate the sources of the noise, Figure 13. 
However, the truck in question was not completely stable and therefore may not have been the 
ideal one for testing. It did appear as if the noise came from the different metal parts clanking 
together and that it was amplified by the hollowness of the forks. 

 

Figure 13. The manual pedestrian truck that was investigated at ITRL. 

5.3 EJD220 pedestrian truck  
An EJD220 pedestrian truck, by Jungheinrich, was borrowed from Lidl to make observations 
and tests. The initial observations on the EJD220 truck were conducted by driving it, standing 
on the fork with both legs and shifting the weight between them, lifting the forks, opening the 
battery hatch and removing the finger protection. Some of the identified problems where: 

 The fork carriage was identified as one of the biggest culprits in the noises and rattling 
the EJD220 made. Much of the noise came from the noses of the forks, but this would 
disappear if the forks were lifted up a few centimeters. When the weight on the fork 
carriage shifted laterally from side to side a lot of rattling noise came from the fork 
carriage linear bearings and where they meet the inner mast. 

 When driving the EJD220 with the support arm raised it got quieter.  
 The main mast is grounded to the EJD220 bottom via the battery compartment and 

can’t move. Almost at the top of the mast facing the driver there are brass screws that 
act as linear bearings and help to keep the inner mast from leaning back or forward in 
the driving direction. The truck does not have the same kind of bearing in the bottom 
of the mast. The screw creates noise when it collides with the mast. 
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 Since the inner mast has some clearance in all directions it makes clanking sounds 
when the EJD220 is driven over small obstacles and seams in the flooring. 

 The bearings on the mast and fork carriage can move axially on their own axle which 
could cause some noise. 

 The finger protection was also identified as one of the culprits, it would bulge in and 
out and make low pitch sounds.  

 The yellow plastic cover at the back, where the driver stands, was suspected to be a 
part of the overall sound making or at least a source for propagation of vibrations. 

 The battery hatch is a rather thin piece of steel and thus a suspect for vibration 
propagation.  

 The battery, which is replaceable, on the EJD220 had a locking mechanism to keep it 
in place which consisted of a lever that could move even when the mechanism was 
locked. 

5.4 Milk roll containers  
Some observations were conducted on the milk roll containers where they were pushed in full 
walking speed across the tiled flooring. The problems identified on the containers were: 

 All the thin steel tubing in the frame oscillates and makes a lot of high pitch noise. 
 The hinged shelves that are folded up slam against the frame creating metal-to-metal 

noises. 
 The wheels, even though rubberized, still transfer a lot movement from the uneven 

flooring. 
 The doors on the containers are intended to move up and down to secure it in place, 

but this also cause noise since it’s not perfectly fixed when moving 
 Hinges of the door. 
 The bottom is folded down and rests on the framework over the wheels, this is also 

metal-to-metal contact which creates noise as the bottom slams up and down when the 
roll wagon moves over tiles. 

 The containers made the most noise when they were empty and stacked together. 

5.5 Lidl Sveavägen 
A second observation was conducted, at Lidl Sveavägen, on the 27th of October 2014 at 
21.40. The weather was mild that evening. Just like in the observation at Fridhemsplan there 
were only two people involved in the unloading process; one who transported the goods from 
the lorry and one who took it from the lorry to the store. 

The unloading took over the entire sidewalk and people had to navigate out of the way to not 
interrupt. The metal ramp used to get the pedestrian truck from the sidewalk down to the road 
made a lot of noise when the truck was driven over it. The tail lift of the lorry had been 
covered in a hard, rubber like, material to make it less noisy.  

The ground outside of the Lidl store consists of concrete tiles. This contributes to the noise 
making since the pedestrian trucks have to drive over the uneven ground to get into the store. 

The main safety issue here was the same as at the other location in Fridhemsplan; the staff 
that drove the truck into the store had to walk into the street to turn the pedestrian truck. This 
is a more serious concern at this location since Sveavägen is a very busy street even at night. 
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5.6 Lidl Sveavägen new loading ramp 
Lidl had a new ramp built since the old one was so noisy. This one is placed on the paved 
road underneath the tail lift of the lorry as shown in Figure 14. This means that the pedestrian 
stacker and its driver never have to go down on the road and face the dangers of the 
surrounding traffic. The ramps top face is covered in a rubber material to dampen when the 
pedestrian trucks runs over it. The idea is to have the lorry driver move the pallets on to the 
tail lift and Lidl’s employees get the pallet from there while driving on to the ramp right from 
the sidewalk. The ramp is put in place by lifting it to the curb with the pedestrian truck and 
then dragging it down on the road using manual labor. 

 

Figure 14. A sketch of the new ramp by the curb. 
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6  FIELD TRIPS AND INTERVIEWS 

This chapter presents the field trips and interviews that were conducted as well as the 
knowledge that was gained from them. 

6.1 Jungheinrich 

In a phone conversation with Jungheinrich’s CEO in Sweden Folke Riechmann (Riechmann, 
2014) he talked about how the problem with noise lies with the weight of the trucks and the 
heavy Pb-batteries. He believed it would be wise to focus on lighter truck designs using Li-
Ion batteries. He also specified that no alterations could be made on the truck since this would 
mean that the CE-mark would no longer be valid. The CE-mark is a specification that all 
equipment that is sold or used within the EU needs to have (Cemarkingnordic, 2015) 

6.2 Karnag 
A trip to Karnag, which is a company working with, and selling, insulation solutions and 
products, was done. It led to a meeting with Conny Doverlöv (Doverlöv, 2015) who is their 
go to guy when it comes to sound proofing. He talked about different insulating materials that 
they had and how they could be incorporated into a pedestrian truck. Conny specifically 
talked about their noise absorbing materials and sound deadening materials. The noise 
absorbing materials are thick open cell foam materials which the noise is absorbed and 
drowned in. Sound deadening materials are used to decrease vibrations in thinner and lighter 
flat surfaces as sheet metal or plastic panels, by increasing the weight per area unit. 

On Karnag they also had a pedestrian truck which was looked at and discussed around what 
could generate noise. Conny said that lifting the fork up a few centimeters while running it 
empty would decrees the rattle noise from the pedestrian truck. He also thought the truck 
needed softer wheels, but that would be a trade-off for the lifetime of the wheels, because they 
would wear more quickly. 

6.3 K.Hartwall 
Eero Heinonen (Heinonen, 2014) from K.Hartwall came to Integrated Transport Research 
Labs and talked about their silent roll container and how they perform their sound 
measurements in the PIEK-standard. Eero talked about how many food chains used roll 
containers more and more. He also presented the new silent roll container that was being 
developed, which could have been of interest for this project. Unfortunately they were not 
able to provide a prototype before the end of this thesis. 

  



18 

 

6.4 Toyota BT 

A study visit to Toyota BT in Mjölby was conducted which was organized by Boris Ahnberg 
and Peter Tengvert (Ahnberg & Tengvert, 2015). Toyota BT is the biggest manufacturer of 
pedestrian trucks in Sweden.  

The visit was conducted in order to get a broader understanding of pedestrian trucks, its 
elements and what might cause the noise problems. A short presentation of all the attending 
and this thesis project launched the visit. It was followed by Boris and Peter showing some of 
their trucks with discussions around what makes them noisy. Two of the employees who work 
with sound measurements of the trucks came and talked about how they perform their tests. 
They explained that they use three different kinds of standards: ANSI, SS and PIEK. They 
only perform noise tests on trucks that have special modifications or when new constructions 
have been developed. 

Boris and Peter organized a walk through the factory to show how they work and some of the 
trucks they produce. A final discussion of the project was conducted after the tour. Apart from 
the general truck expertise that was gained from this visit there were also new insights 
regarding what is needed to help expand the market for silent trucks which is more rules and 
regulations regarding the noise they make. It was also said that the finger protection on 
pedestrian stacker trucks was a must. Some discussions were also held about the future of 
pedestrian trucks and the general conclusion was that they will probably be more lightweight 
in their design and be designed for better efficiency of the drivetrain. See APPENDIX A for 
more detailed information on the visit. 
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7  THE PRODUCT DESIGN SPECIFICATION AND 
IDENTIFIED PROBLEM AREAS 

This chapter describes the product design specification and the identified problem areas that 
were developed during the information gathering. 

7.1 Product design specification  
The information gathered led to a set of restrictions, limitations and demands that were 
collected in a product design specification, PDS. 

 The ground outside of the store could not be changed 
 There could be no permanent modifications to the pedestrian truck 
 The milk roll cages were standardized and could not be modified 
 Changing the unloading procedure completely was deemed too big for this project and 

more of a logistics problem. 
 Lidl had already developed a new ramp and a rubber mat for testing; so looking in to 

similar solutions was considered unnecessary. 

7.2 Identified problem areas 
The problem areas that were identified during the information gathering were the following: 

 The ground: uneven ground which the truck and the milk roll containers travels over 
gives rise to the noise. Making the ground even would lessen the amount of noise 
considerably.  

 The hardware: neither the pedestrian trucks nor the milk roll containers have been 
designed to be quiet. Small changes to the design could make a big difference in the 
amount of noise that is created. This was probably the biggest culprit in the noise 
making. 

 The User: the user has a lot of influence on the how the equipment is used and 
therefore the noise made. By slowing down certain parts of the process and being 
more aware of the noise they were creating the drivers could lower the noise levels. 
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8  GENERATING IDEAS 

A brainstorming session took place to generate ideas for solutions to the problems posed. 
Some of the ideas that were generated can be found in this chapter.  

A brainstorming session took place where the focus was to come up with as many ideas as 
possible, without any restrictions, to find solutions for the three identified problem areas. 
These ideas where written on tiny post-it notes and put on a wall to give a good overview and 
make it easy to put more up as the project went along. Some of the ideas that came up are 
presented below and the rest can be found in APPENDIX B.  

A coarse sorting was done and many ideas were scraped due to them being too extreme or 
falling out of the scope of this project. The ones chosen for further development were: 

 The Noise advisor: An aid for the driver to get aware of their own noise production.  
The idea was well appreciated with the other people involved in the project.   

 Anti rotation rattle:  A module that would help to stiffen the stacker mast on the 
pedestrian truck was also well received by the other participants.  

 Dampening the fork: A spring under the fork and dampening material moved on to 
the next development process phase because they were well proven in the testing that 
was conducted. 

Noise Advisor 

The idea was to make the user more aware of the noise they made by quantifying it and giving 
the driver easy to understand feedback. A logging system of the noise level and some kind of 
competition could be implemented to further motivate the users to be as quite as they possibly 
could be. 

 

Figure 15. Noise advisor, the first sketch of a box that would give the driver feedback on their noise levels. 
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Spring under the fork 

The idea was that springs could be placed in the front of the forks to dampen them. This 
would prohibit the creation of noise from metal to metal clanking. 

 

Figure 16. A coil spring placed on the support arm of the EJD220. 

Anti rotation rattle 

The idea was to add a second bearing wheel set to take up the lateral forces of the fork 
carriage which would reduce the rattling noises that occurs when the fork carriage rotates 
back and forth. 

 

Figure 17. Add-on module concept for anti rotation rattle. 

Continuous track 

The idea behind was that the uneven ground was the biggest reason for the noise. Since 
continuous tracks are always in contact with the ground, putting them on a truck would make 
driving over the uneven ground smoother. 

 

Figure 18. Pedestrian truck with over exaggerated treads. 
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Plunger screw 

On the main mast there is a brass screw that was talked about in the observations chapter, that 
needs to be kept tightened to keep the inner mast tight on the upper bearing wheel of the main 
mast, this screw could be replaced by a spring-loaded plunger or something similar to have it 
be self-tightened and always keep the inner mast against the bearing wheel to prevent it from 
clashing. 

 

Figure 19. Spring loaded plunger screw (Elesa-ganter, 2015). (plastidip.si, 2015) 

Dampening material 

The idea was to have something dampening under the fork carriage. For example to glue a 
rubber sheet to the underside of the whole fork carriage. 

 

Figure 20. Rubber sheet under the fork of Toyotas silent pallet lifter. 

Hat for the milk roll containers 

With the known logistics problem with changing the milk roll containers an idea was 
conceived; to keep something at each store that could cover and insulate the milk roll 
containers while they were rolled out to the lorry. A thick blanket or a hat could be used over 
them as it would keep the noise from spreading. 

 

Figure 21. Hat for the roll container. 
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Plasti dip the entire milk roll containers 

The whole containers (except the wheels) could be dipped in plasti dip which is a rubber-like 
material used to get more grip friendly tools as shown in Figure 22, that would dampen out 
the noises made by the milk roll container. 

 

Figure 22. Plasti dip being used on a wrench (plastidip.si, 2015). 
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9  EXPERIMENTS 
This chapter describes the experiments that were conducted as well as the setup that was 
used. 

9.1 Ideas for first experiments 

After gathering information and generating some ideas through the brainstorm it was time to 
think about what experiments could be performed. Lidl provided the project with a 
Jungheinrich EJD220 pedestrian stacker truck to use for testing purposes. Two of the 
suggestions for experiments are presented below, the rest can be found in APPENDIX C. One 
of the two ideas below was used: insulating the forks. This fit the ideas that were chosen for 
further development from the idea generation. 

Insulate the forks 

Purchase: Sleeping mat/other dampening material 

Execution: An insulating material is placed on the inside of the forks 

Purpose: Stop the reproduction of vibrations in the forks and reduce the occurrence of noise. 

Hypothesis: The insulation will prohibit the noise from spreading through the forks. 

Dampening the ramp 

Purchase: Sleeping mat/other dampening material 

Execution: Dampening material is put underneath the ramp and the stacker is then driven 
over it. 

Purpose: To inhibit the noise that occurs from being spread. 

Hypothesis: The dampening material will act as a dampening between the ground and the 
ramp. 
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9.2 Test setup 
All the tests were conducted at ITRL, on the tiled floor, and performed in the same way. It 
was desirable to do the tests on off hours since the ambient sound pressure is lower when no, 
or fewer, people are around. The pedestrian truck had a starter point marked out on the floor 
with piece of tape. The sound level meter was on a stand set to one meters height at a distance 
of 2.5 m to the drive path of the truck as seen in Figure 23. The sound level meter was set to 
A-weighting and Lo (low range 30-100 dB(A)) and slow time weighting, with the max/hold 
function activated. The maximum value was then written down for each test run. The throttle 
was maxed out and the pedestrian truck was drive at full speed all the way across the room 

 

Figure 23. Sound measurement setup. 

Most of the experiments were videotaped using a Panasonic HDC-SD5 digital video camera. 
The material was also used for presentations to make it easier for people to understand the 
difference in sound and not only see numbers. They also made it possible to go back and 
review some of the tests when necessary.  

 

Figure 24. Test set-up. 
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Sound measuring equipment 

In this thesis all measurements were conducted with a ST-8850 sound level meter, which is a 
type 2 meter. Type 2 level meters must have an accuracy of at least +-2dB, compared to type 
1 level meters that have +-1dB accuracy. One of the limitations with the ST-8850 is that it 
can’t log the measured data by itself, which meant that no equivalent sounds levels could be 
measured. 

The measurements in this thesis should only be compared between each other since no 
standards for measurements were used. However, all measurements were conducted in the 
same way. 

 

 

Figure 25. ST-8850 sound level meter (Instrumentation2000, 2015). 

Table 2.  ST-8850 specifications (Standardinst, 2015). 

Specifications on the ST-8850 

Standard IEC 651 type 2 

Accuracy 1.5dB @ 1 kHz sine wave

Max hold yes 

Range 35-130dB 

Resolution 0.1 dB 

sample rate 1.5 p/s 

Frequency Weightings A,C 

Time Weightings Slow/Fast 
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9.3 Initial testing on the EJD220 
In the first test run the EJD220 pedestrian truck and the milk roll containers were subjected to 
different test with the purpose of finding ways to suppress the noise and rattling they produce. 
Different kinds of rubber materials, as seen in Figure 26, were purchased from Kuntze in 
Västberga, Stockholm. The materials were as follows: 

 Dense silicon cellular rubber foam with closed cells and a thickness of 25 mm. 
 EPDM, a synthetic rubber with a sheet thickness of 2 mm. 
 Soft Natural rubber, SBR (50 °Shore) with a sheet thickness of 4 mm. 

 

Figure 26. Rubber materials from Kuntze. 

The materials were cut into slabs and pieces that could easily fit in the different places on the 
pedestrian truck and milk roll containers. They were placed where the most problematic 
places/areas where thought to be. This was done in iterations and measurements were 
conducted in between each time something new was put on the pedestrian truck. The tests, 
and their results, T_A (Truck test run A) and M_A (Milk roll containers test run A) performed 
with these sound suppressing materials can be found in APPENDIX D and are talked about 
more below. 
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EJD 220 

The first test that was done was to drive the stacker unloaded and with the fork carriage and 
support arm all the way down to get a reference to compare the other tests to. The maximum 
noise was measured to 91.8 dB(A). The test that showed the best result is the one named 
T_A5 in APPENDIX D in which four pieces of the cellular rubber foam were placed evenly 
between the fork carriage and the  support  arm and two pieces of the same material was 
placed on the inside of the main mast bearing surface, see Figure 27. Test T_A10 showed that 
when undamped and loaded with about 250 kg the noise level was 78.1 dB(A) which is 
considerably less than the unloaded reference.  

 

Figure 27. Left: four foam pieces on the support arm. Right: foam piece on the inside of the main mast. 

 

Milk roll containers 

The milk roll containers were also tested undamped first to establish a reference level. The 
maximum noise measured was 84.7 dB(A). Two other tests were also performed where 
electrical tape and EPDM rubber were placed in areas that were problematic, as seen in Figure 
28. The first test with tape gave a measurement of 83.2 dB(A) and the second test with the 
rubber gave 81.5 dB(A).  

    

Figure 28. Electrical tape and EPDM installed on the milk roll container. 
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10  TOP FORK ROTATION RATTLE 

This chapter presents one of the concepts that were developed after the initial testing and 
brainstorming. It describes the problem and the thought process behind the solution.  

The hypothesis behind this concept was that the whole fork carriage, as seen on the EJD220 
in Figure 29, rotated around the fork-axle when the pedestrian truck swayed from running 
over an uneven surface. The fork carriage could only rotate a few degrees before the fork and 
its bearings slammed into the support arm and the sidewalls of the mast respectively. This 
slam generated a lot of noise which could easily be demonstrated by standing on the fork, 
with one foot on each fork, and swaying the weight between them as talked about in the 
observation chapter. From the background study a PDS was setup for the add-on module, 
which can be seen in APPENDIX E. The Main performance criteria were that it should take 
1000 kg in load, since that was what Lidls heaviest pallets weighs. It should be easy to install, 
and preferably be moveable between trucks. Most importantly it should not in any way be a 
safety risk for the driver. 

 

Figure 29. Fork rotation axle. 

10.1 Initial testing 

Early measurements of the sound level improvement of removing the rotation of the fork 
carriage was done using clamps used for woodworking. The clamps were put in different 
places over the mast, as described in the test table found in APPENDIX D. The test T_B 
showed significant improvements on the sound level measured when locking up the rotation 
with the clamps from 80.9 dB(A) too 75.8 dB(A). Thus the concept was developed further.  

10.2 Add-on module 1 Concept 

With the constriction that the trucks couldn’t be modified the idea to use some kind of add-on 
module was thought of. Since the current method for linear bearings on the EJD220 was 
wheels; this was the first and most obvious choice for use in the module as well. The desired 
function of this concept was to have linear bearings on each side to dampen or fully remove 
the play that enables rotation of the fork carriage. The EJD220 truck had limited space 
available to place a mechanism of this kind on, as well as limited amounts of surfaces 
correctly oriented to use as bearing surface for an add-on module. Figure 30 shows the two 
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surfaces that were most suitable; marked in red. It is common to see larger counterweight 
trucks have this kind of bearing, but they are usually integrated into the fork carriage like the 
other bearing wheels, as seen on the study visit to Toyota BT. 

 

Figure 30. Possible bearing surfaces on the EJD220. 

The different kinds of bearings considered were the following: 

 Plain bearing 
 Linear ball bearings 
 Wheels 

Figure 31 shows two different kinds of linear bearings. 

 

Figure 31. Linear bearing types. 

Since the truck couldn’t be modified the tolerances on the surfaces had to remain the same. 
This posed a big problem for plain bearings and linear ball bearings since they require better 
tolerances then the ones on the truck. A wheel would not require as strict tolerances and was 
thusly considered the better alternative.   

10.3 Designs 
Different designs and ideas on how the mechanism would work were conceived. Different 
kinds of spring mechanisms were thought out to give load on the bearings and to help 
compensate for the uneven bearing surface. All of these designs had in common that they 
would be fixed to the top fork assembly. This would keep the top fork assembly from rotating 
and also make the add-on module easy to remove when necessary. The mount of the add-on 



33 

 

module had to be slim and take up as little space as possible from the pallet loading area. It 
also had to have enough clamping force to keep the module in place. 

Spring mechanism design - torsion spring 

This design had the bearing wheel on a lever sitting on an axle mounted together with a 
torsion spring that pushed the wheel against bearing surface. The axle fixture would be 
mounted to the fork carriage, with one mechanism on each side pushing on the inner mast 
bearing surfaces, see Figure 32. This design was deemed to be the best and a prototype was 
built of it which will be discussed later in the report.  

 

Figure 32. Spring mechanism design - torsion spring. 

The designs presented below were some of the other ideas that were conceived but not chosen 
for further development. 
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Spring mechanism design - threaded rod 

This design was the first one that was thought of. The idea behind this design was to make it 
as simple as possible so a prototype could be constructed and tests made on the effect of 
having bearings to stop the rotation. The design consisted of two clamps fastened on the fork 
carriage with regular bolts. A thicker threaded rod would stick out and act as a pivot for the 
wheels, which would be cart wheels ready bought. A longer threaded rod spanned between 
the two wheels and tensioned them against the bearing surface, see Figure 33.  

 

Figure 33. Threaded rod design. 

Spring mechanism design - coil spring 

The idea was to use a regular coil spring and have a wheel linearly pushed against the bearing 
surfaces on each side of the inner mast. This would be done by using a linear pillow block 
bearing that would also act as a counter stop for the spring, so it could push the bearing wheel 
against the bearing surface and thus lock the fork carriage from rotating, see Figure 34 

 

Figure 34. Spring mechanism design - Coil spring. 
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Spring mechanism design - coil tension spring 

With the tension spring concept the bearing wheel would sit on a lever that is pulled against 
the bearing surface. The axle fixture would be fixed to the fork carriage; the orientation of the 
tension spring can help control how compact the module is, see Figure 35. There would be 
two of these units, one for each side of the inner mast, and they would act individually. 

   

Figure 35. Spring mechanism design - coil tension spring. 

Spring mechanism design - leaf spring 

The leaf spring design had the bearing wheel sitting on a lever and a leaf spring pushing it 
from the back towards the bearing surface, see Figure 36. The levers axle fixture is fixed to 
the fork carriage, and has one just like it on the opposite side pushing against the inner mast. 

 

Figure 36. Spring mechanism design - leaf spring. 
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10.4 Second test trial 
The idea generation led to a very simple way to accurately test and evaluate the concept; by 
putting a simple wagon wheel bought from Clas Ohlson and an angle iron together, see Figure 
37. The angle iron also acted as spring, so it would mimic a complete bearing module 
accurately. The test showed that it did prevent the fork carriage from rotating in relation to the 
bearing surface.  

 

Figure 37. Wagon wheel and angle iron prototype. 

However; the results of the prototype tests were bad. Test T_C showed a sound level of 85.7 
dB(A) compared to 75.8 dB(A) in test T_B with the clamps. Even though the prototype 
prevented the fork carriage from rotating, the whole inner mast and fork carriage moved 
instead and made a lot of rattling noise. The rest of the results from the same test trials can be 
found in APPENDIX D. 

A color schematic picture was made to better describe what parts were moving and clashing, 
shown in Figure 38. With the add-on module both the blue (fork carriage) and the green 
(inner mast) parts moved against the purple (main mast), which created almost as much noise 
as without the add-on module. During the first test trial, T_B, a test was conducted with both 
the purple and the blue parts clamped together, which showed significantly better results. The 
sound level went from 80.9 dB(A) to 75.6 dB(A). 

 

Figure 38. Colour mapped schematic picture of the mast and fork carriage. 

All of this testing and knowledge led to a new concept; to have something at the bottom of the 
mast that would dampen the clashing from it moving up and down, and also lock it into 
position when the fork carriage and inner mast was in its lowest position. Further 
development of this concept was not done however, due to it not being a proven concept and 
to the limited time left on the thesis. 
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11  TOP FORK ASSEMBLY FRONT CLASHING 

This chapter presents the problem of the top fork assembly front clashing and some solutions 
that were developed. 

All of the ideas for the solution to the problem with the front clashing of the fork carriage 
were based on to put a spring or a dampening cushioning between the fork carriage and the 
support arm, at the tip of the forks, marked in Figure 39. This was where fork carriage clashed 
against the support arm the most, as found out during the initial testing described earlier in 
this report.  

 

Figure 39. Support arm tip marked red. 

This module had to be mounted to the underside of the fork carriage so the assist arm could be 
used for stacking purposes as intended. It would also be more likely to get ruined by dirt, and 
the like, if it were mounted on the assist arm instead. The area marked in red on the top fork 
assembly in Figure 40 was the most suited place to put the module. 

 

Figure 40. Underside of the fork carriage tip. The area best suited for the mounting of the module is marked in 
red. 
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11.1 Add-on module 2 
For the second add-on module concept it was  first necessary to see how much force each 
spring would have to support, then make few designs utilizing different kinds of springs or 
cushioning material and finally evaluate them.  

Coil spring 

The coil spring used in the sound measurements showed good results and a spring with the 
same dimensions was therefore chosen to be used in the module. A few calculations were 
done to see what forces the spring could withstand. 

The spring consists of a steel wire with a diameter of 2 mm and revolved three times, see Figure 41. It has an 
outer diameter of 22 mm and exerts a force of 88 N when fully compressed. The spring can’t handle more than 
119 N of compression of force, so the bulk load of a fully loaded truck must be relocated on to some support 
(Maskinkonstruktion, 2008, s. 32). The force was calculated using the parameters in 

 

Figure 41. Coil spring, size and placement. 

Table 3 and equation (2), (3) and (4), all calculation was done in MATLAB (mathworks, 
2015) and can also be found in APPENDIX F. 

 

Figure 41. Coil spring, size and placement. 

Table 3. Coil spring parameters for force calculation. 

Description Parameter unit 

Spring length when compressed  10 mm 

Spring length  23 mm 



39 

 

Number of coils  3 

Spring outer diameter  22 mm 

Spring inner diameter  18 mm 

Wire profile diameter  2 mm 

Shear modulus wire G 81500 N/mm^2 
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A free body diagram and equilibrium equation was setup, with the parameters measured from 
a CAD-model made of the fork carriage, to see what force was actually needed. Table 4 and 
Figure 50 shows the parameters that were used.  

Table 4. Parameters for fork carriage free body diagram. 

Description Parameter unit 

Distance between center of mass and the chain  260 mm 

Distance between center of mass and springs  900 mm 

Gravity constant g 9,82 m/s^2 

Mass fork carriage  80 kg 
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Figure 42. Measurements on the fork carriage and force diagram of the fork carriage. 
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The equilibrium equation was then: 

  1 2 12 0 spring a a fork aF L L m g L         (5) 

Which gave the required spring force for an equilibrium where the fork is leveled when 
empty:  
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The calculations showed that the spring force needed was the same as in the spring used in the 
testing. 

Here are a two design ideas that were thought up to hold the coil spring and how they could 
be placed in different ways. 

1. Coil spring design - Flat 

This design used flat rubber tops to prevent scratching of the surface of the support arm and 
protect the coil springs. The springs are fixed to the plate by four tabs and a special washer 
that is welded to the tabs, see Figure 43. 

 

Figure 43. Coil spring design - flat. 

2. Coil spring design - guides 

This design would use the holes on the support arm for steering the spring rubber washers 
which would go down in the holes when the forks where lowered, see Figure 44. The springs 
would be attached by using four tabs as in the previous design described above. 

 

Figure 44. Coil spring design - guides 
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Leaf spring 

A leaf spring could be used instead of a coil spring. Leaf springs are very simple since they 
consist of a piece of steel that has been bent and hardened to get the correct properties. No 
testing was done to evaluate this concept but a few calculations were performed to see if it 
was possible to use. The calculations showed that it was possible and that the thickness and 
the length of the spring were the most important design aspects. The spring couldn't be thicker 
than 1 mm, and it had to be more than 80 mm long. The calculations of the leaf springs force 
exerted when compressed 6 mm can be seen in equation (7) to (9) with the parameters from 
Table 5 used. As previously the calculations were conducted in MATLAB and can be found 
in APPENDIX F. 

Table 5. Parameters of leaf spring calculations. 

Description Parameter unit 

Spring width b 9 mm 

Spring thickness h 1 mm 

Spring length L 80 mm 

Spring Modulus E 209 GPa 

Spring compression ∆ 6 mm 

Yield strength SS2331-43 .  1230 MPa

The width and thickness were adjusted for the correct spring force. The length of the spring 
was desired to be as long as possible, but had to fit under the fork carriage. 
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With the moment of inertia I: 
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The moment of inertia form equation (8) put in equation (7) gave a spring force of  
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Which was about what was desired from the calculations made earlier in this chapter.  

Knowing it was possible to have a leaf spring that could fit under the fork carriage; a few 
designs were made. The idea was to have a piece of sheet steel fixed to the upper fork that 
accompanies a leaf spring. The spring needed to be able to elongate and contract, these 
designs gives the spring some slack to accompany that.  

  



43 

 

1. Leaf spring design - Bracket 

The bracket design would be made from one piece of steel that has three slots milled on the 
underside that the leaf spring can expand and contract in. The top ones accommodate two 
slabs of rubber that it will rest on when the leaf spring is fully contracted, see Figure 45. This 
design was deemed the best and was chosen for further development. The process of choosing 
the winning concept is described in the next chapter. 

 

Figure 45. Leaf spring design – Bracket. 

The designs that follow were not considered as good as design 1 for different reasons. 

2. Leaf spring design - louver 

The Louver concept was the most simple. The leaf spring wouldn’t need any special geometry 
or features and it allowed for the elongation of the leaf spring, see Figure 46. 

 

Figure 46. Leaf spring design – louver. 

3. Leaf spring design - Tracked 

On the tracked concept the spring could slide in the flanged cutouts, this required some 
special geometry of the leaf spring, see Figure 47. 

 

Figure 47. Leaf spring design – Tracked. 
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4. Leaf spring design - flanged sliding slits 

The leaf spring would slide into slits that have been cut and embossed from the sheet metal, 
see Figure 48.  

 

Figure 48. Leaf spring design - flanged sliding slits. 

Dampening material 

One concept was to glue a dampening material, like rubber, on the underside of the fork 
carriage, see Figure 49. This would keep the fork carriage from clashing against the support 
arm when driving the truck. The use of a dampening material under the fork carriage seemed 
like a very simple solution, but there could be problems with how long the material would last 
from the load of the cargo and if something contaminated the rubber, like food spills or oils. 
Material criteria charts showed the properties of different kinds of rubbers. The best suited 
rubber materials according to (Rollsheetrubber, 2015) was natural SBR and Nitrile, the 
benefits of SBR was in impact resistance and resilience, but the Nitrile was better against 
contaminants. Temperature differences could also have negative effects on the rubber. In this 
case the lower temperatures would cause problems. 

 

Figure 49. Dampening material on the underside of the fork carriage. 

If the truck was driven over an obstacle the fork carriage would move/grind over the support 
arm and this would cause abrasive wear on the rubber. The abrasion resistance of a material 
shows how well it could withstand moving on an abrasive surface. However, it isn’t well 
suited to use as a prediction for the service life of the material, since there are too many 
factors that affects the outcome according to Rubber Formulary (Ciullo, 1999, s. 62) 
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11.2 Concept evaluation 

A Pugh-matrix was used to help choose what concept to develop further, see Table 6. Having 
the fork carriage lifted (See test T_A11 in APPENDIX D) was used as the reference. The 
matrix showed that the dampening material and leaf spring were the best concepts with the 
same score. The difference from the other concepts, such as the coil spring, was that they 
would have a lower profile. Knowing that rubber would be hard to calculate/predict a service 
life for as discussed above, the general leaf spring concept was chosen.  

Table 6. Pugh-matrix for general concepts 

Pugh-matrix for general concepts 
Add-on module 2 - 

Concepts 
REV. B 

Properties Weight
Coil 
spring

Leaf 
spring

Dampening 
material 

Reference - Lift the 
fork a few cm. 

Noise reduction 10 1 1 1 0 

Easy to setup 2 -1 -1 -1 0 

Does the same jobb every 
time 10 1 1 1 0 

User friendlyness 9 1 1 1 0 

Low Profile 6 -1 0 0 0 

Easy to maintain 7 -1 -1 -1 0 

Lifetime 6 -1 -1 -1 0 

Total + 3 3 3 0 

Total - -4 -3 -3 0 

Sum -1 0 0 0 

Weighted sum 50 8 14 14 0 
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A second Pugh-matrix was done; see Table 7, to decide what leaf spring design to choose. 
The same reference as above was used. This showed that the bracket design was the best by 
far. This was much due to it being more robust and easier to manufacture on a small scale. 

Table 7. Pugh-matrix - Leaf spring concepts 

Phug-matrix - Leaf 
spring concepts 

Add-on module 2 - Leaf spring designs REV. B 

Properties Weight 
Leaf spring 
- Louver 

Leaf spring 
- Tracked 

Leaf spring - 
flanged 
sliding slits 

Leaf 
spring - 
bracket 

Reference - 
Lift the fork a 
few cm. 

Noise 
reduction 10 1 1 1 1 0 

Easy to setup 2 -1 -1 -1 -1 0 

Does the same 
job every time 10 1 1 1 1 0 

User 
friendlyness 9 1 1 1 1 0 

Can be moved 
between trucks 3 -1 -1 -1 -1 0 

Low Profile 8 1 1 1 1 0 

Few parts 3 -1 -1 -1 -1 0 

Easy to 
produce 5 -1 -1 -1 1 0 

Easy to 
maintain 7 -1 -1 -1 -1 0 

Work on 
different kinds 
trucks 4 0 0 0 0 0 

Robust 8 0 0 0 1 0 

Lifetime 6 -1 -1 -1 -1 0 

Total + 4 4 4 6 0 

Total - 6 6 6 5 0 

Sum -2 -2 -2 1 0 

Weighted sum 75 -7 -7 -7 29 0 

 

  



47 

 

11.3 Prototype design & building 
Building a prototype required a well dimensioned spring, and drawings for Lesjöfors to 
manufacture them after. A drawing for Tomas Östberg in the KTH workshop was also needed 
so he could manufacturer the leaf spring bracket. All drawings can be found in APPENDIX 
G. 

Leaf spring bracket 

The leaf spring bracket was over dimensioned and no calculations or analysis was done. The 
rubber slabs that were on it during the concept face, see Figure 45, were removed due to the 
difficulties anticipating service life of the rubber in an abrasive environment. 

Leaf spring design 

The leaf spring had to be dimensioned so it could take the stresses from compressing 6 mm. 
This was done by looking at the maximum stress, , which is highest in the outer layer of 
the leaf spring when it is compressed down to the edge of the add-on module (maximum 
compression possible). The shear force, , was used to check the spring against Von misses 
stress, . The calculations were performed in MATLAB using the calculated bending 
moment, , and bending resistance, , and the parameters from Table 5. The MATLAB 
m-code can be found in APPENDIX F. The calculations can be seen in the equation (10) to 
(14) that follows. Figure 50 shows the free body diagram for the leaf spring. 

 

Figure 50. The leaf spring free body diagram. 

The bending moment bM was calculated by: 
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The bending resistance bW  was given by:  
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The maximum stress  was given by putting equation (10) and (11) in equation (12). 
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The shear force  was calculated by: 
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  (13) 

Equation (12) and (13) put together in (14) to give the Von mises stress : 

 2 2 63 1164 3 9.7 10 1164 Vm max MPa            (14) 

The  of 1164 MPa compared to the Yield strength of the SS2331-43 steel of 1230 MPa 
showed that a leaf spring with these dimensions would give an infinite life time for the spring. 
The spring steel SS2331-43 is the best leaf spring steel that the Swedish spring manufacturer 
Lesjöfors could offer for this application. 

How to stick the module to the underside of the fork 

Most of the concepts had in common that they should stick to the underside of the top fork 
assembly. The methods were limited due to the “no modification to the truck” demand. 
Double adhesive tape and glue were the easiest methods to use. Tape was chosen since it was 
easier to apply and the add-on module can be delivered as it is; ready to be put on. 

The double adhesive tape would be subjected to some shear force from the load swaying from 
side to side. A few assumptions were made regarding the swaying to have something to use 
for selection of tape; the load on the top fork carriage accelerates from 0 to 0.3 m/s in 0.1 
seconds and that the forks three reaction forces are evenly distributed over the two springs 
and the lift chain, the reaction forces can be seen in Figure 51. 

 

Figure 51. Assumed lateral directions of the acceleration and movement of the fork carriage. 

The acceleration  in the lateral direction was calculated according to: 
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This acceleration gives the maximum lateral force lateralF  for each add-on module and is 

calculated here in equation (16) and(17). 
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    (16) 

 360 8 2880 lateral loadF m a N       (17) 
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The area, , to be taped was the underside of the add-on module marked in pink in Figure 52.  

 

Figure 52. Tape area of add-on module. 

Equation (18) shows the calculations of A. 

 3 3 22 2 20 10 120 10 0.0048 A b h m            (18) 

With this the shear force, , could be calculated accordingly 
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      (19) 

 

With these calculations and together with the 3M  support a double adhesive tape was 
selected called 3M™ VHB™ Tape 5952 (3M, 2015). It has thickness of only 1 mm, and can 
withstand the environment that the pedestrian truck is subjected to. 
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12  NOISE ADVISOR 

This chapter presents the process of designing the Noise advisor; from the initial problem to 
the first design prototype. 

The experiments that were performed during the project showed that how the truck was 
driven affected the noise it made. For example test F_A showed that by slowing down the 
lowering of the fork carriage the sound level could be reduced from 78.6 dB(A) to 32 dB(A), 
See APPENDIX D. An idea was conceived to create a tool that would help the driver keep 
track of their own noise production. The result of this idea was the Noise advisor which is 
presented below. 

12.1 Existing products 

A market study was conducted to gather information on existing products that performed the 
same or similar tasks as were desired by the Noise advisor. 

SoundEar 

SoundEar AS (Soundear, 2015) is a company that makes instruments that measure noise 
levels in different environments and gives warnings when the levels are too high. 

They have several models that are meant for different purposes. The basic one measures 
sound levels and has two different settings for when it gives warnings; the lowest being 85 
dB. The warning comes in the form of an ear in different colors. When the noise is too high a 
red light shines and the word Warning is displayed, see Figure 53. The upgraded version has 
16 different settings between 40 and 115 dB(A) for when to give warnings. These models are 
meant to be hung on walls indoors and are connected to normal electrical sockets. The sizes 
are 280x280x60 millimeters and they weigh 1.5 kg. 

 

Figure 53. The original SoundEar (Soundear, 2015). 
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There is a module called SoundLog that can be used with SoundEar to store the information 
that SoundEar measures, see Figure 54. The SoundLog can display different measurements 
using graphs that make it easy to compare sound conditions for different days or times of day. 
The display can show the information in minutes, hours, days or weeks, for four weeks at a 
time. It can also show the dB(A)eq and the background noise. 

 

Figure 54. The SoundLog sits on the SoundEar (Soundear, 2015). 

The SoundEarPRO is a system that can measure noise at ten different locations at the same 
time and send the information to a computer using either a wireless network or a LAN 
network, see Figure 55. All data is saved by the software that comes with the product which 
makes it easy to make comparisons from different days and sound level meters. There are 
displays that can be connected to the sound level meter to give a visual warning when the 
noise is too loud.  

 

Figure 55. The SoundEarPro (Soundear, 2015). 

All SoundEars sound level meters use 6.35 mm (1/4 inch) electrets condenser microphones. 

Since neither of these products can be used outside, nor be run by battery, it was decided that 
a new concept would be developed for the Noise advisor. 
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12.2 Brainstorm 

When the development of the Noise Advisor was started there were many questions that 
needed answering. Such as: 

 What functions should it have? 
 How should the measurements be initiated?  
 In what form should the feedback be given to the driver? 
 Where on the forklift should it be mounted? 
 Should the staff be compared individually or per store? 

A brainstorming session took place to come up with different answers to these questions. All 
the ideas were then compiled in a list and given pros and cons. For example; three different 
solutions were thought out to answer how the measurements should be initiated: User 
profile/log in, motion sensors or that the Noise Advisor is always on. The pros and cons of 
these solutions can be found in Table 8. 

Table 8. Pros and cons – questions. 

Initiating 
meassurements 

Pros Cons 

User profile  
or log in 

 Individual measurements  
 No need for external logs of 

personnel for individual 
measurements  

 Personnel must remember to 
log in 

 Every staff member needs 
individual codes = more 
administrative work 

Motion sensors 
 No extra work for the staff 
 Easily accomplished 

 Would turn on whenever 
someone passes the sensor or 
every time the truck moves. 

Always on 
 No extra work for the staff 
 Easily accomplished 

 Unnecessary power usage 

Other aspects such as material selection for the shell and how it could be mounted on to the 
pedestrian trucks were also taken into account and given pros and cons. For the full list of 
ideas and their pros and cons see APPENDIX H. 

12.3 PDS 

The brainstorming session was also used as a base for the design specification. The 
specification was developed further during the time of the project along with the deeper 
knowledge of the possible solutions. The full specification, which can be seen in APPENDIX 
I, concludes that the finished product should be low maintenance and have a service life of 
approximately five years. Since it will be used in a rough environment (outdoors) it needs to 
be weatherproof and preferably IP54 or higher. IP54 means that it is protected against dust 
and splashing water (Svensk standard SS-EN 60529, 2015). 

In correspondence with Carl Ceder (Ceder, 2014) it was also concluded that the 
measurements should be done and evaluated per store and not individually. Because of this it 
was desirable that the Noise Advisor could store the information for each day and store. That 
way, the store can keep track on who works which time if they want the option to compare 
results individually.  

The Noise Advisor will measure the sound levels during each unloading and give visual 
feedback to the driver. It will send the information to a central storage where a program will 
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make comparisons between different stores over a set period of time. When that time is 
passed the program will select which store has performed the best and the employees of that 
store will then be rewarded. This will hopefully lead to friendly competition between stores 
and make the drivers want to continue to improve their driving and noise levels. 

Possible add-ons 

A small display on the side of the Noise Advisor could show the user a more detailed 
overview of their driving. For instance it could display the min-, max-, and average sound 
levels as well as the amount of times they went over the sound limit during one unloading.  

There could also be an option to lower the highest limit on the Noise Advisor so that the 
drivers can push themselves and see how good they can get. For instance; the regular limit 
might be 60 dBA then the driver could lower it to 50dBA to see how well he performs. The 
program that logs the measurements would then need to take this into account when doing 
comparisons. 

12.4 Concept development 
Different concepts were developed to visualize the Noise Advisor. The winning concept was 
chosen for its simplicity and that it would be easy to create a prototype for testing. It was 
based on a square box so the design could be placed on either side depending on where on the 
truck it would be mounted, see Figure 56. The square box was also chosen due to the fact that 
the Noise advisor most probably won’t be produced in large quantities and it wouldn’t be cost 
efficient to develop a whole new shape for a box that would require special production tools. 

 

Figure 56. Square concepts of the noise advisor. 

Three of the concepts that were not chosen are seen in Figure 57. The first one was a box with 
a curved front. The second one was thought of like a police siren, but without the noise. The 
third one was a flat, round, concept with small lights around the edges.  

 

Figure 57. Round concepts of the noise advisor. 
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Design 

The different designs were based on simplicity; the driver should only have to look at the 
Noise advisor to know if they are being too loud. These designs were created with the idea 
that there are small lights behind the design that light up when the noise level is too high. All 
of the designs can be seen in Figure 58. The different colors were chosen to show that the 
shell of the Noise advisor could be created in any color and are not to be seen as final. The 
winning design was design number nine. 

 

Figure 58. The ten design suggestions that were developed for the Noise advisor. The colours are only 
suggestions and should not be seen as final. 
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To choose the best design they were evaluated by Pugh-matrixes. In the first matrix, seen in 
Table 9, design 6, D6, was used as a reference. The matrix showed that D1, D7, D9 and D10 
had the most potential. 

Table 9. The Pugh-Matrix to evaluate the ten design suggestions for the Noise Advisor. Design 6, D6, was used 
as reference. D1, D7, D9 and D10 were the winners. 

Pugh-matrix for general concepts Noise Advisor Designs REV. A 

Properties Weight D1 D2 D3 D4 D5 D7 D8 D9 D10 
Reference 
D6 

Easy to understand what is measured 10 1 1 1 0 0 1 1 0 0 0

Clear design 10 0 −1 −1 0 −1 0 −1 0 0 0

Attractive design 5 1 1 1 0 1 1 0 1 1 0

Feels fun 8 1 1 1 0 1 1 1 1 1 0

Emphasizes that there is a 
competition  4 −1 −1 −1 0 1 0 1 0 0 0

Feels professional 7 1 0 0 0 0 0 0 1 1 0

Total + 4 3 3 0 3 3 3 3 3 0

Total - 1 2 2 0 1 0 1 0 0 0

Sum 3 1 1 0 2 3 2 3 3 0

Weighted sum 44 26 9 9 0 7 23 12 20 20 0

A second Pugh-matrix was then performed with the designs that scored the highest in the 
previous one; see Figure 59 and Table 10. D1 was chosen as reference since it was the winner 
in the first matrix. D9 and D10 received the same scores this time and were considered 
winners. The ultimate choice landed on D9 due to it being clearer and simpler than D10 
making it easier to understand. 

 

Figure 59. The four winning designs that went through a second Pugh-matrix. 
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Table 10. The Pugh-matrix for the four designs that won the previous matrix. D1 was chosen as reference since it 
won the last round. D9 and D10 won this round. 

Pugh-matrix for general concepts Noise Advisor Designs REV. A 

Properties Weight D7 D9 D10 Reference D1 

Easy to understand what is measured 10 0 −1 −1 0

Clear design 10 0 1 1 0

Attractive design 5 0 1 1 0

Feels fun 8 −1 0 0 0

Emphasizes that there is a competition 4 0 1 1 0

Feels professional 7 0 1 1 0

Total + 0 4 4 0

Total - 1 1 1 0

Sum −1 3 3 0

Weighted sum 44 −8 16 16 0

Mounting 

Three different possible locations for the placement of the Noise Advisor were identified; see 
Figure 60 where they are marked in different colours. The red position was chosen as the best 
option. 

 

Figure 60. The purple, red and blue suggestions for placing the Noise Advisor.  
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The red position: 

The advisor is mounted on the side of the stack tower. The pros and cons for this position is 
presented in Table 11. 

Table 11. Pros and Cons for the red position of the noise advisor. 

Pros Cons 

 In eye level of the driver 
 Can be moved up and down easily 

 Obscures some of the line of sight 
 Builds on the width of the truck 

Dimensions: 100 x unrestricted x 50 mm. The surface is 100 mm in width. The depth is 
limited by the visibility. The height is unrestricted. 

In this position the sound level meter will make the truck approximately 20 mm wider which 
may have an effect on the handling in cramped areas. 

The purple position: 

The Noise Advisor is mounted so it hangs on the plastic protection. The pros and cons for this 
position is presented in Table 12 

Table 12. Pros and Cons for the Purple position of the noise advisor. 

Pros Cons 

 In eye level of the driver 
 Size isn’t restricted 

 Obscures the line of sight 

Dimensions: 100 x 180 x 50 mm. The width of 100 mm is restricted by visibility but can 
probably be made bigger if necessary. The height of 180 mm is restricted by the top of the 
plastic and the metal bar behind. The depth is unrestricted. 

The blue position: 

The advisor is mounted on the cover of the battery hatch. The pros and cons for this position 
is presented in Table 13. 

Table 13. Pros and Cons for the blue position of the noise advisor. 

Pros Cons 

 Can be moved easily 
 No obscuring of the line of sight 
 No size restriction 

 Not as visible for the driver 
 Driver must lower vision to see it 

The dimensions are pretty much unrestricted. 

The red position was considered the best alternative since it would allow the driver to see the 
Noise Advisor easily but not obscure too much of their line of sight. 
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12.5 Design prototype 
Early on in the designing of the Noise advisor it was decided that a prototype would be built. 
Due to limitations during the project the physical prototype was not assembled but the 
components that were chosen are presented below. The aim of the prototype was to get a 
better look at the design suggestions and the placement of the box on the forklift. It was 
therefore decided that the best option was to buy already existing products to use in the 
prototype. 

Arduino 

An Arduino Uno was selected to run the prototype of the sound level meter as it is a 
microcontroller board with the necessary abilities. The Arduino Uno is very cheap and easy to 
use. There are a lot of free prewritten programs on the internet that can be used for this project 
which means no unnecessary time spent on programming. It can run on a 9V battery so it is 
portable. The measurements of the Arduino Uno are 54 x 69 mm (Arduino, 2015).  

Some wiring was done with an Arduino Uno, a breadboard and diodes in red, yellow and 
green, as seen in Figure 61, to test some of the ideas for the prototype.  

 

Figure 61. An Arduino Uno (on the left) with a breadboard and diodes. 
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The box 

The box that was selected for the prototype was an already existing box for electrical 
equipment produced by Hammond Manufacturing and bought from Elfa Distrelec, see Figure 
62. This box was chosen because of the material, which is ABS-plastic, and that it was 
classed as IP54. The box also had similar dimensions to those thought necessary (Elfa, 2015). 
A hole would be cut in one of the sides of the box for the design. The Arduino would be 
mounted in the box and the box would then be placed with the lid against the stacker. 

 

Figure 62. The box (Elfa, 2015). 

The polycarbonate 

A clear plastic would allow for printing a colored version of the wanted design on a piece of 
translucent paper. The paper would be mounted on the inside of the plastic cover and the 
lights would then shine through it. A 2 mm thick polycarbonate sheet from Elfa was chosen 
for this purpose (Elfa, 2015). 
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13  RESULTS 
The results from this thesis project are presented in the following chapter. 

13.1 Spring solution 
The leaf spring design, which was the results of the add-on module track, can be seen in 
Figure 63. It will be placed on the fork carriage and will reduce the noise made when running 
the pedestrian truck empty over uneven surfaces by not allowing it to slam down on the 
support arm. It decelerates it before it rest on the support arm instead. 

 

Figure 63. Section view of the fork carriage and support arm, with the leaf spring bracket design in place. 

The leaf spring bracket design, which was selected after careful evaluations of the concepts, 
had its rubber slabs removed because of too many factors influencing the lifetime of them, as 
talked about in chapter about Add-on module 2. Drawings of the solutions can be found in 
APPENDIX G. A prototype is going to be built here at KTH, and after consulting with Tomas 
(Östberg, 2015) in the workshop, it was agreed on that the bracket was to be water cut in to 
the correct profile and then he would mill the slot for the leaf spring. Figure 64 shows a 
rendering of the leaf spring bracket design. 

 

Figure 64. Rendering of the Leaf spring bracket design. 
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The 1 mm double adhesive tape film can be seen, in red, in Figure 65. The leaf spring is held 
in place by the bracket when it is mounted in place.  

 

Figure 65. Rendering of the Leaf spring bracket design bottom view. 

Installation 

The first step to install the leaf spring bracket is to clean the surface on the underside of the 
fork carriage, where the module will be mounted, with isopropanol. Since the bracket comes 
in two pieces, the leaf spring and the bracket, it’s good to interlock them with each other; this 
is easily done by sticking a pen between the bracket and the leaf spring loop. Then center the 
bracket under the fork carriage while having it in an angle from bottom surface, from here line 
it up the edge marked in Figure 66 below and make sure the surface of the long side of the 
bracket aligns with the surface of the hole. Then angle it into place and make sure it sticks to 
the surface and that the leaf spring can move freely inside of the leaf spring bracket. 

 

Figure 66. Installation guides. 
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13.2 Noise advisor 
The Noise advisor is a sound level meter that will sit on the side of the stacker mast of a 
pedestrian truck, see Figure 67.  

 

Figure 67. Rendering of the pedestrian truck with the noise advisor. 

It will measure the sound levels during the unloading and give visual feedback to the driver. 
The Noise advisor will store the results from each unloading and send the information to a 
central storage unit daily. A computer program will then make comparisons between different 
stores monthly. At the end of each month the program will select which store has performed 
the best and the employees of that store will then be rewarded. This will lead to friendly 
competition between stores and make the drivers want to continue to improve their driving 
and reduce their noise levels. By making the Noise advisor into something fun, like a 
competition, it will hopefully be seen as something positive by the personnel and not 
something bad.  A closer view of the Noise advisor can be seen in Figure 68. 

 

Figure 68. A rendering of the noise advisor. 
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The benefits 

The biggest benefit of the Noise advisor is that the driver will become more aware of their 
driving. It will also inspire to better driving through competition. The Noise advisor is not a 
modification of the pedestrian truck, it is a standalone product that is mounted to the truck by 
use of magnets. 

All in all, the Noise advisor is a simple solution that could make a big difference. Tests 
showed that just by slowing down the lowering of the upper fork; the noise level could be 
reduced to lower than the ambient sound level. 

Possible expansions 

There are some possible expansions that can be done to the Noise advisor, as stated in chapter 
11. 

A small display on the side of the Noise advisor could show the user a more detailed 
overview of their performance. The display could show the min-, max-, and average sound 
levels as well as the amount of times the driver went over the sound limit. 

There could also be an option for the driver to lower the highest limit on the Noise advisor to 
see how good they can get. This could be done by adding a wheel at the bottom of the Noise 
advisor 

Installation 

The Noise advisor will be delivered as a finished product. It will then be installed on the truck 
by use of magnets, which makes the installation quick and easy. By using magnets it is also 
easy to move the Noise advisor between different trucks or remove it if so desired. Figure 69 
shows the drivers view of the Noise advisor and how it will sit on the side of the stacker mast. 

 

Figure 69. A rendering of the driver’s view of the noise advisor and how it will sit on the stacker mast 
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14  DISCUSSION AND CONCLUSIONS 

This chapter presents a discussion of the project, how it was done and what could have been 
done differently. 

14.1 Discussion 
In the beginning of this project it seemed as if it could become pretty much anything but after 
only a short amount of time the limitations and restrictions showed up, and they were rather 
many. There could be no permanent changes to the truck or the milk roll cages and the ground 
outside of the store could not be changed. The fact that Lidl had already produced, and tried, 
some solutions on their own was also considered a restriction.  Changing the entire unloading 
process was deemed too big and more of a logistics problem rather than one for a team 
consisting of a mechanical engineer and a design engineer. Eero Heinonen from K.Hartwall 
talked about their silent roll containers and many stores seem to use roll containers as a 
standard, so if Lidl were open to changing their delivery process altogether; that could be 
something for them to look into. This means that they would have to change the whole idea 
with keeping the goods on pallets in the stores though, so it doesn’t really seem like an option. 

The visit at BT was conducted in January. Since the visit was mostly about learning more 
about pedestrian trucks in general and silent trucks in particular, it could have been more 
appropriate to do it earlier. However, it took more time than expected to organize the trip and 
then Christmas vacations got in the way. The visit did give good input to the project even 
though it was done a bit late. 

The PIEK standard for sound measurements is the one used for machinery designed for 
nighttime deliveries. It was very difficult to find a testing area that met the specifics in the 
PIEK-standard; it requires a large, open space and even ground among other things. A new 
way for testing was thought up because of this; making use of the uneven ground in Integrated 
Transport Labs to produce noise in the pedestrian truck. However, this led to the problem of 
not being able to compare the results to the PIEK-standard and not knowing if the solutions 
that where thought out actually met the limit of 60 dB(A) at a certain distance, which is 
required for a PIEK certification. 

The experiments were performed at ITRL at KTH. The floor of the room that was used for 
testing consisted of stone bricks which gave rise to a lot of noise when the EJD220 was driven 
over it. The problem with this floor was that due to its unevenness it was difficult to drive the 
truck in exactly the same way each time and therefore the results from the tests were a bit 
uncertain.  Other aspects that might have influenced the results were that the background 
noise could vary between experiments depending on whether there were other people in the 
building or not. There were steps taken to avoid doing measurements at busy hours but 
avoiding people altogether was nearly impossible even on weekends.  

The equipment used for the sound level measurements could have been better. The sound 
level meter used in the experiments for this project could only show the highest sound level 
for each test. More accurate measurements and more conclusions could probably have been 
made if the equipment had given a graph of the entire measurement sequence. 

The process for this project was very iterative. There were several brainstorming sessions to 
come up with ideas and solutions to problems that appeared with time. Some ideas didn’t 
work out and then others had to be conceived. The positive thing about this was that there 
were possibilities to revise certain ideas and to change directions. The negative aspects were 
that the project became a bit unstable when ideas didn’t work out and there were restrictions 
on what could be done. Focus had to be shifted, when the add-on module didn’t work out, to 
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the spring solutions for the fork instead. Since both of these areas of the trucks were big 
reasons for the noise making it would have been good if there was more time to look into add-
on module 1 as well. The best results would probably have been gotten from having both the 
spring module and add-on module 1 on the EJD220 at the same time. But since the add-on 
module didn’t really work the way it was supposed to, that was never tried. 

If the stacker mast on the EJD220 had better tolerances to fit the bearing wheels, the play in 
the mast, inner mast and fork carriage package wouldn’t be a problem in the driving direction. 
Then the play in the lateral direction could be somewhat taken care of by the add-on module. 

The inner mast being tapered might have the effect of the spring tensioning force, that pushes 
the wheel against the bearing surface, to increase more when the fork carriage is lifted further 
up on the inner mast. This would increase the stability even more when lifting the load high 
up. However, this will increase the load on the chain lifting the fork, so the lifting capacity of 
the pedestrian truck might decrease. 

One concern is how the leaf spring will act when it’s compressed; it might shift to the sides in 
the milled slots too much and get stuck in a compressed state, which would make the whole 
unit inoperable. This is something that could have been evaluated during a prototype testing 
period. This could also happen if the spring would crawl out by latching on the sticky tape 
and within a few lifting cycles shift too much and get stuck. 

Jungheinrich don’t allow the users to modify their pedestrian trucks. They allow them to add 
things to the truck, but only with their consent. They have been contacted, but no replay was 
received from them.  

The Noise advisor idea was conceived before the midterm meeting but developed further 
during the meeting. The idea was that by making the driver more aware of their noise 
emissions they would change their driving to be quieter. By making it into a competition they 
will hopefully be more inspired to be as quiet as possible. The completion was decided to be 
performed per store and not per staff member so that no one could be singled out as being too 
bad. This way it is a shared responsibility to be quiet and they won’t be competing just for 
themselves but for others as well which hopefully will make them care more. The competition 
part is also there to make the Noise advisor more appealing and to not make it seem like a bad 
thing. The drivers should not think that they aren’t good enough but rather be inspired to be 
better by doing something that could be fun.  It would therefore have been good to gather 
opinions, from the drivers, on the Noise advisors design. Due to time restraints it was not 
possible to accomplish since collecting the opinions of several drivers and compile them 
would be a big task.  

The design prototype of the Noise advisor was not finished during this project due to lack of 
time. However, the chosen box and polycarbonate were purchased and some simple wiring 
with an Arduino, a breadboard and some colored diodes was done. Unfortunately it was 
difficult to find someone who had time and the necessary skills in mechatronics to create the 
prototype. 

Not a lot of time was spent talking to the drivers of the pedestrian trucks regarding what they 
identified as potential problem areas. This was due to the fact that the observations performed 
gave such a clear idea of what the problematic areas were that it wasn’t deemed necessary. 
This should be looked into if there is a continuation of this project. 
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14.2 Conclusions 
The work presented in this thesis shows that it’s possible to make the deliveries quieter by: 

 changing the behavior of the personnel to make them more aware of their driving. 
 changing the equipment to remove some of the noise making by stabilizing the mast of 

the pedestrian truck and dampening the fork. 
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16 FUTURE WORK/RECOMMENDATIONS 
Measurements 

 The truck chain needs to be tightened often, and if it isn't it will clash against the 
truck. Doing sound level measurements on this would be good to quantify how 
important it is to keep it tightened.  

 Perform tests to see how a well lubricated stack tower effects the sound level. 
 To do a PIEK-test on the add-on module would be a great way to show what could be 

done. 

Add-on module: 

 There might be some bad effects because of the add-on module. The whole top fork 
assembly might be tilted towards the truck because of the extra material in the front 
(maybe it can be compensated by tightening the chain). This should be looked in to 
further 

 If rubber is to be used it needs to be tested to see how long it would last in such 
environments the pedestrian truck is used in. 

 Build a working prototype. 

Noise advisor 

 Build a working prototype. 
 Test the prototype to see if it has any effect on the driver and their noise emissions. 
 Get opinions from users. 
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APPENDIX A: STUDY VISIT – TOYOTA BT 
This appendix presents a numbered list of the expertise and knowledge gained during the 
study visit to Toyota BT.    

1. We began with a presentation about us, our education and our project. Then we looked 
at two pedestrian trucks they brought in to show us. 

2. They told us how their normal pedestrian trucks worked and the difference between 
them and their silent version. 

3. They drove a truck over a thick steel sheet to help identify what generates noise. 
4. The front wheel (under the fork) suspension made more noise than the wheels at the 

back. We discussed where and how the noise came to be. 
5. They noted that the pedestrian trucks aren't enclosed on the bottom, does this help 

spread the noise? 
6. They said to look at the battery, it could be lose and therefore make a lot of noise 
7. The plastic covers could also be a source of noise, they had put foam on their silent 

truck to remove vibrations in the plastic cover. 
8. The transparent plastic cover on the stacker mast is for finger protection and is 

necessary. There are different kinds of finger protection, we saw different kind of steel 
netting and alike while walking through the factory. 

9. They talked more about safety and the regulations on the rim around the bottom of the 
pedestrian truck which is there to prevent feet from getting under the truck. 

10. There were discussions on CE-marking and how they do it for specially modified 
trucks and designs for new trucks, such as the silent pedestrian truck.  

11. Two guys working with sound measurements came and told us about how they 
perform their test there. They told us it was hard to perform PIEK-tests since it 
requires a lot of free space around the test site. Also for their other sound testing it was 
hard to get a low ambient sound pressure level. They did their tests when the factory 
workers had gone home, and they also shut down noisy equipment like fans and such. 
They said that they only perform new tests on new truck designs and trucks that have 
been equipped with special components or functions. 

12. They showed us pictures of their silent pedestrian truck, and showed how it differs 
from the regular pedestrian truck. Apart from softer wheels and a special rubber stop 
for the wheel linkage in front it was a lot about putting dampening material in the back 
under the plastic cover. 

13. They talked a lot about the gap between the purchaser and the person driving the 
truck. The driver may have opinions that the buyer can not take into account because 
of economic reasons or similar. The buyer does not necessarily know the problems 
that the driver encounters. 

14. Out of the 60 000 trucks made in Mjölby annually only 50 are their silent pedestrian 
truck. Of those 50; most are shipped to Holland, France and Spain. Toyota are very 
interested if the demand in Sweden for silent trucks will increase. They think if there 
is no economic gain for the companies using trucks to have silent trucks they won’t 
invest in them, unless laws or regulations forces them.  

15. The Linear bearing on the mast is conical, to help with stability when it’s hoisted up. 
16. They told us when starting their pedestrian truck using a pin code, different codes 

could be used to engage different profiles which could control the speed and such of 
the truck. 

17. The pedestrian trucks with the tellier in the middle have a five wheel setup. two 
wheels in front and the drive wheel and two springed wheels at the back. The two 
wheels by the drive wheel are springed because that helps the drive wheel have better 
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contact/traction with the ground. This system is not perfect since the springed wheels 
gives an instability and rocked the pedestrian truck back and forth latterly. 

18. Most Pedestrian trucks use DC-motor for the hydraulic compressor, but this makes 
more noise and is less efficient then to use the more expensive AC-motors. 

19. They said to have treads instead of wheels would be bad for power efficiency and give 
the truck a bad rotation/pivot point compared to the desired. 

20. One problem with using air filled tires would be to have wheels small enough to fit 
under the pallets. 

21. We had a walking tour of the factory where we saw pedestrian stacker trucks with the 
one thin mast in the middle, which we have seen during the background study without 
finding out how their linear bearings work, it turned out to be in the exact same way as 
the regular stackers. 

22. They talked about the future of pedestrian trucks which they think involves making 
them more efficient and lighter by using lighter materials and drive train. They also 
think it involves removing the need for heavy counterweight battery packs or such so a 
change can be made to Li-On batteries which recharge faster and are more efficient. 
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APPENDIX B: BRAINSTORM 

During the brainstorm session a lot of good and some crazy ideas were thought up, here are 
most of them with a brief description on how they work and the effect they would have. 

Chuck Norris 

Chuck Norris hurls the merchandise directly into the store from the lorry and carries them 
onto the shelves out in the store. No pedestrian truck needed. 

Move the bearings of the small front wheels 

Today the bearings for the wheels under the fork on the truck has the bearings inside them 
self, but to move them outside of the wheel could give more room for air filled wheels or 
treads. 

Water slide 

A water slide is built where the goods is transported on the water via floatation devices. 

Aluminium covered rubber 

An update on the rubber carpet that was tested, but with aluminium sheet above the rubber 
which gives it rigidity and a better rolling surface. while the rubber follow the contours on the 
sidewalk better and in that way reduces the sound. 

Slide 

A slide which leads directly from the lorry to the store. Where the goods is slid right from the 
lorry. This will take away the problem of getting over the curb  and over the uneven ground 
on the sidewalk. 

Batman 

Batman solves all problems 

Lumber rolls 

As the vikings used logs to transport their ships between different watercourses they are used 
to roll the goods from the lorry to the store. 

Rubber wheels 

To use softer rubberized wheels. 

To throw the goods 

As they do on Arlanda. 

Crane 

With help of a crane lift in the goods to the store from the lorry. 

Weightlifters 

Very strong weightlifters lift in the goods into the store. 

Cable car 

A cable is mounted to the lorry and the entrance to the store, and on that cable the goods are 
transported to the store. 

Robots 

To have autonomous walking robots carry the goods inside 
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Noise cancelation 

Like noise cancelling headphones cancels out noise from the environment by playing the 
sound in opposite phase, this device would do the same for the pedestrian truck. 

Chariot 

By use of a chariot, the need for a pedestrian truck is eliminated.  

Roll carpet (red carpet) 

A carpet that rolls out to even out the ground and act as a noise damper. 

Stair climber truck 

The wheel design is change to a one with 3-wheel on each set of wheels, like a stair climber 
truck. This would make it possible for the pedestrian truck to climb the curb without the use 
of a ramp. It may also help with moving over the uneven surface. 

Rail tracks 

To have rail tracks integrated in the sidewalk and a pedestrian truck modified to travel over it 
in a smooth and silent manner. 

Hovercraft 

A hovercraft takes the goods from the lorry and carries it in to the store, moves smoothly over 
the seams in the sidewalk. 

Traverse 

With help of a traverse lift and transport the goods from the lorry to the store. The traverse 
construction could consist of a telescopic arm that comes out of the store building to the lorry. 

Wings 

The pallets are equipped with wings so the goods could be flown in to the store, this would 
eliminate the interaction with the ground. 

Car tires 

Air filled tires have good damping properties, and will smooth out the ride over the sidewalk. 

Centipede 

To have a regular pedestrian truck, but with a lot of small feet that it would walk on, all the 
feet would distribute the weight and prevent the truck from smashing down in the seams and 
cracks in the pavement. 

Drawbridge 

To even out the ground by having a drawbridge be lowered from the store to the lorry, that the 
pedestrian truck could travel on smoothly 

Artificial gravitation 

With help of artificial gravitation make the goods lighter, so it could be more easily 
transported into the store, will make it possible for the personnel to carry it into the store. 

Treads 

That all the wheels on the pedestrian truck is replaced with two treads, will like the centipede 
distribute the weight more evenly. 
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“Pass from hand to hand” 

Using a line of people that pass from hand to hand and quickly and quietly move the goods 
from the lorry to the store. 

Autonomous trucks 

Self-moving trucks that are programmed in advanced to move the goods from the lorry to the 
store.  

Dampening the load, not the wheels 

To give the forks and extra function surface that is separately dampened. Which makes only 
the load dampened. 

New ground support 

To change the current sidewalk of cobble and asphalt to a solid flat concrete plate. 

Teleport 

Like in Star trek. 

Sorbothane 

Sorbothane which is a viscoelastic rubber material, could be placed between the goods and 
the forks. 

Ramp 

A long ramp directly from the lorry to the store. 

“walking trucks” 

The goods are transported in wagons which are equipped with legs that can walk in to the 
store over the uneven surface without help from the personnel. 

Sleds 

The Goods is transported into the store using sleds. 

Mclaren dampening system 

Mclaren has a dampening system which the air dampers are connected, and if one damper is 
compressed the others follow, with this a suspension could be possible since it would remove 
the tipping risk. (why regular suspension was not fitted for trucks was discussed with 
Jungheinrich) 

Magic rubber carpet 

A rubber carpet that could be rolled out on the en then turned stiff by putting a current 
through it, to prevent it from rolling up again, like Batman's cape in the most recent movies. 

Conveyor belt 

To use a conveyor belt to convey the goods into the store from the lorry. 

Solid rubber ramp 

A small ramp made of rubber, used to get up and over the curb from the street, this would 
remove the metal rattling noises. 

“Futurama pipe” 

In the tv-series Futurama they use pipes to move about in the city, this has also been done for 
documentations earlier. In this way the goods could just be dumped in a hole in the ground 
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where it’s sucked and moved into the store. It could also be a conveyer belt in the hole which 
leads to an elevator in the store. 

Dampening material under/in the forks  

Insulate the forks with a dampening material and prevent the noise from spreading in the 
pedestrian truck. 

Dampening of the finger protection 

Something that prevents the finger protection (the clear plastic sheet between the driver and 
the lift-cylinder). 

“Tractor beam” 

As in Star Wars. 
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APPENDIX C: SUGGESTION OF EXPERIMENTS 
Put treads on the front wheels 

Purchase: Treads 

Execution: Treads are placed around the wheel pairs in the front of the pedestrian truck 

Purpose: Obstruct the emergence of Sound genome att increase surface contact 

Hypothesis: Increase the surface that has contact with the ground and help it move quietly 
over uneven surfaces. 

Line the wheels with something soft 

Purchase: Soft material 

Execution: The wheels are lined with a soft material which absorbs the shock that occur 
when the pedestrian truck runs over uneven surfaces. 

Purpose: Subdue the rattling that occurs when the wheels hit hard edges on the ground, 
increases the chances of running smoothly over the sidewalk. 

Hypothesis: Softer wheels will help the pedestrian truck handle the uneven surface which 
will heath the emergence of noise and vibrations 

Dampening of the finger protection on the pedestrian truck 

Purchase: Dampening material (sleeping matt) 

Execution: An insulating material is put on the finger protection and its anchoring frame. 

Purpose: Decrease vibration of the finger protection against the frame.  

Hypothesis: The dampening will help the plastic cover fit on the frame and therefore decrease 
the risk of vibrations that could appear. 

Dampening of the topside of the fork carriage. 

Purchase: A thick and a thin rubber sheet material 

Execution: The top side of the fork carriage is lined in two different test with the thick and 
thin rubber material. 

Purpose: This should dampened the cargo/pallet 

Hypothesis: To put rubber between the pallet and the fork would remove some of the 
clashing noise. 
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APPENDIX D: RESULTS FROM TESTING 
Here are the results from all the testing sessions, the name of each test describes what is 
tested: 

T – Pedestrian Truck (EJD 220) 

sT – silent Truck (EJE 116S – stacker model) 

M – Milk roll container 

While the letter after the underscore describes the order of the tests, and in each test the 
different trials got a number. 

 

Truck test run A - 17/12 - 14 

Test Applicables 
dB(A) 
max 

T_A1 Undampend 91,8

T_A2 2 pieces of natural rubber under the fork (in front) 83.4

T_A3 4 pieces of polyurethane dens foam under the fork (evenly spread out) 77.2

T_A4 
4 pieces of polyurethane dens foam under the fork (evenly spread out) 
removed plastic cover  77.7

T_A5 
4 pieces of polyurethane dens foam under the fork (evenly spread out) 
2 pieces of polyurethane dens foam inside the main mast bearing surface 74.8

T_A6 2 pieces of polyurethane dens foam inside the main mast bearing surface 85.6

T_A7 
2 pieces of polyurethane dens foam inside the main mast bearing surface 
Rubber stripes under the front of the fork carriage 83.4

T_A8 Plastic cover taped to the inner mast 88.4

T_A9 
Polyurethane dens foam blocks between the plastic cover and lift 
cylinder 91.6

T_A10 Undampend but with about 250 kg load 78,1

T_A11 With the fork carriage lifted 10 cm 81,0

 

Truck test run B - 1/2 -15 

Test Applicables dB(A) max

T_B1 Without clamps 80,9

T_B2 With two clamps by the top fork carriage 76,6

T_B3 With two clamps by the top fork carriage and one at the top of the mast 75,8

T_B4 With clamps both by the top fork carriage and one at the top of the mast 75,8

T_B5 With clamps both by the top fork carriage and two at the top of the mast 76,1

T_B6 Only two clamps at the top of the mast 79,9
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Truck test run C - 9/2-15 

Test Applicables 
dB(A) 
max 

T_C1 With the wagon wheel prototype 91

T_C2 With the wagon wheel prototype + coil spring under top fork carriage 85,7

T_C3 Undampend 91,5

T_C4 Clamped the fork carriage with the mast package 89,1

T_C5 
Clamped the fork carriage with the mast package and clamped the top of 
the mast 91

T_C6 Coil spring under the top fork assembly 79,6

T_C7 
Clamped the fork carriage with the tower package + coil spring under the 
top fork assembly 75

 

Truck test run D - 5/3-15 

Test Applicables 
dB(A) 
max 

T_D1 

Sound deading material in yellow plastic cover that faces the driver and on 
the battery hatch 
Coil spring under the fork carriage 76,6 

T_D2 
Sound deading material in yellow plastic cover that faces the driver and on 
the battery hatch 91,6 

T_D3 Wagon wheel on the top of the mast putting presure on the inner mast 81,6 

 

Truck test run E - 15/3-15 

Test Applicables dB(A) max

T_E1 Lifting fork carriage 57,4

T_E2 Lower fork carriage 79

T_E3 Lifting lower fork 57,5

T_E4 Lowering lower fork 65,0
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Silent Truck test run A - 15/3-15 

Test Applicables dB(A) max 

sT_A1 Truck a - Fork fully down 68,9 

sT_A2 Truck a - Fork 10 cm up 62,9 

sT_A3 Truck a - Coil spring under the forks 65,1 

sT_A4 Truck a - lowering the fork 49,5 

sT_A5 Truck a - Lifting the fork 70,5 

sT_A6 Truck b - Fork fully down 68,0 

sT_A7 Truck b - Fork 10 cm up 66,4 

sT_A8 Truck b - Coil spring under the forks 66,4 

sT_A9 Truck b - Lowering the fork 66,1 

sT_A10 Truck b - Lifting the fork 49,1 

 

Fork lowering test run A - 9/2-15 

Test Applicables dB(A) max

F_A1 Fast 78,6

F_A2 Slow 32

F_A3 With coil springs (fast) 58,5

 

Milk roll containers test run A - 17/12 - 14

Test Applicables dB(A) max 

M_A1 Unmodified 84.7

M_A2 Tape 83.2

M_A3 Rubber EPDM 81.5
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APPENDIX E: PDS ADD-ON MODULE 

Improved street unloading - add-on 
module 

REV. A

Changes 
(date) 

D - 
demand 
W - wish 

Requirements Notes 

Performance 

11/14/2014 D Maximum load: 1000 kg 
Weights vary from 100-1000 
kg 

11/12/2014 W 
30 dBA max eq sound level inside for 
neighbors SFS 2004:675 

11/12/2014 W 
45 dBA max sound level inside for 
neighbors SFS 2004:675 

11/12/2014 W 
55 dBA max eq sound by the house 
walls SFS 2004:675 

15/03/2015 D 
Maximum lateral load on each module: 
2880 N 

Over estimation from report 
chapter 9.3. 

Enviroment 

10/24/2014 D Can handle all sorts of weather 

2/25/2015 D Corrosion resistant 

2/25/2015 W Can handle -20 Degrees 

Life in service 

2/25/2015 D It should last 2 years ? 

Maintenance 

10/24/2014 D No maintenance only if something breaks 

Target product cost 

2/25/2015 W 500 SEK/unit 

Quantity 

10/24/2014 D One for testing 

Manufacturaing facility 

10/24/2014 W Inhouse KTH 
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Size 

2/25/2015 D So it won't affect the use of the tuck ? 

Materials 

10/24/2014 W Steel ? 

10/24/2014 W Durable ? 

Ergonomics 

10/24/2014 D Cognitive user friendly ? 

Time scale 

2/25/2015 D Working prototype in march 2015 ? 

Testing 

10/24/2014 D Measuring noise levels 

10/24/2014 D 
General testing - Can it withstand a 
1000 kg pallet 

Safety 

10/24/2014 W Decreased tipping risk ? 

Company constraints 

10/24/2014 W 
Should not require comprehensive 
extra training ? 

Installation 

10/24/2014 D 
Minor installation that anyone should 
be able to do. ? 

28/1/2015 W 
Should be able to be moved between 
trucks from halftime meeting 
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APPENDIX F: MATLAB-CODE 
%%Carl - Master thesis 
%%Sping properties 
clear all;clc;close all; 
%% parameters - coilspring 
Lc=10; %[mm] Spring lenght compressed 
Lunc=23; %[mm] spring lenght uncompressed 
nv=3; %[n] number of revoloutins (that can compress) 
Dy=22; %[mm] outer diameter 
Di=22-4; %[mm] inner diameter 
Dt=2; %[mm] porfile diameter 
G=81500; %[N/mm^2] shear modulus 
  
%%Top fork 
mass=80; %[kg] 
la1=260e-3; %[m] %lever arm1 from CM to chain 
la2=900e-3; %[m] %lever arm2 from CM to spring module 
g=9.82; %[m/s^2]  
Fspring=la1*mass*g/(la1+la2); %[N] from momentum around Fchain 
Fchain=mass*g-Fspring; 
%Since there are two spring for one fork the force is devided by 2. 
Frq=Fspring/2; 
  
  
%% Calculations for coil spirng 
fmax=Lunc-Lc; %[mm] max compression 
Dm=(Dy+Di)/2; %[mm] Dmean  
  
Fmax=(fmax*G*Dt^4)/(8*Dm^3*nv); %[N] force needed to fully compress the 
spring 
maxload=Fmax/10; %[kg] how much weight one spring can support 
  
k=(G*Dt^4)/(8*Dm^3*nv); %[N/mm] spring constant 
  
%% Parameters leaf spring 
b=9e-3; %Leaf spring width 
h=1e-3; %Leaf spring thickness 
L=80e-3; %Leaf spring length 
E=207e9; %Leaf spring modulus 
delta=6e-3; %Leaf compression 
  
  
%%Calculations - leaf spring 
I=(b*(h^3))/12; 
Wb=(b*(h^2))/6; 
  
Fleaf=(delta*48*E*I)/L^3; 
tau=Fleaf/(b*h); 
Mb=(L/2)*Fleaf; %bending moment 
sigma_max=(3*Fleaf*L)/(2*b*h^2) %Mb*y/I (y=h/2) 
%sigma_max=Mb/Wb*(h/2) %Max stress in the outer layer of the leaf spring 
% SS2331-43 Rp0.2: 1230 MPa, och SS1770-04  Rp0.2: 1050 MPa 
sigma_vm=sqrt(sigma_max^2+3*tau); %Von mises 
  
%% Print Results 
disp(['The required spring force is: ' num2str(Frq) ' N']) 
disp(' ') 
disp('Coil spring:') 
disp(['One coil spring can support: ' num2str(round(Fmax)) ' N']) 
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disp(['And has a spring constant of ' num2str(k) ' N/mm']) 
disp('Allowed force on the spring is 119 N, according to maskinelement 
handbok, s32.') 
disp('The force from the entire load will be greater, so a support must 
take over the load from the spring when fully compressed.') 
disp(' ') 
disp('Leaf spring:') 
disp('Material val, fårn Lesjöfors: SS2331-43 Rp0.2: 1230 MPa, Eller 
SS1770-04  Rp0.2: 1050 MPa, s53 i formler och tabeller') 
disp(['One leaf spring can support: ' num2str(round(Fleaf)) ' N']) 
disp(['The von mises stress in the leaf spring is: 
',num2str(round(sigma_vm*10^-6)),' MPa']) 
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%%Shear force of the tape 
clear all;clc;close all; 
 
%%Parameters 
m=1080/3; %mass (kg) the mass distributed over the 3 loading points 
l=120e-3; %lenght of tape area(m) 
w=20e-3; %withd of tape area(m) 
v0=0.2;  %start speed (m/s) 
v1=1;  %speed (m/s) 
t=0.1; %time interval for the acceleration (s) 
  
%%Calculations 
A=l*w*2; %Area x2 (m^2) 
a=(v1-v0)/t; %Acceleration of part (m/s^2) 
F=m*a %Max force (N) 
tau=F/A %Max shear force (Pa) 
P=(m*9.82)/A; 
  
disp(['If the fork accelerates from ' num2str(v0) ' m/s to ' num2str(v1) ' 
m/s in ' num2str(t) ' s']) 
disp(['The maximum shear force is ' num2str(tau*1e-6) ' MPa']) 
disp(['The maximum pressure is ' num2str(P*1e-6) ' MPa']) 
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APPENDIX G: DRAWINGS 
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APPENDIX H: NOISE ADVISOR PROS AND CONS 
Specifics Pros Cons 

Shell 

Plastic Polyethylene Low material cost and density 
Excellent chemical resistance 
Negligable moisture absorbtion 
Can be made food grade 
High elasticity down to -50C 
Excellent wear resistance (for 
UHMWPE) 
Easy to colour 

Stiffness and tensile 
strength 
Doesn't work in 
temperatures > 80C 
Hard to lacquer 

Polypropylene Low material cost and density 
Excellent chemical resistance  
No moisture absorbtion 
Can be made food grade 
Fatigue resistance 

Poor UV-resistance 
Brittle in cold (Un 
modified) 
Poor scratch resistance 

ABS Combines stiffness, strength and 
toughness 
Dimensionally stable under load
No moisture absorbtion 
Good surface gloss 
Easy to colour 
Excellent to chrome 
Easy to lacquer 
Good electrical insulation 
Kan be made transparent 

Heat resistance 
Stress cracking 
Poor UV-resistance 
Solvent resistance 

PBT/PET Stifness in high temperatures 
(fiberglass reinforced) 
Dimensionally stable under load
No moisture absorbtion 
High operating temperature 
Good electrical qualities 
Good UV-resistance 
Can be made flame-retared 
High surface gloss 
Can be given nice colours, 
laqcuers and be made metallic 

Can't withstand water of a 
temperature >80C 
Poor resistance against 
storng acids, basics,  
oxidants and alcohol 

Power supply 

Battery Portability Will need changing 

Power cable Constant energy supply Cables that get in the way 
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Storage 

Central Easy comparisons between 
different stores or workers 

Will need backups in case 
of problems 
Many stores will be linked 
to the same system = 
more information to keep 
track of. 

Local information from one store 
stored in one place 

No comparisons within 
the companies 

Communication 

Wifi Exists practically everywhere 

Bluetooth Requires little energy Short range 

Mount 

Snapfits Easy to mount and dismount 

Dubble-sided tape Easy to mount 
Requires new tape to 
remount  

Glue Will stay in place No remounting 

Screws Stable 
Durable 

Takes some time to mount 
and dismount 

Magnets Easy to mount and dismount 

Feedback 

Lights Noticable during loud loading Visible to everyone 

Sound Requires loud noise to be 
heard over the truck 
Others can hear the noise 
as well 

Vibrations Only the driver notices them May not be noticeable 
during driving due to the 
truck. 

Hot/Cold Only the driver notices them 
Requires alot of over the 
top technology 

Initiating 
meassurements 

User profile/Log in 
Individual measurements  
No need for external logs of 
personel for individual 
measurments  

Personel must remember 
to log in 
Every staffmember needs
indiviual codes = more 
administrative work 

Motion sensors No extra work for the staff Would turn on whenever 
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Easily accomplished someone passes the sensor

Always on No extra work for the staff 
Easily accomplished 

Unnecessary powerusage 

Competition 

Team effort / per 
store 

No log in required 
No need for external logs of 
personnel’s individual 
measurements 
Group mentality - might perform 
better since the group is at stake 
and not the individual 
No need to keep track of 
possibly hundreds of employees 

Can't tell which staff 
member that needs 
improvement 

Individually Every one competes for 
themselves 

Might not care about 
winning for themselves 
Would require logging 
and comparing possibly  
hundreds of employees 
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APPENDIX I: PDS NOISE ADVISOR 

Noise Advisor REV. A 

Changes 
(date) 

D - 
demand 
W - wish Requirements Notes 

Performance 

2015-01-27 D Measure sound levels 

2015-01-27 D Give feedback to the user 

Environment 

2015-02-06 D IP54 
dust proof and water 
splash proof 

Life in service 

2015-02-06 W ~5 years Approximation 

Maintenance 

2015-02-06 W Very low maintenance Battery changing and such

Dimensions 

2015-01-27 W Maximum weight 1 kg 

2015-02-06 D Fits on the side of the stacker tower 
Approx: 100 x 
unrestricted x 50 mm 

Materials 

2015-02-06 D Weatherproof materials For use outside 

Ergonomics 

2015-02-06 D 
The data given to the user should be 
easy to understand 

2015-02-06 W 
The logged data should be easy to 
understand 
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