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Abstract

There has been constant evolution of the dishwasher since its invention in the 1880s.
Over the years there have been major breakthroughs in combination with continu-
ous minor developments. A dominant design is eventually established with strong
competition between companies to provide increasingly innovative and better fea-
tures with each passing day. Over the last decade greater focus has been on water
distribution and energy e ciency. The diverter and the associated system is a key
contributor towards an e cient and high performing water distribution system. It

has been observed that most of the dishwasher manufacturers including ASKO use
a similar technology to divert water to the spray arms. This technology has certain
aws but is an e ective and non-expensive solution nevertheless.

ASKO has identi ed the dishwasher diverter as a space to challenge the existing
technology and investigate for better solutions with the aim to eventually replace
the existing diverter with a better technology. The thesis project is an attempt in
this direction to explore potential concepts and technologies to carry out the func-
tions of the existing diverter more e ciently.

The project uses the product development approach divided in multiple stages from
ideation to creation of concepts that are validated using prototyping and testing.
The report documents the work carried out in each of these stages and then presents
potential concepts that can replace existing dishwasher diverters. Finally, the report
also provides certain recommendation for future work to the company. The ndings
of this report can be seen the rst step towards developing a new diverter technology.

Lastly, text, development work and processes used are done following an ethical

code of conduct. Respective individual work in the form of literature and patents
used for the compilation of this report is referred correctly wherever necessary.

Keywords: Dishwasher, Diverter, Product development.
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1

Introduction

This chapter gives a brief description about the problem targeted in the thesis and
de nes the aim and scope of the thesis work.

1.1 Background

The master thesis project is carried out in the IMS Department of Chalmers in
collaboration with ASKO Appliances AB which is a part of the Hisense group.
ASKO develops and manufactures home appliances like Dishwashers, Co ee Ma-
chines, Ovens, Washing machines, drying cabinets etc. The facility in Lidkdping
focuses on research and development and acts as a competence center for dishwash-
ers. The thesis is one of the pre-development projects carried out at ASKO for next
generations of dishwashers.

Water distribution within dishwashers is becoming increasingly complex. From the
beginning, just two rotating arms operated at the same time were used. As the de-
mand for increased cleaning performance and variety of washing baskets have led to
use of multiple spray arms and variation in nozzle diameter and performance. Nowa-
days, they are combined with additional arms, power nozzles, impellers, spraying
tubes etc. On the contrary the demand for decreased water usage is strengthened,
and it becomes impossible to operate all these at the same time by energy and e -
ciency standards. Today a simple and inexpensive diverter based on the principle of
a rotating disc with holes which is operated by a motor is used by ASKO and most
of its competitors.It is used both to direct the water to a speci c spraying device
and to regulate the water pressure which will be explained in detail in the upcoming
sections.

The development of a new system to divert water can give ASKO a competitive
edge in the market with a di erentiating technology. It can not only improve the
functionality and e ciency but also act as a marketing tool and boost sales in the
upcoming dishwasher generations. Thus, it becomes an important project for the
company to maintain and enhance its position in the premium dishwasher market
segment.



1. Introduction

1.2 Problem Description

The dishwashers developed by ASKO today consist of a minimum of two and a
maximum of three spray nozzles. The general placement of the two main spray
arms is one each at the bottom and the top. Some Models have an extra spray
arm on the top for a better cleaning performance of the uppermost basket. The
water is recycled throughout the wash cycles. The water is collected in the sump
and pumped upwards while a Iter in between collects the dirt and large suspended
particles. The water is pumped into the diverter which diverts the water to the
required spray arm regulated by the program of the wash cycle.

The diverter consists of a shaft with a plate having a cutout. It also has two or three
outlets which lead to each spray arm nozzles respectively. The shaft is rotated by
an asynchronous motor which aligns the cut-out with the desired outlet to supply
water to the intended spray arm1.2.

Figure 1.1: Existing Diverter Figure 1.2: Diverter in Dishwasher

The existing diverter system is cheap and e ective but has certain limitations that
can be addressed which can result in a more e cient diverter system. The primary
issue is that the three spray arms cannot be operated independently, one at a time
due to variation in the sump level and the design of the cutout in the rotating plate.
This is because the volume of water in the system is di erent for each spray arm
cycle. The upper and top spray arm being connected to the diverter with vertical
tubes cause it to have excess volume of water in the system when the lower spray
arm is operational as the lower spray arm is directly connected to the diverter. The
water level in the sump has to be maintained below the Iter to avoid dirt and food
particles spreading on the oor of the dishwasher or getting deposited back on the
dishes. Currently, this excess water is managed by simultaneously running 2 spray

2



1. Introduction

arms with the non-desired spray arm having the ow of excess water. This reduces
the control and e ciency.

A secondary issue with the existing rotating disc is that the rotation can be blocked
by dirt such as gravel or dirt. This causes malfunction in the diverter, and in ex-
treme cases causes the shaft of the diverter to fail due to large soil particles getting
stuck.

Additionally, there is always internal leakage to spray devices as the cut-out plate
isn't xed as it needs to rotate to align itself with the outlet. This causes loss of
pressure to desired spray arms thus reducing the cleaning performance of individual
spray arms

Lastly, on average the spray arm is switched every 3 minutes in a wash cycle that
lasts for approximately 3 hours amounting to realignment 60 times per dishwashing
cycle. The current switching mechanism takes approximately one minute to switch
as the asynchronous motor used has a rpm of 8. A general trend of low rpm is seen
in competitor diverters and is discussed in detail in the upcoming chapter.2.2 The
mechanism used is a mechanical ticker that needs to get back to the original posi-
tion each time a switch is made. This means that about 60 minutes in each washing
cycle is lost only in switching between spray arms. A faster switching mechanism
will reduce the overall dishwashing cycle time by a signi cant margin.

Figure 1.3: Outlet Switching Mechanism
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1.3 Aim and Scope

The aim of the project is to investigate and identify a new technology for a dish-
washer to divert or switch water to di erent spray nozzles and zones within the
dishwasher. A minimum of three outputs are needed where each output needs to be
either closed, fully open or partially open independently.

Scope of Thesis Work

Understanding the existing diverter system used by ASKO and its competitors,
its technology and identifying associated problems to overcome.

Research and literature review of di erent technologies and applications which
perform similar function.

Ideation and Conceptualization of potential alternatives in accordance with
the weighted technical and functional requirements.

Elimination of inferior concepts.

Concept Validation through Design-built-test cycles.

1.4 Methods

The project uses a Product development approach at tackling the targeted problems
with a product based solution to replace the existing system with a more enhanced
system. This approach uses various tools and decision-making matrices during its
course.

The rst step is to understand the existing diverter system and identify its limita-
tions and drawbacks. A set of requirements, their justi cation and a way to evaluate
them are generated. The entire system is then functionally decomposed and classi-
ed by using functional decomposition tools like function tree and system diagram.
Alternatives are ideated to ful Il each function by taking experience from existing
patents, applications and other relevant products in the market. Parallelly a thor-
ough patent search is also carried out to search for similar existing technologies and
inventions related to dishwasher diverters.

In the next stage the conceptualization tool of a morphological matrix is created to
combine alternatives to generate complete concepts. The matrix is complimented
with creating sketches and system diagrams of concepts for better visualization and
understanding. A combination of iterative weighted decision matrices like Pugh and
Kesselring are used to eliminate inferior concepts based on requirement speci ca-
tions developed earlier in the project.

The remaining concepts are converted into prototypes using 3D modelling tools like
Solidworks and rapid prototyping techniques like additive manufacturing with each
iteration building on the knowledge of the testes and observations of the previous
one. The iterations continued successful data and observations obtained are used to
validate the concept's feasibility and improved functionality and performance with

4



1. Introduction

respect to the existing diver speci cations.

The validated concept thus would act as the foundation on which future develop-
ment would be carried out to convert it to a product that meets the manufacturing,
functional and performance standards of dishwasher diverters with the end goal of
replacing existing diverter technology used at the company.
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Market Trends and Competitor
Analysis

2.1 Market Trends and Assessment

With increasing customer demands and preferences, understanding the market trends
can result in development of products that serve these customer needs. Secondly it
also helps companies to identify new potential opportunities and maintain a com-
petitive edge. In an industry with frequent innovations and technical advancements

it becomes critical to stay up to date with the latest trends and developments.

Firstly, the dishwasher market is predicted to be poised to grow at a rate of ap-

proximately 5 percent in the upcoming years with an average expected growth per
year of approximately 757 million dollars a year[1]. On the other hand some other
market studies show that the expected global dishwasher market is set to grow at a
rate of approximately 8 percent each year until 2027[2]. New markets are emerging
in Asia with increase in purchasing power parity of the east.

This industry is constantly driven by product innovation, new features, greater per-
formance and increasing loading capacities. Manufacturers are trying to make their
dishwasher smarter by integrating it with automatic and remote control features.
ASKO's latest generation of their dishwasher has a liquid auto-dosing feature that
eliminates the need to dose liquid detergent before each cycle. Similarly, there is a
constant race to launch new dishwashers in the market and to capture as much of
the market as possible. Each manufacturer places itself in a di erent bracket and
has a target market segment and aims to increase their share of the targeted market.

2.2 Competitor Identi cation and Technology Study

As seen in the trends in the appliance industry and especially the dishwasher indus-
try there has been an increase in development of innovative features that improve
the product. These features not only give a functional and performance edge over
the other dishwashers in the market at that point of time but also act as a marketing
push to drive up sales. Thus, it becomes extremely critical for any company to be
aware of the latest technologies utilized by competing brands in order to maintain
or gain a competitive edge.
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