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Abstract
The air conditioning is the next big bloom in the Indian industrial sector.As everyone requires human comfort which is 24
degree Celsius, the need for AC systems have inclined at a faster rate. There are multiple brands available in the market for
commercial products (non-residential air conditioning). The cost for non-residential products is quite a high. This paper
gives a clear solution of various brands available in the market with respect to their technical specification of the product,
with a survey from customer point of view to select the best brand. This paper is a techno-management paper which deals
with technical specifications of air conditioning equipment and the objective is to create awareness among people to show
the quality, performance and power consumption factors using lean six sigma tools.

Introduction
There are numerous number of HVAC (Heat Ventilation and Air Conditioning) industries available in India which are
providing their systems with certain technical specifications. We are about to make a brief study on the techniques along with
the reviews of the customers to find the best brand.

The brands Daikin, Voltas, Mitsubishi, Hitachi, Haier, LGand Ogeneral are seemed to the leading brands in India. This paper
makes the study on these brands in respect to their technical specifications and customer reviews and we suggest the best
brand in these brands. After which the best brand is viewed to find out the problems in the system and analyzing the
problems and are provided with the solutions to the problems using lean six sigma tools’

Define Phase
VOC (Voice of Customer): To identify the best brand.
CTS (Critical to Satisfaction): Cost, Quality, Warranty, Energy Efficiency ratio (EER), DB level, Service.
CTQ (Critical to Quality): Low maintenance cost, Relative Humidity control, quick cooling, and Power consumption.
VOC to CTQ:Identify best brand based on technical properties.
VOD (Voice of Design): Large condensing coil, Compressor Efficiency.
DO (Defect Oppurtunities): Refrigerant gas leakage, Electric shock, Short circuit, compressor failure, Fan failure.
Target: selecting the best brand.

Consumer Product Review

Voltas O - General LG Mitsubhishi Hitachi Haier Daikin

What three brands you
recall immediately?

Which brand consumes
less electric power?
Which brand provide
quick cooling?

Which brand provides
better services?
Which brand provides
varieties of models?

Which brand is less
noise?
Cost
Life
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Measure Phase

Brands
Max.

Tonnage
Rated Cooling

Capacity
Air

Flow
Warranty Cost Noise

Quality and
Performance

EER

Hitachi 4 4 4 2 3 3.5 4 4
Voltas 5 3.5 3.5 3.5 4 3 3.5 3.5
Daikin 4.5 4.5 4.5 4.5 3.5 4.5 4.5 4.5
O-General 2 5 5 4.5 2 5 5 5
LG 4 3.5 3.5 5 4 5 3 3
Haier 4 3.5 3.5 4 5 3 3 3
Mitsubishi 4 4.5 4.5 4.5 2 4.5 4.5 4.5

Brands Max. Tonnage

Hitachi 4

Voltas 5

Daikin 4.5

O-General 2

LG 4

Haier 4

Mitsubishi 4

Brands Rated Cooling Capacity

Hitachi 4

Voltas 3.5

Daikin 4.5

O-General 5

LG 3.5

Haier 3.5

Mitsubishi 4.5

Brands Air flow

Hitachi 4

Voltas 3.5

Daikin 4.5

O-General 5

LG 3.5

Haier 3.5

Mitsubishi 4.5
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Brands Warranty

Hitachi 2

Voltas 3.5

Daikin 4.5

O-General 4.5

LG 5

Haier 4

Mitsubishi 4.5

Brands Cost

Hitachi 3

Voltas 4

Daikin 3.5

O-General 2

LG 4

Haier 5

Mitsubishi 2

Brands Noise

Hitachi 3.5

Voltas 3

Daikin 4.5

O-General 5

LG 5

Haier 3

Mitsubishi
4.5
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Brands Performance Energy Efficient Ratio
Hitachi 4 4
Voltas 3.5 3.5
Daikin 4.5 4.5
O-General 5 5
LG 3 3
Haier 3 3
Mitsubishi 4.5 4.5

Analysis Phase
The analyze phase is used to find the statistical analysis of the problem under study. In this phase, using certain tools we find the
cause of the things which are slowing down the process consequently helping to suggest a method to bring improved effectiveness
in the process.

LG Vs Daikin
LG leaves the race since it lost its EER ratio.
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Daikin Vs Mistibushi

This graph shows that mitsubishi has high Noise content on comparison with daikin

Daikin Vs Haier
Haier is a Chinese brand which uses Mitsubishi’s compressor as its own compressor.

Daikin Vs Toshiba

This graph shows that Daikin has good compressor efficiency than Toshiba

Daikin Vs Samsung
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Daikin Vs Voltas
Voltas is a brand made from PRC (Public Republic of China) and marketed in India through TATA Pvt limited.

Voltas control system is a common Control system used for all brands manufactured under Gree manufacturing company
located in china.

DAIKIN has their own plant in Neemrana at Rajasthan.

Daikin does not use any Chinese components in their system.

Problems Faced in Daikin
The blades
The fan blades of the outdoor fan are susceptible to damage from any debris that enters the cabinet, such as rocks, sticks,
gravel, even tree branches. If the blades of the fan become bent, they will start to strike the edges of the fan casing, leading to
an alarming clanging noise, the fan will cause more internal damage to the system if it is allowed to continue running.

Failure in blades will be due to failure in the shaft connecting fan motor and the blades. The length to diameter ratio of the
shaft must exactly meet torsional as well as bending.

Broken, Bent Fan Blades
Cracked Fan Top- Severe Damage
Tree Branch Caught Between Fan Blades And Top Grille
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Smashed Fan and Crushed Tubing
The Motor
Older air conditioners used fan belts to connect the fan motor to the fan, and the fan belts could break. More recent fans use
direct motors. Motors can wear down from overuse, layers of dirt, or loss of lubrication in their moving parts, and this extra
stress will eventually cause the motor to overheat and fuse its wiring together. A motor that burns out will need to have a
professional replace it in order to get the fan operating once more.

Fmea Chart

5Y Analysis
 Why - noise is produced in ODU – due to vibration in ODU
 Why - due to vibration in ODU - failure in fan blade
 Why - failure in fan blade - failure in shaft
 Why - failure in shaft – provided Length/Diameter ratio is not perfect

Design Calculation
POWER =2πNT/60 in KW.
T=POWER*60/2πN
Where,
N-3000 rpm
POWER=58.0208KW
T=58.0208*103/314
T=184.78Nm

CASE (1)
L=6.5cm = 65mm = 65*10-3m
d= 1.5cm
r=0.75cm =7.5 mm =75*10-3m
F=10N
Mb=force * perpendicular distance

=10*65*10-3

Mb=0.650Nm
Mt=T=184.78Nm
α = column Factor = [(1/1-0.0044 (l / r)]
l/r=65*10-3/75*10-3

l/r=8.67
α = [(1/1-0.0044*8.67)]
α = 1.04
M=√ (Mb)

2+ α (Mt)
2

M=√ (0.650)2 + (1.04*184.782)
M= 188Nm

CASE (2)
L=6cm = 60mm = 60 *10-3m
d= 2 cm
r=1cm =10 mm =10*10-3m
F=10N
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Mb=force * perpendicular distance
=10*60*10-3

Mb=0.60Nm
Mt=T=184.78Nm
α = column Factor = [(1/1-0.0044 (l / r)]
l/r=60*10-3/10*10-3

l/r=6
α = [(1/1-0.0044*6)]
α = 1.35
M=√ (Mb)

2+ α (Mt)
2

M=√ (0.6)2 + (1.35*184.782)
M= 214.69Nm

This shows that case 1 is smaller than case 2 thus we could prove that the bending movement of shaft of the fan can be
reduced by using case 2, where length can be reduced and diameter of the fan’s shaft is increased.

 When l/d ratio is undergoing variation the fan’s shaft quality can be improved.
 To eliminate the entry of the dust particles, a honeycomb mesh is suggested to be fixed at the ODU.

Control Phase
On the brief analysis of the brands, Daikin has been shortlisted as the best brand with few problems in its system.  The
problems are diagnosed and the solutions to the problems are proposed in this paper which will provide an effective result.
The implementation of the proposed solution enhance the quality of the Daikin system further.


