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Abstract. This study is aimed at developing a home textile product, namely, comforter by using felt.
Commercial triple layer comforter products consist of two outer fabric layers with a layer of insulation
between them, i.e. middle layer is batting which is usually made of down feathers, polyester or wool.
The four common major combinations taken for this study include, CF1C, CF2C, BFIB, BF2B (C —
Cotton, B — Bamboo, F1 — 270 gsm Acrylic felt, F2 — 370 gsm Acrylic felt). Each combination has
been produced with four stitch variations. There are different types of stitches that can be done
in a comforter to secure the felt in the middle layer, it also influences the thermal insulation. Four
types of stitch variations have been chosen to compare the influence on thermal insulation property
of a comforter. They are vertical, karo step, sewn thru and framed sewn thru. So finally, sixteen
combinations have been chosen and analyzed for quality performance tests. The performances are
compared and evaluated. The end product has been developed as a comforter with CF2C combination
and a sewn through stitch variation which gives better thermal insulation.
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Pa3pa0oTka TeXHOJIOIMM MOJTYy4YEeHHUS] TPEXCIAOMHOrO Mjieaa
C HCII0Jb30BAHUEM AKPUJIOBOI'0
BOIJIOYHOI0 HETKAHOI'0 MarepuaJia
M.P. lllpukpumnan, H. Apuana, /[x. Hupewm

Tonumexunuueckuti uncmumym
Hnous, Koumbamyp

Annomayus. lleapio NaHHOTO WCCIENOBaHMS SBISETCS pa3padOTKa JOMAIIHEro TEKCTHUIBHOTO
H3J1eN1s, a MIMEHHO IUIefia, C UCIOJIb30BaHueM Boioka. KomMepueckue TpexciioiHble MIeabl COCTOSAT
13 IBYX Hapy KHBIX CIIO€B TKaHU CO CII0EM YTEIJIUTES MEXAY HUMH, T.€. CPDEAHUI CJION BBINIOJIHEH U3
BaTHHA, 0OBIYHO U3TOTOBJICHHOT'O U3 IIYXOBBIX IIE€PHEB, MOJIUICTEPA HIIN LEPCTH.

YeTpipe 0o0IIME OCHOBHBIE KOMOWHAIIMHM, PACCMOTPEHHBIE B JaHHOM HCCJIEIOBaHHH, BKJIIOYAIOT B
cebs XB1X, XB2X, bB1b, bB2b (X — xiomnok, b — 6am0yxk, Bl — akpuinoBsrii Boiinok 270 r/m2, B2 —
aKkprJIoBEIi Boiok 370 r/mM2). Kaxkgas komOnHaIus OblIa BBIIIOJHEHA YETHIPHMS THIIAMU CTEKKOB.
CyIlecTBYIOT pa3iM4HbIE THIIBI CTEKKOB, BBIINOJIHIEMBIX B IUIEAE, YTOOBI 3aKPENHUTH BOMIIOK B
CPEIHEM CJIoe, YTO TaK)Ke BIMUSET Ha TEIIOM30JsALHNI0. UTOObI CpPaBHUTH BIUSHUE CTEKKOB Ha
TEIUION30JISIIIMOHHBIE CBOWCTBA IUIea, ObUIM BHIOpPAHbI YETHIPE UX THUIA: BEPTUKAJIBHBIHN, AT Kapo,
BTAQ4HOW M OKAaHTOBOYHBIN. MTak, OblIM BEIOPAHbI M IPOaHAIU3UPOBAHbI IIECTHAIIATH KOMOMHAIUI
JUIsL IPOBEJICHUS UCNBITAHUN Ha KadecTBO. Bce XapaKTepUCTHKM CPaBHUIU U IPOBEIH OLEHKY. B
KayecTBe KOHEYHOro IpoiayKTa Obul paspaboTaH mien ¢ komOuHanuedr XB2X u BTayHBIM THIIOM
CTEXKa, KOTOPBIM JaeT JydIlyIo TeIIOU30SLHIO.

Knwouesvie cnosa: TIOJIUBCTED, IIJIE, IEPHA.

Huruposanue: Ilpuxkpumnan, M.P. Pa3paboTka TEXHOJOTMH MONYy4YEHHUS TPEXCIOWHOrO IUIeNa C HCIOJIb30BAHUEM
AKpPUJIIOBOT'0 BOWIOYHOr0 HeTKkaHoro marepuana / M.P. lllpukpumnan, H. Apuana, . Hupew / XKypn. Cu0. denep. yu-ra.
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1. Introduction

1.1. Comforter

A comforter is a type of bedding consisting of natural or synthetic insulative material encased in
a fabric shell/covering, used to keep bed occupants warm. Like quilts, comforters are generally laid
over a top bed sheet (and sometimes also blankets). Duvets are another form of quilt, traditionally filled
with feathers though often made of synthetic fibers.

A comforter is sometimes covered for protection and prolonged use. Comforter covers are similar
in principle to pillowcases, usually closed with zippers or buttons.

The terminology comforter comes from the word comfort. Comforters are usually used in the
winter season when it is very cold. Due to the large thickness of a comforter, a person would feel warm
and comfortable.

Comforter sizes correspond with bed sizes: twin, full, queen, king, and calking. Comforter sizes
run slightly larger than actual bed sizes to allow for draping over the sides of the bed. Typical sizes in
the United States for comforters are:

e Twin = 64" (162.56 cm) width x 87 (220.98 cm) length

e Queen/Full =877 (220.98 cm) width x 87 (220.98 cm) length

e King = 101" (256.54 cm) width x 90” (228.6 cm) length
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Comforters are filled with layers of material such as polyester batting, down feathers, wool, or silk.
Comforters can also be made out of fur, usually with a backing of satin or silk. The loft of the filling
determines the weight as well as the level of insulation. The comforter is stitched or quilted to secure
the filling and keep it evenly distributed. The outer shells of comforters are typically constructed
using cotton, silk, or polyester fabrics or blends, of varying thread counts. Comforter shells vary in
design and color, often designed to coordinate with other bedding.

Today nonwoven plays an important role in textile markets. Especially the needle punched felt/
nonwoven has more demand in technical textile market, because of high durability than batting/other
fillings. So, for our comforter product we have chosen felt as a middle layer. Since the main use of the
comforter is intended to keep the user warm, it should give more thermal insulation. Presently acrylic
fibers are gaining importance in home textiles due to their excellent physical and chemical properties.
Acrylic naturally has more thermal insulation compared to other fibers. By considering this important
aspect acrylic fibers have been made as felt by using needle punching process. The felt is also made
in two different fabric weights. The outer shells of comforter have been constructed using cotton and

bamboo fabric for providing comfort properties.

2. Methodology
2.1. Materials and Methods
2.1.1. Outer layer

The outer shells of comforter have been constructed using cotton and bamboo fabric for providing

comfort properties.

Table 1. Raw material specifications

Specification EPI PPI Count GSM
Cotton(C) 56 52 20s 117
Bamboo(B) 58 53 20s 120

2.1.2. Middle layer

We have chosen felt as a middle layer. Since the main use of the comforter is intended to keep
the user warm, it should give more thermal insulation. Presently acrylic fibers are gaining importance
in home textiles due to their excellent physical and chemical properties. Acrylic naturally has more
thermal insulation compared to other fibers. By considering this important aspect acrylic fibres has

been made as felt using needle punching process. The felt is also made in two different GSM.

Table 2. Batting specification

Specification

Acrylic fiber, 64 mm long, 3 denier
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F1-270 GSM Acrylic felt
F2-370 GSM Acrylic felt

2.2 Stitch variation

Four common major combinations taken for this study include CF1C, CF2C, BF1B, BF2B. Each
combination has been produced with four stitch variations. So, finally, sixteen combinations have been

chosen and analyzed for quality performance tests.

Vertical Karo step
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Sewn thru Framed sewn thru
53 54

Fig. 1. Stitch variations

— 539 —



Journal of Siberian Federal University. Engineering & Technologies 2020 13(5): 536-553

2.3. Methodology

raw material procurement

—— acrylic fiber, bamboo yarn, cotton fabric

Weaving % bamboo
needle punching —— 270 GSM acrylic fiber,370 GSM acrylic fiber
quality evaluation - CFIC, BFIB, CF2C, BF2B

S1CF1C,52CF1C, S3CF1C,S4CF1C

S1BF1B,52BF1B,53BF1B.54BF1B

S1CF2C,52CF2C S3CF2C 54CF2C

L3
S1BF2E,52BF2B 53BF2B S4BF2B

w

product development b COMforter

Co:ﬁ)[;:;:tt;on Material used
CFIC - Cotton 270GSM acrylic felt cotton
CF2C - Cotton 370GSM acrylic felt cotton
BFIB - Bamboo 270GSM acrylic felt bamboo
BF2B Bamboo 370GSM acrylic felt bamboo
SICF1C Vertical cotton 270GSM acrylic felt cotton
S2CF1C Karo step cotton 270GSM acrylic felt cotton
S3CF1C Sewn through box cotton 270GSM acrylic felt cotton
S4CF1C Framed sewn through cotton 270GSM acrylic felt cotton
S1CF2C Vertical cotton 370GSM acrylic felt cotton
S2CF2C Karo step cotton 370GSM acrylic felt cotton
S3CF2C - Sewn through box cotton 370GSM acrylic felt cotton
S4CF2C - Framed sewn through cotton 370GSM acrylic felt cotton
SIBF1B - Vertical bamboo 270GSM acrylic felt bamboo
S2BFIB - Karo step bamboo 270GSM acrylic felt bamboo
S3BFIB Sewn through box bamboo 270GSM acrylic felt bamboo
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Cozl}g;lel;tfion Material used
S4BF1B - Framed sewn through bamboo 270GSM acrylic felt bamboo
SIBF2B - Vertical bamboo 370GSM acrylic felt bamboo
S2BF2B - Karo step bamboo 370GSM acrylic felt bamboo
S3BF2B - Sewn through box bamboo 370GSM acrylic felt bamboo
S4BF2B Framed sewn through bamboo 370GSM acrylic felt bamboo

SOURCING

The acrylic fiber is sourced from Delhi.
The bamboo yarn is sourced from Pallava textile, Erode.

The cotton fabric is sourced from Erode.

2.4. Weaving
2.4.1. Felt manufacturing

A needle punched nonwoven is a fabric made from webs or batts of fibers where some of the fibers
have been driven upward or downward by barbed needles. This needling action interlocks fibers and
holds the structure together by friction forces.

Binding point is a set of fibers with various orientations, which are bonded by friction forces. In
needle punching the bonding of the fiber web is the result of intertwining of the fibers and of the inter
fiber friction caused by the compression of the web.

Fig. 2. Principle of Needle punching

The web is passed over a feed table, throw the drawing in rollers and via feed rollers, the web is
fed to needling area. Here, the web is repeatedly punctured or perforated by a battery of needles and
reoriented. This operation is carried out several times a minute. In modern machines it is carried out
around 2000 strokes per minute. When the needling is done from above, as shown, the web is pressed
against the lower boss, also known as the needle to throat plate; flat bed. The upper plate is called
stripping plate or holding down plate.

As the needle return, the fibers remain in their new position virtually unchanged since the barbs
only face in one direction. The deliver rollers transport the needle web from the needle zone. The

material feed can be either intermittent or continues.
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1. Fiber laver

2. Input device

3. Upper holeplate
4. Lower holenlare
5. Needle board

6. Needles

7. Main drive

Fig. 3. Phases of Needle Punching Mechanism — caption

Table 3. Stich variations Illustrations

sticHTYPE | AT N atcaton | FelBamboo | Fel mamboo
Vertical SICFIC SICF2C SIBFIB SIBF2B
Karo Step S2CFIC S2CF2C S2BFIB S2BF2B
Sewn Through S3CFIC S3CF2C S3BFIB S3BF2B
?har‘;‘j;hsewn S4CF1C S4CF2C S4BFIB S4BF2B

To achieve the desired compression and bonding, it is common practice to have several needling

zones in a row, one after another, with different needle settings and direction of stitching.

3. Testing
3.1. Seam strength test (ASTM D1683)

The British standard test for seam slippage is a test of the second type. Five warp and five weft
specimens each 100 mm X 350 mm are used. Each sample is folded 100 mm from one end and a seam
is sewed 20 mm from the fold line using the special sewing thread and sewing machine settings which
are detailed in the standard. The layout of the sample is shown after sewing the folded part of the fabric
is cut away 12 mm from the fold line leaving the seam 8 mm from the cut edge. A standard strength
tester equipped with 25 mm grab test jaws is used, the gauge length is set to 75 mm.

Just before the test the sample is cut into two parts one with the seam and one without it but with
each part containing the same set of warp or weft threads. The sample without a seam is first stretched
in the tensile tester up to a load of 200N and a force elongation curve drawn. The matching sample
with the seam is then tested in the same way making sure that the force elongation curve starts from the
same zero position. The horizontal separation between the curves is then due to opening of the seam.

In order to find the force required to open the seam at a given distance, the separation of the curves

at a force of 5 N is measured and this distance is added to the seam opening specified (usually 6mm but
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Fig. 4. Seam strength specimen

some specifications require 5 mm) making appropriate allowance for the horizontal scale of the chart.
Next the point on the curves where there is a separation of this distance is located and the value of load
at this point is read off the chart. If the curves do not reach the specified separation below 200N, then

the result is recorded as ‘more than 200N’.

3.2. Comforter loft property

Comforters are filled with layers of material such as polyester batting, down feathers, wool, or
silk. Comforters also can be made out of fur, usually with a backing of satin or silk. The loft of the
filling determines the weight as well as the level of insulation. The comforter is stitched or quilted to
secure the filling and keep it evenly distributed. This test method is designed to measure the loft of a
comforter in pre-wash and post wash conditions.

A comforter is taken from its packaging, shaken, laid flat on a hard surface and allowed to
condition for a minimum of 15 minutes. A rigid, lightweight item such as a wooden yardstick or a
piece of foam-core board is set on top of the comforter and at least 28 in. is on top of the comforter
and at least 1.5 in. overlaps the edge of the comforter. Using a metal ruler, technician measures
the distance from the table top to the bottom of the rigid item at the edge of the comforter. This
measurement is performed along the comforter’s edge at the mid-point between two corners. The
point of measurement is clearly marked. This procedure is then repeated along the remaining three
sides of the comforter. The four measurements are averaged and reported as pre-wash loft. The
comforter is laundered according to the labelled care instructions and measuring process is repeated
at the same points previously marked. The averaged measurement, taken after washing is reported
as after wash loft.

Metal ruler with markings of 1/32 inch and a flat lightweight rigid object are used. Suitable items
include rigid wooden yardsticks or pieces of foam core board measuring at least 30 inch in length.

Pre-wash measurement removes comforter from packaging. Shake comforter and lay flat in single

layer tabletop. The edge of the comforter being measured must be no closer than 3 inches from the
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edge of the table. Remaining edges may hang over tabletop if size requires. Leave the comforter in this
condition for a minimum of 15 minutes.

Post-wash measurement removes comforter from dryer. If comforter is to be stored for a
period of time after washing and before measuring, loosely fold and do not compress. Repeat steps
as above.

Loft measurement is determined by placing the rigid lightweight object onto the comforter
surface, so that approximately 28 inches are on the comforter and the remainder protrudes over
the edge. Measure to the nearest of 1/32 inch the distance from the bottom of the light weight rigid
object to the top of the table. Mark the spot on the comforter from which the measurement was taken.
Record this measurement. The comforter is measured at the mid-point between two corners, using the
method described above. The measuring process is repeated on remaining sides resulting in a total
of four measurements. These four measurements are recorded and averaged. The average is reported
as comforter loft. Wash measurement steps are repeated after the comforter has been laundered.
Measurements are taken at the same mid-points marked as above. This average is reported as after

wash comforter loft.

4. Product development
4.1. Comforter

Cut the cotton fabric of length 60" and width 50°* which has been used as outer layer. Cut the felt
three times with length 60°” and width 17”’which has been used as middle layer. Place the cotton fabric
and felt like a sandwich. Now start giving sewn thru stitch through the length of the fabric. The edges
have been finished with piping.

This chapter depicts the results of mechanical and physical properties of developed samples like
air permeability, water vapor permeability, abrasion resistance, comforter loft property test, thermal
conductivity, seam strength test and tensile strength test. They are done according to the requirements

of the comforter which is developed.

5. Results and discussion
5.1. Comforter
5.1.1. Air permeability test -ASTM D737-04(2008) E2 Standard

The resistance values (R) as noted from KES air permeability tester are as follows in table below.

The test results are shown in a bar graph below.

Table 4. Air permeability test

S.No Variation Air permeability(c’cm?s)
1 CF1C 10.92
2 CF2C 10.73
3 BF1B 37.74
4 BF2B 33.66
5 Commercial 40.43
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AIR PERMEABILITY(c3cm2s)

Fig. 5. Air permeability test

Inference

Since cross section of the bamboo fibre has micro pores, it allows more air to pass through it easily.
So, air-permeability of bamboo felt combination is higher than cotton felt combination. So, as far as
comforter is concerned air permeability is not at all required, only air entrapment is required in order
to retain heat inside the fabric. So, this bamboo felt combination is not appropriate for development of

comforter. If the fabric is permeable to air, then heat will not get retained by the fabric layer, so, the

BF1B

35 - —-

30

25 1

20 1 W AIR FERMEABILITY (¢ 3cm 2 5}
15 1

10

0

o

CF1C CF2C BF2B commercial

required level of warmness which the comforter is expected to provide will not be achieved.

5.1.2. Water vapor permeability Test — BS 7209 Standard

The BS standard was used to assess the water vapor permeability of commercially available and

developed sample and results are tabulated below.

Table 5. Water vapor permeability

S.No Variation Water vapor permeability(g/m?/day)
1 CFIC 1469.5
2 CF2C 1141.4
3 BF1B 2349
4 BF2B 1890.4
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WATER VAPOUR PERMEABILITY(g/m2/day)

2500
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CF1C CF2C BF18 BF2B

Fig. 6. Water vapor permeability test

Inference

Since cross section of the bamboo fibre felt combination has micro pores, it allows more water
vapor to pass through it easily. So, water vapor permeability of bamboo felt combination is higher than
cotton felt combination. So, as far as comforter is concerned water vapor permeability is not at all
required, only air entrapment is required in order to retain heat inside the fabric. So, this bamboo felt
combination is not appropriate for development of comforter. If the fabric is permeable to water, then
heat will not get retained by the fabric layer, so, the required level of warmness which the comforter is

expected to provide will not be achieved.

5.1.3. Abrasion resistance test -BS 5690 Standard

The BS standard was used to assess the abrasion resistance of commercially available and

developed sample and the results are tabulated below.

Table 6. Abrasion resistance

S.No Variation Weight loss %
1 CF1C 0.18
2 CF2C 0.159
3 BF1B 27
4 BF2B 1.015
5 Commercial 0.263
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weight loss%

I - W weight loss%

CF1C CF2C BF1B BF2B Commercial
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Fig. 7. Abrasion resistance

Inference

The Weight loss % is higher for bamboo fabric and felt combination when compared against
cotton fabric felt combination and also with commercial product. So, this in-turn reveals that the cotton
fabric and felt combination has more abrasion resistance than bamboo fabric and felt combination.
This is because as we are the consumers of this comforter. During sleeping the outer fabric layer in the
comforter will get abraded with our human body according to different postures of our sleep. So, this
will result in weight loss and the required amount of comfort and resiliency will be lost. So, as far as
the testing result is concerned the cotton fabric and felt 2 combination the weight loss is less, so, this

combination is highly required for our comforter.

5.1.4. Thermal conductivity (Lee’s disc method)
Cotton 270GSM acrylic felt cotton

Table 7. Thermal conductivity of stitch variations in CF1C

S.No Variation Thermal conductivity(WK 'm 1)
1 SICFIC 0.0465
2 S2CF1C 0.0574
3 S3CF1C 0.03978
4 S4CFIC 0.0504

Cotton 370GSM acrylic felt cotton

Table 8. Thermal conductivity of stitch variations in CF2C

S.No Variation Thermal conductivity(WK 'm 1)
1 S1CF2C 0.03338
2 S2CF2C 0.044
3 S3CF2C 0.0201
4 S4CF2C 0.02993
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Bamboo 270GSM acrylic felt bamboo

Table 9. Thermal conductivity of stitch variations in BF1B

S.No Variation Thermal conductivity(WK ' m )
1 S1IBF1B 0.0493
2 S2BF1B 0.0607
3 S3BFIB 0.05077
4 S4BF1B 0.06307

Bamboo 370GSM acrylic felt bamboo

Table 10. Thermal conductivity of stitch variations in BF2B

S.No Variation Thermal conductivity(WK ' m )
1 S1BF2B 0.03769
2 S2BF2B 0.0537
3 S3BF2B 0.04639
4 S4BF2B 0.0441

The thermal conductivity value for the commercial product is 0.3321 WK "'m -,

0,35

0,3 -
0,25 .
0.2 m52
0,15 + 53
0.1 msd
o - .
CF1C CF2C BF1E BF2B Commercial

Fig. 8. Thermal conductivity

Inference

From the graph and test results we confirm that the thermal conductivity values are very low
for S3CF2C combination when compared with other fabric combinations of all stich variations and
also the thermal conductivity of commercial comforter is very high. So, this reveals that the thermal

insulation value will be very high for S3CF2C combination which is highly required for comforter.
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5.1.5. Thermal insulation

Cotton 270GSM acrylic felt cotton

Table 11. Thermal insulation of stitch variations in CF1C

S.No Variation Thermal insulation
1 S1ICF1C 0.111
2 S2CF1C 0.0821
3 S3CF1C 0.124
4 S4CF1C 0.1084

Cotton 370GSM acrylic felt cotton

Table 12. Thermal insulation of stitch variations in CF2C

S.No Variation Thermal insulation
1 S1CF2C 0.21
2 S2CF2C 0.165
3 S3CF2C 0.3177
4 S4CF2C 0.1795

Bamboo 270GSM acrylic felt bamboo

Table 13. Thermal insulation of stitch variations in BF1B

S.No Variation Thermal insulation
1 S1BF1B 0.107
2 S2BF1B 0.069
3 S3BF1B 0.0884
4 S4BF1B 0.0749

Bamboo 370GSM acrylic felt bamboo

Table 14. Thermal insulation of stitch variations in BF2B

S.No Variation Thermal insulation
1 S1BF2B 0.167
2 S2BF2B 0.117
3 S3BF2B 0.128
4 S4BF2B 0.156

The thermal insulation value for the commercial product is 0.01033.
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Fig. 9. Thermal insulation

Inference

Since air entrapment is more for sewn thru combination of 370 GSM felt with cotton as outer
layer, the thermal insulation will be better for S3CF2C. The fibres in felt are more intact than in normal
filling which causes poor thermal insulation in commercial product. So, with the use of felt the thermal

property of comforter can be improved.

5.1.6. Seam strength test (ASTM D1683)

Table 15. Seam strength test

S.No Variation Seam strength(Ibs)
1 CFIC 100
2 CF2C 140
3 BF1B 90
4 BF2B 165

SEAM STRENGTH(lbs)
180
160 -
140
120
100 +
a0
B SEANM STRENGTH(IEs)
&0
a0 I I
20
o -
CF1C CFac BF1B BF2B

Fig. 10. Seam strength test
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Inference

From the graph, seam strength of the bamboo fabric and felt 2 combination is higher when
compared with other three-layer combinations. And, also, more the weight of felt higher is the seam
strength. Also, as far the graph results are concerned the cotton felt 2 cotton combination is also having

more seam strength and occupies the second position.

Table 16. Tensile strength test (ASTM D5034)

S.No Description Tensile strength(lbs)
1 Cotton 125
2 Bamboo 120
3 270 Grams/square metre felt 205
4 370 Grams/square metre felt 240

TENSILE STRENGTH(lbs)

00
250
200 -
150 +

B TENSILESTRENGTH(Ibs)
100

30

Cotton Bamboo  270Gsm felt 370 Gsm felt

Fig. 11. Tensile strength test

Inference

From the graph, tensile strength of the cotton fabric layer and felt 2 combination is higher, when
compared with other layer combinations. And, also, the more the weight of felt higher is the tensile

strength.

5.1.7. Comforter loft property test (CTL test method)

The comforter loft variation for 370 gsm felt is -0.0393 inches and for 270 gsm felt is -0.01968
inches. The comforter loft variation for commercial product is +0.0787 inches.

Inference

Since the felt structure holds the fibres strongly than normal filling, the loft variation is better for

comforters using felt.
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6. Conclusion

1. In this project, the various physical and mechanical properties such as air permeability,
water vapor permeability, abrasion resistance, thermal insulation, seam strength, tensile strength and
comforter loft property of both commercial and developed samples were analyzed. They are done
according to the international standards and the results are compared.

2. The cross section of the bamboo fiber has micro pores, it allows more air to pass through
it easily. So, air-permeability and water vapor permeability of bamboo is higher than cotton and the
commercially used fabric. Since cross section of the bamboo fibre has micro pores, it allows more
air to pass through it easily. So, air-permeability of bamboo felt combination is higher than cotton
felt combination. So, as far as comforter is concerned air permeability is not at all required, only air
entrapment is required in order to retain heat inside the fabric. So, this bamboo felt combination is
not appropriate for development of comforter. If the fabric is permeable to air, then heat will not get
retained by the fabric layer, so, the required level of warmness which the comforter is expected to
provide will not be achieved.

3. The Weight loss % is higher for bamboo fabric and felt combination when compared with
cotton fabric felt combination and, also, with commercial product. So, this in-turn reveals that the cotton
fabric and felt combination has more abrasion resistance than bamboo fabric and felt combination. This
is because as we are the consumers of this comforter. During sleeping the outer fabric layer in the
comforter will get abraded with our human body according to different postures of our sleep. So, this
will result in weight loss and the required amount of comfort and resiliency will be lost. So, as far as
the testing result is concerned the cotton fabric and felt 2 combination the weight loss is less, so this
combination is highly required for our comforter.

4. From the graphs and test results we confirm that the thermal conductivity values are very low
for S3CF2C combination when compared with other fabric combinations of all stich variations and,
also, the thermal conductivity of commercial comforter is very high. So, this reveals that the thermal
insulation value will be very high for S3CF2C combination which is highly required for comforter.

5. The thermal conductivity values are very low for S3CF2C combination when compared with
other fabric combinations of all stich variations and also the thermal conductivity of commercial
comforter is very high. So, this reveals that the thermal insulation value will be very high for S3CF2C
combination which is highly required for comforter.

6. Since air entrapment is more for sewn thru combination of 370 GSM felt with cotton as outer
layer, the thermal insulation will be better for S3CF2C. The fibres in felt are more intact than in normal
filling which causes poor thermal insulation in commercial product. So, with the use of felt the thermal
property of comforter can be improved.

7. Seam strength of the bamboo fabric and felt 2 combination is higher. When compared with
other three-layer combinations. And, also, the higher the weight of felt higher the seam strength. Also,
as far as the graph results are concerned the cotton felt 2 cotton combination is also having more seam
strength and occupies the second position.

8. Tensile strength of the cotton fabric layer and felt 2 combination is higher, when compared
with other layer combinations. And, also, the more the weight of felt higher the tensile strength.

9. Since the felt structure holds the fibres strongly than normal filling, the loft variation is better

for comforters using felt.
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10. The final product has been made with this combination.
11. When compared with commercial product, comforter developed by using felt shows better

performance.
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