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Seven fiber candidates for radial tire belts

Fiber Supplier
Fiber Beooovvrinn E.I. duPont deNemour & Co.,
Wilmington, Del.
Glagg: rrerrereseemasnnninne, PPG Industries, Inc., Pittsbu
rgh, Pa.
Nylon Monofil (Type p-20) ---E.I. duPont deNemour &
Co.
Nylon (6,6) Multifilament.--E.I duPont deNemour &
(Type 728) Co.
Polyester Macrofil (Type F-15)---Celanese Corp, New
York, N.Y.
Polyester Multifilament---E.I. duPont deNemour & Co.

(Type T-68)
Rayon (Type 6152)---American Enka Corp., Enka, N.C.
Vinal (polyvinylalcohol-
Types 3131 and 1339)---Kurashiki Rayon (now
Kuraray) Co. Ltd., Osaka, Japan
Wire (Brass Plated) .- Bekaert Steel Wire Corp., Zw-
evegem, Belgium

Fiber B (Dupont’s high modulus experimental fiber)
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Appendix 1
Load at belt=Tire inflation pressure x Tire radius to
center of belt.
Appendix 2
Belt safety factor ratio=Cord tensile strength x No.
plies x EPI x cos?® Inflation
pressure x Tire radius to
center of belt
EPI=Ends per Inch
O=Cured Cord Angle
Appendix 3: AFG Compression Modulus Test:
Test cords are drumwound and coated with rubber,
The coated fabric is plied up to the necessary thickness
to be cured into a 1”x2"x3" block. 1”x1"x1” samples

are cut from the center of the cured block.



Compression test is conducted with the Instron, with
compressive load applied parallel to the axes of the
cords. A compressive stress-strain curve is recorded
until the load decreases due to sample buckling or
bending.

A blank block of 100% rubber is similarly tested
so that the compressive load contributed by the rubber
portion of the test block can be determined and sub-
tracted from the load for each test block.

Compressive load per cord or per belt can then be
calculated as fractions of the net load required to com-
press the test blocks at various compressive strains.

Compress. Load/cord=Total Load (Ibs.)-Load (Ibs.)
(at specified strain) for Rubber Compound
N (No. of Cords)

Appendix 4: Data Sources
A. B.F. Goodrich laboratory data
B. DuPont Technical Brochure, December 1969
C. Kurashiki Rayon Co. Technical Bulletin, “The Dev-

clopment of Kuralon (Vinal) Tire Cord”

D. Rychebosch, F., “Steel Cord as Rubber Reinforcing

Material,” Wire and Wire Products, June 1962
E. American Enka Corp. Industrial Yarn Report No.

70-128
F. Algemene Kunstzijde Unie N.V. (AKU) Technical

Bulletin, “AKU Tire Yarns,” Part VII
G. Kenyon, D, ICI Fibers, “The Case for the Use of

Macrofilament Yarns in the Breaker Belt”

H. DuPont Technical Brochure, March 1970
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Poly-
Nylon ester
Specific Gravity:« e 11 1.4
Strength: [o30 ¢ CRTTRELEERRRTLLRRRERLLD 10.0 8.9
103 PSireereneremsrennennes 146 160
Modulug: gpd----ermrememvneeenees 50 115
105 PSieeernerermeensnenes 7 20
Breaking Elongation, %~ 18 15

a Data Sources: AB,CD, (see Appendix 4)
b Calculated from zero twist dipped glass cord
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Stress-strain properties of industrial yarns®

Dipped Fiber
Rayon Vinal Glass® B Wire
1.5 1.3 1.8 1.4 7.8
6.2 11.0 8.6 12.0 4.0
120 183 198 215 400
125 200 230 450 200
24 33 53 80 199
11 6 4 7 2
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27 A (scale) 2= %o}

dF () 35 £2£% d3 Fiber g g2 A%
(Fatigue Resistance) & o]7] $3ste] A WAk
(Multifilament yarn) & B.% A} (Twist)dled z=
FE wkE

2o dAgsl B Bedd AAFELEE
ZE oA Yd Fol mEo] glel m &g (Twist
Efficlency) & 3 2 A o] HFx9} REe2 AZoR
A 2% ES 285 o okt eh,

< 2>

Nylon DPolyester

@Twist Multiple
3 100 100 98
6 98 95 97

Fiber B® Rayon

ﬁ%ﬂ g =9 Filament ZE& 229 AA = o

A & (Twist Level) o] =18 3}gF (Lower Limit)&
@M fdez =% 3% 94 god du

2839 69 Al 4% A5 =Y Eg

%+ 71 5% 0l o

glo]e] Belt m=o]A] 98] 7} vlekE2 2 Filament 2]
FEsk mee] s A g Aol fE AF % 4E
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Polyester &4, Dipped Glass, 3 Wire= o] &9

Twist efficiency” of tire cords.

Dipped Polyester Nylon
Vinal Wire Glass® Macrofit  Monofil
93 75 74 58
9 77 62 49 33

a Twist Efficiency=% strength retained after twisting into cord, properties were furnished by sources B,D,E

F,G(see Appendix 4). o
b Twist Efficiency taken from processed cord.
¢ Based on dipped yarn as 100%.
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Nylon Polyester )

Monofil Macrofil Rayon Vinal Glass Fiber B Wire
Yarn/Card Size, Denier- --+-3970 500 1650 1200 774 700 18400
Filament Count:eroeererveinnn. 1 1 1100 288 408 580 5
Filament Size, Deniet------ 3970 500 15 4.2 1.9 1.2 3680
Tenacity, gpd--coreeeseerennenes 8.5 6.8 6.2 1.0 15.0 12.0 4.0
Filament Strength, Gms--- 33800 3400 9 46 28 14 14700
aB. F. Goodrich calculations
Wire @ polyester 24 -f (Macrofil) & o 53] = $o = A 72 Filament o] A4 ey

3 x2

A EE Vel BE A A (Low Twist) 24 A& 4 g Fiber B & Filament 727} oFsle] wle}a] )

9 23 A 7-& (High Twist construction) 2 -3}
Fllamel’lt Zx7} e Rayon-& AdAE A8 o] okglc},
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9] Glass Filament & %38 #4v] Glass =7}
(Macrofil) 9} 543 #%-¢ #5E5r] s o
2 A%ANE FAA QFE = RFL 14

<= 4>
Nylon Polyester
Monofil Macrofil
Specific Gravity----eeoveevees 11 1.4
Strength: gpd:--reeeeeveoreens 8.5 57
10° pSierereeeens 120 102
Modulus: gpd-«-++eeereeeeee 46 75
105 paiceveeereees 7 13
Breaking Elongation, %--- 17.2 14.2
COrd Sigeeerreeeeererviaaenannns 2800/1 500/7
TWist (EPi)--errvereereesenerens 0 2.5

Data Sources: AB,C,D,G (see Appendix 4)
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Stress-strain properties of belt cords.

Dipped Fiber
Rayon Vinal Glass B Wire
1.5 1.3 1.8 1.4 7.8
2.5 10.6 7.8 11. 4 3.7
100 176 180 204 369
84 181 230 330 180
16 30 53 59 179
14. 2 7.9 4.0 3.7 2.4
1650/3 1200/3 75.7/0 1400/3 5x1x
0107
8.0x7.0 3.5x3.5 2.5 7.5x%7.0 2.5

*Note: at presstime B.F. Goodrich researchers report samples of improved Fiber B have tested at 18. 0 gpd-

other properties remain unchanged,

F4x $Edz FA%zAdds gd2d A9d
T Are axAee REHLE 7 &y
3. ‘EJ: BHEHA
Belt $-m.=9] Stress-strain £4 ¢ Ve & 4%
2 ‘{F’% REeLolt)
<E 5>
Nylon Polyester
Monofil Macrofil
Load/Denier, 10? gpd
@ 1% Comp:eerreeeeees 6. 4 9.3
@ 2% Comp. «-oreeeveene 18.4 25.6
Load/cross-section, 10?2 psi
@ 1% Comp.-eeereeeeres 9 17
@ 2% Comp.r-eeeereeees 2% 46

»

5o ttebdl A o= BF. Goodrich Co. o4 A &
A mow W LEA S S A 19 % 2%
FEAG 2AY A2 BH AFUA o,

(Appendix 37&&)

Corriprcssion modulus® of belt cords.

.a Calculated from BFG compression modulus test results

Polyester 2] #-4] 4= Denier 3
EL 4F
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A o] o ste] & Wire 7} 7b% &9k~ vk &4 POl'
F= 499 Fe #AF deid
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21RTHFLE A%
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Vinal & 715 279 of
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Rayon, Glass, Fiber B @ Nylon &4 = g ul4 o

2 5% §F LEYLE 2ol mgleh

] Dipped
Rayon Vinal Glass Fiber 8 Wire
4.4 8.7 5.4 7.6 2.6
10.9 23.7 12.4 13.6 5.3
8 14 12 13 26
21 39 29 24 53
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YARN TENACITY vs.
TEMPERATURE
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100 300

TEMPERATURE, °F
=28 1 The effect of temperature on the tenacity
of seven candidates for radial tire belt rei-
nforcement.

YARN MODULUS vs.
TEMPERATURE

400

" FIBER B
300—

GLASS

200>

MODULTUS, GPD

100}
POLYESTER=

, NYLON
oo
100 300

TEMPERATURE °F
1.8 2 The effect of temperature on tension mo-
dulus (gm/denier) for seven radial tire belt
candidates.
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5. Moisture and chemical stability
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