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A Study on the Design of a High-Speed Heddle Frame

Chang Sup Lee, Je Hoon Oh and Dai Gil Lee

Sandwich Structure(H = 9] X] T %), Failure Load Map(3}& 315 H).
Abstract

The up and down speed of heddle frames that produce woven cloth by insertion of weft yarns between
warp yams has been increased recently much for productivity improvement, which induces higher inertial
stresses and vibrations in the heddle frame. The heddle frame is required to reduce its mass because the
heddle frame contributes the major portion of the stresses in the heddle frames during accelerating and
decelerating. Conventional aluminum heddle frames have fa tigue life of around 5 months at S50 rpm due to
their low fatigue flexural strength as well as low bending stiffness. In this work, since carbon/epoxy
composite materials have high specific fatigue strength(S/ p), high specific modulus(E/p), high damping
capacity and sandwich construction results in lower deflections and higher buckling resistance, the sandwich
structure composed of carbon/epoxy composite skins and polyurethane foam were employed for the high -
speed heddle frame. The design map for the sandwi ch beams was accomplished to determine the optimum
thickness and the stacking sequences for the heddle frames. Also the effects of the number of ribs on the stress
of the heddle frame were investigated by FEM analyses. Finally, the high -speed heddle frames were
manufactured with sandwich structures and the static and dynamic properties of the aluminum and the
composite heddle frames were tested and compared with each other.
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Fig. 6 Cross-sectional shapé of the heddle frame

Table 1 Mechanical properties of aluminum and
polyamide
Property Al6061 Polyamide
Tensile Modulus (GPa) 68.9 1.6
Poisson’s Ratio 0.33 0.34
Density (kg/m®) 2700 1130
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Fig. 7 Finite element model for the aluminum heddle
frame

Fig. 8 Locations of strain gages for the validity test
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Table 2 Number of nodes and elements for the heddle
frame analysis

Part Element Type Node Element
Heddle Frame SOLIDA4S 16160 8800
Joint SOLID45 915 524
Stay SOLID45 2058 1440
Total - 19133 10764

Table 3 Comparison between the calculated and the
measured strains

Position Calculation | Measurement
Center (g),,4S) 79 76
Center (g1y,1S) 236 227
Upper End Part (g,,,uS) 2 5
Lower End Part (g,,,uS) 31 38
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Table 4 Maximum stresses of the component of the

- QAE -

heddle frame
Load Type Hed(dhl:Pl;r)ame (ﬁg:) (I%/;;Z)
:lvzclfilll; erld Warp 28 02 o
Inertial Force 51.4 45 13.6

Table 5 Estimated life of the aluminum heddle frame for
various cam rotation speeds

Cam Rotation Speed Cycles Years
350 rppm 1.0x10% 2.8x10%
450 rpm 6.5%10" 1.4x10"
550 rpm 2.5x108 4.3x10"!
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Fig. 10 S-N curve of Al6061-T6 at room temperature
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Table 6 Mechanical properties of the carbon / epoxy
composite materials

Property Longituflinal Tra‘lnsvc.arse
Direction Direction
Tensile Strength (MPa) 1800 60
Compressive Strength (MPa) 1100 200
Shear Strength (MPa) 75 -
Tensile Modulus (GPa) 130 8
Shear Modulus (GPa) 4.5(Gy) 3.5(Gy3)
Poisson’s Ratio 0.28(v2) 0.40(v23)
Fiber Volume Fraction (%) 60 -
Density (kg/m’) 1550 -

Table 7 Mechanical properties of the polyurethane foam

Property Value
Tensile Strength (MPa) 4.9
Compressive Strength (MPa) 4.2
Shear Strength (MPa) 2.1
Tensile Modulus (MPa) 401
Shear Modulus (MPa) 143

Poisson’s Ratio 0.385
Density (kg/m’) 370
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Fig. 11 Manufacturing procedure of the hollow beam
specimen

Fig. 12 Stacking angle of the specimen
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Fig. 13 Schematic diagram of the loading bar and

bending jig

(b) Fractured

Fig. 14 Photographs of the buckled and fractured
specimens
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Table 8 1st natural frequencies and damping ratios of
the aluminum and composite heddle frames

Direction | Aluminum | Composite
Ist Natural Vertical 2024 2356
Frequency (Hz) |y ater) 246 312
Vertical 0.0024 0.0089
Damping Ratio
Lateral 0.0038 0.0064
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