TS AT REE

#3C

=11
=

New Manufacturing Method of the Composite Flexspline for a
Harmonic Drive

K.S. Jeong®, D.G. Lee* and Y.K. Kwak®

ABSTRACT

A new manufacturing method of the cup type composite flexspline for a harmonic drive is
developed using adhesive joining technology to obviate the manufacturing difficulty of the co-
nventional one-piece cup type steel flexspline, and to improve the dynamic characteristics of
the flexspline.

In this method, the boss, tube, and tooth sections of the flexspline are designed and ma-
nufactured separately, and adhesively bonded. The tube section is manufactured with high
strength carbon fiber epoxy composite materials and its dynamic properties are compared with
the conventional steel flexspline.

From the test results of the manufactured composite flexspline and the conventional steel
flexspline, it was found that the manufactured composite flexspline had better torque transmission
capability, and the stiffness in the circumferential direction. Also, it was found that the damping
of the composite flexspline were considerably improved.
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Fig.2. Shape of the cup type flexspline.
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Fig. 3. Sectional shape of the composite
flexspline.
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Fig.4. Dimensions of the manufactured cup type
steel flexspline.
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Fig.5. Shapes of the developed composite
flexspline.
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Fig. 6. Bonding of the composite tube to the
steel tooth.
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Table 1. Mechnical properties of the USN 150 uni-
directional carbon fiber epoxy composite

by ASTM 3039-76.

. 0° (£ 130 GPa
Tensile modulus 90° (Bp) 3 CPa
Shear modulus (G;4) 6 GPa

. 0° (X) | 1,800 MPa
Tensile strength 90° (1) 50 MPa
Shear strength (S) 75 MPa
Poisson’s ratio (v 0.28
Thickness per ply 0.15 mm

fable 18] $AE-S ARE-sled CLPT(classical
Jaminated plate theory)[17]e #8-A1A A Al 4kgt
[+45],+9 BA A& Table 29 2ok

Table 2. Mechanical properties of the [+ 45] ¢
laminated composite.

Longitudinal elastic modulus(E,) 20.55 GPa
Transverse elastic modulus (E,) 20.55 GPa
Shear modulus (G,,) 33.54 GPa
Poisson’s ratio (vy,) 0.712

HodTrell A ARg-3F A FA)E HYSOL EA 9309.2

NAoje}[18]. o] AzA 2] A7 =+ ASTM D 638
~-892] dguhy e g AAsqla, Ad7dEs ASTM

D 3518-769] A@uhgo g AAssdrt. =, 3 A
3745 (Lap shear strength)£ ASTM D 1002-722]
Agube g AAslgivt. Table 3-& HYSOL EA

o

Table 3. Properties of the HYSOL EA 9309.2 NA
adhesive. ’

Mixing ratio by weigh

(Resin . Hardener) 100 - 22

7 days (at 25 ©)

1 hour (at 75 ©)
Mixed viscosity 1,500 P

Service temperature 80 T

Tensile modulus 1.43 GPa (at 25 C)
Poisson’s ratio 0.40

0.51 GPa {at 25 C)
42.0 MPa (at 25 C)
13.9 MPa (at 25 T)

Minimum curing time

Shear modulus
Shear strength
Lap shear strength
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Fig. 7. Configuration of the adhesively bonded tubular single lap joint.
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Fig. 12. Configuration of the adhesive bonding
assembly.

Fig. 13. Elliptic jig shape for the static torque tra-
nsmission capability test.
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Fig. 16. Photoraph of the adhesive fracture
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Table 4. Fundamental natural frequencies and
damping ratios.

Frequency |Damping ratio
Mode

(Hz) ©
Composite | Radial 475.0 0.00351
flexspline |Twisting 396.5 0.00432
Steel Radial 416.5 0.00171
flexspline |Twisting 368.5 0.00147
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