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Design of High Speed Composite Air Spindle System

Seung Hwan Chang”*, Dai Gil Lee**, and Heung Sam Han*

ABSTRACT

In order to enhance high speed stability the composite air spindle system composed of a high modulus carbon fiber
composite shaft, powder contained epoxy composite squirrel cage rotor and aluminum tool holder was designed and
manufactured. For the optimal design of the composite air spindle system, the stacking sequence and thickness of the
composite shaft were selected by considering the fundamental natural frequency and deformation of the system. The
analysis gave results that the composite air spindle system had 36 % higher natural frequency relative to a
conventional air spindle system. The dynamic characteristics of the composite spindle system were compared with
those of a conventional stecl air spindle system. From the calculated and test results, it was concluded that. the
composite shaft and the powder contained composite rotor were able to enhance the dynamic characteristics of the
spindle system elfectively due to the low inertia and high specific stiffness of the composite materials.
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Fig. 1 Configuration of the composite air spindle system.
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Table. 1 Properties of the adhesive resin(Araldite)

Room Temperature 80°C
Tensile Modulus[GPa] 47 11
Tensile Strength[MPa] 39 17
Tensile Failure Strainf6} 20 95
Densityfke/n?’] 1200 1200

Table.2 Masses of the components

Conventional System Composite Rotor System
k] (k]
Tool Holder 0.106(Stainless Steel) 0.048(Aluminun)
Squirrel Cage Rotor 0238 0.156
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(b} Carbon fiber/epoxy composite(USN123, SK Chemical, KOREA)

Fig. 2 Material properties of the composite w.r.t. stacking
sequence. :

Table. 3 Material properties of both prepregs

USNI25 M43D
£, [GPa] 130 270
E;[GPa] 82 59
Y 028 028
a, [a/m’C) 09 10
a[pn/in’C] 270 270
ty[mm] 0125 0220
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Table. 4 Configurations of the air spindle shaft

Steel spindle Composite spindle
Cross section Solid circular shape Hollow ctrc wlar shape
Outer diameter Dj[nn] 210 270
Inner diameter D, [mm] - Vaiiable
(sett020.0)
Density Alkg/m] 7800 1600
Rotational Inettia/ [kg.mi] 9B6x 10" Depends on the inner diameter
(134 %109
Specific bending stiffess /7 p 07 Depends on the stacking sequence
[sec] and the inner diameter
(1.65in case of[ £ 60y 154/ £60-];)
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Table. 5 Strengths of the materials

{MPa] USNI125 M43D
(for skin layers) (tor core layer)
S 1800 1580
Se -1800 -1580
S 60 46
S 60 46
St ) 75 81
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Fig. 5 Failure indices of the composite by residual thermal
stresses.
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Fig. 6 Bending stiffness ratio w.r.t. the thickness and angle of
the skin layers(6=60,75,90).
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Fig. 8 Radial displacement of composite air spindle with various
stacking combinations.(Underlined figures represent
USNI125 prepreg and the others are M43D prepreg).
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Fig. 10 Fundamental natural frequency of air spindle system
w.r.t mass of the tool holder and inner diameter of the
shaft.
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Fig. 13 Schematic diagram of the testing apparatus.
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Table. 6 Test and calculation results

|Hz]

Test  Calculation Enor

Steel Spindle System
Composite Spindle System

1266 1.136 102%
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