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"Prepreg" Composite Tape

(b)(a)

Figure 18.17  (a) Manufacturing process for polymer-matrix composite.  Source: T.W. Chou, 
R.L. McCullough, and R.B. Pipes.  (b) Boron-epoxy prepreg tape.  Source: Avco Specialty 
Materials/Textron.
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"Prepreg" Tape Layup

Figure 18.18  (a) Single-ply layup of boron-epoxy tape for the horizontal stabilizer for F-14 fighter aircraft.  
Source: Grumman Aircraft Corporation.  (b) A 10 axis computer-numerical-controlled tape-laying system.  
This machine is capable of laying up 75 mm and 150 mm (3 in. and 6 in.) wide tapes, on contours of up 
to ±30° and at speeds of up to 0.5 m/s (1.7 ft/s).  Source: Courtesy of The Ingersoll Milling Machine Co.
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Halpin-Tsai Equations
Halpin-Tsai equations are interpolations of the exact solutions (numerical methods).
Their utility lies in adaptability for various fiber geometries & arrangements.

(H-T 1) p = composite moduli, E22, G22, G23, 23

(H-T 2) pf = corresponding fiber moduli, Ef, Gf, f

(H-T 3) pm = corresponding matrix moduli, Em, Gm, m

(H-T 4)  = ƒ(reinforcement dependence on boundary
conditions – fiber geometry and arrangement)

RVEs – See book chapter by Halpin, e.g.:
b,t

w,a
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Halpin-Tsai Equations
(a) particulate reinforcement

E/Em  (H-T 3)

G/Gm  (H-T 3)

(b) voids or a foam p/pm  0  and 

E/Em  (H-T 3)

G/Gm  (H-T 3)

(c) oriented continuous fibers E11  (H-T 1)

E22/Em  (H-T 3)

G12/Gm  (H-T 3)

G23/Gm  (H-T 3)

12  (H-T 2)
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Halpin-Tsai Equations
(d) oriented discontinuous fibers

Let L/d = longitudinal aspect ratio = length/diameter (or thickness)

E11/Em  (H-T 3)

E22/Em  (H-T 3)

G12/Gm  (H-T 3)

G23/Gm  (H-T 3)

12  (H-T 2)
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Halpin-Tsai Equations
(e) oriented continuous ribbon or lamellar shaped reinforcement

Let w/t = transverse aspect ratio = width/thickness

E11  (H-T 1) 12  (H-T 2)

E22/Em  (H-T 3)

E33/Em  (H-T 3)

G12/Gm  (H-T 3)

G23/Gm  (H-T 3)

(f) oriented, discontinuous ribbon or lamellar shaped reinforcement (e.g., plate)

E11/Em  (H-T 3)

E22/Em  (H-T 3)

G12/Gm  (H-T 3)




