Transfer Functions for a Generalized Filler Driver, 3-way, Transient
Perfect Order Crossover using arbitrary Under/Overlap
Or:
Why design an ordinary 3-way when you could have had a transient perfect 3-way?

( John Kreskovsky, 2002
The transfer function for the lowpass, (LP), highpass, (HP), and bandpass, (BP), responses required for the implementation of a transient perfect 3-way design are presented below. The responses represent the target functions for the acoustic response of the respective woofer, tweeter and filler drivers in the system. The present approach is an extension of the original work by B&O, (1977). The B&O work considered only the case where the overlap parameter, (, was unity. For the B&O case the transfer function equations presented here are applicable and will result in a transient perfect crossover regardless of the values for the filter sections Qs, provided the bandpass gain, G, is unity and the HP, LP, and BP Qs are equal. 
When ( < 1.0 is specified, the corner frequency of the LP section is below the corner frequency of the HP section as in a typical 3-way design. This may be advantageous since it allows a wider range of woofers and tweeters to be considered due to the reduced frequency range each must reproduce. In such designs the filler driver functions more like a true midrange driver. This design approach should result in a system with lower distortion and greater power handling capability than systems with  ( > 1.0. 
Defining s = (/(0, where (0 is the crossover frequency in radians:
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where ( is an "overlap" parameter and Qf is the filter section Q.
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To design a crossover, first select the frequency, fx, about which the system will be symmetric. Then choose the overlap parameter, (. Note that for ( greater than one the HP and LP sections are overlapped, fcHp < fcLp, and for ( less than one they are “underlapped” as in a conversional 3-way speaker, fcHp > fcLp .Once the overlap parameter is set compute fc for the HP and LP filters:
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Then compute Qbp, Qf, and G as:
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The gain in dB is given as:

GdB = 20 Log(G)
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The accompanying interactive Excel spreadsheet evaluates the Qs and G, and plots TLP, THP, and TBP for user specified values of the overlap parameter ( and crossover frequency, fx. Note that for overlap, ( > 1.0, the gain, G < 1.0. This means that the filler driver is attenuated. Also, as noted above, when ( = 1.0 any values of Q and Qbp can be used provided G = 1 and Q = Qbp. However, the optimum value for the Qs appears to be 0.5 when lobing is considered. Equation 6 and 7 are indeterminate for ( = 1.0, G=1. This is just the mathematical way of indicating that the Qs are not unique for  ( = 1.0, G=1. The spreadsheet is encoded to default to the G=1, Q=0.5 case if ( = 1.0, is input. The lower figure also show interesting behavior; the values for the Qs are symmetric about ( = 1.0 on a log scale. That is Q(( = x) = Q(( = 1/x). Finally, as ( = > infinity the solution is reduced to a 1st order HP and LP filters at fx. The target responses can be exported as *.frd files using the buttons provided.
 Implementation of a TP design using these acoustic target functions requires that the acoustic centers of all the drivers lay on the same surface, relative to the design (listening) position. The lower figure of the spreadsheet is not interactive and is provided only to give an indication of how the Qs and G vary. Note that the required BP gain reaches a maximum of 1.207, or 1.634dB for ( = 0.644.
As an aid, when designing a conventional 3-way TP speaker with fcHp > fcLp, you may choose the crossover points for the LP to BP, fcLp, and BP to HP, fcHp, first. Then, compute,

fx = (fcLp  x  fcHp)1/2
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Then compute ( from either equation 4 or 5 and input the results to the spreadsheet. Remember, why design an ordinary 3-way when you could have had a transient perfect 3-way? 
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