Digital Simulation of Ibanez TS-9

by Tamás Kenéz (KENEZ@INF.BME.HU)





�



The circuit constists of three parts:

Buffer/preamp: It does nothing special (gain is 1). The input is 100-500mV.

Distortion part (1st opamp)

Filter: It’s like a 1st-order low-pass filter w/variable freq (100-1000Hz)



Simulation of the 2nd part:

After some simplifications we have:



� BEÁGYAZÁS PBrush  ���



X is the input, Y is the output. R2 is 51k+DRIVE.

We assume ideal (inf.gain) opamp.

The system equation:

� BEÁGYAZÁS Equation.2  ���

The function d(() is the current of the two diodes.

� BEÁGYAZÁS Equation.2  ���,

Is =10pA (assuming Si-diode), mUt =30mV.



The system equation can be formed as this:

� BEÁGYAZÁS Equation.2  ���

Define X2:

	� BEÁGYAZÁS Equation.2  ���	(1)

Substituting X2 and expanding the function d(() we have:

	� BEÁGYAZÁS Equation.2  ���	(2)



Now we can calculate Y using equations (1) and (2).



Digital simulation:

First we calculate X2 using eq. (1). We use the bilinear-transformation without prewarping.

Introducing a1=s(R1+R2)C+1 and a2=R1C in eq.1. we get:

� BEÁGYAZÁS Equation.2  ���

Substituting � BEÁGYAZÁS Equation.2  ��� we get the equation in the z-domain. (fs is the sampling freq)

	� BEÁGYAZÁS Equation.2  ���	(3)

Now we have X2. Next step is to calculate Y using eq.2. Note that we cannot express Y explicititly, we will use a two-dimensional lookup-table and interpolation.

We now that -1<X<1 (Volts). The filter described by eq.1. gives maximum 40dB gain so �100<X2<100.

The resolution of the lookup-table will be for example 2/100 for X and 200/100 for X2 so we have to calculate Y in 100x100=10000 points using the corresponding (X,X2) pairs. The calculation can be performed with an iterative method (Newton-Raphson). Because of the rough resolution of the lookup-table in the simulation we have to interpolate between 4 neighboring points.



Summary of the simulation:

Scale down the input signal to -1 and +1 (typical guitar signal has an amplitude of  .1-.5). We have X.

Calculate X2 from X using the filter described by eq.3.

Calculate Y from X and X2 using the lookup-table.

Filter Y with a low-pass filter. Cutoff freq is 100-1000Hz




