TK Solver Application Libraries

TK Solver is a non-procedural case solver with many useful features to support engineering design.
Unlike procedural systems (C, C++, Fortran, Matlab, ...) TK can have the unknown(s) on either side of
the equals mark (=). Given an input set, TK determines which case will match the number of
equations to the number of unknowns. Then it solves that system, using iterative methods if necessary.

TK also has several existing models in its Application Library. This is a brief summary of how to
access that library. First pick the library icon (books in Figure 1) to see the main subject areas. Then
double click an area name to see the sub-options.
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Most models have been built by implementing all the equations from popular textbooks or handbooks
on subjects like heat transfer, vibrations, controls, chemistry, stress analysis, applied mathematics,
thermodynamics, machine design, finance, statistics, etc. Double click on a specific application to see
a summary of that model. If a model seems useful select Add pick the option to either insert or
include the additional rules and variables (Figure 2). The first example here is a Mohr’s circle
calculation of principle inertias (or stresses) as shown in Figure 3.
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Model MOHRCIRC calculates moments of inertia using
Mohr's Circle. Derived from Exploring Mechanics of
haterials with Tk to accompany 'Mechanics of

Materials' by Ansel T Ugural, McGraw-Hill 1991,
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B variables h

Status | Input MName Cutput Unit Comment
Exploring Mechanics of Materials
31: Mohr's Circle, Maments of Inertia 1‘
plot "y generate plot? ‘'n=no, default="y}
4640000 I mm*4 moment of inertia about x-axis
8960000 [y mm"d moment of inertia about y-axis
-4800000 3y mm*4 product of inertia about xy axes 3
20 theta deg angle between x and ®' axes }
I 5230724 53 | mm~4 moment of inertia about x-axis f
Iy 536927547 | mm*4 moment of inertia about y-axis ';
[x"y" -5065434 56| mm*4 product of inertia about X'y axes S
H

B Rules
Status Rule

Satisfied | A={lx+ly)2 b
Satisfied | B=(lx-ly)/2 {
Satisfied | C=Ixy i
Satisfied | [1=A+sqrt(Br2+C"2) 1
Satisfied | 12=A-sqrt(B*2+C"2) Ef
3
H

Satisfied | thetal=atan2(C B)/2

Satisfied | if thetal=0 then theta2=thetal-pi()/2 else theta2=thetal+pi(}/2

Satisfied | twoth=2"theta
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Figure 3

Another simple but common problem is solving for the roots of a cubic equation. That model, taken
from the mathematics library is shown in Figure 4. A much more complicated example from the
Optimization part of the mathematics library is the simultaneous solution of ordinary differential
equations is seen in Figure 5. The optimizer finds the initial conditions for each equation to have a
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specified final condition. There are many more applications available to illustrate what TK can do for

you.
® varibles MBI [ERe e
Status | Input | Name | Qutput Unit Status Rule Al
*** The Cubic Equation Solver ** . Satisfied | r=h/a
Satisfied |s=cfa
x1 -3.2014723382 1st real root Satisfied |t=d/a
2 2.746568247 2nd real root Satisfied |p=s5-r2/3
3 45480409122 3rd real root Satisfied | q=2"3/27-r"s/3 +1t
re real part of complex root Satisfied | R = (p/3P3 + (g/2)2
im imaginary part of complex root
Satisfied | if R==0 then w*2 = abs(p/3)
3 a parameters of general form Satisfied cos(phi) = min((g/2)/w"3,1) . three
0 b of cubic equation Satisfied x1+1/3 = -2*w*cos(phi/3) ; real
27 |« a3+ b2 +cx+d=10 Satisfied ¥2 + /3 = 2*w*cos((pi(}-phi)3) . roots
12 d . _ N N 1), Satisfied %3 +1/3 = Z*w*cos((pi()+phiy3)
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Figure 4
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T nple demon the use of the Opti for the ifficult problems

involving =olutionz of simultanecus differential equations with variable initial conditions.

The model i= =et up to solve the two differential equations in the diffEgs function. The initial conditions
are supplied on the variable =heet, along with a =ample value for the independent variable, x.
The =olutions to the differential equations are alzo displayed on the variable =heet. The plot dizplays

the =olutions to the two equations.

y1 and y2

The Optimizer has been configured to determine the values of the initial conditions which result in the

=olutions of both equations to be equalto 1 whenxis 1.

Press F11 to launch the Optimizer.
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B PLOT: diffEqSol _ O] x|
y1" = 10%exp(-2.5%%) - 2%y1
vy =x- 1yl

X

% Variables =1k
FY

B Rules MI=E3| |=i PROCEDURE: diffEqs _ O] x|
FY

Status | Input MName | Output Unit Comment Rule =t 5t -
1 X independent variable * lace('y1,1) = y1i .
. dependen . place(yl 1) =yTi ¥I1] = 10°exp(-25%%) - 2°y[1] :|
25 ball Initial condition, function 1 * | place(y2 1) = y2i V2 =% - 141]
85 v2i Initial condition, function 2 * | call ODE_RK4(diffEgs, %, ™)
i GT432282 dependent variable, function 1 =yl ==}
Ve 581093737 dependent variable, function 2 | y2=f2(x)
- b
3 KA 1 |5 1Y

Figure 5
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