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If you have a nonlinear model with adjustable parameters and some data you would like
to fit the model to, the Excel® Solver option is a very nice way to carry out the fit.
would like to thank Michael Hickner MTU '99 for showing me how to do this and
Charles Lusignan from Eastman Kodak for some helpful insights.

As an example, consider the Carreau-Yasuda model for viscosity of a non-Newtonian
fluid:

n—l
1) =n.+(1, -n )+ Gay <
This model has 5 adjustable parameters, a, A, n, 7, and 77 . We would like to fit this

model to some data of viscosity (1) as a function of shear rate (7). Some trial data are
given below and are plotted in Figure 1.

shear rate viscosity shear rate viscosity shear rate viscosity

(1/s) (poise) (1/s) (poise) (1/s) (poise)
9.97E-01 1.72E+01 1.01E+03 3.12E+00 2.55E+04 1.14E+00
1.56E+00 1.71E+01 1.27E+03 3.06E+00 3.21E+04 1.12E+00
248E+00 1.70E+01 1.61E+03 2.67E+00 4.05E+04 1.09E+00
3.89E+00 1.69E+01 2.03E+03 2.64E+00 5.03E+04 1.03E+00
6.19E+00 1.67E+01 2.56E+03 2.28E+00 6.34E+04 9.99E-01
9.89E+00 1.62E+01 3.23E+03 2.15E+00 7.99E+04 9.73E-01
1.58E+01 1.54E+01 4.01E+03 2.05E+00 1.27E+05 9.20E-01
247E+01 1.40E+01 4.02E+03 1.94E+00 2.02E+05 8.67E-01
3.93E+01 1.20E+01 4.99E+03 1.88E+00 3.17E+05 8.50E-01
6.26E+01 9.86E+00 6.30E+03 1.67E+00 5.04E+05 7.97E-01
9.96E+01 7.98E+00 8.08E+03 1.60E+00 8.14E+05 7.81E-01
1.58E+02 6.54E+00 1.00E+04 1.47E+00 1.27E+06 7.27E-01
2.49E+02 5.40E+00 1.27E+04 1.40E+00 1.99E+06 7.46E-01
4.00E+02 4.39E+00 1.57E+04 1.30E+00 3.17E+06 7.30E-01
6.40E+02 3.68E+00 2.02E+04 1.21E+00
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Figure 1: Plot of the example data given above for viscosity as a function of shear rate.

We begin by arranging the data in an Excel®” spreadsheet. We will use two columns, one
for shear rate and one for viscosity. We now need to create a column that has a predicted
value of viscosity calculated from the model above. We will put the five parameters into
the spreadsheet and enter the formula for the model by referencing to the cells containing
the model parameters. In our example, we will put the four parameters into cells F1

through F5. Since we do not know the values of any of our parameters, we will start with
some guesses; I find that for most problems the guesses have to be pretty good ones.

Our Excel spreadsheet now looks like this:
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M. Microsoft Excel - Learning Solver.xls

‘EF”E Edit Wiew Insert Format Tools Data Accounting Window Help ThlS bOX ShOWS the
L E“g'n'“'%%"zﬁ’“ B |m°{'|@| formula that is typed
” arial v 10 v| B o R yp

c3 - 4| -$F$4+ F$3-$F$4)° 1+(AS*$F$5)"$F$2)’\(($F$1—1)I$F$2) in cell C1, where the
A [ B | —b—+e—F [ &1 cursor is located.
1 |shear rate viscosity predicted n= 050 {unitless)

Z (1/s) (poise)  viscosit a= 050 (unitless) We have used

(3| 997E-01 1.72E+01[500E-01] ota_o= 050 poise absolute references

(4| 1.56E+00 171E+01 5.00E-01 eta_inf= 050 poise (e.g. $F$4) for the
5 | 248E+00 1.70E+01 5.00E-01 lambda=  0.50 seconds

|6 | 289F+00 169E+01 5 00E-01 model parameters.

(7| 819200 167E+01 5.00E-01

(8| 9.89E+00) 162E+01 5.00E-01

(8| 1.58E+01 154E+01 5.00E-01

(10| 247E+01 140E+01 5.00E-01

(11| 3.93E+01 1.20E+01 5.00E-01

(12| 6.26E+01 9.86E+00 5.00E-01

The Solver function in Excel® is set up to minimize or maximize a cell in a spreadsheet.
We will have Solver minimize the sum of the squares of the deviations between the
actual viscosity data and the predicted values of viscosity. We create a column called
Error that contains the differences between columns C and B, squared. Now we add up
all the values in the Error column (column D) and put that value in cell F9.

(Note added in 2005) If your data vary greatly in value (as is often the case with
rheometric data) you should normalize the error calculations in column D by dividing the
square of the difference by the magnitude squared of the function. In the current
example, this would mean that the error cell D3 would be (C3-B3)"2/B3”2.

X Microsoft Excel - Learning Solver.xls

‘ﬂ Eile Edit View Insert Format Tools Data Accounting Window Help

w0 o-o - a® s A4 9R S| e D
[/ arial v10v||_1 U E==E% % ., @8A ==
Fg =~ = | =5UM(D3.D46)
A | B | ¢ | ©v | E | E | & | H |
| 1 |shear rate viscosity predicted Error n= 0.50 | {unitless)
| 2| (Us) (poise)  viscosity a= 050 | {unitless)
| 3 | 997E-01 1.72E+01 6.28E+00 1.19E+02  eta o= 10.00 poise
| 4 | 1.56E+00 1.71E+01] 5.78E+00 1.28E+02 eta_inf= 1.00 poise
| 5 | 2.48E+00 1.70E+01| 5.28E+00 1.38E+02 lambda= 0.50 seconds
| 6 | 3.89E+00 1.68E+01 4.76E+00 1.47E+02
| 7 | B.19E+00 1.6YE+01] 4.26E+00 1.55E+02
| 8 | 9.89E+00 1.62E+01| 3.79E+00 1.54E+02 sSum sqs:
il 1 68E+01 1 54E+01| 3 36E+00 1 45E+02 |1.35E+03 _|
| 10 24T7E+01 1.40E+01 2.99E+00 1.21E+02
| 11| 3.93E+01 1.20E+01] 2.66E+00 8.73E+01
| 12| B.26E+01 9.8BE+00] 2.36E+00 5.62E+01

To invoke Solver, we go to the Tools pull-down menu and choose Solver. The Solver
dialog box asks for the following information:
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Solver Parameters

Set Target Cell:

This is the cell that you want to minimize,
maximize, or make equal to a particular
quantity. For our example, this is cell F9.

Here you choose how you want
Solver to change the Target cell.
We will choose minimum for

Equal To:  Cpax & M C Valeof: |0 poy— | this example.

~By Changing Cells:

|| g3 GUEsS

~Subject to the Constraints: Cptions Here you choose the cells that
o] add | Solver will manipulate in order

to change the Target cell. In
_ Change | gesstall || | OUr example, this would be F1
= Delete | through F5, the cells with the
_ b | | model parameters.

Solver allows us to put constraints on the ways in which it manipulate the cells it is
changing. For our example, we know that none of the model parameters may be
negative, so we put this in as a constraint.

When we have finished inputting the choices for our example problem, the Solver box

looks as follows:

Solver Parameters E

Set Target Cell; % Salve
Equal To: - (Ol . : IEI
qual To e Min Walue of: Close
~By Changing Cells:
|$F$1 1$FES | GLESS
~Subject o the Constraints: Options
EFEL >= D ] Add
$FE2 == 1
tFE3 ==0 Change
tFE4 == Reset All
£F$S ==0 Delete -
= Help

(Note added in 2005) Although the constraints added above are reasonable, they may

cause some difficulties to the optimization algorithm.

You may try running your

optimization without the constraints, and you may find this satisfactory.
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Before solving, we need to consider the criteria that Solver will use to know when the
solution is good enough. These parameters are accessible by choosing the Options button
in the Solver window. The default tolerance is rather mild (5%), and I suggest you
change this or run Solver more than once.

Solver Options m

Max Time: seconds | oK

I
Iterations: I 1000 Canicel |
Precision: ID.DDDDDl Load Madel... |

|
|

Tolerance: |5 % Save Madel, ..
Conyergence: ID.DDl Help

™ assurme Linear Model X Use sutomatic Scaling

™ assume Mon-Megative I Shiow Iteration Results
stimates erivatives earch

' Tangent % Forward % Mewton
" Ouadratic " Central " Conjugate

(Note added in 2005) I recommend that you choose the “Use Automatic Scaling” box.
This box allows the optimization routine to take into account that the parameters that it is
varying are themselves very different in magnitude. For example the power-law
parameter 7 is between zero and one, while the zero-shear viscosity 1, can be ten
thousand Pa s. With “Use Automatic Scaling” on, the routine will take these differences
in magnitude into account.

Once the Solver options are set to your satisfaction (we will change the tolerance to 0.1%

and the convergence to 0.0001), click OK. To solve, we click on the button in
the main Solver window. If the search is successful, the spreadsheet will appear as
follows:
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N Microsoft Excel - Learning Solver.xls

EEile Edit ¥iew Insert Format Tools Data Accounting Window Help

EDEHE&ER YV

PRl s

e® - e Ee e @

| -in-Bru|lE==H8 %, UL | - oA
T
A | B C D E | F | & | H |
| 1 |shear rate viscosity predicted Error n= 0.52 {unitless)
| 2 | (1fs) (poise)  viscosity a= 220 {unitless)
il 9.97E-01 1.72E+01 1.70E+01 2.26E-02 eta_o= 17.05 poise
| 4 | 1.56E+00 1.71E+01 1.70E+01 346E-03 eta_inf= 0.69 poise
| 5 | Z48E+00 1.70E+01 1.70E+01| 2.86E-04 | lambda= 0.05 seconds
| 6 | 3.88E+00 1.68E+01 1.70E+01 2.88E-03
| 7 | G.19E+00 1.67E+01) 1.68E+01 6.70E-03
| 8 | 9.88E+00 1.62E+01 1.63E+01 214E-02 sum sgs:
| 9 | 1.58E+01 1.54E+01) 1.54E+01 3.37E-06 2.49E-01
Oy 2 47E+01|1.40E+01 A aatnt 1 Lo 02
T 3 93E+01| 1.20E+01 Solver Results m
| 12| 6.26E+01 9.86E+00  Solver has converged to the current solution. Al
13 9 9BE+01 7 98E+00 constraints are satisfied.
| 14 | 1.58E+02 6.54E+00
| 15| 248E+02 540E+00 ..
16 A OOE+02 4 29E+00 " Restore Original Yalues
% ?3?5:85 g?gg:gg ,TI Cancel Save Scenario... Help |
19| 1.27E+03| 3.08E+00 2.87E+00| 3.438E-02

Solver has replaced our initial guesses with optimized values (see cells F1 through F5),
and the dialog box gives us the option of saving that solution or restoring the original
values. To check if the solution is the best possible, you can keep the solver solution and
run solver again; this will run another minimization using the values from the last search
as the guesses for the new search. If the optimized parameters do not change, you have
arrived at the best answers. For our example, we can check the goodness-of-fit by
plotting the predicted viscosity with the data. The plot below shows that the fit is very

good.
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Figure 2: Comparison of the model fit to the experimental data for the example given in
the text.

More in-depth information about Solver can be found by trying out the various buttons or
by consulting the help menu in Excel®.
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