Tutorial 3: Interpolation and Integration

Tutorial 3 Learning goals Prior Knowledge
Interpolation and
integration 1. Using data stored in objects. 1. Interface
2. Using the LININT, DQUAD and LEASQ functions to 2. Tutorial 1: Getting
interpolate in datasets. Started
3. Using an object as a function. 3. Tutorial 2: Objects and
4. Using the INTEGR function to perform numerical TeLiTabs

integration.
5. Using the LEASQ function

1 Objective

In this third tutorial, you will store the waterline data of the previous tutorial in a new object within the object Shi ps. You will perform linear and
quadratic interpolation to obtain the relative width of unknown frames at the waterline. This will be checked with the exact solution, and the error is to
be calculated. Some hydrostatic calculations will be performed: by numerical integration the waterplane area and the moment of inertia of this area are
calculated. The stability GM will be calculated and compared to other ships using the least squares method.

Start

For this tutorial, the knowledgebase from tutorial 2 is used. You can either use your own (verified) knowledgebase, or download it here: [Tutorial 3 Start]

2 Creating a new object within a data object

The solution Wat er | i ne containing the shape of the dimensionless waterline, has been created in tutorial 2. In order to store this data and use it for
further operations, the contents will be placed in a new object within the object Ships.

® Inthe class Geonet ry, create a new object (i.e. a parameter of type Object) called Hul | . As you need to store static data in this object,
make sure it is determined by Value from Object/Database (as described in tutorial 2).

® |nthe Workbase, select the object Shi ps (under Dataset). In the Knowledge Browser, right click the parameter Hul | and select Parameter
to Dataset (or press Ctrl+O or drag Hul | tot Shi ps). The new object is now placed within Shi ps.

Let's add the content of the Wt er | i ne object in the Wat er | i ne solution to the object Hul | .

® Inthe solution Wat er | i ne, in the tree of the Workbase, right-click on the WAt er | i ne object (so the tree node in the solution) and select All to
Clipboard (or press F4). The Workbase Clipboard now pops up. Click on Preview. The contents of the Wat er | i ne object are now displayed.
You temporarily have to use a workaround now, because the Paste function is not yet implemented. Press Ctrl+A followed by Ctrl+C to copy
the contents to the Windows clipboard. Click Cancel and close the clipboard. No need to save the values in there. Then right-click on the Hul |
object in the Dataset and select Database Input or press Shift+F3. In the pop-up window that appears, select Use Editor and click Continue. In
the window that appears next, press Ctrl+V to paste the data in the object. Click OK. Select Yes to All and click Continue.

When you are done, you will have a Shi ps object containing data in a Hul | object. The Hul | object should be part of the Shi ps object because the S
hi ps object is the database entry point. And because you want to use all Wat er | i ne data as one set, it should be in one Hul | object (or as a TeLiTab
value as an alternative).

The workbase is full of solutions you'll not use anymore. So now first let's clean it up.
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[Workbase x
:a‘ :a‘ Local &} (Intemal) Name anhy - | Al - i o -
=) -

a Dataset[Tutorial3] Parameter Value Dimensior =
s Ships » B 9.00 m
L Ha | Cb 0.55 -
DISP 1674.34 " 3
Lpp 55.00 m
QKnowledgebz | 1.0 Str
Fha 1025.00 kg/m™3
Rel_B Frame Rel_B -
L] L] L]
P #1=000 0.00 0.00
H2=018 200 0.18 E
H3=032 400 032
H4-042 6.00 042
H5=048 8.00 0.48
H6 =050 10.00 0.50
H7 =048 12.00 0.48 -

3 Interpolation

The relative width Rel _B at every frame was calculated directly using a polynomial formula. In reality, the waterline of a ship will be defined more likely
by a number of points than by a formula. To obtain the width at a certain location, you should interpolate between these points. You can use the LININT(
) function to perform a linear interpolation.

® Add the following relation in Top Goal s/ Undefi ned:
I nt pol _Rel _B=LI NI NT(@ul I, 2, @r anme, @Rel _B, Frane)

® Make sure | nt pol _Rel _Bis dimensionless and determined by SYS: System/Equation.
The syntax of every intrinsic function in Quaestor is described in this documentation, see the functions overview. The syntax above means the following.
. The parameter | npol _Rel _B will be the linear interpolated dimensionless width at a desired frame number (Fr ane).
. @Hul | is the object containing all the data you want to use for the interpolation.
. 2 is the number of dimensions in which the interpolation will take place.
@ r ame makes sure the column Fr anme of object Hul | will be used as the parameter X in the interpolation.

@Rel _B makes sure the column Rel _B of object Hul | will be used as the parameter Y in the interpolation.
. Frane is the input parameter for which an interpolated value should be obtained.

ouswNE

When Quaestor calculates this function, it determines the value of Fr ane (which is user input). This value is then compared to the values of the given
column for X (which is the column Fr anme of the object Hul | ), and an interpolated value for Rel _B with respect to the input Fr ane is assigned to the
parameter | nt pol _Rel _B. Notice that an @is used to identify the data within the object.
® Run a solution for | nt pol _Rel _B using the Process Manager and selecting the Shi ps object. Make sure that | nt pol _Rel _Bis in the class
Top Goal s/ Undef i ned to see it in the Process Manager. The Process Manager is crucial here, as static data from the Shi ps object should
be used (which contains the object Hul | ). For Fr ane, enter 3.20.
Quaestor should return 0.26 for | nt pol _Rel _B.

To find out how accurate the interpolation is, let's introduce an Er r or parameter. The interpolated parameter uses static data from the object Hul | , but
you also defined the relative width analytically (the parameter Rel _B).

® Add the following relation to your Top Goal s/ Undef i ned class:
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Error = Intpol _Rel _B - Rel _B
in which Er r or is a dimensionless SYS parameter.

® Run a solution for this parameter, | nt pol _Rel _B will be calculated by Quaestor automatically because it is required by Er r or . Make sure
you use the Process Manager to select the Shi ps object as dataset. For Fr anme, enter 3.20 again.

The solution in two-digit format (0.00) will be presented in the list of the Workbase. When you select this value, more digits are shown in the Explanation
window.

G} You can change the number of decimal places presented in the Workbase by changing the value Decimal places in the Properties window.

1 Forinput values, the number of decimal places also defines the maximum accuracy accepted for this input. So, when you define B as having
two decimal places, providing input with three will give a warning followed by rounding the provided number to two decimals.

', Tutorial3 = =
File Knowledge View Tools Help

s e

B L8 BB : . s B w2, . i
e [jE,IJ iy I | B | ] e T 0 et = Hidden Data |_

Explanation [ || [knowtedae Browser bal-]Ed

End User doc KE doc :'I. :l!. View all ~ Compressed "' L ‘:ﬁu L Search text Q L g
Error i Execule | -
: : |E| :_3‘?'] Tutorial3 = Frame [dim]
Name, value & dimension: = Questor A B m]
Error = -0.00480000000000003 [-] . A |B_Frame [m]
i~ Tutorial3
- A |Cb H
Introduced by: ‘ v |ice .
Top Goal s i Geometry Frame —
.+ Main Dimensions Rfx] Eror = Intpol_Rel_B - Rel_B Nore
Properties DDB e Eiliaesmr parameters v | Coe 01

Properties Parameter Expression » x ||Werkbase \ I:”:”;l

L | L
Mame Value - o' &% Local - Al M = = s
(Contents) Emor -
; | -
(Data type) Value L .
Eror) 3 i Dataset[Tutorial3] Parameter Value Dimensio
| y i
: Intpol_Rel_B[Ships: #1] »  Emor 0.00 -
(Type) Parameter 4 _— .-—‘F‘/
Coll ool iy Error[Ships: #1] rame 320 -
Cell Ci:; ; o Hul Hull Object Obj
el wi ;

| Intpol_Rel_B | 0.26

Data QKnowledgeb: | 1.0 Str
Decimal places Rel_B 027 -
Determined by SYS: System/equation |~

® Change the number of decimals to 4 for Err or, | nt pol _Rel _Band Rel _Bto 4.
® Change the relation (find the relation and press F2) for | nt pol _Rel _Bto

Intpol _Rel _B = DQUAD(@ul |, 2, @rane, @Rel _B, Frane)
which uses the same data, but now performs a quadratic interpolation. It's not necessary to initialize existing solutions.

Editing relations was covered in tutorial 2. Remember that the use, syntax and examples of all Quaestor functions are available in the documentation: fu
nctionsoverview.

® Run the solution Er r or again with the same value of Fr ane.

The error now turns out to be zero. This makes sense, as DQUAD is a quadratic interpolation method and this waterline is defined by a quadratic
function as well.
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Parameter Walue

P Emor 0.0000
Frame 320
Hull Object
Intpal_Rel_B 0.2688
QknowledgebaseVersion 1.0
Rel_R 0.2688

4 Integration : waterplane area

By numerical integration, the waterplane area can be calculated. Therefore, the dimensionless length and width should be transformed to the real
length and width. For the width you can use the existing relation for B_Fr ane, for the length in meters a new relation is needed.

® Inthe class Geonet ry, add the following relation:
X = Frane/ 20 * Lpp

which is the position in meters along the longitudinal direction of the ship. By now you should know what proper dimension, reference and
determined by value must be provided.

To calculate the waterplane area for a certain ship, Quaestor has to integrate the width with respect to X. The dimensionless width table is already
present in your object Hul | , so let's use it in the integration.

® Inthe Top Goal s/ Undefi ned class, add the following relation:
Wat erpl ane_Area = I NTEGR(Hul | (@, @B_Franme, Lpp, B), 2, @, @ _Franme, 2, 0, Lpp)
which is the waterplane area in square meters (m”2).
The syntax used here may seem a bit confusing at first.

First, take a look at the arguments after Hul | . Data within the object Hul | will be used in the integration, but yet it only contains dimensionless frame
numbers and dimensionless widths. By putting (@, @B_Franme, Lpp, B) behind it, you ask Quaestor to calculate X and B_Fr ane using data from
within Hul | , using Lpp and B from outside Hul | and add all these parameters to the object Hul | . You do actually use the object Hul | as a function to
calculate other parameters. This is a very powerful ability of Quaestor (see also QuaestorSyntax).

The arguments for the INTEGR function are as follows:

. HULL(..) is the object from which data will be used, now containing the columns X and B_f r ane

2 is the number of dimensions = always 2 using INTEGR.

. @ refers to the column that will be used as the parameter X in the integration: X

@B_Fr ane refers to the column that will be used as the parameter Y in the integration: B_Fr ane

. 2 is the mode of integration, either Riemann (0), Trapezium (1) or Simpson (2). The latter is chosen here.
. 0 and Lpp are the values between which will be integrated.

ouswNE

® Run a solution for Wat er pl ane_Ar ea, using the Process Manager.

The waterplane area is calculated for every variation in length and breadth of the ship.
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Werkbase e

: gﬂ. ;ﬂ. Local @{Imemal} Mame onhy - |Fn.|| o | _| ° Data input i, B
[ Dataset[Tutorial 3] Parameter
[:w Intpol_Rel_B[Ships: #1] P Hul
- Error[Ships: #1] QKnowledgebaseVe
L--|Waterpia1&_.ﬁred5ips: #1] |
i Hull B B Lpp Wateplane_Area | *
[m] [m] [m] m™2
#24 = 10.00 10.00 &9.00 460.00
H25=1050 10.50 55.00 335.00
H26=1050 10.50 h7.00 395.00
HX7=1050 10.50 29.00 413.00
#28 =1050 10.50 &1.00 47 00
H29=1050 10.50 63.00 441 00
H#30=1050 10.50 &5.00 45500
#31=10580 10.50 &7.00 46500
H32=1050 10.50 &9.00 433.00
#33=11.00 11.00 55.00 40333
H#M=1100 11.00 h7.00 418.00 i

® |nthe Wat er pl ane_Ar ea solution tree, select the object Hul | .
Because you solved a multiple case problem, the object has been used as function and reused for every case. Only the content of the last case calculat

ed remains in the object. The columns X and B3_Fr anme are added to the object. These values are calculated for every case of Fr anme and Rel _B
within Hul | .
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[ Dataset[Tutonial 3]

- Intpol_Rel_B[Ships: #1]

- Error{Ships: #1]

‘ Wwiaterplane_frea[Ships: #1]

1

(]
-

A A ]
ol =% Local &) {Intemal) Name only

&3
- Al - i D ata input Stopinput | |2 a
Parameter Value Dimension
b B 11.00 m
Lpp 69.00 m
Fel_B B_Frame Frame Fel_B X
[ [m] [ [ [m]
b o#1-00000 (RRROLONNN 0.00 0.0000 0.00
#2 =0.1200 356 200 0.1800 6.50
#31=0.3200 704 400 0.3200 13.80
H4 = 04200 524 6.00 0.4200 2070
5 = 0 4200 10.56 8.00 04300 X760
H6 = 0.5000 11.00 10.00 0.5000 3 .50
H7 = 04200 10.56 12.00 04300 41.40
H2 = 0 4200 524 14.00 0.4200 4830
#9 = 0.3200 704 16.00 0.3200 5520
#10 =
0.1200 356 13.00 0.1800 62.10
#11 = 0000
0.0000 0.00 20.00 0. &9.00

5 Calculating the stability

The initial stability (GM) of the ships can also be calculated using numerical integration.

® Add a new class, called St abi | i ty, as sub-class of Geonet r y. Add the following relation to this class:

GM = KB + BM - KG

The dimensions of all new parameters must be meters (m), and they are SYS parameters. Their relations follow. GM is a Top Goal and should be

moved to Top Goal s/ Undefi ned.

® Inthe class St abi | i ty, enter the following relations.

Distance between keel K and center of buoyancy B, select KB, right-click and select New Relation... (or press Ctrl+N). By selecting KB it is
automatically presented as left side part of the relation:

KB

0.7*T

Distance between keel K and center of gravity G, KG, in meters:

KG=0.8*T

Distance between center of buoyancy B and metacenter M, BM in meters:

BM = Monent _of _Inertia / (DI SP * 1000/ Rho)

Third power of the width at a specified frame number in m”3:

Moment of inertia of the waterplane area in m™4:

Moment _of _Inertia = 1/12 * | NTEGR(Hul | (@K, @B3_Frane,
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Note that the syntax of the moment of inertia relation is similar to that of the waterplane area relation.
Do not forget to provide all dimensions and references, and change the Determined by fields to SYS: System/equation.
* Add @RANGEALLOWED to parameter DI SP (Parameter tab, Data field of Properties window).

® Run a solution for the initial stability GMof every possible ship, by selecting the Shi ps object and GMas task in the Process Manager. Press Ne
xt repeatedly until the text on the button turns to Data input again and the solution is completed.

® In the GMisolution tree, select the object Hul | .

Frame B3 Frame B_Frame Frame Rel_B X

[ [m™3] [m] [l [ [m]

b #1=00000 o0 0.00 0.0000 0.0000 0.00
H? = 2 0000 62.10 3.56 2.0000 0.1800 6.90
H3 = 4.0000 34891 7.04 4.0000 0.3200 13.80
H4 = 6.0000 788.85 9.24 6.0000 0.4200 20.70
H5 = 2.0000 1.177.58 10.56 8.0000 0.4800 2760
HE = 10,0000 1,331.00 11.00 10.0000 0.5000 34.50
H7 = 12.0000 1.177.58 10.56 12.0000 0.4800 41.40
H = 14.0000 788.85 9.24 14.0000 0.4200 48.30
H9 = 16.0000 34891 7.04 16.0000 0.3200 55.20
H#10 = 12.0000 6210 3156 18.0000 0.1800 6210
H#11 = 20.0000 0.00 0.00 20,0000 0.0000 69.00

If the object Hul | in the solution is now opened again, you'll see that, like for the waterplane area, the columns X and B3_Fr ane are added to the
object, whose values are calculated for every case of Fr ame and Rel _B within Hul | . Note that the parameter B_Fr ane is also added, as it is used to
calculate B3_Fr ane. Again, only the values of the last ship (last input case) are stored in the object.

6 Comparing the stability to other ships

Finaly, let's compare the obtained values for GMto other ships. Data of the GMvalue for a certain ship length is available, so we only have to compare
them. You can use the least squares method to obtain an average GMvalue for a certain length, using the data of some other ships.

® Add the following new relation to your Top Goal s/ Undefi ned:
GM Check = LEASQ TEXTITEMB(1), 2, "L", "GM', Lpp, 2)
GM_Check is in meters.

® Enter the following text in the Expression Data field in the Expression Editor of the relation GM_Check:

TEXTI TEML =
|0

3 "Exanpl eShip" "L" "GV
"1" 1 70 0.6

"2" 275 0.7

"3" 3 60 0.5

"4" 4 80 0.9

"5" 5 75 0.55

"6" 6 60 0.6

"7" 7 55 0.8

"8" 8 65 0.75

"9" 9 72 0.6

"10" 10 80 0. 56|
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o2 Modiy existing Relation w

Expression Text

EM Check = LEASQ(TEXTITEMS (1), Z, "L", "GM", Lpp, Z)

Expression Data Expression Reference
EQUAESTORVERSION:Z .42 . 0_6/11/7201 = -
4 10:00:-02 AM

ALASTCHRMEED:O0&8-18-2014 at

10:-45:38

TEXTITEM1 =

|0

3 "ExampleShip™ "L™ "GM"

"1™ 1 70 0.6

wET 2 75 0.7

2" 3 g0 0.5

4™ 4 g0 0.5

"5" 5 75 0.55

"a" & &0 0.8

7" 7 85 0.8

"g"™ 8 &5 0.75

"3 3 7Z 0.6

"1a™ 10 280 0.5¢]

| Save | ‘ Az lnztance

|Canoel‘

The LEASQ interpolation function now returns an average GMvalue in meters for a certain Lpp. The syntax TEXTI TEMS( nr) is often used
in Quaestor, and refers to a template, text item or TeLiTab in the Data slot of the Expression Editor. In this way, data that is not included in the
knowledgebase but is only used in a particular function (as in our relation) can be used.

Note that the syntax of the relation uses TEXTI TEMB( nr ), but in the data slot the syntax TEXTI TEML= is used. The TeLiTab is written between
two | characters. Multiple textitems can be available in a relation ( TEXTI TEMB( 1), TEXTI TEMB(2) .. TEXTI TEMB(n)).
1 Please note that "the devil is in the detail". Small errors in your syntax will always be a problem for software such as Quaestor. Therefore,
keep checking the correctness of your syntax.
® Run a solution using the Process Manager. Select Wat er pl ane_Ar ea, GM and GM_Check as goals. Again, press Next until the solution is

completed.

@ You can select several goals at once!

To browse through results, it might be convenient to maximize the workbase window. The result of the last solution should look like this:
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i g Sn, Lo:al@ﬂmd]hlamuﬂy -l -|@ . )[ © stainout | € stemmpu | 58k Process Manager| Texticons |.: 3| 3 |

@ i

|~ DeleselTutorizld] Parametar Value Dimenzian =

|f>- Irtpal_Rel_B{Ships: #1] b Hul

[ Errer|Ships: #1] KB

- Vsterplans_Ares]Ships: #1] ——

- Gl 71 ﬂlsp . .a11 ] fnr-; ﬂsp l?nT ?nrf_c-»ew m Moment_of_hetta [rwng;plane_m

i Wisterplens_Ares.GM_Check GMIShips #11 | pon- 215543 1050 127 216643 067 063 100 268777 42700

- Hu 35 7337 52 1050 127 223752 067 0561 100 277589 4100

#30-2308.56 1050 127 230856 067 060 65.00 2864.02 455.00
312237959 1050 127 237959 067 059 67.00 2852.14 469.00
12 2245062 1050 127 245062 067 059 53.00 04026 483.00
#1332 2046.41 1100 140 2046.41 080 07 55.00 2786.34 40333
#342212083 100 140 212083 080 059 57.00 288767 418,00 il
152919524 100 140 219524 080 0566 53.00 288299 43267
#£16 = 2769 65 .00 140 226966 080 053 61.00 309031 84733 E
#1372 2224.07 100 140 234407 080 061 53.00 319163 462,00 14

4 = N £18=2419.45 11.00 1.40 241843 0.80 0.60 B5.00 329235 47667 o

7 Check

You can verify your results by comparing it to [Tutorial 3 Finished]

<< Back to tutorial 2 -- Continue to tutorial 4 >>
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