


























































































































































































































































































































estimator, at least two hours will be needed. If however, solid models and hence, .STL files 

are not available, it may take much more than two hours to create the files needed to generate 

a quote with Magics RP. It is therefore clear that the 2D-bllild time estimator offers time-

saving benefits if it is used in the initial phase of a project, where only design sketches are 

available. It would generally take less time to do the geometrical substitution, than necessary 

for developing a solid model. Also, geometrical substitution requires less skill than solid 

modeling, and does not need the specialised and expensive 3D CAD software. The results 

showed that it is very applicable on stand-alone projects, and can be a very cost-effective tool 

during the quotation process, achieving accurate results fast. 

12.4 RECOMMENDATIONS 

Although this method works effectively, there is still room for improvements such as: 

• Specialised software can be developed to make the quotation process increasingly user-

friendly, faster and efficient. It will reduce time spent and increase the efficiency of the 

process. Once done, it can also be offered as a web-based tool for clients to access. 

• Build time estimation models can be made easier by grouping TK Solver models into 

one (e.g. one model to calculate the volume, composed of different volumetric shapes). 

• A database for orientation and placement of support files can be created to assist the 

operator in selecting these parameters. 

• A more accurate and faster process must be found for large platforms with complicated 

part geometries. It is suggested that a factor of between 7% and 10% be incorporated 

for extra time needed for platforms containing parts with complex geometries. Last 

mentioned wi ll be a function of the user's expertise. 
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The following models were created in TK Solver to assist In the build time estimation 

process, as well as the quoting process of a part to be built on the SLA machine. 

A.1 TK Solver Model: square.tkw 

This model assists in calculating the average cross-section of a square shape for a given 

height. Input variables consist of the width of one of the sides. The output variable 

represents the average cross-sectional area of this shape per layer. The basic screen layout, 

with the formulas used in this model, is illustrated in Figure A.I. 

~ TK Solvel SqUil11: 

Figure A. I Basic screen layout of the square.tkw model 

142 

© Central University of Technology, Free State



A.2 TK Solver Model: rectangle.tkw 

This model assists in calculating the average cross-section of a rectangular prism for a given 

height. Input variables consist of the length and width of the sides. The output variable 

represents the average cross-sectional area of this shape per layer. The basic screen layout, 

with the formulas used in this model, is illustrated in Figure A.2. 

~ TI( Solve, ' lectangle 

em 

Figure A.2 Basic screen layout of the rectangle.tkw model 
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A.3 TK Solver Model: cylinder.tkw 

This model assists in calculating the average cross-section of a cylindrical shape for a given 

height. The input variable consists of the radius of the cylinder. The output variable 

represents the average cross-sectional area of this shape per layer. The basic screen layout, 

with the formulas used in this model, is illustrated in Figure A.3. 

~ Tt:; Solve, cylmde, 

_R_"'_' ______ ,____ ~ I!!II!1Ei 
!Wle 

Figure A.3 basic screen layout of the cylinder.tkw model 
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A.4 TK Solver Model: tri_area.tkw 

This model assists in calculating the average cross-section of a triangular prism for a given 

height with the triangle in the position as shown in Figure A.4 . Input variables consist of the 

height of the shape, length of the base and height of the triangle. Output variables such as 

the average cross-sectional area for the total height of the part can be obtained. The basic 

screen layout, with the formulas used in this model, is illustrated in Figure A.S. 

I 
z-AXIS 

Figure A.4 Preferred direction of the triangular prism 

. ' '''0 ''' . .., ... ... .., ..... ~ ,,~, 
.!_ _ _L 

.. call mk2(r .h.B,I;y) 

11--+---------·-·---------·------ .1 __ ____ __________ 01 

Figure A .S Basic screen layout of the tri_area.tkw model 
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A.S TK Solver Model: cone_area.tkw 

This model assists in calculating the average cross-section of a cone shape for a given height. 

Input variables consist of the height of the shape and the base radius of the cone. Output 

variables such as the average cross-sectional area for the total height of this shape per layer 

can be obtained. The basic screen layout, with the formulas used in this model, is illustrated 

in Figure A.6. 

.r; 

Figure A.6 Basic screen layout of the cone_area.tkw model 
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A.6 TK Solver Model: sphere_area.tkw 

This model assists in calculating the average cross-sectional area of a sphere. Input variables 

consist of the radius of the shape. Output variables such as the average cross-sectional area 

of this shape per layer can be obtained. The basic screen layout, with the formulas used in 

thi s model, is illustrated in Figure A.7. 

DisplayUnit: 

i: 

Parameter Variables: 
Input VaTlables: layer,h,r 

Figure A.7 basic screen layout of the model sphere_area.tkw 
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A.7 TK Solver Model: semi_sphere_area.tkw 

This model assists in calculating the average cross-sectional area of a semi-sphere. Input 

variables consist of the height of the shape and the base radius. Output variables such as the 

average cross-sectional area of this shape per layer can be obtained. The basic screen layout, 

with the formulas used in this model , is illustrated in Figure A.8. 

Figure A.8 Basic screen layout of the model semi_sphere_area.tkw 
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A.S TK Solver Model: disk.tkw 

This model assists in calculating the average cross-section of a disk for a given diameter with 

the disk in the position as shown if Figure A.9. Input variables consist of the diameter of the 

shape and the width of the disk. Output variables such as the average cross-sectional area for 

the total height of the part can be obtained. The basic screen layout, with the formulas used 

in this model, is illustrated in Figure A.I O. 

Figure A.9 Orientation of the disk geometry 

- 1-
PAOC[OUR£ lodle " ," ,.. •• !::-" ~ of..... .. !1m 13 

Parameter Vari ables: • 
Input Variables : layer,h,H layer,w 

Figure A.I 0 Basic screen layout of the model disk.tkw 
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A.9 TK Solver Model: total_supp_time_SL5170.tkw 

This model assists in the build time calculation for a support structure built with the Ciba­

Geigy SL 5170 resin. Input variables such as PI, Wo, Ec, Cd, Dp, height of part and distance 

to scan are needed. Output variables such as Vs and the total scan time for a given support 

can be obtained from this model. The basic screen layout, with the formulas used in this 

model, is illustrated in Figure A. I I. 

* tsuppa ~ Tsupp * Z 

Figure A. I I Basic screen layout of the total_supp_time_SLS I 70.tkw model 
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A.10 TK Solver Model: total_build_time_SL5170.tkw 

This model assists in the build time calculation for a part built with the Ciba-Geigy SL5170 

resi n. Input variables such as PI, Wo, Ec, Cd, Dp, hs, height of the part and the average 

cross-sectional area of part are needed. Output variables such as the total scan time for a 

certain part can be obtained from this model. The basic screen layout, with the formulas 

used in this model, is illustrated in Figure A.l2. 

Figure A.12 basic screen layout of the total_build_ time_SL5I 70.tkw model 
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A.ll TK Solver Model: total_supp_time_9110.tkw 

This model assists in the build time calculation for a support structure built with the Somos 

9110 resin. Input variables such as PI, Wo, Ec, Cd, Dp, height of part and distance to scan 

are needed. Output variables such as Vs and the total scan time for a given support can be 

obtained from this model. The basic screen layout, with the formulas used in this model, is 

illustrated in Figure A. 13. 

Figure A.13 Basic screen layout of the total_supp_time_9110.tkw model 
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A.12 TK Solver Model: total_build_time_9110.tkw 

This model assists in the build time calculation for a part built with the Somos 9110 resin . 

Input variables such as PI, Wo, Ec, Cd, Dp, hs, height of the part and the average cross­

sectional area of part are needed. Output variables such as the total scan time for a certain 

part can be obtained from this model. The basic screen layout, with the formulas used in this 

model, is illustrated in Figure A.14. 

Figure A.14 Basic screen layout of the total_build_time_9110.tkw model 
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A.13 TK Solver Model: final cost.tkw 

This model assists In the quotation process. As input variables, the cost for the pre 

processing and post processing processes are included. Also included are the building, 

maintenance and material costs. The profit margin can also be included in this model. 

Output variables such as the final price to quote the customer can be obtained from this 

model. The basic screen layout of this model is illustrated in Figure A.IS. 

:g I Comments: ::oJ 

aV'lIIable~ .... . . • ./ _ -: ,,' "" 

Sta Input Name Output Unit Gomment 

. ______ . ___ . ________ . ~~ed.:_~_. __ . ____ ._., ___ ._ 
pre -PfO _time 

~.,?--.-,.---------.. -~~~--·-,·--· , ··- ·,·t~~~-~fo~::!;~gO~~~~~.----.-.--.- .-... ---.. ---... "-... ----.. -
.3 

50 pre ..,pro hourly rate Rlhour Pre processing hourly rate 

,-
.5 

post""pro _35___ R PO.:!'p.:..~cessing ope~~~n ___________ . ___ .. _ 

post.J'ro_=:t"imc.'7----c_+ _____ I-:h:':our;.:.:-s __ +p::-o:..:s.:.t "pr...:o-'ce:..:sc.s~in"g-;-ti:..:m:..:'.,.--,-_______ _ 
post y ro hourly_rate Rlhour Post processing hourly rate 70 

build_cost 1300 R ! Cost of building the model -------- Time estimated to build Ute model ---6_,_~ ________ . build _ti~e __ _ hour ._-- -----
200 R/how Build time hourly rate 

80 m_c Cost of maintenance's constant for calculation 

376B 

Quoteyrice __ + 4..:3.:.3,-3,..:2_-+ R Price to quote c . ..:li e"n"l ___ _ 
15 profit % ! Profit margin 

I--+_-----r~--------+_----~~--~~· -------------

Figure A.IS Basic screen layout of the final_cost.tkw model 
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STUDIES 
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The following shows how the parts of the platforms used in the case studies (section 9.3 

pIll), were represented by different volumetric shapes. These volumetric shapes were used 

to calculate the estimated build times of the platforms. 

B.l Volumetric Representation of Platform clO6 

Figure B.I shows how volumetric models were used to represent the parts (prod32_13_sept 

and prod31_13 _sept), of platform c106. These shapes were used in the build time calculation 

process of the 2D-build time estimator. 

Figure B.1 Volumetric representation of platform c106 

An approximate area of 2652 mm2 needed support. For the calculation processes the scan 

distance of two 50 x 50 mm support structure were used (scan distance per layer: 158.08 cm). 
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8.2 Volumetric Representation of Platform dID! 

Figure B.2 and B.3 show how volumetric models were used to represent the parts (freel , 

free2, free3 , free 4 and freeS) , of platform dID I. These shapes were used in the build time 

calculation process of the 2D-build time estimator. A total scan di stance of 1083.12 cm per 

layer was used for the calculation of the support build time. 

free1 

Figure B.2 Volumetric representation ofpalts freel, free2 and free3 of platform dID] 
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'W 

flA l 

Im~ 

Figure B.3 Volumetric representation of parts free4 and freeS of platform dffil 
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B.3 Volumetric Representation of Platform df02 

Figure B.4, B.S and B.6 show how volumetric models were used to represent the parts (free I , 

free2 , free3 , free4, freeS, free6 , free7 and free8), of platform df02. These shapes were used 

in the build time calculation process of the 2D-build time estimator. A total scan di stance of 

1295.2 cm per layer was used for the calculation of the support build time. 

free1 

.~ .~ .t8 .,,' 
fr ee 2 

free 3 

o 
I 

.11 

Figure B.4 Volumetric representation of parts freel, free2 and free3 of platform df02 
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ZoH 

•• 

free 4 

free 7 

.~' 

fr" 5 

Figure B.S Volumetric representation of parts free4, freeS , free? and freeS 

of platform dfD2 
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free (, 

"::.4\ 
~ 

Z at1 

Figure 8.6 Volumetric representation of part free6 of platform df1l2 
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B.4 Volumetric Representation of Platform dg03 

Figure B.7 shows how volumetric models were used to represent the parts (psitek, spice and 

miss care), of platform dg03. These shapes were used in the build time calculation process 

of the 2D-build time estimator. A total scan distance of 450.43 cm per layer was used for the 

calculation of the SUppOlt build time. 

psi tek I 2 offl spice 

/ ." 

miss care 

/ . ., 

Figure B.7 Volumetric representation of platform dg03 
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8.5 Volumetric Representation of Platform dg04 

Figure B.8 shows how volumetric models were used to represent the parts (tcmdieJ07a and 

tcmdie I 06a), of platform dg04. These shapes were used in the build time calculation process 

of the 2D-build time estimator. 

tcmdie107a 

tcmdie106a 

~ 20FF 

Figure B.8 Volumetric representation of platform dg04 

An approximate area of 693 mm2 needed support. For the calculation processes the scan 

distance of a 20 x 20 mm and three lO x J O-mm support structures are used (scan distance 

per layer: 36.32 em). 
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8.6 Volumetric Representation of Platform slatestl 

Figure B.9 shows how volumetric models were used to represent the part (slatestl), of 

platform slatest I. These shapes were used in the build time calculation process of the 20-

build time estimator. A total scan distance of 327.96 cm per layer was used for the 

calculation of the support build time. 

0 113.23 
~ 

slatest1.stl 

0 111.23 
~ 

/ 0113.23 

l() 

N 

~I 

Figure B.9 Volumetric representation of platform slatest1 
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B.7 Volumetric Representation of Platform dk09 

Figure B.IO and B.II show how volumetric models were used to represent the parts (flutter! , 

flutter2 , flutter3, flutter4, flutterS, flutter6 , flutter7 and flutter8) , of platform dk09. These 

shapes were used in the build time calculation process of the 2D-build time estimator. A 

total scan distance of 617.7 cm per layer was used for the calculation of the support build 

time. 

flutter 1 an d 3 flutter4 
til oltu ehshllpe 

~f ~~ 
,J", 

~ 
o· 

~ 

M ~ . -:r~ c, • 

~~. " 2 off 

~, ,> 
~'" ",,-

f1utter2 ~ 3 off uch s h;!lp' 

~r ~F0' 
\'-(' Y ,\I'JO.B 

12 off 

\ . 

";~~'. ~ 

"l 
M ,-, 

Figure B.I 0 Volumetric representation of parts flutter I , flutter2 , flutter3 and flutter4 

of platform dk09 
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f1uttel5 f1utl elfi 

flutter7 flutter8 

Figure B. ll Volumetric representation of parts flutterS , flutter6, flutter7 and flutter8 

of platform dk09 
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B.S Volumetric Representation of Platform dk12 

Figure B.12 shows how volumetric models were used to represent the part (pI), of platform 

dkl2. These shapes were used in the build time calculation process of the 2D-build time 

estimator. A total scan distance of 431 cm per layer was used for the calculation of the 

support build time. 

p1 

Figure B.12 Volumetric representation of platform dkl2 
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B.9 Volumetric Representation of Platform dk13 

Figure B.13 shows how volumetric models were used to represent the parts (sterlitl, sterlit2 

and gum), of platform dkl3 . These shapes were used in the build time calculation process of 

the 2D-build time estimator. A total scan distance of 410 em per layer was used for the 

calculation of the support build time. 

sterlit 1 and 2 

gum 

... ~~ 
'-~!2.69 

2011' ~ 
012.5 

J~0".11 
~ 20ft 

t(l) 12.S 

w 
'~n ' Oft 

" 
Figure B.13 Volumetric representation of platform dkl3 
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LIST OF ABBREVIATIONS AND ACRONYMS 

2D 

3D 

ACES 

CAD 

CAM 

CAE 

Laser 

RMS 

RP 

RTV 

.STL 

SLA 

SLS 

TEM 

UV 

Two-dimensional 

Three-dimensional 

Accurate clear epoxy solid 

Computer aided design 

Computer aided manufacturing 

Computer aided engineering 

Light amplification by stimulated emission of radiation 

Root-mean-square 

Rapid Prototyping 

Room temperature vulcanizing 

Stereolithography file format 

Stereo lithography process 

Selective laser sintering 

Transverse electromagnetic mode 

Ultra violet light 
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