LSynth — LDraw CAD Bendable
Parts

* By Kevin Clague
« Kevin clague@yahoo.com

 http://www.users.qwest.net/~kclague
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History

Syngress Publishing (
wanted to publish LEGO building
instruction books

MLCad used to lay out designs
LPub used to create publishable artwork

Could not document designs with cables
and hoses

Necessity 1s the mother of invention



LDraw Parts Family

* LDraw program, LDraw file format and the
LDraw parts library was created by James
Jessiman to be able to share building
instruction electronically

— Parts, lines, triangles, quads
— Parts 1n Parts

» Fixed shaped parts



Changing Shape

Pneumatic pistons, switches, pumps, polarity
switches

— Represented by multiple LDraw parts
— Managable in MLCad

Chains

— LDraw provides single chain link
— Laborious to make entire chain flow around gears

Hoses, pneumatic, Flex-System, electric cables,
rubber bands, treads

— Can use tens, hundreds or thousands of segment parts
(unmanagable for humans)
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Synthesizer

* Short Attention Span — boring to lay out
cach link

* Program to compute position of each chain

link

» Describe chain specification in LDraw
compatible format

* Program reads in LDraw file, creates new
LDraw file with synthesized parts



Chain Synthesis Example

e Synthesis Specification

0 SYNTH BEGIN CHAIN O

0 SYNTH HIDE

- 17 7 -402.228 6.319 1 0 0 0 0.984808 0.173648 0 -0.173648 0.984808 4019.DAT
17 -23.3 -283.878 -12.499 1 0 0 0 0.984808 0.173648 0 -0.173648 0.984808 3649.DAT
0 SYNTH END
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Advanced Chain Specification

SYNTH BEGIN CHAIN O
SYNTH HIDE

4 98.1 -297.675 29.55 1 0 0 0 0.984808 0.173648 0 -0.173648 0.984808 4019.DAT
SYNTH OUTSIDE

4 92.1 -377.194 43.162 1 0 0 O 0.984808 0.173648 0 -0.173648 0.984808 4019.DAT
SYNTH INSIDE

4 107.7 -474.123 59.934 1 0 0 0 0.984808 0.173648 0 -0.173648 0.984808 3648.DAT
4 -92.1 -473.978 60.463 1 0 0 0 0.984808 0.173648 0 -0.173648 0.984808 3648.DAT
SYNTH OUTSIDE

4 -83 -376.782 43.588 1 0 0 O 0.984808 0.173648 0 -0.173648 0.984808 4019.DAT
SYNTH INSIDE

4 -83 -297.547 29.464 1 0 0 O 0.984808 0.173648 0 -0.173648 0.984808 4019.DAT
WRITE SYNTH END




All 1n One Synthesizer - LSynth

* Hose “types” * Band “types”

— Ribbed hose — Rubber Band
— Flex System Hoses — Rubber Tread
— Electric Cables — Plastic Tread
— Pneumatic Hoses — Chain
— Flexible Axles
— Fiber Optic Cables * Not done

* Springs

* Strings

e Other?



Rubber Bands
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Simple Band Example

figure7_17_s.ldr - MLCAD
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Other Parts
Madels
Favorites

* Document

Active Model: Ihgurg?_]?_s.\dr

Type ‘ Colar | Positian ‘ Ratation | Partnr. | Description

PCOM.. — — — — Untitled

SCOM. — — — — MNarne: figure?_17_s Idr

FCOM.. - — — — Authar: MLCad

PCOM.. - — — — Unofficial Model

PCOM.. — — — — SYMNTH BEGIN RUBBER_BAND 4
CRPART  White -110.000-10 1.000,0.000,0.000 0.000,1.000,0.. 3736.DAT Technic Pulley Large

SPART  WWhite 98.000-10.00..  1.000,0.000,0.000 0.000,1.000.0.. 3736.DAT Technic Pulley Large

PCOM.. — — — — SYNTH 8YMNTHESIZED BEGIN
SPART  Red -110.000.34.0 0.000.1.000.0.000 -1.000.0.000. LS31.0AT “Technic Flex-System Hose Segment
UEART  Red -108.500.34.0... 0.000.1.000.0.000 -1.000.0.000. LS31.DAT “Technic Flex-Svstern Hose Seament
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Crossing Band

igure7_19_s. Idr - ML !Em
Eile  Edit Navigate Yiew bultipart Extras Settings Help
[mnnene s sEE | | (vl [[DFAm@ s ReE R ——1 |/ r[eedczpfEar @RKES J
bewrosAas @yt e AED- |98 E03358 QA XGRS 20|/ ARAE]
Brick Active Model: Iﬂgure?_1 9_sIdr j
Baseplate - — =
Electric ;F pe ‘ Caolor | Paosition Rutation ‘ Partnr. | Descnp(lm ﬂ
Technic QCOM - — — —_— Untitled
COM - —_— —_— MNarme: figure?_19_s Idr
Train SCOM.. - — — — Author: MLCad
Plate FCOM.. — — — Unofficial Model
Other Parts FCOM... — — — —_— SYNTH BEGIN RUBBER_BAND 4
Models SEART  White -110.000-10 1.000,0.000.0.000 0.0001.000.0.. 3736 DAT Technic Pulley Large
Fewarites FCOM... — — — —_— SYNTHCROSS
ERART  White 98.000-10.00.. 1.000.0.000,0.0000.000.1.000.0... 3736.DAT Technic Pulley Large
Dacument SCOM.. — — — — SYNTH CROSS
FCOM... — — — —_— SYNTH SYNTHESIZED BEGIN
SPART  Red -91.385.29.86.. -04230506.0.013-0906-0423 . LS31 DAT “Technic Flex-Systern Hose Segment
SPART  Red -90930.2965... -0.423.0.906,0.019-0.906.-0.423.. LS31.DAT “Technic Flex-Systern Hose Segment
SPART  Red -90.476.29.44... -0.423.0.906,0.019-0.906.-0.423.. LS31.DAT “Technic Flex-Systern Hose Segment
SPART  Red -80.022.2923.. -04230506.0.013-0906.-0423 . LS31 DAT “Technic Flex-Systern Hose Segment =

3

200D .

= 2
. =

b
r
@
o

=30.0,y= =00

"
i




Advanced Cross

figure7_22_; r - ML
Eile  Edit Navigate Yiew bultipart Extras Settings Help
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oo v oA Bye s DEB - |([RQ885388sal X o® | ves En AmiE

Active Model: Iﬂgure?_22_s Iclr j
Type ‘ Caolor | Paosition ‘ Rutation ‘ Partnr. | Description | 3
FCOM.. — — — —_— Untitled
SCOM. — — — — MName: figure?_22_s ldr
Train SCOM.. - — — — Author: MLCad
Plate FCOM.. — — — — Unofficial Model
Other Parts FCOM... — — — — SYNTH BEGIN RUBBER_BAND 4
Models SEART  White -140.000-498 1.000,0.000.0.000 0.000.1.000.0.. 42B5C.DAT Technic Bush 1/2 Smooth
Favorites ERART  White -142.000.74.0..  1.000.0.000.0.000 0.000.1.000.0...  4265C.DAT Technic Bush 1/2 Smooth
FCOM... — — — —_— SYNTHCROSS
Dacument SPART White  64.000-4000.. 1.000,0.000,0.0000.000,1.0000.. 41850AT Technic'Wedge Balt Wwheel
FCOM... — — — —_— SYNTHCROSS
SCOM.. — — — —_— SYNTH SYNTHESIZED BEGIN
SPART  Red -149.996-98... 1.000-0.016,0.000 0.018.1.000... LS31.DAT “Technic Flex-Systern Hose Segment
SPART  Red -150.007-97...  1.000-0.016,0.000 0.018.1.000... LS31.DAT “Technic Flex-Systern Hose Segment
SPART  Red -160.016.-497 1.000.-0.018.0.000 0.018,1.000, LS31.DAT “Technic Flex-Systern Hose Segment =

3

. $00800008D .

L

-45.0,y=-68.0,z2=00




Fun Rubber Band

Eile Edit DNavigate Miew Multipat Extras Settings Help
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Brick Active Model:  [liour=7_26_sldr |
E:;E\:te Type | Color | Position [ Rotation [ Partnr [ Description I |
Technic FCOM.. — — — — Untitled
SCOM.. — — — — Name: figura?_26_s Idr
Train SCOM. — —_— —_ — Author: MLCad
Plate SCOM.. — — — — Unofficial Model
Other Parts PCOM... — — — — SYNTH BEGIN RUBBER_BAND 4
Models SCoM. — — — — SYNTH OUTSIDE
Eavorites SEART White  0.000,0.000,0.. 1.000,0.000,0.0000.000,1.000,0.. 4185.0AT TechnicWwadge Beltwheel
i SPART  White 0.000-90.001.... 1.000.0.000.0.000 0.000,1.000.0... 4185.DAT TechnicWedge Belt'Wheel
Document CEART  White  -83.000-43.0.. 1.000.0.000.0.0000.0001.000.0.. 4185.0AT TechnicWedge Belt'Wheel
SComM. — — — — SYNTH SYNTHESIZED BEGIN
DPART  Red -30.000,0.000,... -1.000,0.000,0.000 0.000-0.999,... LS31.DAT “Technic Flex-System Hose Segment
“PART  Red -30.000-0.50..  -1.000.0.000,0.000 0.000-0.998.... LS31.DAT “Technic Flex-System Hose Segment
SEART  Red -30.000-1.00...  -1.000,0.000,0.000 0.000-0.999,.. LS31.DAT “Technic Flex-System Hose Segment
DPART  Red -30.000-1.50..  -1.000,0.000,0.000 0.000.-0.999, . LS31 DAT “Technic Flex-System Hose Segment |
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Rubber Tread

Eile Edd Msagsle Yiew Mulipar Exiras Seltogs Help

(mmm CEL |ord D@ + RS TR |—— 1
b= 4= Syt e HER- U ZA52 54|00 %
& Brick 7 _sldr =l
% Bazeplote = = =)
& Elactric Fuotation | Pt nr. Description
# Techmic - — 0
i Train MLCad
= Flale — — —
Other Pans —_ — _—
5 Moded IS000-48...  1.000.0.000.0.000 0.0001.000.0. 32007 0AT Technic Tread Sprocket\Wheel
Fovorites 315001320 1.000.0.0000.0000000.1.000.0.. 32007.DAT  Technic Traad Sprocket Wheel
. 60003600 1.000,0000000000001 0000 32007 0AT  Technic Tread Sprocket Whiel
Dacument SYNTHSYNTHESIZED BEGIN
273.400.-49 0.600.-0.200.0.000 0.800.0.600. B30.0AT Technic Tread Sagmant Straight
36040033 0600060000000 6000600, 680DAT Technic Traad Saqmant Straigk
SHGANOA7... OE00-0E00,0.000 0800000 . E30.DAT Technic Tresd Segment Stramght
I7ANAZ. 0E0D-E0000000B000E00 . 6S0.DAT Technic Tread Segment Siraight
vy E| 325401140, 0,600.-0.000.0000 0.000.0600.. G80.0AT Technic Tread Segment Straigh =l

=-850,y=880,2=00
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Chains and Plastic Treads
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Future Enhancements

Non-planar bands
— Parallel planes

— Intersecting planes

Non-belt bands

— Beams, liftarms, bricks as constraints
Quality Control
Part Count Reduction



Hose Types

Wanted to be able to route hoses and cables
in complex designs

Created special part for hose constraint

Modified some LDraw parts to for better
look

No facility for true hose length



Hose Example

Eis Ect Hedgnie Yiew butipsrt Egras Setings Help

Eaapiote
i Type | Coloe | Powkon | Rolnkon TPare | Dascrphon T
#CM Urited
Technic SCoM [ —
= Train SCoM Aathen WLCad
= Flatn SCOM. - — — — Unoficinl Modal
© Othee Pamy | PCOM_ — — — — SYNTH BEGIN ABBED_HOSE 7
= Models [SEART whte  -IBAB00000. 0003-1090060010000090  LSOODAT  LSYNTM conswentpan
Fuverives [BFART whae 104000000 0002100.080010000030  LSO0DAT  LSYNTHecnitsintpan
. S Com SYNTHEND
Diotument
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= Bnck AckmModer [ 5|
« Basapinty
S B Type | Coke | Powdon | Roion TFatee Tascrpton =
2 COM Unsted
® Tachnic SCoM N Sgure?_3_ ke
Train Scom futhie MLCad
= Flola SCom. - —_— —_— _— Ungicinl Model
® Othae Pary [#COM_ - — — — SYNTH BEGIN FBBED_HOSE 7
= Modets CCOM.. — — — — F7184000-1 0100001 LS000AT
Eavortes #COM 17-103399000-1 0100001 LSMDAT
FCOM FYNTH SYNTHESIZED BEGIN
Documenn SEAAT  LghGeny 184000000 0090-1600.0009-10000000.  TICAT “Tachnic Pl Hose End Sagran
[SFAAT UghtGrmy  -TB0BHZODS. Q000100000031 00008000  S0CAT “Tachnic Fibbed Hose Sagmant
[SEAAT  LghtGrey 177205005 Q00018000000 100000000  S0CAT “Tachnic Filbbed Hose Sagment
[SFAAT  LghtGrey 171826005 Q00010000000 100000000  S0CAT “Tachnic Filbbed Hose Sagment =
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Pneumatics

Ble Edi Novigate View Mulipari Exiras Satiings Halp
| || Gl | DEHe @ RR&R-— Tl (00 S T2 N[EOP ARES F |k
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% Brick Actve Model:  [oured_i_s 1 =l
L maciric Type | Color | Posion Fotehon = | Descapbon =
@ oM Urtitied
8 Tachnic @ COmM Masme: bgure?_§_sldr
% Train @ COM Author. MLCad
* Plate [ COM Unothcial Model
% Other Parts BRART  ellow 100.000.77.00,. 1.000.0.0000.000 0.000,1.0000.. 2793C01.0AT  Techme Preumaic Cylinder with 2 Inlets Medi
4 Madels BPART  Light8lue I0000,40.00.,  1,000,0.0000,0000.000.1, 0000, E?COIDAT  Technic Pneumatic Arank
Favarites BPART  LightGrey 2500005225, -1.000,0000,0000 00000000, 4694001 DAT  Techme Preumate Switch complete assemily
BRART  ellow 230000720, 1.0000.000,0.0000.000,1.0000.. Z797C01DAT  Techme Preumaic Pump with Large Knob com
Decument ° COM SYNTH BEGIN PNEUMATIC_HOSE 3
@ com 192305801 0000107075504
@ com 19-23058-321 00001 010 755.04T
© com 19101 816 67.743 -90.75 0 -0.707107 0.707107 =
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Electric Cables
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Eie Edit Nedgate Yew Muolipart Exras Settings Help
I s I I e A A e ICEETE Y
[bew v A A2 BYe e |H s MUERIsdLE | XX Ted o rARGE
& Brick. Artrve Model: | ] H

% Basepl

4 Flociric Cailor | Posmon | Fugtation Partne. _3uala|ptnn
- - — — — niithed

S [ Name: figure?_10 1cs
% Treun - —_ —_— —_ Ausher, Kavin L Clague
# Finta Unafficial Madal
% Other Parts - _— — —_— SYNTHBEGIN ELECTRIC_CABLE O
# Models Black 0800400015000  0.000.0.000.-1.000 0.000.1.000.0.0001.000.0.000.0000  SIVEADAT “Electric Brick 2x 2x 2/3

Fanoritas Black, 0.000,0.000,0.000 0.000,0.000,1.000<1,000.0.000.0,000 0.000.-1.000.0.000 LS00 DAT “LEYNTH congtramm pan

Dacument Black 0.000.0.000.29.400 0.000.0.000.1.000 -1.000.0.000.0.000 0.000.-1.000.0.000 LS00 DAT “LEYNTH consiraint part

Black, 160.500.9.300.84700  0.000,0.000,1.000<1,000.0,000.0.000 0.000.-1.000.0.000 LS00 DAT “LEYNTH congtramm pan

Black 163.300.10.000.154..  0.000.0.000.1.000-1.000.0.000.0.000 0.000-1.000.0.000  LSO0.DAT “LEYNTH constraint part
LaghtBlue  160.500.12.000,144, 0.000,0.000.-1.000 0.000.1.000.0,000 1,000.0,000.0 000 2982C02 DAT  “Electic Light Sensor (Complete Assembly Shoncu without wirg)
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Flexible Axles

Ein Edt Hemigote Muw fubpan Egess Settogs Hel
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eew vodac: Bmyo s BER. BRRBEAAN LA |0 X

o Brack

AT Y 1 Y-

= Baseplale =T
¥ Elec - . =
“achnic - —_ Urbtied
=l _— _ Mame: fguie?_15 idr
& Train — — Aushor ML
% Floty inetcial Model
= Othwr Parts NTHBEGIN FL
w Mol 20.000.-64 300.0.000 1.000,0.000.0.900 0 000,1 DO0.S.000 0.000.0 002.-1 000 LS40 DAT
Pavorites 185 000-105 000.0 000 00008000 -1 200 1 008,0 000.9.000 0 000.-1 000 DX LS540 DAT
- Light Gy 1460001783000 000 000000001600 0.000-1.0000.090 -1 00000000000 LS00 DAT
N N Lught-Giresy -186 000-114.300.0 000 0.000.9.000.-1 000 0.000-1.000.0. =1.000,0.000.0 000 LS00 DAT
Lught-Gireny' 145 00064 3000000  0.000.-1.000.0.000 0 000.0 0001 000 00.0 000.0 000 LS00 DAT

Lght-Giray 93.300.-64 300.0.000 0.000.+1.000.0.000 0.000.0 000.1.000 <1 $00.0 009.0 000 LS00 DAT
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Fiber Optic Cables

File Edit Mevigste ‘“iew Multipart Exroz  Setlings Help
Enneennpenee | | |EE D@ ‘TR 8T8 ——11 .-~ T

o p s oD e [HEE-|[(RRERI9 885 a| X 0K 9P =0/ ANAE
= Brick Actve Modal

P G 57

L] e}

::""'_"'""' Typa | Color " Fosiion T Fuotaton Fanr " Descrigtion
+ Flicri o
« Tuchnic oo - - - - nted
COM. = — — — Marne: figure?_14_s.dr
+ Train SCoM. - — — — Author. MLCad
+ Plal: SCOM. - — — — Uncticial Model
« Cithr Parts SCOM. - — — — SMTH BEGIN FIBER_OFTIC_CADLE 47
+ Models EPART  TransWhie  0.000.0.000.0.000 0.000.-1.000.0.000 1.000.0.000.0.000 0.000.0.000.1.000 LS30DAT  Technic Fiber Optic Cable - large end
Eavaritns S oM 1475000-10100001 LS00 DAT
SCOM 147 2060790101882 0.5-0.707107 0.5-0.707107 0 0.7
Dacumnent ?COM SYNTH SYNTHESIZED BEGIN
S EART  Transwhie 5.000,0.000,0.000 0.000,7.000,0.002 1.000,00000,00000 0.000,-0.002,1.000 LS31.0AT “Technic Flex-Systern Hose Segment
BEART  TransWhile 3.217,0.000,-0.000 0.000,7.000,0.008 1.0 000,0.000 0.000,-0.008,1.000 LS31.DAT “Techme Flex-Systern Hose Segment
inlaatl Trams-vwhite 5, 0000002 0.000,7.000,00049 1.0 000,00000 0.000,-0.009,1.000 LEN.DAT “Techmc Floex-3: {0
aprer & & 1 - T AN T 1 00 1A 00 000 o Ve A poo " _';I
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Future Enhancements

True Length
Electric Cable Twist
Bend ability of hose types

— Pneumatic vs. rigid
Quality Controls
Part Count Optimizations
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¢

1 YEAR UPGRADE )NE]AH'

BUYER FROTECTION PLAN 2

Mindstorms

DARK SIDE ROBOTS,
TRANSPORTS, AND CREATURES

Amazing Projects You Can Build in Under an Hour

= Easy-to-Follow Instructions Make You an Instant Mindstorms Success
= Totally Original Robots from 4 World-Class Mindstorms Creators

+ Download a FREE E-Book and an Extra Robot
by LP. Brown from www.syngress.com/solutions
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Amazing Projects You Can Build in Under an Hour

= Easy-to-Follow Instructions Make You an Instant Mindstorms Success
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Published Works

SYNBRESS®

Software
Power Tools

With LDraw, MLCad, and LPub

Virtual 3D LEGO Models! ,_SYN$RE59
¥

+ Includes LDraw, MLCad, LSynth, L3P, POV-Ray, and LPub 6.?&“"”5
- Bonus AT-ST Biped Building Instructions A
IN ONE
_ Efﬁfr’o-Uss
Kevin Clague &35 Miguel Agullo &5 Lars C. Hassing Y CD.ROM

Technical Reviewer



Summary

LSynth extends the abilities of LDraw CAD
family

Brings documentation to a new level

Easy to use, familiar, fits well into LDraw
CAD family

Just scratched the surface
Hope it gets integrated into MLCad

Open Sourced on sourceforge



