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Engine part

We start with some basics.

An engine iwill be located at origo with it's turning axes alongthe x-axes.

On the engine axis there is arod attatched so it can sweepin the y-z plane.

We will later on deal with coordination the rod angle of three such engines in order
to be a delta robot

t heMbt or AxesLength = 1. 5;

t heMbt or AxesDi anet er = 0. 2;

t heMbt or W dt hAndHei gt h = t heMbt or AxesDi anet er 3. 0;
t heMbt or Of f set = . 4;

t heRodW dt h =t heWbt or O f set / 2;

t heRodHei ght = 2 «t heRodW dt h;

t heRodLengt h = t heRodHei ght * 5;

t heRodOF f set =t helbt or AxesDi anet er « 1. 3;

t heMbt or = Cuboi d[{-t heMt or AxesLengt h,
-t heMot or W dt hAndHei gt h / 2, -t heMbt or W dt hAndHei gth / 23},
{-theMdtor O fset, theMdtor WdthAndHei gth /2, theMot or Wdt hAndHei gth / 2} ];
t heMbt or Axes = Cyl i nder [{{-t heMbt or AxesLength, 0, 0}, {.2, 0, 0}},
t heMbt or AxesDi aneter /2];
t heRod = Cuboi d[{-theRodWdth /2, -theRodCf fset, -theRodHei ght /2},
{theRodW dt h / 2, t heRodLengt h -t heRodOf f set, t heRodHei ght /2}7;
t heTur nRod = Rot at e [t heRod, 30 Degree, {1, 0, 0}];
t heRodSweepCi rcl e = Li ne@Tabl e[ {0, (theRodLength -theRodOf fset ) Cos [al pha],
(t heRodLengt h -t heRodOf f set ) Si n[al pha]}, {al pha, 0, 2Pi, Pi /16}];

We assign an anchor point (APE) at the end of the engine rod

t heApeCoor ds =
{0, theRodLengt h -theRodOf fset, 0}. Rotati onMatri x[-30 Degree, {1, 0, 0}7];
t heAPE = {

Spher e [t heApeCoor ds, t heRodW dt h],
Text ["APE", theApeCoords, {-2, 2}]};

Composeone bearing
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theRadi | | Length = 4 «t heRodW dt h;
t heRadi | | Radi =t heRodHei ght / 5;
theRadi | | Beari ng = Cyl i nder [
{{-theRadillLength /2, 0, 0}, {theRadillLength /2, 0, 0}}, theRadill Radi ];

t heSpheri cal Beari ng = Sphere[{0, 0, 0}, theRodWdthT;
oneBearing = {t heRadi | | Beari ng,

Transl at e [t heSpheri cal Bearing, {- (theRadillLength /2 +theRadillRadi), 0, 0}],
Transl at e [t heSpheri cal Bearing, {+ (theRadillLength /2 +theRadillRadi), 0, 0}]

h

beari ngZero = Transl at e [oneBeari ng, t heApeCoords];
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Graphi cs3D[ {Opaci ty [0. 3]
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Movable tool

The operated tool of this robot has desired position of {x,y,z}.

In this point we construct atriangle with equal sides.

Each corner is connected to the end of the above rod.

The very innovation in the delta robot is that this connection is built by two fixed
length rods

which are kept in parallell using one radil bearing and two spherical bearings at each
end.

But this double rod have no impact on the mathematical solution actually!

We look into this tool fixtur

t heTri angl eRadi = 1.5;
theTri angl eCornerl = {0, -theTriangl eRadi, 0};
t heTri angl eCor ner 1Y = t heTri angl eCorner1[[2]];
rotl = RotationMatrix[2Pi /3, {0, 0, 1}];
rot2 = RotationMatrix[2Pi /3x2, {0, 0, 1}7;
theTri ngl eCorners =
{theTri angl eCorner1, theTriangl eCorner1.rot1, theTriangl eCornerl.rot2};

Tripple the tool bearing

beari ngl = Transl at e [oneBeari ng, t heTri angl eCorner17;
beari ng23 =
{Rot at e [bearingl, 2Pi /3, {0, O, 1}], Rotate[bearingl, 2+«2Pi /3, {0, 0, 1}]};

Note the anchorpoint in the tool (APT) for the rod to the counterpart anchorpoint
(APE) on the engine swing rod.

t heAPT = {
Poi nt Si ze[. 157,
Spher e[t heTri angl eCorner 1, t heRodW dt h],
Text ["APT", theTriangl eCornerl, {3, 3}]

s
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G aphi cs3D[ {Opaci ty[0.9]

, Pol ygonet heTri ngl eCor ners
, Opacity[0.2]
, bearingl
, bearing23
, Opacity[0. 8]
, Red
, theAPT

}

, Axes -> True, Ticks -> None, Pl ot Range -> Aut omati c, AxesLabel -> {"x", "y", "z"}]

Geometry

m Functions

Cl ear @r educeDi nensi on;
reduceDi nension[direction2 , {x , vy , z }]:={X,Vy, z}[[direction2]]
reduceDi nension[direction2 , | ]:=
Map [ ([ [direction2]]) & |, {2}] /; Head[l ] == Pol ygon
reduceDi mension[direction2_, | __]:=
{Qpacity[1.0], LineeTable[l [[1]][[direction2]] + {l [[2]]Cos[t], | [[2]]Sin[t]},
{t, 0, 2Pi, Pi /16}]} /; Head[l ] == Sphere
reduceDi mension[direction2 , | ] :=Map[(reduceD nension[direction2, #]) & |]

tur nAPoi nt [t hePoi nt _, inPoint_, vridAxel , alfa_]:=
Modul e[ {vi n, vut },
vin =t hePoi nt -i nPoi nt;
vut =inPoint +vinCos[alfa] + Cross[vridAxel, vin] Sin[al fa]l;
vut
]
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Poi nt Stanp [p_, nane_] : = Poi nt Stanp[p, nane, {-1, -1}];
Poi nt Stamp[p_, nane_, dir_] := {Point [p], Text [nane, p, dir]};
= Solution

We have tool hub at desired 'tTool' {x,y,z} expressed in a coordinatsystem common
to all three engines.

The hub is a equal sided (equilateral) triangle parallell to to x-y plane and with circum -
circle radi of 'toolRadi'.

At each corner of the triangle the lower rod of length 'lowRodLength' is attached
through a universal joint at ‘jointTriangleLowerRod'.

The upper rod of length 'uppRodLength' is stiff attached to arotating engine axis at
‘engineAxisJoint'.

One axis has the direction ‘'engineAxisDirection' {xAxisJoint, yAxisJoint, 0} and the
other two are rotated +- 120 Degrees.

The goal is find the angle 'rotAngle’ for the rotating engine axis. For all three
engines.

A calculation is worked through by first move the desired point so that the engine
AxisJoint is at at {0,0,0}
and the direction is alongthe x-axis {1,0,0}

m Firstillustration only

tTool : = {X, Yy, z};

tool Radi : =.5;

jointTri angl eLower Rod : =t Tool + {0, -tool Radi, 0};
engi neAxi sJoint : = {0, 0, 0};

engi neAxi sDirection: = {1, 0, 0};

| owRodLengt h : = . 8;

uppRodLength : = . 9;

subsXYZ = {(x ->.5, y ->1.2, z > -.9};

Drawing for tool
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gr Tool = {Poi nt [t Tool ], Point Stanp[tTool, "t Tool " ]};
grjoi nt Tri angl eLower Rod = {Poi nt [j oi nt Tri angl eLower Rod ],
Poi nt St anp [j oi nt Tri angl eLower Rod, " oi nt Tri angl eLower Rod", {1, 1}]};
grTriangl e = Li ne[{j oi nt Tri angl eLower Rod,
t ur nAPoi nt [j oi nt Tri angl eLower Rod, t Tool, {0, O, 1}, 120 Degree],
t ur nAPoi nt [j oi nt Tri angl eLower Rod, t Tool, {0, 0, 1}, -120 Degree],
jointTriangl eLower Rod} ];

Drawing for engine

gr Engi neAxi sJoi nt = {Poi nt [engi neAxi sJoi nt ],
Poi nt St anp [engi neAxi sJoi nt, "engi neAxi sJoint", {1, 1}]};
upRodENnd = engi neAxi sJoi nt + {0, uppRodLength, 0};
gr UppRod = {Poi nt [upRodEnd], Poi nt St anp [upRodEnd, "upRodEnd" ],
Li ne[{engi neAxi sJoi nt, upRodEnd}]};

Drawing for lower rod

gr Lower Rod =
{Red, PointSize[.04], Point [jointTriangl eLower Rod], Poi nt [upRodEnd],
Li ne[{j oi nt Tri angl eLower Rod, upRodEnd}], Bl ack};

Sweeping areas. The upper rod will sweep a circle in the y-z-plane and
the lower will span a sphere at 'grjointTriangleLowerRod' with radi 'lowRodLength'.

This sphere will intesect with the y-z-plane at {0,isY,isZ} the forming a circle in the
plane.

At the intesection of this circles we find two points (on the upper rod) (or one or
none!).

The outermost is choosen as the point where the end of upper rod should be turned
to!

In this first drawing that of 'upRodEnd' turn is not shown!Look at the next section
for that action.

gr Upper RodSweep =
Li ne [Tabl e [engi neAxi sJoi nt + {0, upRodEnd[[2]] « Cos[Vv], upRodEnd[[2]] *Sin[Vv]},
{v, 0, 2Pi, Pi /12}]];
gr Lower RodSweep = {OQpacity[.1],
Spher e [j oi nt Tri angl eLower Rod, | owRodLengt h], Opacity[1l.0]};
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grlntersectionSphereAndYZ =
Mdul e[ {r, x, vy, 2},
r =Sgrt [l owRodLengt h”"2 -j oi nt Tri angl eLower Rod[[1]]"2];
{X, v, z} =jointTriangl eLowerRod » {0, 1, 1};
Li ne@Table[{0, vy +r Cos@et, z +r Sinet}, {t, 0, 2Pi, Pi /16}]
1

We have two these two circles in the y-z/plane. The upper rod at {0,0,0} and radi
‘'uppRodLength’ and

the circle from the sphere intersecting the plane at center {0, jointTriangleLower -
Rod(y), z}

and radi \/IowRodLength2 —(X)?

Here is one set of equations using some set of all knowledge
(here the distance from center of the two circles to the intersection points) .

equations = {

i sY2 +isZ? == uppRodLengt h?,
2

(joi nt Tri angl eLower Rod[[2]] -isY)? + (z -isZ)? == (JI owRodLengt h? - x?

vari abl es = {isY, isZ};
sol = Sol ve[equations, variables] /. subsXYZ // Full Si nplify

{{isZ > -0.293942, isY - 0.850646}, {isZ > -0.896827, isY » 0. 07550831}
{{yl, z13}, {y2, z2}} =variables /. sol;

Now we can illustrate where the intersection points actually are

grlnterSectionPoints = {Point [{0, y1, z1}], Point [{0, y2, z2}]};
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gl gr = {gr Tool
, grjointTriangl eLower Rod
, grTriangle
, gr Engi neAxi sJoi nt
, 9r UppRod
, Arrow[{{0, 0, 0}, -engi neAxi sDirection}]
, grLower Rod
, Blue
, gr Upper RodSweep
, gr Lower RodSweep
, grlntersecti onSpher eAndYZ
, grilnterSectionPoints
} /. subsXYZ;

grz = ShoweG aphi cs [ {reduceDi nension[{1, 2}, Flattenegl gr]},
Axes -> True, Ticks -> None, AxesOrigin -> {-1, -1},
AxeslLabel - {x, y}, PlotLabel - "From above"];

gry = ShoweG aphi cs [ {reduceDi nension[{1, 3}, Flatteneglgr]},
Axes -> True, Ticks -> None, AxesOrigin -> {0, 0},
AxesLabel - {x, z}, PlotLabel - "Facing al ong the engi ne"];

gr x = ShoweGr aphi cs [ {reduceDi nension[{2, 3}, Flatteneglgr]},
Axes -> True, Ticks -> None, AxesOrigin -> {0, 0},

AxeslLabel - {y, z}, PlotLabel - "In engine axis direction"];

gr XYZ = Showe G aphi cs3D[ {Opacity[1], gl gr}];
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Graphi csArray [{{grz, grXYZ}, {gry, grx}}, Frame - All, G aphi csSpaci ng -> 0. 05]

From above

y
_tTooI
pRodEnd
j oi nt Tri angl elLower Ro
ingl neAxi sJoi nt
X
Faci ng al ong t he engine In engine axis direction
z z

pRodEnd

?ngl neAxi sJoi n engi neAxi sJoi nt

jointTri jointTri
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= and formulas

interSect2CircZero[r0O , {x1 , yl 3}, rl ]:-=
I\/bdule[{d, a, h, p2x, p2y, x31x, y31ly, x32x, y32y},
d=Sgrt [x1"2 +yl1/r2];
If[d>r0+rl1, Return[{d, "Separated", {0, 0}, {0, 0}}]11;
If[d<Abs[rO-rl1], Return[{d, "Contained", {0, 0}, {0, 0}}]1;
If[d==0&&r0 ==r1, Return[{d, "Sane", {0, 0}, {0, 0}}11;
a=(roh2-r1r2+d"2) / (2d);
{p2x, p2y} = a * {x1, y1} /d;
h = Sgrt [rO*"2-a"2];
{x31x, y31ly} = {p2x +h xyl /d, p2y -h «x1 /d};
{x32x, y32y} = {p2x -h xyl/d, p2y + h «x1 /d};
{{x31x, y3ly}, {x32x, y32y}}

Tool is at {x,y,z}

t Tool = {x, vy, z};
x=.85y=1.0; z=-1.7; radi Tool =.5;
jobRadi =0; | enUpperRod =.9; | enLower Rod = 1. 8;

subsFormulas = {x ->.85, y ->1.0, z > -1.7,
radi Tool -> .5, jobRadi -> 0, | enUpperRod ->.9, | enLowerRod -> 1.8}

{(x -0.85 y->1., z-> -1.7, radi Tool - 0.5,
jobRadi - 0, | enUpperRod - 0.9, | enLower Rod - 1. 8}

Radifor tool join is radiTool
Join is at pl

{p1lX, plY, plzZ} =tTool + {0, -radi Tool, 0};
pl = {plX plY, plZj};

The engine is at {jobRadi',0,0}. Move all so engine axis is at {0,0,0}

transform= Transl ati onTransf orm[{-]j obRadi, 0, 0}7;
{p2X, p2Y, p2Z} =transform[{plX, plY, plZ}];
P2 = {p2X, p2Y, p2Zj};

P3is p2 but in the y-z plane

{p3X, p3Y, p3Z} = p2;
p3X = 0;
p3 = {p3X, p3Y, p3Z};
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Find the intersections of the two circles. Above were one approach with runtime
solution of an equatios system.
Now use a tailor made function

radi SnittCircle = Sgrt [| enLower Rod"2 - p2X~2];
r adi Upper Rod = | enUpper Rod;

P1land P12is a solution. Choosethe outermost

{{pyll, pz1l}, {pyl2, pz12}} =
sol Zer oFuncti on [r adi Upper Rod, p3Y, p3Z, radi SnittCrcle];

pll = {0, pyll, pzll};
pl2 = {0, pyl2, pz1l2};
{pEndx, pEndy, pEndz} = pl12;
pEnd = {pEndx, pEndy, pEndz};

...andwe have the two angles. Make a suitabale solution

al pha = -ArcTan [pEndy, pEndz];

DONE. We have the required angle which the upper rod should bu turned on the
engine axis

Now we got calculated value for the engine axis

grCircCentrums=
Li ne@Tabl e[ {0, radi Upper Rod Cos@t, radi UpperRod Si net }, {t, 0, 2Pi, Pi /16}];
grSnittCrcle =LineeTabl e[ {0, p3Y, p3Z} +
{0, radi SnittCircleCose@t, radiSnittCircleSinet}, {t, 0, 2Pi, Pi /16}];



DeltaRobotGeometry.nb

grAll = {
Thi ckness [Smal | ],
Red, Poi nt Si ze[0. 03],

Poi nt [pl], Poi ntStanp[p2, "pl"],

Poi nt [p2], Poi nt Stanp[p2, "p2"],

Poi nt [p3], Poi nt Stanp[p3, "p3"],

Poi nt [pEnd], Poi nt Stanp [pEnd, "pEnd" ],

Point [{O, O, 0}], PointStamp[{0O, O, O}, "{0,0,0}"],
Bl ack,

Line[{p2, pEnd}], Line[{{O, O, O}, pEnd}],

{Thi ckness [Medi um], Arrowheads[Large],

Arrow[{{0, O, 0}, {-1, O, O}}], Thickness[Snall ]},
gr G rcCentrum

grSnittCircle

B
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Showe G aphi cs3D[
{
grAll
b
Axes -> True, AxeslLabel —> {"X", "Y', "Z"},
Ti cks -> Aut omati c, Pl ot Range -> Automati c
] /. subsFornul as

subsFor mul as

{x->0.8,y-1.,2z--1.7, 0.5-0.5 050, 0.9-50.9, 1.8~ 1.8}



DeltaRobotGeometry.nb

15

grz = ShoweG aphi cs [ {reduceDi nmension[{1, 2}, FlattenegrAl ]},
Axes -> True, Ti cks -> None, AxesOrigin -> {0, 0},
AxesLabel - {"x", "y"}, PlotLabel - "From above"]; /. subsFornmul as

gry = ShoweG aphi cs [ {reduceDi nension[ {1, 3}, FlattenegrAl ]},
Axes -> True, Ticks -> None, AxesOrigin -> {0, 0}, AxesLabel - {"x", "z"},
Pl ot Label — "Facing al ong the engine"]; /. subsFormul as

gr x = ShoweG aphi cs [ {reduceDi nension[{2, 3}, FlattenegrAll ]},
Axes -> True, Ticks -> None, AxesOrigin -> {0, 0}, AxesLabel - {"y", "z"},

Pl ot Label - "I n engine axis direction"]; /. subsFornul as

gr XYZ = ShoweG aphi cs3D[ {Opacity[1], grAll }]; /. subsFornul as
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G aphi csArray [{{grz, grXYZ}, {gry, grx}},
Franme - All , G aphi csSpaci ng -> 0. 05] /. subsFor nmul as

- (0,0,0} «

Fr om above
y

End

%L

Faci ng al ong t he engine
z

{0,0,0}
- End X

In engine axis direction
z

E

= Optimize

Needs [" Opt i mi ze™ "

The used function for intersection is areduction from

, "/Users/willy/Matte/Optim ze-1.nt];



DeltaRobotGeometry.nb

17

= http : // local.wasp.uwa.edu.au/~pbour ke/geometry/2 circle/

We have

1.a"2 +h"2 ==r0"2

2. b"2 +h"2 ==r1"2
3.d==a+b

From 2. we get

4. h"2 ==r1"2-b"2
Substitute h”"2 in 1

5.a"2 + r1"2-b"2 ==r0"2
Replacing b in 5 with d - afrom 3 gives
ar2 + rin2-(d-a)*2 ==r0"2
Expand this and you get

6. 2 a d-d"2-r0"2+r1"2==0
and then

Calculations:

a = (d"2+r0"2-r1"2)/(2  d) (from 6.)

h =Sqgrt[r0O"2-a"2] (from 1.)

P2=PO0+a(P1- PO) / d
x3=x2+-h(yl-y0)/d
y3=y2 -+h(x1-x0)/d

interSect2Circ[{x0_, yO_ 3}, rO_, {x1_, y1 3}, rl ]:=
I\/bdule[{d, a, h, p2x, p2y, x31x, y31y, x32x, y32y},
d=Sgrt[(x1-x0)"2+ (yl-y0)~2];
If[d>r0+rl, Return[{d, "Separated", {0, 0}, {0, 0}}]11;

If[d<Abs[rO-rl1], Return[{d, "Contained", {0, 0}, {0, O0}}]1;

If[d==0&&r0==r1, Return[{d, "Sane", {0, 0}, {0, 0}}11;
a=(roh2-r1r2+d"2) / (2d);

{p2x, p2y} = {x0, y0} + a ({x1, y1} - {x0, y0}) /d;

h = Sgrt [rO*"2-a"2];

{x31x, y31ly} = {p2x +h (y1-y0) /d, p2y -h (x1-x0) /d};
{x32x, y32y} = {p2x -h (y1-y0) /d, p2y +h (x1 -x0) /d};
{d, {x31x, y3ly}, {x32x, y32y}}
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We reduce the x0,y0 as we always calucate with one of the circles in origo.

Lets try to optimez the evaluation of interSect2CircZero.
First evaluate with symbols

sol Zero =interSect2CrcZero[rl, {y, z}, r2]

(r1z-r 22+y2+12)2

r1z_ ‘-7 ")
Hy(rlzfr22+y2+zz) Z\/ 4 (y?+2?)
+ L
2 (v 2 N

(raz- r22+y +22)

y +Zz>

\/y +22

(r12-r22.4y2 +22)
y (r1?-r22+y2+22) 41y2e2?)

z (r12-r2%+y2+22)

2 <y2 +22)

{

2 (y?+2?)

VY 2,22

(r12-r22.y2 +12)2

z (r12-r22+y2.272) 4 (y22?)

n
2 <y2+22) \Y 2422 }}
sol ZeroFunction = Conpile[{rl, y, z, r2}, Optim ze[sol Zero]]

Conpi | edFunction|{rl, y, z, r2},

Bl ock | {08592, OB593, Ob594, OB595, CB596, CB597, O6598, C$599, 0$600,
b601, 0602, OB603, Ob604, C605, CB6061}, OB592 =r12; O$593 = r 2?;

Ob594 = y?; 08595 = z?; Ob596 = - (B593; O597 = 6594 + O595; C$598 =

08597

1 y 08598 08600
O$599 =~ OB600 = G592 - OB593 + CB597: OB60L = -
/08597 2
z 05598 C5600 05598 05603
05602 - — 05603 - OB6002; 5604 - - — - OB605 = (5592 + O5604;
4

C$606 = 1/ O$605 ; {{O$601 + CB599 CB606 z, CB602 - 08599 OB606 y },
{CG5601 - O$599 (606 z, CB602 + 08599 G606y} 1} |, -Conpi |l edCode-

m Thesolution in thefirst part

Clear[r0, rl, y, z, isY, isZ]
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equations = {
isY?+isZ? ==r02,
(y-isY)?+ (z-isz)? ==r1?
vari abl es = {isY, isZ};
sol One = Sol ve [equati ons, variables] // Full Sinplify;

{{yil, zil}, {yi2, zi2}} =variables /. sol One

ro2y?+y? (-ri%.+y2.22) —zJ—y2 (r04+ (—r12+y2+22)2—2r02 (r12+y2+22))

i

2y (y2+22)

r022r122+y22+23+Jy2 (r04+ (7r12+y2+22)272r02 (r12+y2+22))

2 (y?+2?) }

ro2y?+y? (-ri2+y2.z2) Jer—y2 (r04+ (—r12+y2+22)2—2r02 (r12+y2+22))

{

2y (y2+22)

r022—r122+y22+z3—\/—y2 (r04+ (—r12+y2+22)2—2r02 (r12+y2+22))

2 (y?+22) }}

sol OneFunction = Conpile[{r0, v, z, rl}, Optimze[{{yil, zil}, {yi2, zi2}}]]

Conpi | edFunction|{r0, y, z, rl},

Bl ock | {06592, 08593, 0594, OB595, Ob596, 597, O$598, 599, O600, G601, OB602,
5603, OB604, 0605, OB606, CB607, O$608, CB609, CB610, Ob611, 6612, CH613},

1
Ob592 = r0%; 593 = r0*; 594 =r1?; G595 = —; 0596 = y?; CB597 = z2;
y

08598 = z3; O$599 = - OB594; OB600 = OB592 OB596; OB601 = OB592 z; 602 = - 0594 z;
6603 = Ob596 z; Ob604 = CB596 + Op597; CB605 = O$594 + CB596 + O$597;

1

C$606 = 057; G$607 = -0$594 + (B604; 0608 = -2 O$592 Op605; CB609 = CB596 C$607;
604

5610 = 0$6072; OB611 = OB593 + 05610 + OB608; OB612 = - U596 CB611;

1 1
08613 = +/ 08612 ; {{5 05595 C$606 (OB600 + 03609 - G3613 7)), ) 05606
1
(05598 + OB601 + O$602 + OB603 + OB613) } {E 05595 03606 (O$600 + O$609 + 06613 2,

1
5 05606 (05598 + OB601 + 05602 + (5603 - OB613) }}] _Conpi | edCode -
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= Comparasions

sol Zer oFuncti on[radi Upper Rod, p3Y, p3Z, radi SnittCircle] // Tim ng

(0. 000046, {{-0.657399, -0.614676}, {0.885504, -0.160881}}}

sol OneFuncti on [radi Upper Rod, p3Y, p3Z, radi SnittCircle] // Ti m ng

(0. 000059, {{0.885504, —0.160881}, {-0.657399, -0.614676}}}

Cost [sol Zer oFuncti on]

4 Bl ank + Bl ock + Conpi | edFuncti on + Functi on + 56 Li st +7 Pl us + 8 Power + 15 Set +9 Ti nes

Cost [sol OneFunction]

4 Bl ank + Bl ock + Conpi | edFuncti on + Functi on + 71 Li st + 8Pl us + 10 Power +22 Set + 16 Ti nes



