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The heliostats must.b ignef e ahieve a high degree of targeting accuracy.
To reduce cost of heliosiais, TDer _ ﬂ&st&m based on stepping motor and
gearing are used. Althoug Liate pncodBrssaig not used because of their high cost,

accuracy of the systgy psating for transmission errors. In

order to recover acciy sad. The first is error compensation

by using actual recordgt lmn by sine wave equation, and

the last is error e \\- ation. For these approaches,

transmission errors Were gl sate the input command of the

stepper during actual @osi rar athod, transmission emor of the spur
gear and the worm geafl b Gf‘?’: A -Hod quare (RMS), can be reduced from
134.184x10° and 49.085 x3(0°7 Beorse im@eim to only 12.360x10° and 6.653x10°

degree or 9.211 aad F.37F times in reduction respesidaly. However, large amount of
\-’_____-'_—
A ; u.
onboard memo W; i ‘ econd method, transmission
B IFI

dand the worm gear, based on RMS

can be reduced to 37.999x10°
and 9.803x10” deg red which is equal to @831 and 5.007 times reduction, respectively.

This malhaﬂ%ﬂn’} % E‘nm sm& ’]:ﬂﬁutad calculation, however,

is needed, h&l not for the last metfgod. In other wads, the last mefhgd used a sixth order

RRAIAERURARNAL R B s v

gear'nd the worm gear, based on RMS, can be reduced to 31.560x10” and 16.307x10”

error of the spur ges

degree which is equal to 4.251 and 3.010 times reduction, respectively. The last method

may be desirable if errors from gear tooth are small compared to eccentricity of the gear,
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40

: Number of Teeth Diameter
AGM?\ISuallty & Pitch Diameter el TTEEL E“) TCE( Ep)
) Range
Up to 20 teeth inclusive 20to 80 0.0037 0.0052
5 Over 20 teeth, up to 1.999" 20 to 32 0.0027 0.0052
Over 20 teeth, 2" to 3.999" 20to 24 0.0027 0.0061
Over 20 teeth, 4" and over 20to 24 0.0027 0.0072
Up to 20 teeth inclusive 20 to 200 0.0027 0.0037
6 Over 20 teeth, up to 1.999" 20to 48 0.0019 0.0037
Over 20 teeth, 2" to 3.999" 20 to 32 0.0019 0.0044
Over 20 teeth, 4" and over 20to0 24 0.0019 0.0052
Up to 20 teeth inclusive 20 to 200 0.0019 0.0027
7 Over 20 teeth, up to 1.999" 20 to 200 0.0014 0.0027
Over 20 teeth, 2" to 3.999" 20 10 48 0.0014 0.0032
Over 20 teeth, 4" and over 20.i040 0.0014 0.0037
Up to 20'teeth inclusive™ 20 to 200 0.0014 0.0019
Over 20s«eeth, upte 1.999" 20 t0"200 0.0010 0.0019
8 Over 20 teeth, 2" i0 3.999" 20 to 100 0.0010 0.0023
Over20 teeth, 4" and over 2010 64 0.0010 0.0027
Up to 20 teeth inclusive ’ 20 to 200 0.0010 0.0014
9 Over 20 teeth; up t0,4.999" 20 to 200 0.0007 0.0014
Over 20 teeth, 2" to 3.9991 20 to 200 0.0007 0.0016
Over 20 teeth, 4 and over 20to 120 0.0007 0.0019
Up to 20 teeth inclusive a‘ 20 to 200 0.0007 0.0010
10 Over 20 teeth fup t0°1.999* | .20 to 200 0.0005 0.0010
Over 20 {€eth, 2*to 3.999" " |20 to 200 0.0005 0.0012
Over 20'teeth, 4" and'over. /.| 20 t0 200 0.0005 0.0014
Up to 20 teeth inclqsive %O to 200 0.0005 0.0007
11 Over 20 teeth, tip 10 1.999" 120 to 200 0.0004 0.0007
Over 20 teeth, 2" 10.3.999" = | 20 to 200 0.0004 0.0009
Over 20 teeth, 4" and over ' | 20 to 200 0.0004 0.0010
Up:to 20 teeth inclusive 20't0-200 0.0004 0.0005
12 Over.20 teeth, up to 1.999" 20to 200 0.0003 0.0005
Over-20 teeth, 2" to 3.999" 20 to 200 0.0003 0.0006
Over 20 teeth, 4" and over 20 to 200 0.0003 0.0007
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N1 ke Tudauaes Setu FINNAUNIAIZLN N.2

dex Latch

 AB ‘,}.a,;.3 | INT1Period | 20 mSec.

Must less than S0ms o

?5 T8V W 8
: + 0u J'Dl Lol 300ns
 CW/CCW

RN TS U

q filtening]

A nguil n.2 ludauaes Counter 1 duaziinissiadnAugnsniinyuiesiv dou

Counter 2 tuaznnissiadniuginsaidnyuludesnin dauuanisinguduiaaniilu AB
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Phase 7egnnaiinedgilnsnidnys ludau Other Setting Tiaaniaansiade Index Latch
iafarldRumils Index 1esginsaidnyulunisusiudsBusunimagaunnaa Wens

1Ju Operate azidnguynisldeusiagila n.3

a

Current Select Card

- Position Value

“| Counter 1 | 0

-| counter 2 | 0 Cliiiiiiiii
| Counter 3 | 0 |
- ~Index Status
Index1 [ 0 Clearis
‘| Index 2 0
Index 3 0 Clear

Clear 2

Bl Position Value
Lnnps (x4)

ez l’l lzﬁ ‘\\\\-

' o =

“mﬁuﬂﬁ%ﬂW§Wﬂ1ﬂﬁ

QIAAST RN S DBaA e

3. Digital I/0 azuapsanuzitle, Ua aasiasdryoynau Digital Input WAz Digital
Output Iagiludquaas Digital Output azsinlusedniuszuuduinfenans

yamasinaldlunisdelvinanasviieu

4. Test Systems ldmsaaaaunisguA1aInglnsniinyuuaznagaaunisdy

LALRRT
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5. Find Index Muaundaauaulunimaaed Iagfasas1an Index 184

gunsniTaynlusuieilesniuuaziesdy

6. RESM ENCODER ldlun1sdnmanunianaiafiiiaaulunisdenindsisluimes
Asaunazifesiu Tnea1u1snnuuANIsuaga NI BTasNa A s e
3 a dl dl < < ¥ o o 1 dl % :%
AnuuafiAnIanIsiadaunnaulinn1duls nnuuaaundsifaini g1y
namasuyuhlle warnnuadalWanazinnistiunndeyaasly Tnanais

RUN taB3uTlsungs

Tsunsunldlunnsanuyuaanginsninsainue

O© oo ~NO OTh~, WN PR

W WWWWWWWNDNDNDNDNMNMNNNNNRPEPRPRPEPERPERPERPRPREPPR
~NOoO OO WNPFP OOONOOUOPRWNPEPOOONOOOGDMMWDNLPEO

Option Explicit o

Private Sub Commandl: Click()
" Next Card button pressed, displally relative information
If cardNo < JotalCardi- 4 Then
cardNo = caidNo'+ 4 4
Else >
cardNo =0
End If /)
Label4.Caption = "Curtent.Select Card : * + Str(cardNo)
DBoolean2.Valuie = DOut(cardNo) ;.
End Sub "‘r‘__‘~ '
17

Private Sub Command10. Click()
DBoolean2.Value=0

End Sub

Private Sub Command11_Click()
Dim motortimer As Integer

Dim maetorrevelution, As Integer
Dim Index1/As Long

Dim Index2 As Long

Dim Indexle As Long

Dim Index2e+As Long

' revolution right or left

If Option8.Value = True Then
motorrevolution = 1

Else

motorrevolution = 2

End If

‘timer



38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

80
81
82
83
84
85
86
87
88
89

motortimer = Text6.Text

' Clear index1

Idx0(cardNo) = 0

"initial index 1
Index1 = Oct(Idx0(cardNo))
Indexle =0

'loop1------encoder heliostat----------
Do While Indexle =0

If motorrevolution = 1 Then
driveM (motortimer)
Else
driveMR (motortime
End If ’

Indexle = Index1 -
Loop
‘end loop1------

' Clear index

Idx1(cardNo)

"initial index
Index2 = Oct(
Index2e =0

'loop2------ encoder mot
Do While Index2e =0 =

If motorrevelttion =
driveM (motoFi
Else |
drlveMR (motort ‘mer)

Hd;ﬂxz’%cmxﬁimw g7

Loop

’Q RN IRNRI NG Y

' clear digital output
DBoolean2.Value = 0

End Sub

Private Sub Command12_Click()
Dim ij As Long

ij = Str(Countl1(cardNo))
D7Segment2.Value = ij
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91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

End Sub

Private Sub Command13_Click()
D7Segment2.Value =0
End Sub

Private Sub Command2_Click()
' Configure button clicked
Operate.Hide
Config.Show
End Sub

Private Sub Command3_Click()
' Close button clicked
Operate.Hide
Main.Show
End Sub

Private Sub Command4, Click() |
' Latch 1 clear bution pressed

W_8133_CLR_Idxlah ¢ardNo, 1.

ldx0(cardNo) =0
End Sub

Private Sub Command5_Click()

" Latch 3 clear button pressed
W_8133 CLR_ldxLah cardNo, 3
ldx2(cardNo) =0

End Sub

o

> 44

Private Sub Command6_Click()

' Latch 2 clearbutton pressed
W_8133_CLR_ldxLah cardNo, 2
Idx1(cardNo) = 0

End Sub

Private'Stb Command? <Click()
Command7.Enabled ='False

Dim i As Integer

Dim motorrevolution As Integer
Dim motortimer As Integer

Dim stgl As String

Dim stg2 As String

Dim stp As Integer

stgl = Text4.Text & ".txt"
stg2 = Text5.Text & ".txt"
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142

143  stp = Textl.Text

144

145

146  'if programs

147

148 If Optionl.Value = True Then
149  motorrevolution = 1

150 Else

151  motorrevolution = 2
152 EndIf

153

154  If Option3.Value = True
155  motortimer = 50 |
156 EndIf
157 '
158  If Option4.Valu
159  motortimer = 100
160 EndIf
161

162  If Option5.V
163  motortimer = 5
164 EndIf
165

166  If Option6.Val
167  motortimer = 10
168 EndIf
169

170

171 )
172  ReDim angl
173 ReDim ang
174  Dim i As Integer
175 ‘
176 For i=1To stp‘

S uﬁmm‘swmm

179 reserve ang|
ReDim Preserve angle2(ii -

mﬂiﬂ REIBLMNINYINY

D7Segment1 Value =ii* 4
184
185 ‘function drive motor
186
187  If motorrevolution = 1 Then
188  driveM (motortimer)

189 Else

190 driveMR (motortimer)
191 EndlIf

192

193 Next



194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

ﬂmmﬂimmmwmaﬂ

235
236
237
238
239
240
241
242
243
244
245

' save array

Open stgl For Output As #1
Fori=0 To UBound(anglel)
Print #1, angle(i)

Next i

Close #1

Open stg2 For Output As #2
For i =0 To UBound(angle2)
Print #2, angle2(i)
Next i

Close #2

Dim i As Integer
Dim iM As Integer
Dim Bi As Byte

"mv=1isc

'mv=2is y— 7‘;“
For iM=1Tog

If |M
If |M 2 Then

If iM =3 Then
Bi=4
End If
IfiM =4 Then
Bi=8
End If

"input value to digital out
DOut(cardNo) = Bi

Fori=0To TotalCard - 1

ﬂﬁﬂ?ﬂﬂﬂiﬂﬂﬂﬂi
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246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284

zgzqmmmfu UAIINYAY

288
289
290
291
292
293
294
295
296
297

'Write output value
W_8133_DO i, DOut(i)
Next
Sleep (mt)
Next
End Sub

Sub driveMR(mt)
' mt =motor timer
Dim i As Integer
Dim iM As Integer

Dim Bi As Byte
"mv=1iscw '/y
"mv =2 is ccw

:._4-!
ForiM =1 T7 _
If |M 1 The
End If .
IfiM=2 Then
Bi=4
End If
If iM =3 The
Bi=2
End If
IfiM =4 Then
Bi =
End If

Fori=0To TetaICard 1

ﬁ%ﬁ@“@wmwmm

Sleep (mt)

Private Sub DLEDMeter1_LinkClose()

End Sub

Private Sub Command8_Click()
Dim ij As Long
ij = Str(Count0(cardNo))
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298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337q
338

339 1
340
341
342
343
344
345
346
347
348
349

D7Segment2.Value = jj
End Sub

Private Sub Command9_Click()
Command9.Enabled = False

Dim i As Integer
Dim ii As Integer
Dim iii As Integer
Dim iiii As Integer

iii = Text2.Text

iiii = Text3.Text H '/y

Dim iM As Integer : {/’-
Dim Bi As Byte ) ————

—

\

"mv=1iscw
'mv=2isc
Forii=1 Toiiii
ForiM=1T

IfiM=1The
Bi=1

End If

IfiM =2 Then
Bi=2
End If )
IfiM =3 The

Bi=4

End If —
IfiM=4 The&B

", iﬁ%g@itﬂuﬂﬂiw BIN73

DOut(cardNo) = Bi "1

BRI URIAINYIAY

'Write output value
W_8133 DO i, DOut(i)
Next

Sleep (iiii)
Next
Command9.Caption = ii
Next
Command9.Caption = "Test Digital output
Command9.Enabled = True

DBoolean2.Value = 0

110



350
351
352 End Sub
353

Private Sub DBoolean4 ButtonClick(ByVal ButtonNo As Integer,
354 ByVal State As Integer)
355
356 End Sub
357
358  Private Sub Framell DragDrop(Source As Control, X As Single, Y As Single)
359
360 End Sub
361
362  Private Sub Framel3_DragDrop(Source As Control, X As Single, Y As Single)
363

364 End Sub

365

366  Private Sub T_Cntl_€hange()

367

368 End Sub

369 - -

370  Private Sub T_lax1 Change()

371 L 4
372 End Sub o
373 - - e

374  Private Sub Timerd_Timer()
375 Dimi As Integer '
376  Dim TestBit As Integer peery
377 Dim Sts As Integer =
378 =z -
379

380 'Display each-conter's value forone card
381 T_Cntl.Text = Str(CountO(cardNo))

382 T_Cnt2.Text/= Str(Countl(cardNo))

383 T_Cnt3.Text = Str(Count2(cardNo))

384

385 'Read this card's status register

386 W 8133 "Read_Status cardNo, Sts

387

388 “If we setuplateh functienjread this value-and putitjin-array.
389 If IdxLatch(eardNo)= True Then

390 W_8133 Read_Index cardNo, 1, ldxO(cardNo)
391 W_8133 Read_Index cardNo, 2, ldx1(cardNo)
392 W_8133 Read_Index cardNo, 3, ldx2(cardNo)
393

394 'display latch status from status register IDL3~IDL’
395 DBoolean3.Value = (Sts And 112) / 16

396 End If

397

398

399 ' Display Latch value for each counter

400 T_ldx1.Text = "0x" + Hex(ldx0(cardNo))



401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452

T_1dx2.Text = "0x" + Hex(ldx1(cardNo))
T_1dx3.Text = "0x" + Hex(ldx2(cardNo))

' Store user input button value
DOut(cardNo) = DBoolean2.Value

'tuta digital output test
DBoolean4 = DOut(cardNo)

Fori=0To TotalCard - 1
'Read Input value
W_8133 Dl i, DIn(i)
'Write output value
W_8133_DO i, DOut(i)

Next

' Diplay Input value onrthe green light
DBooleani:Valugs= Din(cardNo)

End Sub

Private Sub Form Aciivate()
Labeld4.Caption = *Current Select Card : " + Str(cardNo)
End Sub '

Private Sub C_Reset Click() g
' Reset Button clicked ]
Dim i As Integer '

For i = Q. Te TotalCard
CountO(i) =0
Countl(i=0
Count2() =0

Next

ResetOn0 =True
ResetOnl = True
ResetOn2 = True
Reset@n3.= True

W_8133 Software_Reset cardNo

W_8133 Set_IntOPerd cardNo, Int0
W_8133 Set _IntlPerd cardNo, Intl(cardNo)
W_8133 ModeSelect cardNo, Mode(cardNo)
W_8133 CLR_ldxLah cardNo, 1

W_8133 CLR_ldxLah cardNo, 2

W_8133 CLR_ldxLah cardNo, 3

End Sub
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TisunsunldAIUI NS AENAULAIAINLAALARALAN b E9ASUFAIUNANS

TsunsnAwanuil@anaulag Matlab 7.0.1 @awnsaunuANEanaIaiintulusznde
ndaasldludauils AlstartERROR duduaainiananaluunudasqn uay AzstartERROR
A mupanuiianaialuinuerdys Inonaildainnimeaesazfivlflusouls X war Z a9

| o 1 dl % o o/ o/ !
LﬂuﬁﬁLLMuﬂWLL@ﬂ@%‘V]@u1ﬂEI@G]’J‘il‘ll@’)uﬂ@’]\‘l

TN auN1EN19ANUINT AT ULAS

1 clear

2 AlstartERROR=0.01; %error degree

3 AzstartERROR=0.01;%error degree

4 )

5 calculationDAY=365;.%Day that you wantto.calculate 1 - 356 day******xx+*
6

7 sst=4;%calculate every (d/sst) hour

8 !

9

10  iC=1,% count <

11 % error w

12 sinErrorAl=0.1; o

13 sinErrorAz=sinEgrorAl; 3

14 for i=1:20000 f

15 dia

16 initialDrive=360/20000%; 222244
17 canDriveAl(i,1)= AIstartERROR*(rand(}"Z 1)+|n|t|aIDr|ve
18 canDriveAz(i,1)= AIstartERROR*(rand()*2-1)+|n|t|aIDrlve;
19 initialDEG(i,1)=initialDrive;

20 end

21 %-------- error END-=-------

22

23

24 lengthl=2; %screen length

25 length3=8; %sereen high

26

27

28

29 HelioX=15;" %L screentosheliostat

30 HelioY=-25; %L screen to heliostat

31 Helioz=0; %L screen to heliostat

32

33 Xp=-HelioX; %L heliostat to screen

34 Yp=-HelioY; %L heliostat to screen

35 Zp=length3; %L heliostat to screen

36

37 for dn=1:calculationDAY; %What date is it?
38 dn ; %show day

39

N
o



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

115

for ST=8*sst:16*sst ; %What time is it?
ST=ST/sst;%time/sst

D=23.5*sin((360/365)*(dn+284)*pi/180)*pi/180;

H=15*(12-ST)*pi/180;

la=-15*pi/180;

Al=asin(cos(la)*cos(D)*cos(H)+sin(la)*sin(D));
if H>=0

A2=real(acos((sin(Al)*sin(la)-sin(D))/(cos(Al)*cos(1a))));

else A2=real(-acos((sin(Al)*sin(la)-sin(D))/(cos(Al)*cos(la))));
end

Nsun=[cos(Al)*sin(A2) cos(Al)*cos(A2) sin(Al)];

NsunX=Nsun(1,1);

NsunY=Nsun(1,2);

NsunZ=Nsun(1,3);

npoint=[Xp,Yp,Zp};
NpointUNIT=sqrt(XpA2-+tYp~ 2+Zp/2);
Npoint=(npoint/npaintUNIT);

nhelio=Nsun+Npaint;

nhelioX=nhelio(1,1);

nhelioY=nhelio(1,2);

nhelioZ=nhelio(d,3);
nhelioUNIT=sqrt(nheligX22:nhelioYA2+nhelioZ42);
Nhelio = nhelio/nheliQUNIT; ‘)
NhelioX=Nhelio(1,1); —
NhelioY=Nhelio(1,2); $sidd
NhelioZ=Nhelio(1,3); '

AlHelio=asin{Nhelio(1,3));
if Nhelio(1,2)>=0

AzHelio=acos(Nhelio(1,2)/cos(AlHelio));
else AzHelio=-acos(Nhelio(1,2)/cos(AlHelio));
end

Aldeg=AlHelio*180/pi();
Azdeg=AzHelio*180/pi();

08--%----b-A23 -0 start'error

%p-----1-------

if Aldeg<0
Aldeg=360+aldeg;

end

if Azdeg<0
Azdeg=360+Azdeg;
end
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94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

%-----2-------

searchMINdrive=abs(initial DEG-Aldeg);
[MINy,MINi]=min(searchMINdrive);
ERRORdriveAl=canDriveAl(MINi,1)-Aldeg;

searchMINdrive=abs(initial DEG-Azdeqg);
[MINy,MINi]=min(searchMINdrive);
ERRORdriveAz=canDriveAz(MINi,1)-Azdeg;

%-----3-------
AlHelioE=(Aldeg+ERRORdriveAl)*pi/180;
AzHelioE=(Azdeg+ERRORdriveAz)*pi/180;

o

NHelioE=[cos(AlHelioE)*sin(AzHelioE) cos(AlHelioE)*cos(AzHelioE) sin

(AlHelioE)];
NHelioEX=NHelioE (151);
NHelioEY=NHelioE(12);
NHelioEZ=NHelioE(1,3);
NpointNew:Z*dot(Nsun,NH,eIioE)*ﬁHyeIioE—Nsun;
NpointNewX=NpointNew(L, 1)y -+
NpointNewY=NpointNew(1,2); —
NpointNewZ=NpaintNew(1,3); _
%-----3 end------- tdda

JE 22
factor3=abs(HelioX/NpointNewX); %sereen 90deg with X axis
Xscreen(iC,1):NpointNewX*factor3+HéHé)X;
Yscreen(iC,1)=NpointNewY*factor3+HelioY;
Zscreen(iC, ENpointNewZ*factor3+HelioZ;

factor3y=abs(HelioY/NpointNewY);%screen 90deg with Y axis
YXscreen(iC,1)=NpointNewX*factor3y+HelioX;
YYscreen(iC,1)=NpointNewY*factor3y+HelioY;
YZscreen(iC,1)=NpointNewZ*factor3y+HelioZ;

iC=iC+1;
% end error

end
end

len2=length1/2;
len3=length3-len2;
len4=length3+len2;
X1=[0,0,0,0,0];
Y1=[-len2,-len2,len2,len2,-len2];
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144
145
146
147

148
149
150
151
152
153
154
155

156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

117

Z1=[len3,len4,len4,len3,len3];

%------ start plot----------

figure(1); scatter ( Yscreen, Zscreen,'y', 'DisplayName’, 'Xscreen,
Yscreen, Zscreen');%plot data

hold on

grid on

plot(Y1,Z1,'LineWidth',4); %plot screen
plot(0,length3,'0','MarkerSize',2,'LineWidth',5)
set(gca,'DataAspectRatio’,[1 1 1],'PlotBoxAspectRatio’,[1 1 1]);

figure(2); scatter ( YXscreen, YZscreen, V', 'DisplayName', 'Xscreen,
Yscreen, Zscreen');%plot data

hold on

grid on

plot(Y1,21,'LineWidth4); %plot screen
plot(0,length3,'e%'MarkerSize', 2, 'LineWidth',5)
set(gca,'DataAspectRatio’ [1 1 1],!PlotBoxAspectRatio’,[1 1 1]);
%----END plot'screen--=---

%----stand---- Vo

figure(3); -

hold on ;

grid on T/
pIot(HeIioX,HeIioY,'gs',‘MarkerSize',10;'LjneWidth',2);
plot3(X1,Y1,Z1, LineWidth',4); —
plot3(0,0,length3,'0’,'MarkerSize", 2, 'LineWidth',2)

s leg screen
X2=[0,0];
Y2=[0,0];
Z2=[0,len3];
plot3(X2,Y2,22,'LineWidth',4);
% end leg screen
% cyele
for i2=1:6

cycl=i2*5;

t =0:pi/100:2*pi;
X4 = cos(t)*cycl;
Y4 = sin(t)*cycl;
plot3(X4,Y4,t0,'k);

end

% end-cycle------------------
%o-----------m------ START line

%factorl

factor1=30;

plot3(NsunX*factorl+HelioX,NsunY*factorl+HelioY,NsunZ*factorl+HelioZ,



'ro','MarkerSize',5,'LineWidth',10)
194  xlinel=[NsunX*factorl+HelioX HelioX O];
195 ylinel=[NsunY*factorl+HelioY HelioY 0];
196  zlinel=[NsunZ*factorl+HelioZ HelioZ length3];
197  plot3(xlinel,ylinel,zlinel);
198  %factor2
199 factor2=30;

plot3(NhelioX*factor2+HelioX,NhelioY*factor2+HelioY,NhelioZ*factor2+
200 Helioz,'go','MarkerSize',2,'LineWidth',2)
201  xline2=[NhelioX*factor2+HelioX HelioX |;
202  yline2=[NhelioY*factor2+HelioY HelioY ];
203  zline2=[NhelioZ*factor2+Helio i
204  plot3(xline2,yline2,zline2,'g','Li
205  %factor3 '
206 factor3=abs(HelioX ; /ﬁ

plot3(NpointNew i *factor3+HelioY,
207
208  xline3=[Npoint
209  yline3=[Npoi
210
211
212 Yo----mmmmeeee
213
214
215
216
217 xlim([-30 30]);
218  ylim([-30 30));
219 zlim([0 30]);
220
221 ‘ a
222  set(gca,'DataAspectRatio’ji-1-1};, PlotBoxAspe
223 x=YXscreeh 4
224 z=YZscreen;D

AU INENINYINS
ARIAN TN INGINY




AULINENINYINT
IR TN TN



120

U

TsunsunldAusunisinaaunuasadladuan luLnuasdysuasaanan

o yd” P a o o IS o A
nuualinunaaleaunnIeu-Fiafudiunanealiaunm 60 luns x - 60 WAT AegL A1
FAAFUAIUNANTATINGIRINAUAU 8 LUAT ArazAqAedAIuesnfudaunansfa 15 890

(azfqnaasilszinalng) TnadaauwanisAurBEaiEeLan 8.00 w. 19 16.00 W, 1#uanIs

D

a k1l

ANABITNNTARBUNLRINNELTH AU 3.10 uazyudaRqaAagln 3.1 Tuuma 3

R R TSt X e R SRS o oSS X Koo XS
é&ﬁ?g<%&%%ﬁ%%%%%%%%%%%%&%{ ettt ittt tetety! A
e B X R R e S R SR K
B O N et e e e te e teTe T Tt e e Te e e e e e et
b e e e e e e !
R BN
et ts 2w ot oo retererete e ote e e e o o o e e’y
ARSI BO0 Gl S S R SRRS
R R ; R S SRR LKA
nte e vl S S R SRRS
RS B oToTete et oot tatetoretatotetetitetotetss
o o S YRR 7 B Attt
GRS e S S R SRRS
FIATUAUN AT T e e erererere e eretetereretetotots!
Sl )
Ay e SEE S LTI LTI I I I SIS,
o e RN SRR %
R < <o 00000
e ORI B <X R RS
S B, SR
Y ey i 20505005
asererecs s atetelete, et
e ettt
s
WAl e e TRttt ettty
TR ’:’0’0’0’&&’4 S g S S
R S S S I
v I T et e WAt TN %
== = o9 R oo e =
W 9LE @Iﬂ ALY I T e Ry ST ey ‘etetel =
! o SR S R s
ol SRR S I S50 e -
SRR TRt ot e e et tetetete%s ]
B S e e S S
SRR e T B e e ettt
0 oo K R o ey o]
ST e ot o e T i eTete ety O
R R
R R R I e - S 0 TR 5008
S B R R
g e s, ol e N L tetetetetetetetety!
SR R e B R 00005
ettt Batetets Vet et Wetee Vo Attt et teretst
<X Sl S O (I T 50X 050K
K< b N s T TNy
25 P B TR RS
SRR el ety Wit Setete  Retetitetetetetely!
g Lo % B T 0 XX 5050
SRS RS
SRR R X 50N
0 R !
KX KX RS S
0! Wetetereretetetelete’s
o e
o ETETeTeTete e e e e%s
AT eyt
ettt tetetetetl Y

dl a [ Gén Ua{ S 27l 1 dl dl a [ %
Hana plag 11,1:] ﬂ?% Mj aunluiAnsSunnLaY
a 214U

mﬁu@@ﬂﬁﬁﬂw%xm AUNU LLANITLARN ALUUBLLATN Sl,lﬂfl NH UL UANFNNAU AN

a dl dl a “ o Aa : a
o mﬂﬁz@ﬂﬁmﬁgﬁfmﬁ v ﬁ?ﬁ{ﬁmmwm i
ALNUNA AL LALAATA Y0 (1UNA19 30 AT INa SUANTULNNT

dll dl =] A a a A 7 d; = a o dl a
LARRAUN mmmnumiﬂummu@immqmim@@umgmmuﬁmgﬂ‘ﬂ A.2 LASHNRARIAAN

3

717 A.3 WanaadlaausmlunialdlidainsnaeunyuesiysagLn A4 uazyudarqaia

v
o

dl =3 7 o dl dl :I/ a 1 o o a a
317 A5 aziulfdidnsuznisaaeutuiauLanseiuiclunuesdysuaAaRqa
danalifdaelunispaauiuanaeniulddas Tnaniraaalaguanluidniladdaanig

tﬂl tﬂl 3'/ = o Aa ¥ 1 a a %
wasuniluunuerdyauasunudanqataandINiuaalaawan luials



121

240 .
—A— qud 1
210 ] +’3’uﬁ 60
? ] 1
o =
< —— JUf 120
a ]
-z 180T 147 180
= 4 4 o
. , H9NTLAAUT - il 240
150 - | .
97.140 24A U 300
e e . 4
-=- Juil 360
120 — T — = T | — 1 —

8.00 8.00 10.00 11.00 12.00, 45 00 14.00 15.00 16.00

LQ@’L(uﬁﬁﬂ’])

dl dl dl S a dll a a A 1
7% A.2 yuniswnaeunvawaf ladlien inuesiyaidagausdleawny o iAwmilenieann
ANTUAIUNANN 3,04{&13

f“ d El
y iy -~
n":‘.‘ '\ N
F 23
F i id
ff;w p;
F ' |
60 oS
:-------- ,‘c""' = LERA RS " EEEEEEEEpN _‘_'i/uﬁ1
T —=— Juil 60
(= —TpT - .
= f —— Su§1 120
2 _
Z T T 2 Fuil 180
= AINNITLARRUN 36.925 . r
Pl T | N M. L —— Jui 240
o= 3 1) = |
—— Jui 200
10
-=- Juii 360
O T T T T T T T T T T T T T T T T T T
8.00 9.00 10.00 11.00 12.00 1348 14.00 15.00 16.00

Kva PhARAN)

dl dl dl a v a dl a a A ]
g‘ﬂ‘V] A.3 HNﬂ’]ﬁ‘Lﬂ@@u‘V]’ll‘ﬂ\‘ILEI@I@?NLLMWluLLﬂuﬂ@m@ﬁLQJ@Q’\\‘]LE@I@’&LLWV] W NALNUBNINAIN

ANTUAIUNANE 30 LNRT



ALY (B9A)

o

-80 3

9.00

10.00

11.00

12.00

AN (Hfiad)

-

13,00

14.00

15.00 1

A i1
- 3uii 60
—— 54 120
Fuit 180
—— 34 240
—— 3 300

-= fuil 360

917 A.4 yunsrReuNTENH Abealsin luinuasdnsiia 1 9ER laauAn 1 A lFungann

AWML (B4AN)

o

ANTUAIUNANE 30 LslT

80 5

60
50

40 3

30

20

70 3

)
= _llai 4
v
& BF2E7 R
SEEEEEEEENEEN IIIIIIIIIIIII*I.I_‘IIIIII-IIJJI;I‘:III.III.IIIIIIIIIIIIIIIIII
¥ e 3
; g// P —
\ ; TRNNTIANBUN 42.869 BIAT
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

198 (M9RP9)

16.00

A ST 1
- 51 60
—— 517 120
Fuh 180
—— 5 240
—— 5§ 300

-5 §ud 360

dl dl -dl a v Aa -dl a a Yo
gﬂ‘V] A.5 HNﬂ’]ﬁ‘Lﬂ@‘ﬂuWﬂl’ﬂﬂLﬂ@I‘ﬂ@LLWWIMLLﬂu@@m@@LN@QWQL@@I@’&LLWVI U 7iAlAvneann

ASUAIUNANY 30 LRIT

TUgUN TN AL UM TP R e LT BeND LB L s Az S aRan lsaL 1 T
q q L]

1
2
3

clear

dayss=[1:100]*3;
calculationDAY=length(dayss); %Day that you want to calculate 1 - 365 day******x***
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sst=1;%calculate every (1/sst) hour

length3=8; %screen high

HelioZ=0; %L screen to heliostat

pixelHeliostat=500; %resolution max altitude azimuth (60 up)

%
iC=1;% count

iC2=1; =
iC3=1;

iCday=1,;
maxmimumPix=pixelHeliostai+1; "|

for ix=1:pixelHeligstat/2+1 !
for iy = LimaxmimumPix >
minusHeIio:pierHeIiostat/GO;"’;h

HelioX=-30+(ix/minusHelio-1/minusHelia);
HelioY=30-(iy/mifus Helio-1/minusHelio);
Xp=-HelioX; %L heli6&tatto screen
Yp=-HelioY; %L heliostatto screen.
Zp=length3;, %L heliostat to screen

for iDN=1:calculationDAY; %What date is it?
dn=dayss(L;iDN); %show day

for ST=8%sst: 16*sst; %What timeyis:it?
ST=ST/sst;%timel/sst

D=23.5*sin((360/365)*(dn+284)*pi/180)*pi/180;
H=15*(12=8ST)*pi/180;
la=-15*pi/180;
Al=asin(cos(la)*cos(D)*cos(H)+sin(la)*sin(D));
if H>=0
A2=real(acos((sin(Al)*sin(la)-sin(D))/(cos(Al)*cos(la))));

else A2=real(-acos((sin(Al)*sin(la)-sin(D))/(cos(Al)*cos(la))));

end
Nsun=[cos(Al1)*sin(A2) cos(Al)*cos(A2) sin(Al1)];
NsunX=Nsun(1,1);
NsunY=Nsun(1,2);
NsunZ=Nsun(1,3);

npoint=[Xp,Yp,Zp];
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56 NpointUNIT=sqrt(Xp"2+Ypr2+Zp"2);
57 Npoint=(npoint/npointUNIT);

58

59 nhelio=Nsun+Npoint;

60 nhelioX=nhelio(1,1);

61 nhelioY=nhelio(1,2);

62 nhelioZ=nhelio(1,3);

63 nhelioUNIT=sqrt(nhelioX"2+nhelioY”2+nhelioZ"2);
64 Nhelio = nhelio/nhelioUNIT;

65 NhelioX=Nhelio(1,1);

66 NhelioY=Nhelio(1,2);

67 NhelioZ=Nhelio(1,3);

68

69 AlHelio=asin(Nhelio(1,3));

70 if Nhelio(1,1)>=0

71

72 AzHelio=aces(Nhelio(1,2)/cos(AlHelio));
73 else

74 AzHeIio:-acos(NheIio(l,2)/cps(AIHelio));
75 end

76 DegAltitude(iC,1)=AlHelio*180/pi();

77 _a

78

79

80  DegAzimuth(iC,1)=AzHelio*180/pi(); « +

81 iC=iC+1; )

82 end ==

1 S SOO— end perDAY: ...
84 iC=1, s

85 p-

86 DegAzimuth=DegAzimuth*1000;
87 DegAzimuth=real(DegAzimuth);

88 DegAzimuth=DegAzimuth/1000;
89 maxAz=max(PegAzimuth);

90 minAz=min(DegAzimuth);

91 deltaAZ=maxAz-minAz;

92

93 %-----522--- Adjust 360 deg start---------- koot
94 if deltaAz>=180

95 opendeg=1; %1 --open ' 0--close

96 else

97 opendeg=0;

98 end

99

100 if opendeg==1

101 iIAZ=length(DegAzimuth);

102 for iii=1:1AZ

103 if DegAzimuth(iii,1)<=0;

104 DegAzimuth(iii,1)=360+DegAzimuth(iii,1);
105 end

106 end

107 end
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%---max start

MaxAzimuth(iCday,1)=max(DegAzimuth)-min(DegAzimuth);

MaxAltitude(iCday,1)=max(DegAltitude)-min(DegAltitude);
iCday=iCday+1;
%---max end

-“AdeSt 360 deg END-----=---- dkkkkkkkk

for iiii=1:length(DegAltitude)
MoveAltitude(iC3,1)=DegAltitude(iiii,1);
MoveAzimuth(iC3,1)=DegAzimuth(iiii,1);

iC3=iC3+1,;

end

iC2=iC2+1,;

end

AreaAltitude%oix

iC=1;% count (

:Siiﬂuil’mﬂﬂ‘mﬂ']ﬂ‘i

iCday=1

ﬁfﬁ’]a\‘iﬂ‘im UANAINYAY
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imagesc (AreaAltitude)

figure

imagesc (AreaAzimuth)
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Transmission Error Compensation for Heliostats
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Abstract

Solar energy has long been considered an ultimate solution
to our energy needs. Solar furnace is a possible way to convert
solar energy into thermal energy. To obtain high power and
temperature, the system usually employs a single central receiver

and a large number of heliostats. The heliostats must be

J'degree or 6.7 times in reduction.

designed to achieve a high degree of targeting accuracy. To
reduce cost of heliostats, open-loop positioning system based on
stepping motor and gearing are used. Although, accurate but
costly encoders are not used in the open-loop system, in
accuracy of the system may be recovered. Two methods were
proposed. In the first method, all transmission errors were
recorded and used to compensate the input command of the
stepper during actual positioning. With this method, transmission
error can be reduced from 0.176 degree maximum to only 0.0263
However, large amount of
On the other
the second method used a 6 order polynomial to

represent the data compactly. As a result, the error can be

reduced to 0. 126 degree maximum which equals to 1.4 times

reduction._The second method may be desirable if errors from

gear tooth are'small compared to eccentricity of the gear.
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AGMA (American Gear Manufacturers Association) [2]

AGMA Number of Teeth and Tooth-to- Total
Quality Pitch Diameter Tooth Composite
No. Composite (Error)

(error)
5 Over 20 teeth, over 4in 0.0027 0.0072
6 Over 20 teeth, over 4in 0.0019 0.0052
7 Over 20 teeth, over 4in 0.0014 0.0037
8 Over 20 teeth, over 4in 0.0010 0.0027
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HAWAANLNAUUITAININ Y (83¢1) , aEp = ANUHNANRIANENAY IS

& &
mnaﬂ@muﬁum aaguu (83¢11)
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