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~his report is presented in 4 Volumes. The content of these volumes 

is as follows: 

This volume 
~ , 

Volume I - Sections 1.0 - 3.0 

1.0 Introduction 

2.0 Summary of Results 

3.0 Northrup Heliostat Description 

Volume II - Sections 4.0 - 8.0 

4.0 Manufacturing 

5.0 Transportation 

6.0 Field Assembly and Installation 

7.0 Maintenance 

8.0 Cost Estimates 

Volume III - Appendices A - E 

A. Bill of Materials 

B. Part Drawings (Subassemblies) 

C. Assembly Drawings 

D. Trade Studies 

E. System Studies 

Volume IV - Appendices F - J 

F. Control Software 

G. Test Results 

H. Manufacturing 

I. Specification S-lOl 

J. Specification S-102 

LEGAL NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United St~tes, nor the DOE, nor any person 
acting on behalf of the DOE: 

a. Makes any warranty or representation, express or implied, with 
respect to the accuracy, completeness, or usefulness of the infor­
mation contained in this report, nor that the use of any information, 
apparatus, method, or process disclosed in this report may not 
infringe privately owned rights~ or 

b. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, 
method, or process disclosed in this report. 
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9.6 Control Software (Appendix F) 

The control software for the Northrup II 

heliostats consists of two packages, one handling the external 

data processing, communication, and control and one handling the 

internal data processing, communication and direct motor control. 

The Heliostat Controller specification, 

Figure'F-I defines the word structure used to communicate control 

information and status information between the two software systems. 

An overview flow diagram of the ''Mini HAC" 

software package to be implemented in the Hewlett Packard 9825 desk­

top computer system is shown in Figure F-2. 

The detailed software flow being implemented 

in the Northrup Heliostat Control Electronics is described on pages 

F-8 to F-II. The flow chart for the Heliostat Controller is included 

in pages F-12 to F-29. The text margins are annotated with the 

applicable flow chart step numbers. 
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FIGURE F-l (Sheet 1 of-4) 
REV 4 DATE 3-28-8"-

HEL I OSTAT CONTF~OLLEF.: (HC) SPEC I F I CAT I ON 

:3. 1 D.:e.ta F ot-on°.-Et.t 

The d.:'.ta -r.:.t-·mat betl.IJeen the he 1 i .:.stat arid the contr-'c, 1 led sha 1 1 be 
pet'" the -r':' 1 lolJJ i n-at tab Ie : 

WOF.:D 
1 

.-. .;,. 

4 
5 
6 

FUNCT I ot·~ 
Adclt-'ess 
Azimuth(ms b~te) 
Azimuth(ls b~te) 
Elevation(ms b~te) 
E leva.t i c.n (Is b~te) 
M.: .. le 

3. 1. 1 Bi t Confi ·E:tIJr·ation 

The da.t.:.. 1,I,Iot-·d sha.l 1 C:l:.t"!s i st c.f c.ne star·t bit .' tl,l.l':' stop bits .' ::: 
da.t.:.. bits., arid no pa,t"' i t·~ bits. 
3.1.1.1 Time Out 

The HC sha.l1 r'ece i •· ... e 6 1)J.:.t-·ds lC'er-' 1C·.:'l"'.:..-atr·.Et./':·h :;:. 1 • The 1.I.h:.t-·ds 
sh.:..ll be selOal'"'a.ted on 1'~ b'~ the n.:.t-·ma.l tl.I,IC' StC'IC' bi ts. If 
C':'flUfll.m i ca.t i c.ns is k.st duro i n-:'1 tr·.:.nsm i ss ion J the HC sha.l1 time .:.ut 
.:..fter· 1. 5 b~tes (I,IJot-·d len-atth) a.nd c:ont i t"II.~e i ts t:'t"'ev i CIIJS opet-·a.t i on 
until a new instruction is received. 

:;:. 1 • 2 Addr'ess 

TIJ.":' Addr'ess sha.ll be IJsed fc.t"· IOr·otc.t·~IC·e des l-att"l. 
He 1 i c.stat 1 sha 11 be addt"'ess 01 
he 1 i .:.st.:..t 2 sha 11 be adclr'ess 02 

:3. 1 • 3 Az i muth a1"ld E le'",'at i c.t"! ",c.st i .:.t"! 

Pos i t i .:.t"I sh.:.. 1 1 c:l:.ns i st ':'-r tlJ.IO 8 bit tl.h:.r·ds. A IOC'S i t i .:.n .::I:.mmancl 
sh.:..l 1 be a11 a.bs.:. ltJte C1.lJa11t i t·~ tlJ i th the· least s i -atn if i carlt bit be i t"!-at 
e':'I.l4·:" 1 to 125 rJ).:.tor steps. 

The he 1 i .:.st.:..t 10 r.:u::ess,:.t-· sha 11 suf$ra.ct the c:l:.mm.:..nded IOC'S it i c.rl 
-rr'om the a'::CUfl'IIJ lated pos i t i .:.n arl.l cc.mmand the stelOt=-et-· mot.:.t-· to 
move the di-r-rerential steps. 
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Figure F-l (Sheet 2 of 4) 
3. 1 • 4 The ~1ode byte 

The Node byte is def i ned by th!? fot-·ma.t sh.jIJ)n be Ie.I.tl. 

If Bit 2 = 1 
Bit (1 AZ = 1 C:ttl 
Bit 0 A-:r .::.. = (1 Ca:::I.IJ 
Bit 1 EL = 1 Ctl) 
Bit 1 EL = (1 C:CV.I 

IT Bit .-. 
.:::. = (1 

Bit 0 = 1 AZ ::;t.:.t:· 
E:it (1 = 0 Contim..le !C·t·e' ... ' i .jUS .:.pet-· .at i C.t-I 
Bit 1 = 1 El ::;totco 
E:i t 1 =, (1 Continue te·t-·e'·.·' i dus o!C·et-·at i C.t-I 

E:i t .-. .:::. = ~1.://:4e i nd i c:.at i orl fc.to. bits (1 and 1 

Bit .-. .,:. = 1 81el.I) AZ 
E:i t '-. .;.' = (1 Tto.a.ck AZ ~ 

E:i t 4 = 1 81ettl El to 8tolJ) 
Bit 4 = f1 Tr·a.ck El 

E:i t 5 = 1 ~:e·:1.1.~est 8tatl_~s 

E:it ~ -' = 1 8et ,,·c.s i t i c.t"! 

Bit 7 = 1 C leat-- ma.l fW-I.:::t i .:.n statl~s 

The IJ.laJ-::e UP o·I.://:4e clef i t"les the 10'~ i c used tc. pc.ulet-· I.4te· the 
he 1 i .:.sta.t in the f(I.:.t-·t"! i n·~. The he 1 i c.stat c.jnt··c. 1 ler' sha 1 1 ut:oon 
tco':'lJ.Iet·· I~t:o -.:::hecl< 1 i mit StJ.I i t.::h sta.tl~s and iT the StC'UI 1 i mit SUI i td-I is 
in the nor·ma.l mode sha.l 1 execute the cor(lr(I.:'.nclecl "'os i t i on. It sha 11 
chec:k the lir(lft sUlid-1 status a.fter· 2 stete·s at-Id cc.ntirlue if the 

. limit sl.I.litch is ·c.tcoen. If the limit stvioh is ck.sed it sh.all stc.t:· 
a.l 1 nK.tor· or.·er;a.t i .jn at-Id set ·a status bit. 

The he 1 i c.st.:'.t st.atl4s sha 11 be sent ut:·c.t"I r·eC1.uest ft-'om the 
':!ljt"ltr'o 1 let-·. The status sha 1 1 cc.t"lS i st of the fc. 1 le.I)) i n-;t : 

~~ORII 
1 
2 
3 
4 
5 

FUNCTION 
Az i muth':: ms b·~te) 
AzimuthCls byte) 
Elevatiot"lCms byte) 
E le~ ... at i c.n (Is byte) 
8tatl.4s 
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Figure F-l (Sheet 3 of 4) 
3.3. 1 P':lsi tiot-. 

The he lic,stat COt-,tro ller sha 11 keet:' tro9.ok of. i-ts aCOl~ hAmated 
t:'IJS i t i 1:.t"I • It sha 11 send tt-. i s t:'os i t i cln ut:'on r·equest· TrlJm the 
mastet... cClntr'IJ 1 Ie". 

:E:i t F' .. It",,::t i IJt1 

0 AZ C:ll' limit S'.I.1 
1 AZ 1::1::1.1.1 limit Sl.l.' 
"". t!. E1 1::0.1 limit S'.I.I 
'':0 
'-' El 00').' limit SRi 
4 t1t:ltIJt-· movement AZ 
5 ~k,tclt .. t11:lvement EL 
6 ~Ja!<e ,_~t:' Ina 1 TUt"lC:t i Ot-, 
7 PIJI.I."=t-' dr'ot:' CIUt 

Bits 0 .:.t-,d 1 sha.1 1 i t"ld i I::ate AZ 1 i mit SI.I.I i tcih .act i V.9.t i on iT Bit 
4 = 0 .9J"'ld sh.9.1 1 i nd i I::a.te motor' n·I.:II.}ement iT E: it 4 = 1. 

Bits 2 arid 3 sha.l 1 i nd i 1::.9.te EL 1 i mit sw i td-, act i I ..... at i .:It"I iT Bit 
5 = &Z1 ·:.t-,d sh,9:11 indil::.ate ri,cltm-' ilKlvement i of E:i t 5 = 1 

:;:. ::::. 2. 1 1·J.9!<e Ut:· Na.l TI.mot i on 
A 1.I.I.9!-::e w:· m.9.1 TI_mot i 1:ln sh.9.1 1 be deT i ned ·9S the i n.ab iIi t·:! 

OT the he liclst.9.t tlJ dr·i' .... e CITT 1:lf the limi t sJ.lji tches. 

3.3.2.2 F'ol.lJer· dt-·op c"~t is deTined ·as t:·cIUJet-· w:' with the limit 
sR'i t.::hes 1:lpen. 

3.4.1 Malfunction Conditions 
He 1 i OSt.9.t rillJtor's sh.9.11 r·eril.9.i n oTf .9.-f:ter-· a. ma.l fW-II::t i CIt"! 

I::c,nd i t i ot"! (lI.I ill not e>::e'::I.~te,:a:'mril.9.no:~S ) 

- ::::. 4. 1 • 1 E: it seven ':'T the rill:ode sh.9.1 1 t-'eset the he l1':,stat tlJ nc't-·fj"J.9.1 
clt:'er' .9.t i ':It"! (.9, 1 kll.l.l the c,:,ntrcI 1 let-· t,::.. rf'I:,~}e the he li I:.sta.t::. • 

3.5. 1 A.::c:e let-·a..tion IT tU.h:1 rilcltl:lt"·s ar'e r·e·:'I.I.~it-·ed to mCII.}e tCI a. 
posi ticlt"I sim'_41t.9rleol_~s 1'::1 the '::I sho9.ll ·9.Ca::e ler-·a.te in p.91"'.:'.11e 1 .9i"1d ~Klth 
sha.l 1 de.:..cce let-'ate 1".lhen e i ther-' motm-' is r·J?·:'I.1_4 i r'ed tl:O stoP. After-' 
l:U:lth rIKltl:,t"·S stop the motm-' t-·e·:'I.I.4 i to. i t"I':'1 .9.dd i t i (In·:.. 1 t:·os i t i on-flll:I' .... ement 
5h::..ll resume r,IJrma.l clt:oet"'ation (see -fi ~ure F-l). 
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Heliostat Controller Software Performance 

After power-on reset the processor will vector to the start of the 

program. The first task is to initialize the programmable hardware, 

internal position, and status control bytes •. 

After initiali~ation the program will test the home limit switches 

to see ~f the mirror was stowed at the home position. If the limits are 

open then it will be assumed that power has been lost at some time 

during mirror control. If this case has been detected then the power 

drop out bit will be set in the status byte. 

If the mirror is at the home position, then the program will try 

to move the mirror two positions off the limit switches. This will 

test the motor operation and limit switches for malfunction. If the 

limits don't open then the wake-up malfunction bit will be set in the 

status register. 

If a malfunction has occurred then the program will allow commands 

to be received but will only recognize a request for status or a reset 

of the malfunction status 'or both. A reset of the malfunction status 

shall transfer the program control to normal command operation. 

In normal command processing the program shall wait for a command 

to be fully received before decoding takes place. After a command is 

received the first test is for proper device address. If the address 

is incorrect, then it will clear the command ready and return and wait 

for the next command to be received. If the address is ok then the 

status will reflect the current status of the limit switches. 

The next operation will clear the command ready and then test for 

high speed operation. If high speed is requested then a bit will 

be set in the direction register. Set position is the next command to 

be decoded. If this is requested then the absolute position will reflect 

the command position. 

If status is requested then the transmitter interupt will be 

enabled and the current position and machine status will be transmitted. 

After this operation the program will transfer back to the wait for 

command routine. 
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If the stop motors bit is set then the program will transfer back 

to wait for the next command. This is performed because slew direction 

could not be calculated properly. Slew motor is the next test, and if 

set then the motor direction is tested and the Slew motor and direction 

bits are set in the direction register. 

If tracking is requested then the absolute position is subtracted 

from the command position and the result is stored in the Step registers 

and the direction register will be set for clockwise. If the result 

is negative then the step registers are complemented and the direction 

register is set for counter-clockwise. This operation is performed 

for both azimuth and elevation. 

The status register is set with the limit switch status and then 

the program will call the motor movement routine, and then will return 

the wait for command.routine. 

At the start of the motor routine it will initialize the acceleration 

step register with the number of acceleration/deceleration steps. 

Both motors will be turned on and home position zeroing will be turned 

off for that motor. The next test will check if the motor is moving 

into a limit switch. If it is then that motor is turned off. 

The program will now test to see if there are any steps to be 

performed. If there are none then the motors are turned off. If only 

one step is to be performed then the step motor bit is set in the 

stop register. If the motor is slewing then this step is omitted. 

If both motors are turned off at this time then the program will return to 

where it was called from. 

The next operation will test the motor to see if it is on and if it 

is then it will set the status register to indicate operation and 

the direction it is moving. 

The number of steps per position will be set at the start of the 

motor movement loop. At the start of the loop the program will delay 

30 IJ.. s for each acceleration step. 

A test will be made to see if a command was received during 

F-9 

42-49 

55-66 

67-80 

81-88 

89-91 

92 -105 

106-115 

116 -:117 



motor movement. If there was then it will test for proper address, 

status request and stop motor command. If stop motor command is 

received then stop motor bits will be set in the stop register and the 

command ready bit will be reset. 

The next test is for high speed. If this bit is set then the 

program will skip a 500~s delay for 1000 step per second timing to 

an adjustment for 2000 steps per second maximum speed. 

If the motor is on then it will test the direction register and 

will pulse either the clockwise or counter-clockwise line for 10tts. 

After the step a test will be made to check if the motor hit a limit 

switch. If it did then the stop bit for that motor will be set. 

The number of steps left will be decremented. If there are 

more steps left then it will test to see if any motors are stopping. 

If so then it tests to see if there are enough steps left to decelerate 

the motor. If there are it sets the decelerate bit. If the decelerate 

bit is set then the delay steps are incremented • 

. If no motors are stopping then it tests to see if it is at maximum 

speed. If not then the number of delay steps are decremented. 

After 125 steps have been performed then the absolute position 

will be incremented or decremented depending upon the motor direction. 

If the motor is not slewing then the number of position steps are 

decremented. If the stop bit is set then it tests the deceleration 

bit. If it is also set then the motor is turned off and status is 

set to reflect the status of the limit switches. If the step bit is 

not set and the number of position steps left is one, then the stop 

bit is set. 

If the motor is slewing then a test is made on the stop bit. 

If set it makes the same test on the deceleration bit. If it is 

not set the program continues. 

A test is made at this point to see if either motor is on. If 

they are then the deceleration bit and the stop bits are reset if a 
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motor was stopped. Then the program transfers back to the start of 

the motor step loop. 

If both motors are stopped, a test is made to see if a home limit 

switch is on. If it is then the zero position bit is on. If it is 

also on then the motor is stepped back onto the limit switch and the 

absolute position is set to zero. After this program transfers 

back to the place from which it was called. 

After an interrupt the processor vectors program control to the 

interrupt service routine. The internal registers are saved and a test 

is made to see if the serial I/O device caused the interrupt. If 

not then it assumes that it was the timer. A timer interrupt will 

199-213 

214-216 

reset the byte counter in the receiver. A timer interupt will be caused if 

there is a transmission failure. After the interrupt was serviced then 

the internal registers will be restored and will return to where it 

was called from. 

If the serial I/O device interupted then a test is made to see 

if it was the transmitter or receiver section. If it was the 

receiver, data is read from the device and saved in a table. Then the 

timer is set for a byte and a half time out, the registers are 

restored, and the program returns. If it was the last byte to be 

received then the command ready bits are set and the Timer is disabled. 

When the transmitter interrupts the data is read from a table 

and it is transformed to the data register. If it's the last byte, 

the transmitter is disabled from interrupt and the number of bytes to 

be sent is reset. Registers are restored and the program returns. 

F-ll 

217-226 

227-233 



FLOW CHART FOR HELIOSTAT CONTROLLER (Page 1) 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

( START ) 
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Stack 
Disable Timer 
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I 

Clear All other 
Registers to 0 

1 

Test limits 
for opens 

~ open 
? 

/ 

NO 

Set Motors 
for 2 steps 

Test limits 
for closures 
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14 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

No 

FLOW CHART FOR HELIOSTAT CONTROLLER 
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malfunction 
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34 
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38 

39 
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FLOW CHART FOR HELIOSTAT CONTROLLER (Page 3) 
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42 

43 
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FLOW CHART FOR HELIOSTAT CONTROLLER (Page 4) 
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57 

58 

59 . 

60 

FLOW CHART FOR HELIOSTAT CONTROLLER 
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FLOH CHART FOR HELIOSTAT CONTROLLER ( Page 6) 

67 

68 

69 

70 
71 

72 

73 
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FLOW CHART FOR HELIOSTAT CONTROLLER (Page 6 A) 
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FLOW CHART FOR HELIOSTAT CONTROLLER (Page 8) 
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FLOW CHART FOR HELIOSTAT CONTROLLER (Page 9) 
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9.7 Test Results (Appendix G) 

9.7.1 Electronic Tests 

9.7.1.1 Computer Control of Northrup I Heliostat 

The initial electronic testing activity 

was the bench evaluation of the Superior Electric Co. STM 101 translator 

and the computer controlled operation of Superior M063-FC06 

stepper motors with the STM 101 translator. The M063 is rated at 100 in-lb 

in the 0-500 step/sec speed range. 

Due to the high end to end gear ratio of 

Northrup I, 180:1 motor gear head x 440:1 Heliostat Drive (79,200:1 

total in azimuth) and~80 x 520 = 93,600:1 in elevation) the 

laboratory size stepper motors could be used for a full scale heliostat 

computer tra~ing experiment. 

A simplified translator was built and software 

designed to drive the heliostat in a tracking mode. This translator 

was tested on the Northrup I heliostat. The Commodore computer was 

used to drive the translator. A basic program was used to calculate 

the step commands from time of day, heliostat and target coordinates. 

The step commands were then passed to a machine language program that 

drove the translator. The translator interfaced to the computer 

through a 6522 versatile interface adapter. A small stepper motor was 

used to drive the Northrup I heliostat through the existing motor 

and gearhead. This was enough to demonstrate tracking but not to 

slew. Slewing was accomplished with the AC Bodine motor. Good tracking 

was demonstrated with the stepper motor for about a six hour period. 

A low power mode was demonstrated with the 

Northrup translator design. This was accomplished by adding a fifth 

mode to the logic table that turned off all the transistor switches 

at once. The drawback to this method is that no holding torque is 

available during the low power mode. Test results on the heliostat 

showed no loss of steps during the low power mode on elevation and 

some loss of steps in azimuth. Later analysis of the azimuth problem 
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showed an abnormal amount of backdrive in the drive mechanism due to 

a soft rubber coupling between the original motor and the stage 1 

worm shaft. 

9.7.1.2 Limit Switch Tests 

The accuracy of the electronics and stepper motors is 

dependent on the position reference offered by the home position 

switch. In order to verify part specifications and obtain confidence 

in our design we constructed a limit switch tester. This tester 

consisted of a small stepper motor driving an actuator through several 

stages of gear reduction. Special software was designed to drive the 

motor into the switch, back it off, and record the position. The 

accuracy of each step of the motor was .000047 inch which amounts to 

.0047 mr for a 10" arm. The test was performed over a period of 

three days and a few hundred data points obtained. The repeatability 

was within plus or minus 3 steps. 

9.7.1.3 Translator Tests 

Three different translators were procured and a fourth 

designed and built. 

The first type of translator tested was the Superior 

Electric STM 101. This unit consisted of power drivers and sequential 

switching logic. This translator requires either external pulses 

or allows internal speed control. The design simulates constant current 

to the motor with high supply voltage and series resistors. This 

translator has the disadvantage of dissipating more power when the 

motor is at rest than when moving. The power supply required is 

24 volts at 6 amperes. Since the motor windings see a constant 

voltage source in series with a resistor, the motor quickly runs out of 

torque at the higher speeds due to the the back emf generated. The 

internal logic in the translator converts input pulses to a logic 

configuration which can be easily generated by a microprocessor. 

Software for driving the translator was developed for a 

stand alone heliostat controller. By using the Commodore computer for 

the development system we were able to change from the basic heliostat 
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driver to a machine language driver in one computer and a serial 

data transfer to another computer. Once the machine language program 

was checked out, the program was burned in a 2716 EROM that was 

plugged into the Commodore computer and tested. Once checked out a 

breadboard was built and checked for driving the stepper motors 

through the Northrup translator. After checking out the motor speed 

torque characteristics on a dynamometer it indicated a need for improved 

torque at high speeds. Several software strategies were developed 

for slewing the motor at high speeds. These techniques involved 

pulsing the motor during each step. This technique showed the need 

for analog feedback to control the motor current in the absence of 

current limiting resistors. 

TC 600 Translator Tests 

The Superior Electric TC 600 translator was tested for 

performance with the Ml12-FJ-326 and the M092-FO-3l0 motors. The 

results showed good torque/speed performance and a high amount of 

heating in the stand-by mode. The translator required four external 

supplies' one of which was 70 volts at 10 amperes peak current. The 

unit generated high current switching transients at a frequency 

higher than the stepping rate. 

TBM 105 Translator Tests 

The TBM 105-9214 and the TBM 105-1230 were tested with 

the M092-FD-3l0 and the Ml12-FJ-326 respectively. The results 

showed moderate torque/speed performance and small amount of motor 

heating. The translator was self contained and only required a 

110 volt supply. The only transients generated were the stepping 

signals to the motor. 
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9.7.2 Mechanical Tests 

9.7.2.1 Component Tests 

9.7.2.1.1 Mirror Module Hail Test 

Extensive mirror module hail tests have been performed through-

out the contract period to verify the adequacy of the mirror-silicone grease­

steel substrate to resist breakage. Some initial tests were performed 

with "specification" ice balls of 0.75 inch diameter at speeds of 65 ft/sec. 

However, breakage was virtually non-existent, so subsequent tests were all 

performed with "margin" ice balls of 1.0 inch diameter. 

A pneumatically-powered hail gun was constructed at the Northrup­

Hutchins facility. Photoelectric sensors were employed to measure the 

time interval over a fixed, known distance which enabled the velocity 

to be comp·uted. Various velocities were achieved by adjusting the 

chamber pressure which propelled the hail balls. The firing of an 

ice ball was accomplished by an electrical switch which in turn would 

trigger a solenoid valve to release the high pressure air into the barrel. 

Spherical ice balls of 1.0 inch diameter were made in a 2-piece 

aluminum mold which was fabricated specifically for this purpose. To 
o insure adequate hardness, the ice balls were frozen and chilled to 20 F 

maximum. 

For ice balls fired into the mirror interior area (away from the 

edges), velocities as high as 140 ft/sec could be tolerated without 

breakage. Edge hits would generally pass velocities up to 100 ftlsec. 

Infrequent breaks would occur at or near the edges at velocities near 

75 ft/sec. It is believed that these were generally caused by an 

existing edge defect such as a minute crack or chip, and an impact in 

the near vicinity would cause the defect to propagate from the defect 

to the impact zone. Generally, breakage was very infrequent even with 

the "margin" ice balls of 1.0 inch diameter, and velocities well above 

75 ft/sec. Hence, the mirror module des~ is felt to be very adequate 

from the hail impact standpoint. 
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9.7.2.1.2 Mirror Module Thermal Cycling-Freeze/Thaw 

A single mirror module (S/N 200078) was subjected to a series 

of thermal cycles in the Northrup environmental control room. A total 

of 10 cycles were performed. A thermal cycle consisted of heating to 

1200 F at the rise rate of 600 F/hour, stab±lizing at this level for 30 

minutes, spraying with ambient temperature water for 2-3 minutes, ramping 

down at 600 F/hour to 150 F, stabilizing at this level for 30 minutes, 

spraying with ambient temperature water for 2-3 minutes, and then cycling 

back to 1200 F. 

The objective of this test was to demonstrate,the functional 

and structural integrity of the mirror module. The primary aim was to 

determine if any damage results from thermal cycling, thermal shock, or 

freezing. Another equally important goal was to visually check the 

appearance for distortions or curvatures at the temperature extremes. 

The test instrumentation consisted of 4 thermocouples for measuring 

mirror module temperature at the following locations: 

a. Backside module sheet-adjacent to 48" rectangular cross 
I 

support member-left side. 

b. Backside module sheet-adjacent to 48" rectangular cross 

support member-right side. 

c. Mirror face-left end-approximately 3" inboard and near center 

of 4811 width. 

d. Mirror face-right end-approximately 6" inboard and near 

center of 48" width. 

In addition to thf:se temperature measurements, an optical 

"zebra-board" was constructed to enable a qualitative evaluation of mirror 

distortion and/or curvature to be made. The "zebra-board" was fabricated 

from a 4' x 12' mirror-less mirror module, painted white, and gridded 

with 1/2-inch wide black stripes on 4-inch centers. The "zebra-board" 

image in the mirror module being tested was visually examined and photo­

graphed at each temperature extreme. 

The test results indicated a complete success. No damage resulted 

from the thermal cycling, the thermal shock from the water spray, or from the 

resulting freeze-thaw cycles. The visual observations of the "zebra-board" 

revealed no observable curvature or change in distortion. 
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9.7.2.1.3 Mirror Module Survival Wind Load Test 

Test Objective: The objective of the mirror module survival wind 

load test was to verify the structural integrity of the adhesive bond 

joints and primary load paths through the attachments and adjacent rib 

members when subjected to loads comparable to a 90 mph wind. 

Test Description: Figure 9.7-1 illustrates the test set-up 

used for the mirror module survival wind load test. Since the test objective 

was to evaluate the mirror module adhesive and structure, a module with 

broken mirrors was used. The broken mirrors were removed prior to testing. 

The module was suspended from the 3 attachment studs (i.e., face down 

orientation), and dead-weight loaded with wet sand on the backside. Only 

one-half of the module area was loaded on test #1, and the opposite end 

was loaded on test //2 ·to enable two potentially destructive tests to be 

accomplished on the same module. 

Instrumentation: The instrumentation used on this test consisted of 

a load gage to measure the sand weight, and 7 dial indicators to measure 

deflections. The dial indicators were attached such that the deflections 

being measured excluded deflections of the load gage and the test fixture 

main support member. The 7 dial indicators were located beneath each of 

the 7 longitudinal mirror module ribs. 

r---------------,------,-----

LOAD GAGE 

FIGURE 9.7 -1 

MIRROR MODULE SURVIVAL WIND LOAD TEST 
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-WET SAND LOAD 

DIAL INDICATOR 

DIAL INDICATOR 
SUPPORT RACK 



Test Conditions: The test loads were based on a 90 mph wind impacting 

a heliostat in the vertical stow position. This represents an over-test 

condition because a heliostat would normally be stowed horizontally if 

a high wind were anticipated. With a 90 mph wind normal to the heliostat, 

a peak pressure at the geometric center of 2.38 times the dynamic pressure 
2 occurs. This corresponds to a loading of 37.4 lb/ft. Since only one-half 

2 of the mirror module area (24.0 ft ) was loaded on each test, an 897.6 lb 

sand weight simulates the worst case 90 mph wind condition. This load was 

applied in 100 lb increments with dial indicator readings taken at each 

increment. 

Test Results: Table 9.7-1 and 9.7-2 present the load and deflection 

readings for the two tests. It will be noted that the test loads were 

increased to a maximum of 1500 lbs in an attempt to cause a bond failure. 

The dial indicator deflections indicate normal bending, and no bond 

failure with one possible exception. Dial indicator #2 at the 1400 lb 

load on test #1 indicated a large, abrupt deflection which may indicate 

a local bond failure. Since this occurred at a high over-test load, no 

sections were cut open to confirm this possibility. 
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Table 9.7- 1 

Mirror Module Survival Wind Load Test - Run #1 

Load Dial Dial Dial Dial Dial Dial Dial 
Cell #1 #2 #3 1LL- ~ 11L- PL--- --
98 1b .030 " .121" .096" .105" .109" .059" .065" 

200 .029 .120 .094 .104 .110 .065 .075 

300 .030 .120 .094 .105 .113 .070 .082 

400 .030 .120 .094 .106 .116 .075 .090 

500 .031 .121 .095 .108 .120 .082 .100 

600 .032 .121 .095 .109 .124 .090 .110 

600* .034 .123 .097 .111 .125 .089 .109 
(j) 
I 700 .033 .123 .096 .111 .127 .093 .116 00 

800 .027 .122 .096 .111 .130 .099 .124 

900 .031 .122 .095 .112 .134 .106 .134 

950 .029 .121 .095 .112 .135 .110 .140 

1000 .029 .121 .095 .112 .138 .114 .146 

1100 .029 .121 .094 .113 .140 .119 .154 

1200 .030 .121 .094 .114 .144 .126 .164 

1300 .030 .122 .094 .114 .146 .132 .175 

1400 .032 - .143 .095 .116 .150 .138 .184 

1500 .025 .143 .091 .113 .149 .138 .186 

98 .018 .116 .089 .100 .103 .048 .052 

*After 1.5 hour dwell at this load 



Table 9.7-2 

Mirror Module Survival Wind Load Test - Run # 2 

Load Dial Dial Dial Dial Dial Dial Dial 
Cell 111 !11.-- #3 114 1tL- 1tL- 11L--- -- -- --

95 1b .026" .072" .124" .080" .055" .069" .023" 

200 .025 .070 .123 .080 .060 .077 .036 

300 .024 .070 .122 .081 .064 .085 .048 

400 .024 .069 .122 .082 .068 .091 .058 

500 .024 .068 .122 .082 .072 .100 .070 

600* .020 .073 .120 .083 .075 .110 .081 

700 .020 .067 .120 .084 .079 .115 .088 
G"l 

800 .019 .066 .120 .084 .082 .120 .096 I 
\0 

900 .019 .066 .120 .085 .086 .125 .104 

1000 .020 .066 .120 .086 .092 .135 .118 

1100 .018 .065 .120 .087 .096 .142 .129 

1200 .019 .066 .120 .088 .101 .149 .139 

1300 .018 .066 .120 .089 .106 .156 .149 

1400 .019 .066 .120 .088 .111 .160 .157 

1500 .020 .067 .120 .089 .115 .165 .165 

1200 .021 .066 .122 .091 .111 .156 .155 

105 .016 .066 .123 .081 .066 .079 .036 

* A rear support adjustment was made which shifted the readings slightly. 



9.7.2.1.4 Mirror Module Imperfection Evaluation 

Several tests were performed to evaluate mirror module and/or mirror­

only surface imperfections. One of these was a laser ray trace performed 

by Sandia-Albuquerque on. two mirror modules during the period December 15-

16, 1980. Figures 9.7-2 and 9.7-3 show the reflected beam deviation 

in inches and the corresponding deviation in milliradians for a typical 

scan across a mirror module. Note that two deviation values are provided, 

an x-deviation and a y-deviation for a scan which was made in the l44-inch 

(x) direction. Also provided are RMS-average milliradian deviations for the 

x and y component of the reflected ray. The following summarizes the RMS 

results for 11 such scans: 

Mirror 
Module 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

Scan 
/I 

4 

5 

6 

7 

4 

5 

6 

7 

1 

2 

3 
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Direction 

y (48") 

y (48") 

y (48") 

y (48") 

y (48") 

y (48") 

y (48") 

y (48") 

x (144") 

x (144") 

x (144") 

RMS of y-scans (48" direction) 

RMS of x-scans (1441: direction) 

RMS of both scans 

RMS Reflected Beam Deviation 
x - component 
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0.394 mrad 

0.756 

0.558 

0.544 

2.230 

0.922 

0.510 

0.608 

0.794 

0.750 

0.600 

0.987 

0.719 

0.863 

y - component 

1.386 mrad 

1.296 

0.958 

1.638 

1.876 

1.736 

1.680 

1.358 

0.926 

0.946 

0.692 

1.517 

0.862 

1.233 



Figure 9.7-2 

RAW DATA - LASER RAY TRACE EXAMPLE 

x - Axis Scan (144" Direction) 
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Figure 9.7- i 

REDUCED DATA - LASER RAY TRACE EXAMPLE 

x - Axis Scan (144" Direction) 

SLOPE ANGLE t.lAF:IATION FOR HORT1S f~" 72 SCHNUEO 16-DEC-80 
TEt'lPEr::ATtlRE = 69.9 
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~JARIATICtN IU \ .. lOr-' PLOT IN X E:OTTOtl PLOT 
LH~ES U~= -.783385 + .0149143 i< L'f= 39.6467 + .0114545 X 

LWEAR ~;CHt·' r;lONG Nlf·.:P.OF~ (;< A:<lS) 
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The interpretation of these data is not very straightforward. 

Intuitively, it would be ~xpected that the x-c~mponent of the ray variance 

for a scan in the x-direction would correlate with the x-component of the 

ray variance for a scan in the y-direction. Likewise, it would be expected 

that the y-component of the ray variance for a scan in the y-direction 

would be similar to the y-component of the ray variance for a scan in the 

x-direction. However, the data do not match these intuitive expectations 

for the x-components. If it is assumed that the most meaniful values 

are the RMS average x-component values from the x and y scans, and the 

RMS average y-component values from the x and y scans, the resultant 

RMS imperfection angles are 0.719 milliradians for the x direction 

(144 inch direction), and 1.517 milliradians for the y-direction (48 inch 

direction). 

One pertinent question regarding these data is what is the primary 

cause of these imperfections; is it the mirror glass or the module design 

and construction? A set of measurements were made on a 4' x 6' mirror 

facet at the Northrup-Hutchins facility to help answer. this. question. The 

measurements were made on a mirror only, not a mirror module. The mirror 

was placed on a very flat, leveled granite surface plate 5' x 7' in size. 

An 8" long calibrated Starret level was used to measure the surface angles 

at 45 locations on the mirror. The measurements were converted to milli­

radian angles and doubled to give reflected beam values. The RMS values of 

these measured angles were 0.771 mrad for the x-scan (72" direction) 

and 0.706 mrad for the y-scan (48" direction). Comparing these glass-only 

values to the laser ray data obtained on complete mirror module assemblies 

results in the following: 
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x-scan 

y-scan 

Laser Ray­
Complete 
Mirror 
Module 

0.719 mrad 

1.517 

Starret Level­
Mirror 
Facet 
Only 

0.771 mrad 

0.706 

The implication is a strong one, and is one which is consistent with 

visual observations: a large portion of the distortion on a mirror module 

is inherent in the mirror glass. The main area where this is not true is 

at the edges; the original edge seal was a commercial edging known as 

Bailey "C"-Sash. It mechanically gripped the mirror edge so tightly that 

edge distortions occurred. Since the y-direction scan is only 48 inches long, 

this edge effect strongly influences the RMS error measured by the laser 

ray scan. The new edge seal employs a simple "U" cross-sectional shape 

which is attached with a cure-in-place RTV silicone rubber. It also gives . 
a very tight edge grip, but via adhesion rather than a mechanical grip, 

and as such is nearly distortion-free. 

G-14 



9.7.2.1. 5 Water ~ Test 

The objective of the water spray test was to simulate a wash and/or 

driving rain of potentially sensitive components such as the drive unitt 

motors, and exposed cable harnesses. 

The test method consisted of spraying the area around the drive 

unit and pedestal from a distance of approximately 10 feet using an ordinary 

garden-variety hose and nozzle for a period of 20-25 minutes on 5 or more 

different days. The spray technique was to adjust the nozzle to achieve 

a droplet pattern and velocity similar to a wind-driven rain; i.e., 

a solid-stream jet was avoided. The heliostat was allowed to warm to 

a mid-afternoon ambient temperature, and then sprayed with cool tap water. 

Following the water spray operation, the heliostat would be operated for 

approximately 15 minutes. 

Due to schedule limitations on the he1iostat #1 unit, some deviations 

to the plan were necessary. The heliostat #1 unit was selected for test 

because it had a drive unit which had excessive backlash and was due to be 

.returned to Winsmith for tear-down and re-work. This provided an 

excellent opportunity to determine if any water penetration had occurred. 

Due to the test schedule and replacement of this drive unit, only 3 water 

spray cycles were performed on the complete drive unit/he1iostat assembly. 

However, an additional 4-day period of actual heavy rain conditions (i.e., 

10 inches of rainfall) had been encountered previously, so a considerable 

exposure was actually encountered. In addition, the drive unit was 

subjected to an additional 6 cycles of water spray after its removal from 

the heliostat and prior to its return to Winsmith for tear-down. These 

6 cycles were more severe than would normally be encountered for several 

reasons: 

a. The drive unit was painted a dark gray in color, and therefore, 

would warm more than the current white painted configuration. 

b. The drive unit was stored in a sunny area at the test site and 

was not shaded as it would be when installed on a heliostat. During the 

6 cycles of spraying, the drive unit was first warmed to a mid-afternoon 

ambient temperature, and then sprayed with cool water. 
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c. The d~ive unit being tested did not have the expansion chamber which 

is currently installed on all production units for the purpose of preventing 

differential pressures between the inside of the drive and the external 

ambient pressure. 

The results of the water spray test and actual rain exposure were 

as follows: 

1. The tear-down of the drive unit at Winsmith revealed no perceptible 

water in the oil, and no evidence of any rust on any internal parts. 

2. Water did enter the pedestal and wet the electronics during the 

actual heavy rain period. It was found that a small passage existed between 

the drive unit base and the pedestal tapered shims/flange. The opening 

was plugged with a small wad of duct-seal, and no direct water penetration 

was noted thereafter. 

3. Some rusting was noted at flange interfaces such as between the 

motor and drive, between the torque tube flanges and drive unit, and 

between the drive unit base and pedestal tapered shims/flange. These surfaces 

are now being coated with a layer of silicone grease (to both coat the 

surfaces with a protective moisture barrier, and to fill the minute cracks 

and crevices which were acting as capillary paths for water draw-in). 

4. A related observation is that some moisture was noted inside 

the pedestal walls and on electronic chassis surfaces even without water 

spray or rain. The phenomenon is undoubtedly caused by high humidity and 

cool pedestal/electronic temperatures. These temperatures were occasionally 

falling below the dew point, and the water vapor in the air then condensed 

on the cool surfaces. No visible damage or failures occurred from this 

condensation, but since it was undesirable, a technique was developed 

wherein the electronic cooling fan was always kept running. The small 

amount of power plus the moving air apparantly maintained the internal 

temperatures above the dew point so condensation no longer occurred. 
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9.7.2.1.6 Drive Unit Backlash Test 

Test Objective: The objective of the backlash. test was to 

experimentally determine the free backlash in prototype drive units 

built to drawing specifications. 

Test Description: The test was performed on three heliostats at 

the Hutchins Test Site on October 30, 1980. They were: 

Heliostat #1 (after changeout from the drive with undercut gears 

to the properly built drive) 

Heliostat #2 

Heliostat #3 

The backlash was measured with dial indicators as the rack and 

mirror structure was moved back and forth under light reversing forces 

to move the drives within their backlash range. The test was 

performed during very quiet wind conditions to avoid wind force 

disturbance as much as possible. 

The mirror surfaces were in the vertical position during the 

azimuth backlash tests and in the horizontal position during the 

elevation backlash tests. The dial indicators were mounted on the 

opposite wing from where the light force was applied, to eliminate 

bending distortions from the readings. 

In the azimuth tes~, a force of 20 to 25 lbs at a 9.75 ft 

moment arm was applied to ensure bottoming out the backlash in both 

directions. In the elevation tests, a force of 20 to 25 lbs, or that 

required to ensure backlash bottOming out was applied at a 9.0 ft 

moment arm. A force of up to 100 lbs was applied to overcome the 

inherent moment resulting from center-of-gravity offset. 

The 20 to 25 lb force application was made with a spring scale. 

The larger force applications during the elevation backlash tests were 

made manually and estimated only. 

Instrumentation: The only instrumentation required for this test 

was a dial indicator on a small mounting stand for the azimuth test, a 

dial indicator on a tall mounting stand for the elevation test, and a 

25 lb spring scale. 
A sketch of the locations of the dial indicators and force applica-

'tion points are shown in Figures 9.7-4 and 9.7-5. 
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Test Results: The backlash data is presented in Table 9.7-3. 

in terms of both deflection and mi11iradian rotation. 

Table 9.7-3 

Azimuth Elevation 

Deflection Rotation Deflection Rotation 

He1iostat #1 .113 in .785 mrad .119 in 1.102 mrad 
(new drive) 

Heliostat 112 .025 .174 .127 1.176 

He1iostat 113 .095 .660 .126 1.167 

Average .078 .539 .124 1.148 
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9.7.2.2 HELIOSTAT WIND LOAD TESTS 

9.7.2.2.1 Pointing Accuracy With Oper!tiona1 Wind Loads Test 

Test Objective: The objective of this pointing accuracy test was to 

experimentally determine the reflected beam motion about both the 

azimuth and elevation aXES when the he1iostat is subjected to 27 mph and 

35 mph winds. This test was performed to demonstrate the requirement 

that the pointing error of the reflective surface (excluding foundation) 

is less than 3.6 mrad in a 27 mph wind. It was also performed at a 

35 mph wind condition to determine the magnitude of the error, as the 

he1iostat is required to track, but has no accuracy requirement during 

this wind condition. 

Loading Condition: The simulated wind loads applied during this series 

of tests are those which produce the maximum moment about the drive axes, 

resulting in the maximum pointing error. The maximum wind moment 
o results from an angle of attack of 70 from a normal to the mirror surface, 

as shown in Figure 9.7-6. This moment was applied about both the 

aximuth and elevation axes. 

l~ 
Moment = 2768 ft 1bs (27 mph) 

= 4651 ft 1bs (35 mph) 

Heliostat 
Surface ~ 

• 

L 
~ 46.2"l-

1(,1571) 

24.5' 

700 

~ction 
Force 

Figure 9.7-6 Wind Load Condition for Maximum Moment 
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Test Description: The test was performed on Heliostat #3 at the Hutchins 

Test Site on October 20 and 21, 1980. All major structural components 

on this heliostat were manufactured according to Second Generation Heliostat 

prints and specifications. 

The beam motion due to wind moment was tested by applying the wind 

moment loads during actual tracking operations to get the effect of all 

contributing factors. The effect was recorded by actual photographs 

of the image on the target with and without the loading. 

During the testing, loads were applied and released in a short 

time span, to eliminate the possibility of tracking errors which could 

occur over a longer span of time. Rapid loading was accomplished in the 

azimuth tests by backing the scissor lift test rig until the barrel weights 

had lifted off the static line and were fully loading the cable. Then 

it was driven forward, released and moved to the other side for the 

reversing load. The azimuth test sequences were accomplished in approximately 

10 minutes. Rapid loading in the elevation tests was accomplished by 

using a hand hoist on each barrel weight and simply lifting the weight 

off the ground to apply load, then lowering it to the ground to 

release load. 

The test setup for the azimuth test is shown in Figure 9.7-7. 

The setups for the elevation tests are shown in Figure 9.7-8. 
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Figure 9.7-8 Test Setup for Elevation Loading 

G-24 



During the azimuth tests, the image was recorded: 

(a) at no load (before test) 

(b) during moment loading to the left (or right) 

(c) at no load 

(d) during moment loading to the right (or left) 

(e) at no load (after test) 

During the elevation tests, the image was recorded: 

(a) at no load (before test) 

(b) during loading with "down" moment 

(c) at no load (after test) 

No " up" moment loads were applied, as wind loading always produces 

"down" moments, which is additive to gravity moment. The elevation tests 

were run with the weights applied to the inner set of trusses and to the 

outer set of trusses in separate tests to account for any detectable 

differences which might exist. 

A beam displacing variable which is difficult to isolate from the 

tests is the effect of motor update cycles.. An attempt was made to 

minimize this effect by recording the image at approximately the same 

time following a motor update. The effect could cause a maximum error 

of approximately 20 to 30 seconds of sun time which is about .7 milli­

radians in azimuth and .1 milliradians in elevation. 
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The tests performed are tabulated below 

Test Ax!s Wind Load Loading Sequence or Location 

(1) Admuth 27 mph Left to Right 

(2) Azimuth 27 mph Right to Left 

(3) Ebvation 27 mph Inboard Truss 

(4) Elevation 27 mph Outboard Truss 

(5) Elevation 35 mph Outboard Truss 

(6) Elevation 35 mph Inboard Truss 

(7) Azimuth 35 mph Left to Right 

Test Instrumentation: No instrumentation was used other than 

a c~ra to photograph the image on the target. 

Test Results: The beam positions at the target were determined from 

photographed images. The centroid of eaeh image was established and 
, 

its position was scaled from each photo using the 5 ft grid lines on the 

target. Figure 9.1-9 through Figure 9.7-15 shows the actual photographs • . 
The starting position of each test sequence was normalized to zero 

and each position then was established with respect to the starting 

position. This value in feet of deflection at the target was converted 

to angular displacement (milliradians). It should be noted that the 

displacement at the target is the "reflectod beam" displacement. Therefore, 

half of this displacement represents the mirror surface motion, which is 

compared to the 3.6 mrad requirement after pedestal contribution is subtracted. 

The data is presented in Table 9.7-4. 
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Test 

(1) 
27 mph 

(2) 

27 mph 
Cl 
I 
w ...., 

(3) 

27 mph 

(4) 

27 mph 

(5) 
35 mph 

Wind Loading 

No load 

Pull left 

No load 

Pull right 
No load 

No load 

Pull right 

No load 

Pull left 

No load 

No load 

Pull down 

No load 

No load 

Pull down 

No load 

No load 

Pull down 

No load 

Table 9.7-4 Ref1eL~ed Beam Deflections 

Beam Deflection 
Ft • Ft • ---~ -------, 

(Actual) (Norm. to Zero) mrad* Graphic Description mrad 

+.25 0.0 0 1 -3.75 -4.0 -5.0 

- .25 - .5 - .63 
1

0 

I +2.25 +2.0 +2.5 10 

-1.0 -1.25 -1.56 10 

+1. 75 0.0 0 , 

+4.5 +2.75 +3.44 oJ 
\ 

+2.25 + .5 + .63 0 
, 
I 
I 

-1.0 -2.75 -3.44 0 

I I 
+1.5 - .25 - .31 I 

0 ! I 

+2.75 0.0 0 

I t + .5 -2.25 -2.81 0 

+3.5 + .75 + .94 I CI 

+2.5 0.0 0 I I L +1.25 -1.25 -1.56 1
0 

j 

+3.0 + .5 + .63 I 

+3.25 0.0 0 

I I 

1 0.0 -3.25 -4.06 0 

+3.25 0.0 0 I I 

5 4 3 2 1 0 1 2 3 4 5 

mrafl + 



Table 9.7-4 Reflected Beam Defle~tions (r.nnt. ) 
Beam Deflection , 

Ft. Ft. 
Test Wind Loadin& (Actual) (Norm. to Zero) mrad* Gtaphic Description mrad 

No load +4.25 0.0 0 

t (6) Pull down + .5 -3. 75 -4.69 0 

35 mph 
No load +4.25 0.0 0 

No load -2.0 0.0 0 

Pull left -4.75 -2.75 -3.44 1 0 

(7) No load -2.5 - .5 - .63 10 

35 mph 
No load -2.5 - .5 - .63 10 

Pull Right +2.5 +4.5 +5.63 

I I I I I· 1·01 I I I i 0 

G'l No load -1.5 + .5 + .63 
I I 
w 6 5 4 3 2 1 0 1 2 3 4 5 6 
00 

+ 
* Based on 800 ft target mrad 



9.7.2.2.2 (a) Elevation Axis Test - 90 mph Wind Horizontal Stow Condition 

Test Objectives: The objectives of the Elevation Axis Test are to: 

(a) verify the structural integrity of the drives and major structural 

components to withstand loads induced by 90 mph winds while in the 

horizontal stow position and (b) measure deflections of the drives and 

major struc~ural components for comparison with pointing accuracy requirements 

at lower wind conditions. 

The '30 mph elevation axis wind condition produces the largest 

moment (20,477 ft lbs) about the elevation drive axis of any condition; 

thus it produces the largest elevation drive main gear tooth force 

This tooth force is 29,250 lbs tangential load. This condition 

along with the cross-elevation axis condition produces the highest 

azimuth bearing moment (245,710 inch 1bs). 

Test Description: The test was performed on Heliostat #1 at 

the Hutchins Test Site on October 9, 1980 and October 13, +980. All 

major structural components on this he1iostat were manufactured according 

to second generation heliostat prints and specifications, except that 

the main gears in the drive unit were cut undersize which allowed 

approximately .020 inch backlash instead of the required .002-.003 inch 

backlash. 

The test was performed with the heliostat mirror surface in the 

horizontal position, which simulates horizontal stow. Moment load was 

applied about the elevation drive axis which simulates the moment induced 

by a frontal 90 mph wind at 10 degrees from horizontal. Normal force 

was not simulated due to its non-critical nature, but the loading 

method resulted in about 73% of wind normal force. 

Loads were applied by hanging six 55 gallon barrels from the 

rack trusses with ropes and filling the barrels to the appropriate level 

with water. The tare weight of each barrel is 50 lbs. The locations of 

the barrels are shown in Figure 9.7-16. 
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Figure 9.7-16 

-"'-1""'F-~ : i -
I i s",.~ 

-t-~e' .. ,....-_ 6 Load Points 
"'1 6 .... '\..,..~ (Water Barrels) __ .-J~T 
" oJ _ 

__ .....Jl_~-i -

1.6 7~ I 
~ ~. 75'" 

Loading Setup~ 

- Water Barrels 

The test was performed by incrementally applying load to 110% of 

limit load. At the beginning of the test (zero point), two empty 

barrels (nos. 2 & 3) were hung to stabilize the pseudo-balanced rack 

in a null position, thus the zero point is actually not true zero. The 

20% and higher increments are true, however. The schedule of weights 

and water depths is tabulated in Table 9.7-5. 

Table 9.7-5 

% Load Total Wt Wt per Bbl Water Wt 
Eer Bbl 

0 100 lbs 50 lbs{2 only) 0 

20 517.3 86.22 56.22 

40 1034.6 172.44 122.44 

60 1552 258.66 208.66 

80 2069.3 344.88 294.88 

100* 2586.6 431.1 381.1 

110 2845.2 474.2 424.2 

* 100% load • 20,477 ft-lbs elevation axis torque 

** 1 inch of water = 14.2· lbs 
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Water Depth * * 

0 in 

2.55 

8.62 

14.7 

20.8 

26.84 

29.87 



The loading was sequenced in the following percentages: 0, 20, 40, 

60, 20, 60, 80, 100, 110, 60, 20, 0. The 20% set load after 60% was 

done to detect premature yielding and to get an early indication of 

mechanical hysteresis prior to the higher load increments. 

Two separate tests were performed on separate days •. The second 

test was to verify repeatability and to clean up some out-of-sca1e 

problems of the dial indicators, experienced on the first test. 

Photographs of the test set up and instrumentation were taken 

but are not included in this report due to reproduction limitations. 

Instrumentation: the he1iostat was instrumented with 11 dial 

indicators to measure linear deflections at key places on the structure 

and drive units. The deflection measurements along with their 

respective moment arms were then used to compute rotational displacements. 

The rotational displacements obtained from this test are: 

(a) overall rack rotation 

(b) elevation gear rotation (with respect to the elevation housing) 

(c) azimuth bearing rotation (azimuth upper housing with 

respect to the lower housing) 

(d) pedestal displacements 

(e) rack and torque tube displacements from which bending displacements 

may be derived. 

The locations of the dial indicators are shown in Figures 9.7-17 

and 9.7-18~ 
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Plan View of Reliostat 
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---Ststld 

A-A #2 Dial Indicator B-B #1,3,4,5,6 Dial Indicators 

Figure 9.7-17 Rack Deflection Instrumentation 
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Figure 9.7-18 Drive and Pedestal Deflection Instrumentation 
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Test Results: The raw data sheets giving the actual dial indicator 

readings from test run #1 and test run #2 are presented in Tables 9.7-6 

and 9.7-7. The data was normalized to zero at zero percent load and 

converted to rotational displacements which is presented in Tables 9.7-8 

through 9.7-12. The rotational displacements are plotted versus percent 

load and presented in Figures 9.7-19 through 9.7-23. 

No failure or detectable yielding occurred up to the maximum 110% load. 
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Table ;.. •. -6 

Test 1 Dial Indicator Readings 

Load 01 #2 113 #4 #5 116 117 118 #9 fIlO ---111 

0% .146 -.012 .135 1.032 .143 .921 .082 .078 .1025 .4090 .1660 

20 .155 .193 .140 .864 .140 .740 .090 .081 .1084 .4046 .1541 

40 .138 .496 .136 .608 .175 .510 .098 .084 .1162 .3941 .1376 

60 .119 .788 .131 .348 .218 .290 .i10 .090 .1223 .3851 .1206 

20 .098 .310 .120 .720 .172 .651 .092 .083 .1111 .3991 .1438 

60 .100 .830 .117 .310 .212 .252 .111 .091 .1208 .3845 .1190 

80 .085 1.124 .113 .040 .245 .000 .119 .093 .1261 .3762 .1020 
( 

c;') 100 .078 1.442 .112 -.184 .273 -.264 .129 .096 .1320 .3682 .0848 I 
.I::-
V1 

110 .082 1.605 .113 -.330 .286 -.473 .133 .097 .1351 .3634 .0741 

60 .071 1.090 .107 .062 .232 -.070 .113 .094 .1251 .3792 .0937 

20 .068 .944 .102 .564 .180 .420 .093 .089 .1123 .3955 .1281 

0 .093 .138 .104 .847 .130 .660 .084 .087 .1021 .4069 .1483 



Table 9.7-7 

Test 2 Dial Indicator Readings 

Load 111 112 113 114 115 116 117 118 119 1110 III 

0% .205 .292 .090 2.967 .188 1.711 .073 .092 .0940 .3870 .1738 

20 .210 .515 .092 2.792 .208 1.542 .080 .106 .0996 .3824 .1613 

40 .214 .826 .096 2.549 .223 1.307 .089 .1035 .1064 .3729 .1460 

60 .216 1.118 .099 2.314 .248 1.090 .099 .099 .1125 .3650 .1298 

20 .200 .623 .091 2.695 .215 1.457 .086 .096 .1032 .3785 .1528 

60 .225 1.110 .103 2.310 .227 1.070 .104 .101 .1125 .3655 .1290 

Cl 80 .240 1.414 .105 2.100 .249 .860 .115 .102 .1179 .3585 .1145 
I 
~ 
CJ\ 

1.875 .262 100 .255 1.685 .111 .630 .125· .105 .1232 .3509 .0990 

110 .258 1.832 .112 1.775 .264 .525 .131 .108 .1260 .3471 .0921 

60 .218 1.310 .101 2.165 .249 .930 .102 .102 .1168 .3619 .1139 

20 .198 .665 .088 2.655 .215 1.430 .098 .098 .1050 .3782 .1482 

0 .208 .342 .087 2.915 .189 1.670 .095 .095 .0959 .3890 .1690 

0* .208 .267 .086 2.985 .179 1.725 .096 .096 .0964 .3960 .1763 

* After reverse load 



Table 9.7-8 

90 mph Elevation Axis Test-Butler Truss (Inboard) 

Test 1 Test 2 .. t .. 
% Load A (1/3) 6(1/4) e A(3) ~(4) e 
0 o inch o inch o mrad o inch o inch o mrad 

20 .005 .168 1.648 .002 .175 1.686 

40 .001 .424 4.048 .006 .418 4.038 

60 -.004 .684 6.476 .009 .653 6.305 

20 -.015 .312 2.829 .001 .272 2.6 

60 -.018 .722 6.705 .013 .657 6.381 

80 -.022 .992 9.238 .015 .867 8.4 

Cl 100* -.023 1.216 11.362 .021 1.092 10.6 
I 
~ 110 -.022 1.362 12.762 .022 1.192 11.562 -..J 

60 -.028 .970 8.971 .011 .802 7.743 

20 -.033 .468 4.143 -.002 .312 2.952 

0 -.031 .185 1.467 -.003 .052 .467 

After load reversal -.004 -.018 -.210 

+Down +Up +Down +Up 

* 100% Moment = 20,476 ft 1bs 
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Figure 9.7-19 Rotation of Inboard Truss 
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Table 9.7-9 

90 mph Elevation Axis Test-Butler Truss (outboard) 

Test 1 
.~-~--~--,~-

% Load f:j.(1I5) f:j.(fI6) B-

o 
20 

40 

60 

20 

60 

80 

100 

110 

60 

20 

o 

o inch 

-.003 

.032 

.075 

.029 

.069 

.102 

.130 

.143 

.089 

.037 

-.013 

o inch 

.181 

.411 

.631 

.27 

.669 

.921 

1.185 

1.394 

.991 

.501 

.261 

After load reversal 

+Down +Up 

* 100% Moment = 20476 Ft 1bs 

o mrad 

1.695 

4.219 

6.724 

2.848 

7.029 

9.743 

12.524 

14.638 

10.286 

5.124 

2.362 

Test 2 
~-lS.(il5)-- f:j. (116) -e- --~ 

o inch 

.02 

.035 

.06 

.027 

.039 

.061 

.074 

.076 

.061 

.027 

.001 

-.009 

+Down 

o inch 

.169 

.404 

.621 

.254 

.641 

.851 

1.081 

1.186 

.781 

.281 

.041 

-.014 

+Up 

o mrad 

1.8 

4.181 

6.486 

2.676 

6.476 

8.686 

11.0 

12.019 

8.019 

2.933 

.4 
-.219 
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Table 9.7-10 

90 mph Elevation Axis Test- Elevation Worm 

Test 1 Test 2 

% 
----- -- -.-----.~-

(#11) -g--' 
r- - ----- ----------, 

(1111) 9 

0 o inch o mrad o inch o mrad 

20 .0119 .774 .0125 .813 

40 .0284 1.847 .0278 1.808 

60 . .0454 2.953 .044 2.862 

20 .0222 1.444 .021 1.366 

60 .047 3.057 .0448 2.914 
(j) 80 .064 4.163 .0593 3.857 I 
VI 
I-' 100 * .0812 5.281 .0748 4.865 

110 .0919 5.977 .0817 5.314 

60 .0723 4.702 .0599 3.896 

20 .0379 2.465 .0256 1.665 

0 .0177 1.151 .0048 .312 

After load reversal -.0025 -.163 

*100% Moment = 20476 Ft 1bs 
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Table 9.7-11 

90 mph Elevation Axis Test-Azimuth Bearing 

Test 1 Test 2 
% Load A(#9 ) A (#10) f) 4(#9) A (1110) e 
0 o inch o inch o mrad o inch o inch o mrad 

20 .0059 .0044 .338 .0056 .0046 .334 

40 .0137 .0149 .938' .0124 .0141 .869 

60 .0198 .0239 1.433 .0185 .022 1.328 

20 .0086 .0099 .607 .0092 .0085 .580 
(j) 
I 60 .0183 .0245 1.403 .0185 .0215 1.311 lJ1 

w 
80 .0236 .0328 1.849 .0239 .0285 1.718 

100 * .0295 .0408 2.305 .0292 .0361 2.141 

110 .0326 .0456 2.564 .032 .0399 2.357 

60 .0226 .0298 1. 718 .0228 .0251 1.570 

20 .0098 .0135 .764 .011 .0088 .649 

0 -.0004 .0021 .056 .0019 -.002 -.003 

.0024 -.009 -.216 

*100% Moment = 20,476 Ft 1bs 
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TABLE 9.7 -12 

Pedestal Deflection 

, #7 ~8 
% Load Test 1 Test 2 "Test 1 Test 2 \ 

0 o inch o inch o inch o inch 

20 .008 .007 .003 .014 

40 .016 .016 .006 .0115 

60 .028 .026 .012 .007 

20 .• 010 .013 .005 .004 

60 .029 .031 .013 .009 

80 .037 .042 .015 .010 

100 .047 .052 .018 .013 
~ 

110 .051 .058 .019 .016 

60 .• 031 .041 .016 .010 

20 .011 .024 .011 .006 

0 .002 .020 .009 .003 

After Load .020 .004 
reversal 
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9.7.2.2.2 (b) Cross-Elevation Axis Tes~ - 90 mph Wind Horizontal Stow Condition 

Test Objectives: The objectives of the Cross-Elevation Axis Test 

are identical to those of the Elevation Axis Test. However, this test 

is to verify structural integrity and measure deflections for wind 

in the cross-elevation. axis. 

The 90 mph cross-elevation axis wind is the condition that produces 

(a) The highest elevation drive bearing moment (267,645 inch 1bs) 

(b) The highest azimuth drive bearing moment (245,710 inch 1bs). 

This is the same as the elevation axis condition (actual test 

load was 6.6% higher than the elevation axis test because the 

torque tube root moment was simulated). 

(c) The highest torque tube root bending moment (20,874 ft 1bs) 

(d) The highest Butler truss bending moment and shear load 

(Moment = 6174 ft 1bs, Shear = 1008 1bs) 

Test Description: The test was performed on He1iostat #1 at the 

Hutchins Test Site on October 15, 1980. All major structural components on 

this he1iostat were manufactured according to second generation he1iostat 

prints and specifications, except that the main gears in the drive unit were 

cut undersize which allowed approximately .020 inch backlash instead of the 

required .002-.003 inch backlash. 

The test was performed with the he1iostat mirror surface in the 

horizontal position, which simulates horizontal stow. Moment load was 

applied about the cross elevation axis which simulates the moment induced by a 

90 mph side wind at 10 degrees from horizontal. Normal force was not 

simulated due to its non-critical nature, but the loading method resulted 

in about 65% of wind normal force. 

Loads were applied by hanging six 55 gallon barrels from the outboard 

rack truss with ropes and filling the barrels to the appropriate level with 

water. The tare weight of each barrel ts 50 1bs. The locations of the 

barrels are shown in Figure 9.7-24. 
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Figure 9.7-24 Loading Setup 

Constant 
65 Lb Wt 

110" 115" 

r::=::a ....... t ---,t,--o 

J 6 Load Points 

(Water Barrels) 

The test was performed by incrementally applying load to 110% of 

limit load. At the begiunnins of the test (zero point), two empty barrels 

(noe. 3 & 4) were huns to stabilize the pseudo~balanced rack in a null 

position, thus the zero point is actually not true zero. The 20% and 

higher increments are tTUe, however. The schedule of weights and water 

depths are tabulated in Table 9.7 -13. 
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Table 9.7- 13 

% Load Total Wt Wt per Bbl Water Wt per Bbl Water Depth 

-0 100 lbs 50 lbs(2only) 0 0 

0 100 50 0 0 

20 455.4 5- 75.9 25.9 1.8 

40 910.9 151.8 101.8 7.2 

60 1366.3 227.7 177.7 12.5 

80 1821.7 303.6 253.6 17.9 

100 * 2277 .2 319.5 329.5 23.2 

110 2504.9 417.5 367.5 25.9 

* 100% load = 20,870 ft-lbs torque about the torque tube root 
21,823 ft-lbs about the drive center line 

** 1 inch bf water = 14.2 Ibs 

The loading was sequenced in the following percentages: 

-0, 0, 20, 40, 60, 20, 60, 80, 100, 110, 60, 20, 0, -0. The -0 increment 

is the designation for applying negative moment of 100 lbs (2 bbls) at the 

beginning of the test. The 20% set load after 60% was done to detect 

premature yielding and to get an early indication of mechanical hysteresis 

prior to the higher load increments. 

** 

Instrumentation: The heliostat was instrumented with 12 dial indicators 

to measure linear deflections at key places on the structure and drive units. 

The deflection measurements a.1ong with their respective moment arms were 

then used to compute rotational displacements. 

The rotational displacements obtained from this test are: 

(a) overall rack rotation 

(b) elevation bearing rotation (with respect to the outer elevation 

housing) 

(c) azimuth bearing rotation.(aztmuth upper housing with respect to 

the lower housing) 
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(d) pedestal displacements 

(e) rack and torque tube displacements from which bending may be 

derived. 

The locations of the dial indicators are shown in Figures 9.7-25, 

9.7-26 and 9.7-27. 
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Figure 9.7-25 

Constant 
65 Lb Wt 1.3l"~ I 

~1l5"~ 

Plan View of heliostat 

__ - Truss 

,--- Dial indicator 

(Typical) 

View A-A 

Rack Deflection Instrumentation 
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r 13.81" 13.81" l 

View B-B (of figure 9.7- ) 

15.375" 

View C-C (of figure 9.7- ) 

Figure 9.7-26 Drive Deflection Instrumentation 
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View B-B (of figure 9.7-

Moment 

,-
4" 

Figure 9. 7..!27 Pedestal Deflection Instrumentation 
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Test Results: The raw data sheet giving the actual dial indicator readings 

from the test run is presented in Table 9.7-14. The data was normaliz~d 

to zero at zero percent load, and converted to rotational displacements 

which is presented in Tables 9.7-15 through 9.7-18. The rotational 

displacements are plotted versus percent load and presented in Figures 9.7-28 

through 9.7-31. 

No failure or detectable yielding occurred up to the maximum 110% load. 
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TABLE 9.7-14 

Dial Indicator Readings 

LOADJ 111 113 119 #10 1111 #12 1113 115 114 116 fI7 118 

-0 .174 .100 .2476 .1790 .1775 .1737 .2527 .894 2.703 1.530 .315 .273 

+0 .270 .125 .2529 .0825 .1790 .1739 .2471 .862 2.585 1.460 .319 .273 

20 .515 .182 .2625 .0931 .1825 .1741 .2335 .802 2.370 1.252 .326 .2745 

40 .835 .262 .2700 .1079 .1862 .1748 .2160 .718 2.100 1.098 .335 .278 

60 1.155 .341 .2781 .1225 .1920 .1748 .1975 .633 1.818 0.775 .345 .2795 

20 .625 .210 .2662 .0998 .1855 .1748 .2265 .765 2.275 1.180 .328 .276 

60 1.175 .338 .2781 .1228 .1930 .1751 .1975 .627 ·1.810 0.760 .346 .281 
(i') 
I 
0\ 80 1.473 .416 .2855 .1350 .1955 .1750 .1805 .550 1.545 .530 .357 .284 V1 

100 1.790 .480 .2950 .1485 .1985 .1752 .1620 .482 1.270 .297 .370 .289 

110 1.945 .518 .2991 .1552 .2000 .1752 .1535 .436 1.120 .175 .375 .290 

60 1.345 .375 .2862 .1295 .1950 .1753 .1885 .590 1.640 .645 .353 .285 
(1.325) (.360) (.2840) (.1285) (.1980) (.1752) (.1880) (.585) (1.620) (.625) (.354) (.289) 

20 .715 .212 .270 .103 .189 .1750 .2210 .742 2.165 1.090 .335 .285 

+ 0 .385 .140 .259 .092 .180 .1740 .236 .831 2.465 1.390 .327 .281 

- 0 .203 .084 .2504 .0825 .1760 .1733 .248 .883 2.620 1.520 .325 .280 



Table 9.7-15 

90 !!Eh. Cross - Axis Test 

Torque Tube (Rack total motion) 

% load ~ (114) A (115) 9 

-0* * -.118 inch -.032 inch -1.024 mrad 
0 0 0 0 

20 .215 .060 1.845 

40 .485 .144 4.060 

60 .767 .229 6.405 

20 .310 .097 2.536 

60 .775 .235 6.429 

80 1.040 .312 8.667 

100 * 1.315 .38 11.131 

110 1.465 .426 12.369 

60 .945 (.965) .272 (.277) 8.012 

20 .420 .12 3.571 

0 .120 .031 1.060 

-0 * * -.035 -.021 .167 

* 100% Moment = 21,823 ft 1bs about drive center line 

* * Reverse moment = 958 ft 1bs 
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TABLE 9.7-16 
90 mph Cross - Axis Test 

Elevation Bearing 

% Load c6. (1110) A (1113) Q 

-0 -.0035 inch -.0056 inch -.329 mrad 

0 0 0 0 

20 .0106 .0136 .876 

40 .0254 .0311 2.045 

60 .040 .0496 3.243 

20 .0173 .0206 1.372 

60 .0403 .0496 3.254 

80 .0525 .0666 4.311 

100 .066 .0851 5.469 

110 .0727 .0936 6.019 

60 .047 (.046) .0586 (.0591) 3.822 (3.804) 

20 .0205 .0261 1.687 

0 .0095 .0111 .746 

-0 0 -.0009 -.033 
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Table 9.7- 17 

90 mph Cross - Axis Test 

Azimuth Bearing 

% Load II (119) 9 

-0 -.0053 inch -.344 mrad 
0 0 0 

20 .0096 .623 

40 .0171 1.110 

60 .0252 1.636 

20 .0133 .864 

60 .0252 1.636 

80 .0326 2.117 

100 .0421 2.734 

110 .0462 3.000 

60 .0333 (.0311) 2.162 (2.019) 

20 .0171 1.110 

0 .0061 .396 

-0 -.0025 -.162 
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TABLE 9.7-18 

PEDESTAL DEFLECTION 

% Load 117 118 

-0 -.004 inch .0 inch 

0 0 .0 

20 .007 .0015 

40 .016 .005 

60 .026 .0065 

20 .009 .003 

60 .027 .008 

80 .038 .011 

100 .051 .016 

110 .056 .017 

60 .034 .014 

20 .016 .012 

0 .008 .008 

-0 .006 .007 
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9.7.2.2.3 Azimuth Axis Test - SO mph Vertical Condition 

Test Objectives: The objectives of the Azimuth Axis Test are to: 

(a) verify the structqral integrity of the drives and major structural 

components to withstand loads induced by 50 mph winds while in the 

vertical drive or stow position, and (b) measure deflections of the 

drives and ~jor structural components for comparison with pointing 

accuracy requirements at lower wind conditions. 

The 50 mph azimuth wind condition produces the largest moment 

(9497 ft lbe) about the azimuth axis of any condition. Therefore, 

it produces the largest azimuth drive main gear tooth force of 

l3,560lbs (tangential load). This condition also produces the 

largest pedestal twisting moment. 

Test Description; The test was performed on Heliostat #1 at the 

H~tchins Test Site on October 17, 1980. All major structural 

components on this heliostat were manufactured according to second 

generation heliostat prints and specifications, except that the main 

gears in the drive unit were cut undersize which allowed approximately 

.020 inch backlash instead of the required .002-.003 inch backlash. 

The test was performed with the heliostat mirror surface in the 

vertical position, which simulates vertical stow or driving to stow. 

MOment load was applied about the azimuth drive axis which simulates the 

moment induced by 50 mph wind at 70 degrees from the mirror surface 

normal. Normal force was not simulated due to its non-critical nature, 

but the loading method resulted in about 35% of wind normal force. 

Moment load about the azimuth axis was applied by hanging two 

55 gallon barrels from a cable and pulley system designed to provide a 

horizontal force to a wood beam inserted into the torque tube. The 

barrels were then filled to the appropriate level with water. The tare 

weight of each barrel is 50 lbs. The test set up is shown in Figure 

9.7-32. 
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The test was performed by incrementally applying load to 110% of 

limit load. At the beginning of the test (zero point), a 12 lb weight 

was hung to stabilize the rack in a null position. The schedule of 
weights and water depths is tabulated in Table 9.7-19. 

Table 9.7-19 

% Load Total Wt. Wt. per Bbl Water Wt pel" Bbl Water Depth * 

0 12 lbs 

20 172.7 86.3 36.3 2.6 

40 345.4 172.7 122.7 8.6 

60 518.0 259.0 209.0 14.7 

80 690.7 345.4 295.4 20.8 

100* 863.4 431.7 381. 7 26.9 

110 949.7 474.9 424.9 29.9 

* 100% load • 9497 ft~lbs azimuth axis torque 

** 1 inch of water = 14.2 lbs 

The loading was sequenced in the following percentages: 0, 20, 40, 60, 

20, 60, 80, 100, 110, 60, 20, 0, 20, 40, 60, 20, 60, 80, 100, 110, 60, 20, O. 
The 20% set load after 60% was done to detect premature yielding and to 

get an early indication of mechanical hysteresis prior to the higher load 

increments. 

Instrumentation: The heliostat was instrumented with 10 dial 

indicators to measure linear deflections at key places on the structure and 

drive units. The deflection measurements along with their respective 

moment arms were then used to compute rotational displacements. 

The rotational displacements obtained from this test are: 

(a) overall rack rotation 

(b) azimuth gear rotation (with respect to the azimuth housing) 

(c) e.levation bearing rotation (Q!:levation inner housing with respect to 

the outer housing) 
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(d) pedestal lateral displacements 

(e) pedestal base twist 

The locations of the dial indicators are shown in Figure 9.7-33, 

9.7-34 and 9.7-35. 
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Test Results: 

The raw data,sheets giving the actual dial indicator readings from 

test run #1 and test run #2 are presented in Table 9.7-20 and 9.7-21. The 

data was normalized to zero at zero percent load and converted to rotational 

displacements which is presented in Tables 9.7-22 through 9.7-26. The 

rotational displacements are plotted and presented in Figures 9.7-36 through 

9.7-40. 

It may be noted that a distinctive shift of approximately 3 milliradians 

occurred in both the elevation "bearing" and the azimuth "worm" measurements 

of the drive unit. This shift occurred between 20% and 40% load and was 

accompanied by a distinct sound at the time of loading. It is believed that 

the cause of the shift was some combination of backdriving in the azimuth 

drive and/or the hard setting of bearings or bearing races in the drives 

that wouldn't have occurred under light loads. It is also believed that 

the shock effect of the initial set in one drive (elevation or azimuth) caused 

the other one to set. The subsequent data taken during the first and 

second test runs followed a linear pattern and no yielding is believed to 

have occurred, and certainly no failure occurred. 
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Table 9.7-20 

Dial Indicator Readings 

Test Run 01 

% Load 01 112 113 114 115 116 118 #9 010 

0 2.775 1. 742 .013 .310 .031 .014 .650 .1872 .5668 

20 2.715 1.702 .014 .3132 .0465 .0183 .666 .197 .5724 

40 2.720 1.583 .0155 .3155 .055 .0223 .761 .2735 .5841 

60 2.790 1.527 .018 .323 .070 .0293 .770 .284 .5917 

20 1.920 1.578 .015 .314 .047 .022 .7591 .2785 .5848 
<i'l 
I 60 2.712 1.533 .018 .322 .070 .0280 .770 .284 .5918 co 

I'.) 

80 1.642 1.496 .0205 .326 .092 .034 .780 .290 .5976 

100 1.365 1.417 .0225 .330 .097 .041 .797 .302 .6105 

110 1.200 1.400 .0235 .333 .099 .0445 .800 .303 .6123 

60 1.527 1.454 .021 .327 .084 .0355 .789 .299 .6062 

20 1.879 1.531 .017 .317 .056 .• 023 .773 .288 .5935 

0 2.170 1.612 .015 .310 .039 .017 .757 .275 .5815 



Table __ .-21 

Dial Indicator Readings 

Test Run II 2 

% Load #1 #2 113 1/4 #5 116 118 #9 #10 

0 2.170 1.612 .015 .310 .039 .017 .757 .275 .5815 

20 1.925 .0145 .311 .045 .020 .760 .281 .5859 

40 1.820 1.555 .017 .314 .060 .024 .765 .285 .5915 

60 1.750 1.517 .020 .321 .0751 .029 .773 .290 .5955 

20 1.968 1.566 .017 .3135 .052 .022 .762 .284 .589 

60 1.635 1.514 .020 .320 .072 .029 .773 .290 .596 
G"l 
I 

80 1.592 1.479 .021 .3225 .0855 .0345 .781 .295 .6013 co 
w 

100 1.322 1.433 .023 .330 .0985 .040 .788 .299 .6075 

110 1.282 1.392 .0245 .333 .1061 .045 .794 .305 .6141 

60 1.432 1.453 .021 .3233 .080 .035 .782 .299 .6069 

20 1.897 1.535 .017 .314 .056 .0225 .765 .288 .5931 

0 2.050 1.597 .0152 .310 .0445 .0175 .752 .277 .5823 



Table 9.7-22 

50 mph Azimuth Test 
.. 

Mirrors (Rack total motion) 

Test 1 Test 2 

% ll.(l/1) ll.(l12) 9 I::. (Ill) A (112) e 
0 o inch o inch o mrad .605 inch .13 inch 3.831 mrad 

20 .060 .04 - .161 .85 

40 .055 .159 - .839 .955 .187 6.194 

60 .015 .215 -1.613 1.025 .225 6.452 

20 .855 .164 5.573 .807 .176 5.089 

60 .063 .209 -1.177 1.14 .228 7.355 

80 1.133 .246 7.153 1.183 .263 7.419 

100 1.41 .325 8.75 1.453 .309 9.226 

110 1.575 .342 9.944 1.493 .35 9.218 

60 1.248 .288 7.742 1.343 .289 8.5 

20 .896 .211 5.524 .878 .207 5.411 

0 .605 .13 3.831 .725 .145 4.677 
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Table 9.7-23 

50 .!!2h Azimuth Test 

Elevation Bearing 

Test 1 Test 2 

% A (118) e /::. (118) e 
0 o inch o mrad .107 inch 3.452 mrad 

20 .016 .516 .11 3.548 

40 .111 3.581 .115 3.710 

60 .12 3.871 .123 3.968 

20 .1091 3.519 .112 3.613 

60 .12 3.871 .123 3.968 

80 .13 4.194 .131 4.226 

100 .147 4.742 .138 4.452 

110 .15 4.839 .144 4.645 

60 .139 4.484 .132 4.258 

20 .123 3.968 .115 3.710 

0 .107 3.452 .102 3.290 

100% Moment - 9497 FT LBS 
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Table 9.7- 24 

50 mph Azimuth Test 

Azimuth Worm 

Test 1 Test 2 

% /:i (119) Il OlIO) 6 6 (19) Il OlIO) e 

0 o inch o inch Omrad .0878 inch .0147inch 3.832mrad 

20 .0098 .0056 .576 .0938 .0191 4.221 

40 .0863 .0173 3.873 .0978 .0247 4.579 

60 .0968 .0249 4.550 .1028 .0287 4.916 

20 .0913 .018 4.086 .0968 .0222 4.449 

60 .0968 .025 4.553 .1028 .0292 4.935 

80 .1028 .0308 4.994 .1078 .0345 5.320 

100 .1148 .0437 5.925 .1118 .0407 5.701 

110 .1158 .0455 6.030 .1178 .0473 6.172 

60 .1118 .0394 5.652 .1118 .0401 5.679 

20 .1008 .0267 4.766 .1008 .0263 4.751 

0 .0878 .0147 3.832 .0898 .0155 3.936 

100% Moment - 9497 FT LBS 
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Table 9.7 ... 2S 

50 mph Azimuth Teat 
Pedestal Base Twist 

Test 1 Test 2 

% A (/6) .. A.<f13) e ~ ~(J6l A ((13) e 
0 o inch o inch 0 tnl'ad .003 inch .oog inch .017 mrad 

20 .0043 .001 .055 .006 .0015 .075 
40 !OO93 .002 .122 .010 .004 .100 
60 .OlS3 ,OOS .172 .015 .007 .133 
20 .008 .002 .100 .008 .004 .067 
60 .014 ,005 .150 .015 .007 .133 

80 .020 .0075 .208 .0205 .008 .208 
100 .027 .• 0095 .292 .026 .010 .267 

110 .0305 .0105 .333 .031 ,.011S .325 

60 .0215 .008 .225 .021 .008 .217 

20 .009 .004 .083 .0085 .004 .07S 
0 .003. .002 .017 .003S .0022 .022 
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Table 9.7-26 

Pedestal Deflection 

3 4 5 
\ .. r .. 

% Load Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 

0 0 inch .002 inch o inch .0 inch o :Lnch .008 inch 

20 .001 .0015 .0032 .001 .0155 .014 

40 .0025 .004 .0055 .004 .024 .029 

60 .005 .007 .013 .011 .039 .0441 

20 .002 .004 .004 .0035 .016 .021 

60 .005 .007 .012 .010 .039 .041 

80 .0075 .008 .016 .0125 .051 .0545 

100 .0095 .010 .020 .020 .066' .0675 

110 .0105 .0115 .023 .023 .068 .0751 

60 .008 .008 .017 .0133 .053 .049 

20 .004 .004 .007 .004 .025 .025 

0 .002 .0022 .0 .0 .008 .0135 
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9.7.2.2.4 Foundation Deflections 

Foundation deflections were measured during the three major wind load tests 

on heliostat #1, the Elevation Axis Test (90 mph wind), the Cross Elevation 

Axis Test (90 mph wind), and the Azimuth Axis Test (50 mph wind). The 

deflections were measured with dial indicators mounted to give lateral 

deflections. Although this method of measurement is less desirable than 

directly measuring the pedestal top rotation, it can be used to roughly 

compare with calculated values. It also gives an indication of pedestal 

set due to soil plasticity. The comparison of calculated deflections not 

including pedestal set, with test values including pedestal set, is 

presented in the above test sections in Figures 9.7-23, 9.7-31, and 9.7-40 

respectively. These comparisons show fairly good correlation, assuming 

the effective pedestal root (fixed point) is 50" below grade. 

Pedestal set values in terms of tip rotation have been estimated 

from the test results by taking the difference in the start and finish 

"zero" readings of the indicators located uppermost on the pedestal, 

assuming the pedestal pivots about a point 50" below grade, and 

computing the theoretical end rotation. The uppermost dial indicator was 

used, as it should be the most sensitive and accurate reading. Even though 

all the tests were run on the same heliostat, the direction of loading 

was different in each of the three tests. The pedestal set results 

summarized in Table 9.7-27 should be viewed as approximate values only, 

as the setups for taking the data was actually too crude to obtain accurate 

data. 
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Table 9.7-27 

PEDESTAL SET DUE TO WIND LOADS 

Load Direction 

Test 110% Load Base Moment (Pedestal Movement) Pedestal Set 

Elevation Axis 22,525 ft 1bs 22,525 ft 1bs South Test 1 .018 mrad 
pure moment Test 2 .180 mrad 

Cross-Elevation 24,005 ft 1bs 24,005 ft 1bs West .071 mrad 
Test pure moment 

(j) 
I Azimuth Axis 
\0 
lJ1 Test (a) 949.7 1bs 12,346 ft 1bs North Test 1 .043 mrad 

lateral load Test 2 .030 mrad 

(b) 10,447 ft 1bs 10,447 ft 1bs Twist Test 1 .017 mrad 
twist (base torque) Test 2 .005 mrad 



9.7.2.2.5 MOtor Torgue Adeguacy 

The motor torque must be sufficient to drive the he1iostat in the 

elevation direction against the combined effects of gravity loads and 

a 22 mls (50 mph) wind. In the azimuth direction, only the 22 mls (50 mph) 

wind moments must be overcome. On start-up the motors must also 

provide a starting torque capable of overcoming the static frictional 

loads as well as the gravity and wind moments. Table 9.7-28 presents 

the gravity and 22 mls (50 mph) wind moments which the elevation drive 

motor must overcome. Table 9.7-29 presents the 22 mls (50 mph) wind 

moment which the azimuth drive motor must overcome. The maximum 

elevation moment is 1607 kg-m (11624 ft-1b), and the maximum azimuth 

moment is 1313 kg-m (9497 ft-1b). 

He1iostat #1 was erected at the Northrup he1iostat test facility 

on Sept 11, 1980. He1iostats #2 and #3 were erected on Sept 23, 1980 

and Sept 30, 1980 respectively. All three of these he1iostats were 

driven by Superior Electric Co. Ml12-FJ326 stepper motors and TBM 105-

1230 motor control translators. The torque characteristic for this 

motor-translator combination is shown on Figure 9.7-41. Also shown on 

this figure is the torque characteristic for an Ml12-FJ327 stepper 

motor and TBM 105-1218 translator. As will be explained later, a change 

to this latter configuration was made during the test program to 

overcome a torque problem. 

Torque adequacy tests were performed on he1iostat #1 shortly 

after its erection. A deficiency in both the starting torque and running 

torque was noted, and was determined to be caused by higher than 

anticipated losses in the drive unit. An interim attempt to resolve 

the problem was to raise the voltage in the translator on he1iostat #1. 

Heliostats #2 and #3 were not modified and were tested with stock 

Ml12-FJ326 motors and TBMl05-1230 control translators. Table 9.7-30 

summarizes the stall torque results for these initial tests. Peak 

output torques were 1272 kg-m (9200 ft-1b) for he1iostat #1, 866 kg-m 

(6263 ft-1b) for he1iostat #2, and 1115 kg-m (8060 ft-1b) for he1iostat 

#3. Since the requirement for elevating to a horizontal position in 
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TABLE 9.7-28 

Elevation Drive Moment, 22 m/s (50 mph) Wind 

Heliostat Gravity Wind Combined Moments 
Elevation Moment Moment Horiz. t100 

Angle ft-1b ft-1b Wind Wind 

00 (vert) 4253 0 4253. 6660 

10 4188 2407 6595 8149 

20 3996 3961 7957 9126 

30 3683 5130 8813 9423 

40 3258 5740 8998 9804 

50 2734 6546 9280 10542 

60 2127 7808 9935 11624 

70 1455 9497 10952 9263 

80 738 6320 7058 9575 

90 (horiz) 0 0 0 6320 
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TABLE 9.7-29 

Azimuth Drive MOment, 22 m/s (50 mph) Wind 

Wind 
Angle of 
Attack 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 (normal). 

Gravity 
Moment 
ft-lb 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Wind 
MOment 
ft-lb 

0 

2407 

3961 

5130 

5740 

6546 

7808 

9497 

6320 
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Run 111 

Run #2 

Run 113 

TABLE 9.7-30 

Motor Running Torque Stall Test Results 

Model Ml12-FJ326 Motor, Model TBMl05-l230 Translator 

Stepping Rate = 1000 steps/second 

Heliostat 
III 

7315 ft-lb 

7477 

9200 

He1iostat 
#2 

6029 ft-1b 

6050 

6263 

Heliostat 
113 

6413 ft-1b 

7241 

7501 

Run #4 8060 

Note: The he1iostat #1 translator was set at a higher voltage than 

he1iostats #2 and #3. 
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a 22 m/s (50 mph) wind is 1607 kg-m (11624 ft-1b), all three he1iostats 

exhibited inadequate running torque. 

The M112-FJ327 motor and TBM 105-1218 translator combination provides 

a significantly higher starting torque and running torque than the M112-

FJ 326 motor and TBM 105-1230 combination, but must be operated at 

approximately one-half of the speed to realize this gain. For normal 

tracking operation this slower speed presents no problem. However, 

the slew rate for stowing is only 2.935 deg/min at a stepping rate 

of 500 steps/sec, so a 90 degree stow maneuver would take nearly 31 

minutes. This stow time exceeds the specification requirement, but 

the new motor-translator combination was still selected for the deliverable 

he1iostats since adequate torque was believed to be a more important 

parameter. 

The new motor and translator combination was installed on he1iostat 

#2 and a series of running torque-stall tests were conducted at 

stepping rates of 1000, 750, and 500 steps/sec. Table 9.7-31 

presents the stall torque values measured on this test sequence. The 

peak value achieved was 1556 kg-m (11249 ft-1b) which is slightly lower 

than the 160.7 kg-m (11624 ft-1b) required torque. The test was repeated 

on he1iostat #3, and a peak torque of over 1672 kg-m (12092 ft-1b) 

was achieved without stalling. These two units were subsequently 

delivered to Sandia-Albuquerque. 

All of the torque test results described thus far were running 

torque tests in which the motors were run continuously from a low load 

orientation (he1iostat vertical) to a high load orientation (he1iostat 

horizontal). The loading was obtained by water barrels hung from the 

ends of the trusses. Another type of test which was performed was a start 

torque test in which the he1iostat was driven from vertical to horizontal 

in small angular increments, so the motor was repeatedly required to start 

with an ever-increasing torque requirement. The test results showed that 

the motor starting torque is somewhat higher than the peak running torque. 

The test results for the starting torque tests were performed on he1iostat 

112, and are presented on Table 9.7- 32. 
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TABLE 9.7- 31 

Motor Running Torque Stall Test Results 

Model M112-FJ327 Motor, Model TBM 105-1218 Translator 

Test Stepping Stall 
He1iostat Number Rate Torgue 

112 1 1000 steps/sec 6871 

2 2 1000 7397 

2 3 1000 7368 

2 4 1000 6765 

2 5 750 8261 

2 6 750 7990 

2 7 750 8027 

2 8 500 11072 

2 9 500 11249 

3 1 500 >12092 
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He1iostat 
Elevation 
Angle 

TABLE 9.7- 32 

Motor Start Torque Test-He1iostat #2 

Model M112-FJ327 Motor & TBMl05-1218 Translator 

Stepping Rate = 500 steps/sec 

Motor 
Elevation Start 
Moment Result 

00 (vertical) 2794 ft-1b No stall 
12.52 5283 " " 
17.53 6214 " " 
20.03 6662 " " 
22.54 7098 " " 
25.04 7520 " " 
27.55 7928 " " 
30.05 8320 " " 
32.56 8698 " " 
35.06 9057 " " 
37.57 9401 " " 
40.07 9725 " " 
42.57 10031 " " 
45.08 10318 " " 
47.58 10585 " " 
50.09 10833 " " 
52.59 11059 " " 
55.10 11265 start o.k.- some stall running 
57.60 11448 start o.k.- stall during running 
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In addition to the basic running torque and start torque tests, 

an investigative test series was performed to determine the cause of 

the torque problem. Dynamometer tests were performed to measure the 

torque output of the motor, translator, microprocessor, and cabling 

system. These tests showed a motor output torque slightly higher than 

the values anticipated based on data provided by Superior Electric 

Co. The conclusion reached was that the problem must lie in the 

drive unit. 

A D-C motor'-having a constant torque/amp characteristic was installed 

on each heliostat in place of the elevation stepper motor. The heliostats 

were elevated from a vertical position where a gravity moment of 

588 kg-m (4253 ft-lb) exists, to a horizontal position where the 

gravity moment is zero. The D-C motor current was monitored during this 

elevation-up maneuver against the gravity load, and also during the 

elevation-down maneuver where the gravity load was assisting the 

motor. Figures 9.7-42 through 9.7-44 show motor current and drive 

input torque vs heliostat elevation angle for heliostats #1, 2, and 

3 respectively. These motor ,current traces represent a "signature" 

of the frictional loss characteristics of the drive unit. The drive 

input stage contains a planetary gear set which provides a 460:1 

speed reduction. The output stage consists of a worm and gear which 

provides a 40:1 speed reduction. The overall drive ratio is, therefore, 

18400:1. The current traces show a high frequency input torque 

oscillation superimposed on a low frequency input torque oscillation. 

The interpretation of these cylic patterns is relatively straight­

forward. The low frequency characteristic is the variation in friction 

in the output stage caused by the engagement of the worm thread and 

gear teeth at different points on the tooth form. The ten discrete 

low frequency cycles correspond to the ten teeth of the output gear 
o which would be encountered during the 90 of motion in elevating the 

heliostat from a vertical to a horizontal position. Superimposed on 

this low frequency worm and gear tooth characteristic is a high 

frequency torque variation which correlates with the frequency of the 

planet gear rotation. In the case of the heliostat #2 trace, this 
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planet gear rotational torque variation has an amplitude of 130-150 oz-in 

which represents approximately 50% of the total torque requirement. 

Interestingly, if a lower bound is drawn on each of these cyclic patterns, 

it will be noted that all 3 of the heliostats exhibit a nearly identical 

torque vs elevation angle characteristic at the lower bound. 

Furthermore, the drive efficiency at the lower bound is approximately 

20.0% versus a theoretical efficiency of 20.4% (55% theoretical planetary 

efficiency x 37% theoretical worm-gear efficiency). The small difference 

between the actual and theoretical is probably due to the seal drag at 

the planetary input shaft. Hence, the lower bound of the torque trace 

represents a close match with the theoretical torque prediction, and the 

high frequency torque oscillations abov.e this boundary is an abnormal 

phenomenon caused by the planetary stage. This problem is currently 

being researched by Winsmith. One theory is that under a drive load, 

the worm and gear tooth contact zone experiences a separation force 

which causes worm shaft bending. Since the rotating ring gear is 

attached to the end of the worm shaft, any worm shaft bending is 

reflected as a shift in the concentricity of the rotating ring gear 

relative to the fixed ring gear (some out-of-plane angular misalignment 

of the two ring gears also occurs). This concentricity shift is 

further worsened by any worm shaft bearing deflection. With a 

concentricity off-set, each of the planet gears could experience a 

binding action which would peak at the point of maximum concentricity 

off-set and then drop-off as this point is passed. This theory is 

substantiated by the sinusoidal nature of the input torque variations, 

by the cylic frequency rate which matches the planetary gear half-cyle 

frequency, and by the fact that the amplitude varies with the output 

load and tooth forces. The apparent conflicting piece of data is 

that when the heliostat is being lowered from a horizontal to a 

vertical position, the same gravity moments are encountered, but the 

high torque oscillations are absent. However, in reality this is 

not a conflicting piece of data because on elevating the heliostat 

the tooth reactive forces are necessarily higher since the load plus 
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high frictional loads must be overcome, whereas the load assists the 

motor when the heliostat is lowered. 

In summary, a higher-than-anticipated drive friction was encountered 

which required a change to a higher torque motor. This new motor 

provides sufficient torque to start and operate with the combined 

loads of the gravity moment and worst case SO mph wind moments. 

The sacrifice which was made is a slow slew speed; the required maximum 

torques can only be achieved at a slew rate near 3 deg/min. 
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9.7.2.3 Operations and Accuracy Tests 

Operations and tracking accuracy tests were performed informally 

on the three heliostats installed in Hutchins during the Sept. 12 to 

Oct. 30 period and on the two heliostats installed at the Albuquerque 

CRTF during the Nov. 11-20 period. Formal testing for the "Second 

Generation Heliostat" program evaluation began Dec 4 with the "Control 

System Operational Modes" test. 

9.7.2.3.1 "Test 1 - Control System Operational Modes" 

The objective of the control system operational mode test is to 

"Determine whether heliostats can perform such required functions as 

tracking, stowing, and assuming a commanded orientation." (ref. "Second 

Generation Heliostat Test Plan, p. 1) 

Three sets of tests were performed over the two day period of Dec. 4 

and 5th to demonstrate the control capability of the heliostat hardware 

and software. These were tests 1.3.1 Standard Modes, 1.3.2 Special 

Modes, and 1.3.4 Control Drive Repeatability. 

Test 1.3.1 Standard (Control) Modes 

In separate operational tests each heliostat was operated through 

the mode sequences of a normal operating day. 

a. Stow to Standby Line Bottom 

b. Standby Line Bottom to Standby Line Top 

c. Standby Line Top to Target Tracking 

d. Target Tracking to Standby Line Top 

e. Standby Line Top to Stow 

Both heliostats demonstrated full compliance with the test requirements. 

Test 1.3.2 Special Control.Modes 

In separate operational tests each heliostat was operated at slew 

speed to the extremes of both elevation and azimuth travel to evaluate 

individual slew rates, combined slew rates, limit switch functional 

status, and establish limit switch base positions. Both heliostats 

properly traversed in commanded slew directions in all tests. No 1 

heliostat primary limit switches limited up, down, east, and west travel 
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properly. No.2 heliostat primary limit switches limited up, down, and 

east travel properly, but the west travel was stopped by the back up 

limit switch before the primary was reached. A bracket bent in shipping 

was found to be the cause. After restoring the bracket position normal 

west limit control was demonstrated. 

Test 1.3.4 Control/Drive Repeatability 

The control/drive repeatability test consists of up to 10 operational 

cycles between stow positions and an initial commanded position established 

by a laser image on a target located 250 ft behind the test heliostat. 

(3 inches on the laser target = 1 mrad). 

During the initial sequence, between "vertical stow" and the "control 

command position", repeatability was demonstrated within .25 inches (0.08 mrad) 

in "no wind"conditions and 1. 75 inches (0.58 mrad) when winds sufficient 

to toggle azimuth backlash were present. Throughout this sequence the 

pedestal was shaded. 

During the second sequence, between "horizontal stow" and the "control 

command position", repeatability was demonstrated within a 2 inch x 2 inch 

(.67 mrad x .67 mrad) envelope. Pedestal bending from periods of solar 

exposure between "horizontal stow" and the "test" position is believed 

responsible for the slightly increased inaccuracy. It should be noted 

that this pedestal solar exposure is not a normally encountered condition 

during tracking for the basic configuration Northrup II heliostat. 
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9.7.2.3.2 Beam Centroid Pointing Accuracy 

The objective of the "Beam Centroid Pointing Accuracy" test is to 

"measure beam centroid pointing error with the Beam Characterization System 

(BCS) while tracking the sun". The compliance with the specification beam 

pointing requirement is 1.5 mrad for each axis (equivalent to axis pointing 

of 0.75 mrad) is defined by the performance in this BCS monitored test. 

Baseline beam centroid pointing accuracy testing was performed with 

both heliostats Dec 12 (Day 347) and Dec 18 (Day 353). Summarized numerical 

results are shown in Tables 9.7-33 (Dec 12) and 9.7-34 (Dec 18). 

Graphic plots for Dec 12 are shown in Figures 9.7-45 and 9.7-46 and 

for Dec 18 are shown in Figures 9.7-47 and 9.7-48. 

The baseline tracking accuracy data indicated #2 heliostat to be 

within specification limits, 0.2597 mrad rms elevation error and 0.5532 mrad 

rms azimuth error. The #1 heliostat was beyond limit for the elevation 

error, 1.0270 mrad rms elevation error and 0.5442 mrad rms azimuth error. 

Correlation of the elevation error patterns for morning and afternoon 

against elevation angle show repeating patterns for #2 and a hysteresis 

effect between am elevation and pm elevation for #1. This generally 

correlates with the tilt data difference between the two heliostats 

(#1 tilt = 1.81 mad; #2 tilt = 0.27 mrad). 

The Dec. 18, 1980 data confirmed the characteristic tracking performance 

pattern of higher accuracy for #2 heliostat than #1. The final point for 

each heliostat was with low sun angles and illustrates the increasing 

atmospheric refraction effect on the sun's apparent position at low sun 

angles. A correc.tion model for the atmospheric refraction has been 

incorporated in the software subsequent to these tests. 

The negative offset of azimuth data sets on Dec. 18 is believed to 

be the result of a slow clock. Current practice is to set the computer 

clock with WWV time each morning. 
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? .... .... 
w 

Time 

9:45-
9:48 

10:22-
10:25 

10:59-
11:03 

11:38-
11:41 

12:12-
12:15 

12:48-
12:50 

13:51-
13:54 

14:48-

Table 9.7-33 

Baseline Beam Centroid Pointing Accuracy 

For Second Generation Northrup He1iostats 

a) N-1 CRTF He1iostat (171.38, 1016.37, 102.88 target coordinates) 

£J""'_ ....... ""~y J" ~ 
Azimuth Axis Elevation l\J(is 

Angle degrees Mean Axis Angle, degrees Mean Axis Pointing 
from West Pointing Error for from Vertical Error for 30 Data 

30 Data Points, Points, mrad 
mrad 

100.96 -1.40 15.88 0.13 

96.69 -0.22 17.39 0.39 

92.41 -0.31 18.41 0.49 

87'.31 -0.59 18.86 0.42 

83.10 0.28 18.78 1.02 

78.72 0.47 18.23 1.41 

71.27 -0.26 16.10 1.30 

65.11 1.05 13.01 1.37 

RMS For Full Day 0.5442 1.0270 
-----~ -~ -- ---- ---------~--~--.- ------~-- --

I 

I 

, 

! 

I 



Figure 9.7-45 No 1 Northrup He1iostat - Dec 12 1980 . ' 

ELEVATION ERROR CMR) VS TIME OF OAY 8 POINTS PLOTTEO 
RMS ERROR - 1.212699 OAY - S47. Dec 12,1980 x N1B 

x x x 
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I I I I I I I I I I I I I I I 
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AZIMUTH ERROR CMR) VS TIME OF OAY 8 POINTS PLOTTEO 
RMS ERROR - .54421 OAY - S47 •. Dec 12,1980 x N1B 

-S.12I 
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ai oj S . . 
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• Table 9.7-33 

b) N-2 CRTF He1iostat (-65.26, 769.55, 107.36 target ¢oordinates) 

Dec 12 (Da~ 347) 
-_._ ... _. _. -_ .. _-_ .... -

Time 
Angle, d!:!::!h Axl.i

S Me-an- Axfspolof-----j- Angle, deg~!::ar-t!: AXis--P~inting--
from West Error For 30 Data from Vertical I Error for 30 Data 

Points, mrad Points, mrad 

9:53- 107.72 -1.06 16.78 -0.44 
9:56 

10:30- 103.36 -0.71 18.33 +0.02 
10:34 

11:08- 98.86 
(j') I 11:11 I 

-0.72 19.36 +0.19 

...... 

...... 
Vt '11:46- 94.13 -0.52 19.88 +0.26 

11:49 

12:20- 89.86 -0.38 19.88 +0.05 
12:23 

12:55- 85.57 -0.15 19.42 +0.43 
12:57 

14:00- 77.79 -0.36 17.33 -0.08 
14:03 

15:02- 71.17 -0.22 13.96 -0.56 
15:05 

RMS For Full Day .5532 .2597 



Figure 9.7-46 No.2 Northrup He1iostat December 12, 1980 

ELEVATION ERROR (MR) VS TIME OF OAY 9 FOINTS FLOTTEC 
RMS ERROR - .25967 OAY - 347. Dec 12,1980 x N29 

x 
·1. IZI 

-2. IZI 

-3. IZI 

Z 
Ul 

lSI lSI lSI lSI lSI lSI lSI lSI lSI lSI 

cD oj S . . . . . ... N (T) 'Of Ul cO ~ ... ... ... ... ... ... ... ... 

3.1ZI~ 
AZIMUTH ERROR (MR) VS TIME OF OAY 9 FOINTS FLOTTEC 
RMS ERROR - .55324 OAY - 347. Dec 12,1980 

X N2B 

·2. IZI 

·3. IZI 

Z 
Ul -lSI lSI lSI lSI lSI lSI lSI lSI lSI lSI . oj 

. . N 
. . . 

cO 
. 

III lSI ... (T) 'Of Ul I' ... ... ... ... ... ... ... .. 
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Table 9.7-34 

Baseline Beam Centroid Pointing Accuracy For Second Generation Northrup He1iostats 

(a) N-1 CRTF He1iostat (171.38, 1016.37, 102.88 target coordinates) 

Dec 18, 1980 (Day 353) 

Azimuth a-xfs----···----·-·---· Elevation axis 
t---ATn:::-g=-'!""e"""',---'ar:e'"""g:":=rees Mean-1\xTs---VoIiiting Mean Axis Pointing 

Time from West Error for 30 Data Error for 30 Data 

+ 
Points, mrad Points, mrad 

I 

98.038 i -0.76 I 
i 

10:13-
10:16 

16.821 -0.47 

11:13- 90.713 i -0.53 18.446 -0.78 
11:17 

12:17- 82.863 -0.63 18.623 -0.42 
12:23 

13:10- 76.368 -1.37 17.579 - .02 
13:13 

15:19- 62.447 - .53 11.021 - .36 
15:23 

16:36- 55.685 .69 4.511 -1.11 
16:39 

----------_. 

RMS First 
5 sets .9292 .5663 ,--_ .. _._------_ ... _ .. _-_ .... __ ._--.. __ ._ .. _--_ .. _._._ ...... _--_._--.. _-- ._---

RMS All 
6 sets .9005 .7531 

--------.---- .-.. -------__ .. _. - .. -.-.--__ . ..I 



Figure 9.7-47 No.1 Northrup He1iostat Dec IS, 19S0 

ELEVATION ERROR ~MR) VS TIME OF CAY 7 POINTS PLOTTEC 
RMS ERROR - 0.7531 CAY - 353. Dec 18,1980 X N1C 
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Table 9.7-34 

Baseline Beam Centroid Pointing Accuracy For Second Generation Northrup He1iostats 

(b) N-2 CRTF He1iostat (-65.26, 769.55, 107.36 target coordinates) 

Dec 18, 1980 {Day 353) 

r-----------,---------.---- .. -.... --.- .. ' .... ---. ---------_ ... --_ .. _. '-,-
Azimuth axis Elevation axis 

Time Angle, degrees ~ --- Mean 
from West I ErrOl 

1 Point 

AxiS-Pointing I Angle, degrees Mean Axis Pointing 
for 30 Data from Vertical Error for 30 Data 

! 
10:02- 106.93 i-I. 

10:05 I 
11:25- '96.99 1 -0. 

f 
11:29 I 

1·2:28- 89.23 I -0. 
12:31 I 

13:48- 79.57 - • 
13:51 

I 

15:39- 67.69 - • 
15:42 

16:44- 62.22 - • 
16:47 

1--------------'----------------- ... -.-.. -.----... -... 
RMS First 

5 sets • 
-.. __ ... _ ... _- ----_.. . ~"."- ... --.. --

RMS all 
6 sets . 

__ ..... _ ••••••• __ -._ •• _. ___ • _____ • __ • __ •• __ ._ •• _. _. • ._, "W_ ••••• ____ ••• 

, mrad 

21 

55 

76 

46· 

46 

14 

8250 

6532 

Points, mrad 

16.94 -0.09 

19.49 0.13 

19.70 -0.05 

17.81 - .30 

11.20 - .34 

5.37 -2.99 

-r- 0.2666 

~[ .7044 

._----_. 



Figure 9.7-48 No 2 NOfthruP He1iostat Dec 18, 1980 

ELEVATION ERROR CMR) VS TIME OF OAY 6 POINTS PLOTTEO 
RMS ERROR - • 712144121 OA Y - SSS. Dec 18 1980 
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9.7.2.3.3 Beam Quality 

Initial "Beam Quality" tests were run on both he1iostats Dec. 10,1980. 

The focal beam pattern for both he1iostats was more diffuse than the "he1ios 

model" beam generated for the individual he1iostats and the test time. 

Near-noon charts for the 90% power contour with the "he1ios model" points 

overlaid are shown in Figures 9.7-49 (No.1 Northrup he1iostat) and 9.7-50 

(No.2 Northrup he1iostat). 

Inspection of the mirror modules revealed a "built-in convex cant" 

of up to 1.4 mrad between the two facets of a single module. Inspection 

of the assembly tables indicated a position shift from the original 

alignment which caused the out of flat cant. 

A design change decision to build in a concave cant matched to the 

slant range was made and implemented. Replacement modules were built and 

installed on both he1iostats at CRTF. Beam quality data with a canted 

facet he1iostat was taken Feb 5, 1981 on No. 2 he1iostat. The 90% contour 

and 90% "he1ios" model plots are shown in Figure 9.7-51. Numerical data 

from the beam quality tests are summarized in Table 9.7-35. The gain in 

image size achieved by the canted facet mirror modules is quantified 

by the reduction in size of the 90 percent contour footprint from 19.88-

19.97 m2 in the Dec 10 test to 14.3-15.5 m2 in the Feb. 5th test. The 
2 contour still exceeds the specified he1ios model by 1.5 m. Refinement of 

the "y Direction" canting procedure is expected to improve this value. 
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PWR CONTOUR 
TEST TIME 

DEC 10.. 1980 11: 3: 49. 19 
FILE NAME - CF345C::50 
MAXIMUM FLUX ;;;: 

• 2565665E+f2Jf2I W/SQ eM 
TOTAL POWE~ = 

• 4265793E+05 WATTS 
SOLAR INSOLATION ~ 
.969~~~f2IE-f2I1 W/SQ eM 

CENTROID REL. TO A.P. 
X = .23547 METERS 
Y = .26251 METERS 

POWER CONTOUR OF 9~ X 
ISO CONTOUR OF l~.~ % 

~ 5. __ ----------

J­
Z 

4. 

3. 

W 2. 
4 
W 
U 1 -< . 
~ 
a.. 
(J) flJ. 
..... 
o 

-1. 

-2. 

-3. 

-4 .. 

m 

a 

II 

.. 

a 

.. 
D 

a 

a 
a a 

a I!I 

# 

• • 

.. 

!I 

90% 
helios 
model 

-5.~~~~~~~-~,~I~'LI~ILI~ILILI.LILJLI~,~I~L~,~L~I~I~I~I~I~I~~.~I.l.~~~~~ 
-5. -4. -3.. -2.. -1. (2). 1.. 2. S. 4. S. 

E TARGET X DISPLACEMENT <M) w 
Fig. 9.7-49 "Beam Quality" Comparison Northrup III 
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-1. 
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(,j 

0:: 
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CD 
-5. 

-5. 

E 

PWR CONTOUR 
TEST TIME 

DEC 10. 198f21 11: 22: 56. 1 7 
FILE NAME - CF345D::51 
MAXIMUM FLUX = 

. 3338382E+f2J0 W/SQ CM 
TOTAL POWER = 

. 4106595E+f2J5 WATTS 
SOLAR INSOLATION = 

. 9630001E-01 W/SQ eM 
CENTROID REL. TO A.P. 

X = 0.00000 METERS 
Y = -.48126 METERS 

POWER CONTOUR OF 90 % 
ISO CONTOUR OF 13.0 % 

• • • D 

• 

i 
If 

• 

• 
If 

If 

I -
I 
, 

I 
I 

I I I I I I I II. II I I I I I " I I 
-4. _____ .-3. --r-2. 0. 1. 2..3. 4. 5. 

TARGET X DISPLACEMENT eM) W 
:'7i0urc 9.7-50 'aeam Quality" Comparison Northrup 112 
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CD 

PWR CONTOUR 
TEST TIME 

FEB 5.. 1981 15: 1 1: 53. 23 
FILE NAME - CF036B::62 
MAXIMUM FLUX = 

. 5428509E+00 W/SQ CM 
TOTAL POWER = 

. 3454443E+05 WATTS 
SOLAR INSOLATION = 

. 9460001E-01 W/SQ CM 
CENTROID REL. TO A.P. 

X = .34290 METERS 
Y =. -.59821 METERS 

POWER CONTOUR OF 90 % 
ISO CONTOUR OF 8.5 

90% Data Contour 

• • • 
• 

• + • X • 

• 

• '" • • 

.'" . "' .. 
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• 
• 

• 

Mod.1 

-5. 00 J...J....l. I I I I J I LLLI I I I I I I LLJ.J .. I I I I I I J I I ,-" ...... I'-'I_ ....... -L-..I~'--' 
-5.00 -4.00·-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.0~ 

E TARGET X DISPLACEMENT (M) W 
Figure 9.7-51 "Beam Quality "Northrup 112 Canted Modules 
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cp 
..... 
N 
VI 

Heliostat Total Power 
& Test time kwt 

No 1- Dec 10 42.658 
11:03:49 

.... ' 

No I-Dec 10 34.101 
15:16:14 

-_ ... _. __ ... -
~. --. ,-

No 2- Dec 10 41.066 
11:22:56 

---_ .. ---.-",,---.,,,_., -

No 2-Dec 10 34.487 
14:'53:14 

'"' ... .. _-_ .. - ," 

No 2- Feb 5 40.544 
11:28:41 

1--._-_ •.. -... -1--------- .... '.' '. 
No 2- Feb 5 34.544 
15:11:53 

Table 9.7-35 "Beam Quality" nata Summary 

._.,.. 

Inso1~tion Max 2 90% Power Helios Model 
w/m Flux, w/m Contour Area 90% Contour Area 

969 2565.7 31.488 18.096 

~'---"'--'- , ... , . ' .. -"".'-- --.--------------- -----_. 
I 

794 1980.2 30.345 17.887 I 
I 
I 
I 

- .. ~--- ..... .. - ... '- .-..... -------- --------- --------·1 
963 3338.4 19.967 12.737 I 

, 

.. ,- .... ..... "-"- .-... -.----~---- -----_ ... _-_ ..... .,-- .. _----_._.'--------_. 

863 3060.2 19.877 12.968 

... __ ._--,--_ ......... , ....•. '-'-'--" . -- 1--. 

1022 5192.0 15.528 not available 

. ._---",.. .. . ....... - .'" _0 •• ___ ••• _ .... _ .... _ •• _ •• _______ f-... --- .. --.--.----.--

946 5428.5 14.299 12.797 

.. -_._-- .. 1.-- - -_.... --- -_. --- -



9.7.2.3.4 Life Cycle Tests 

Life cycle testing software was developed on the bench test electronics 

unit in Littleton and incorporated in the CRTF Software Jan. 12. Either 1 

or 2 he1iostats are operated in a simulated half day cycle which spans 
+ + a - 67 degree range in elevation and a-50 degree range in azimuth every 

hour. 

The cycle count is recorded on the same type plot used during 

tracking operation where the lines are composed of plotted points for 

each tracking update. Figure 9.7-52 shows a typical plot for dual 

heliostat cycling showing the twenty four operating cycles and the 

simulation cycle. 

As of Feb. 4, 1981 heliostat #2 had operated 380 cycles without 

any problems being encountered. 

G-126 



-- , 
..... 

1'i?' \.... "-. 
\.... "-. 

i?'t:' \....~ 

~ ~ 

\.... "-. 
.. 

aC' \.... "-. 
\.... "-. 8r \.... "-. 

\.... "-. 
sr ~ 

.. 
\.... "-. c§ 

po 

\.... "-. <&. 

.. 
;,r 0 

-
C/) 

\.... "-. 
I 

.J./ 
III 

\.... "-. " 

.J./ 

-
C'r" 

C/) 

-
0 

\.... "-. "'r 

'1'"/ 

po 

0 

...; 

-
(JJ 

( 

\.... ~ • 

::r: 

.. 

ar~ 

• 
. 

C'\j 

.\ 

\.... "-. 

,., 
t cE d 

\.... ~ 

I 

8 

.J./ 

I 
,., 

• 

\.... ~ 

III 

"'r 0 
~ 

\.... ~ 

.J./ 

f.J C/) 

\.... ~ 

~ 
"'r 

(JJ 

~ 

\.... ~ 

...; 
.... tJ 

Q) 

\.... "-. 

G 
(JJ 

0 

\.... "-.... 

Ci-t 
'1'"/ 

~ 

\.... "-.... 

~ 

5 
0.; 

~a 

C'\j 

~ ~ 
~ ~ ~ ~ 

~ 

I/') 

i\; 
I 

C\i 
.... 

"'r .... 

" . 
0'1 

(JJ ,., 
:s on 

~ 

\ \ "'t:'rc§ / <&. 
0 

ar. 

~ 

~ 

~ 
e -8 + • ;) 

/; ct 

~ ~ 
~ ~ ~ ~ ~ ~ ~ 

C\i i\; .... .... .... 
-lG""y -.,. .... y 

<;o:"-o'l_H G-127 



APPENDIX H 

MANUFACTURING 

This appendix includes the following: 

Direct Material, Direct Labor, and Equipment Cost Summaries 

Overall Summary 

CBS 4410 Reflective Unit 

CBS 4420 Drive Unit 

CBS 4430 Controls 

CBS 4440 Foundation 

CBS 4450 Heliostat Support 

Direct Labor Summaries 

Production Equipment Cost Summaries 

Mirror Processing 

Mirror Module 

Drive unit (Includes Direct Labor Details) 

Controls 

Structural 

H-l 

H-2 

H-3 

H-7 

H-14 

H-16 

H-18 

H-23 

H-28 

H-29 

H-40 

H-75 

H-78 



:I: 
I 

N 

OVERALL 
:;1 Jt-1I·1JI.HY ( 'H~; 

iJ,· • 

--_ .. -- ···-·-----------·-T-----·-------
~IUI\IJT [TY 

PEl< 

JlF.LIOSTAT 

1 

1 

1 

1 

1 

PI\J(T I 
NO. j DESCRrr"rION . __ ._---- -. ---- ._-- ---- - -----.--

CBS4410 Reflective Unit 

CBS4420 Drive Unit 

CBS4430 Controls 

CBS4440 Foundation 

CBS4450 He1iostat Support 

DESCRIPTION 

i ," "1' . -- -'---r- --'--'CO!;;r--- --- , -I 
i __ . _. ..!·_l::_l' ~ '~JI :1:_.______ _ ___ ~~: m:J.r~AT ----1 ! 
; : 11,!'c"l' OIlUTT DIREC'l;d DIHECT I EQUIPMENT 
! ~1'I'I'I':I-:l,,\1 I.A II ClH HATER rAt. lJ\BOR COST I . -------_ ---_____ _ 

! . . ----1--96:~6 I -- 15; 481 9,161,000 

1,318 139 
I 

233 148 

309 140 

450 184 

3,272 147 

76 1 82 54,262,000 

10 I 47 680,000 

4 I 50 1,464,000 

10 6:616,640,000 

118123172,207,000 
I 
I 



::r: 
I 

W 

~!UI\N'rI'l'Y 

PER 
IIEL IOSTI\'I' 

12 

36 

72 

36 

72 

Sf 111MlIf<Y (W; ___ -441,0 

II 

--_.,,--- --,-------------------

I'AH'r 

I 
I 

NO. DESCf<TPTIOtI --_. _. __ . __ . __ ...... __ . __ . __ .. _- -----. 
----------------_._------_ .. 

12-100 1 Mirror Module Assy 

12-010-0021 I Stud 

12-010-0022 I Flat Washer 

12-010-0023 I Jam Nut 

12-010-0024 I Spherical Nut-Washer 

Reflective Unit 
DESCRIP'l'IUN 

I 
I 

1__ __ i 'i-'!': 

i : 11·1'("1' 
I 

,,~. n,VI'I' i-! LV 

79 ' 28, 1 129 

I"· ---~ --cor;'r l 
II"; I '1' ________ -~-----~~{ I1L:I,IOSTAT _____ _ 

DIIH<CT I DlReCT DIRECT EQUIPMENT 
I.l\HOH r'II,TER 1A1. [.,\BOR COST 

951136 15 48 ,)9,161,000 

13" 4 168 
01 '72 

I 
02 " 

04 I 
I -J-- 2 188 

72 

I 
i 

I 960 I 36 15 148 9,161,000 

i 

I 
I 
I 
I 

I 
I 
I 
I 
I j 

i 
I I 
I I I 

I I 
! 

I I 
I 



I'J\R'I' NO. _____ p-100 ____________ 1lI'::;CHII"I'1 

nUAll'[' I 'l'Y 

PER IPART 
ASSEMBLY 110. m;scu P'1' ION 11'l'Vl"';: 

--~-- -_._- -- _._-----~----.. _---,-. ------_ .. _--_ •. -
1 Substrate Assy 

2 0115 Mirror Facet Ass 

1 0116 Backing Plate iI Steel 

14 oz 0154 Silicone 
11#4 

4 oz Adhesive 
:.:: 
1.1 1 0103 Center Molding \I Foam 

1 oz 0156 Adhesive, Rubber 

2 0106 Molding, End P.P. 
Steel 

4 l105 I Molding, Side P.P. 
Steel 

4 bl07 I Corner P.P. 
Steel 

II 
6 oz I Sealant 

1 Center Trim IIP.P. 
Steel 

/I 
Assemble 

,", .. : :I'r-;, I', 'I :'1'1\ II.S 
- -:.:..,:,::=~' ::.: ,..::..:===== 
Mirro~ _~odule_~s~y _______ __ 

. ! I,· i:, "I' "~,\'I'I ,r 1\1., 

. I ,1:T 

! " :, ". ' :~i ~.!_ FII'( 
)l r,: I ' 

: ;,' 

0.22# 

0.34# 

I' 1ST PE 

.'.:~: \'.' "II,For,E _.- _oj __ _ 

1 $31. 94 

1 

143.5# 
I 

I 
14ft 

I 
.44#1 

I 

1. 36#~ 

I 

11.72 

.27 

9.50 

2.08 

.12 

.98 

.35 

.35 

0.01# I .04#, 
j 

.35 

I 
I 5.50 

0.24#1 .35 , 

'-

cos'r 
R PER 
TC. ASSY. 

ec 31 94 

ec 23 44 

1# 11 75 

1# 8 31 

1# 52 

1ft 48 

1# 06 

1# 15 

1# 48 

1# 01 

1# 2 06 

1# 48 

- --

79 28 

CBS 4410 

•. _---_. 
I-

DIRECT LABOR EQUIPMEN'l 

HOURS COST COST 
PER LABOR PER PER 
lOOPC RJ\TE PC ASSY COST 

28 28 2,131,000 

27 54 4,158,000 

.14 4 49 01 01 809,000 

-- ---
-- ---
-- ---

-- ---
.04 4 49 01 02 

91,000 

.06 4 49 01 04 

.02 4 49 01 04 37,000 

--
I .08 4 49 01 01 37,000 

" 
I 

7.84 4 49 35 35 1,898,000 

1 29 9,161,000 



l'AF('r NO. DESCIU!"I'I \ 

·---··---l---.. ·--------
nUANTI'ry 

PER I PAR'r 
ASSEMBLY NeJ. I DESCRIPTION TVI 

7 10131 1 Web II P.P. 
Steel 

14 10132 I Stiffener II P.P. 
Steel 

2 10121a I End Channel II P.P. 
Steel 

I II I Rivet 20 10151 
::.:: 
I 

U11 1 10113 1 Backing Plate ' P.P. 
Steel 

2 10141 I Rectangular Tube P •. P. 
Steel 

4 0142 Floating Nut 

4 oz. Adhesive 

Assemble 

71::''1';·;· ;, : ,,[,A.I1.S 
--~--... -..... ~ ... _---_ ..... - .. 

Substrate Assy CBS 4410 .---- :...:.=~---

11; 1'( "I'" \'I'! .II\L =--=---=--=J.!-. --
l\ll!'I' 

I ;,:,::, :'1'1:, E·I···. i 1';:.' I 11-:1, I'~ lS'l' l'ER 
',r 1'1 ", ,. ',. l' 1"1' l"re : , " t . ,. .' '; , " . ..:.......! -" -:::--!'.f---

125.2# .35/# 

I 1.4# .33/# 

3.6# 

0.1# 

COSTJ HOUR 

PER PER 

A~SY. LOOP 

8182

1 
.0 

46 

I 
I 

I 1.2# I 2.4# I .35/# 18411.0 

I 43.5# 

I 7.5# 

I 
I 

I I .05ea 1100 
I 

143 • 5# I .35/# 15 123 \I .1 

I 
115# .33/# 1 4 195 \I .0 

! 
i 

.03ea 1 112 

2.08/# 1 152 

31 194 

3.5 

5 

., 

4 

7 

4 

7 

4 

-----
)J RECT L1IBOR 

COST 
LABOR PER 
RATE Pc 

4 49 01 

4 49 01 

4 49 01 

4 49 01 

4 49 16 

EQUIPMEr-J 

COST 
11 

PER i 

ASSY COST 

! 
!07 181,000 

37,000 

02 60,000 

-- ---

01 809,000 

I 
.. :02 60,000 

-- i ---
-- ---
16 984,000 

28 ,131,000 



~ 
I 

GI 

,\:'::I'i·i' I.. ,!:I'l\l)'S 

"I\H'J' NO._,_12-1~0-0.!!..?_, ________ �»,:~;CH'I"I'I " Mirror Facet A~~_. __________ CI\~; ___ 4_4_1_0 __ _ 

--'------------ --_._----------_._-_._-------

nUANTITY 
PER I PART 

ASSEMBLY r~o. 

1 

1 

m:SCluPTI~O..:..N~_ 
-----,----

Glass 

Silver 

Paint 

roTE: ,Each facet 
negligible 

.--.-
I ; 11; I:~ "I' ;'" i\'I'I': ': AL 

" ..... -.. _- ...... 
~:Ll't~1i jl 

1,'-:tJ' I'll, ETC. . -- . - .. _ .... -. ._-,-,". 
1'1:1-: 1'10::; l5T PER 

,}'yp,: I_i '.,Ii (::~I I\~_\~. ~,,:,~ I,F'r, ETC. 

Low-1rof:! 
. -- '1' ,-- ·-t--

Float /48 x 7 

!$1 
I 
I 
/$1 
I , 

! 
so reqUires .02 ounce$ 0 

, I 
st. : I 

! 

• 43/ft2 

5/oz 

0/ga1 

f copper 

--~, 
DIRECT LABOR 

COST HOURS COST 
PER pgR LABOR PER 
ASSY. lOOPC RATE PC 

, 

10 32 

90 

50 6.00 4 49 27 

11 72 

whic h I s , 

EOUIPMENl1 

COST 
PER 
ASSY COST 

! 

+- i 
I 

I 

I 4,158,000 I 
, I 

27 

27 4,158,000 I 

I 

I 

I 

I 
! 

I 



r 
-...J 

QUANTITY 
PER 

liE LlOSTA'I' 

1 

12 

12 

1 

SIIt·1M',,,, .. _. __ . ('II:; ___ 'H20 
II 

- '-"-'---T'-'--'-"--'---' 

PART 
t¥). DCSCRfPTION 

Drive & Motor Assy. 

12-010-0018 I Lockwashers 

12-010-0019 I Nut, Hex 

Cable Assy 

i ' i .. ~:- 'I' 

1·:·ll·;;:i;'!P~:· _.;1'; i ~I~ 01 

i ~~~!'::I,L\I LA 

-. 

.. _-
I~F:CT 

BOR 

I -
! 1307' 43· 76 07 

i 
! i 04' - --
I 

06 I -- --

D~_Je unit 
DESCIU P'l'ION , COf,'l' I I PEl{ HELIOSTAT -. 

DIRECT DIRECT EQUIPMENT ! 
f.iATERIAL LABOR COST 

1307 43 76 07 54,262,000 

24 - -- ----

72 - -- ----

10 00 75 

1318 39 76 82 54,262,000 

I 

I 

, I 
I 

I 
I 

I 
I 

I 



PA R'I' NO. D1·:sCt:n P'!'l 1'.J 

.- '1----' 
r )UlI N'I'T TY 

PER PAR'l' 

lISSEMBr.y I [10. tJr-:~;CR I PT I ON '1'Y[ I: 

1 12-300 Drive Unit Assy 

12 12-010-00171 Stud Steel 

5.2 gal I Oil i 

4 12-600 -066 Limit S·w. 
4 12-600-066 Limit Sw. 

%1 
12-010-0011 Stepper Motor i 

Flexible Coupling I 2 12-010-0012 

2 12-010-0013 Keyway 

8 12-010-0014 Bolt, Hex Hd. 

8 12-010-0015 Lockwasher 

8 12-010-0016 Nut, Hex 

1 Cable Assy 

I\~. :n·;, r... .)J :,\,lI J I.S ----
ellS 4420 Drive and Motor A~~y _________ . .---

r 
I 

JlIIII:I "i' ~'l\'I'i:.: I AI, 
- - .•.. · .. · .... ·T ----,----

I!I. r. ;Ii'r 
1.1':rJf;'I'IJ, E'J'l • : COS'I' 
1"'1 I n;·· " )8'1' PER PER 

ASSY. 

I 

. . I 
' I •.. ':~ 1 ,'\~::Y.I 1.I~r,ETC •. . - -----~--.--

850 34 

$.26 ea. 3 12 

8.75/ga1 45 50 

3.06 ea. 12 25 
3.42 ea. 13. 68 
$150 ea. 300 00 

$1.10 ea 2 20 

.01 ea 02 

.02 ea :16 
i 

.01 ea '08 
! 

.08 

80 ro I 
.01 ea 

307 143 

H REC'r LABOR 

HOURS COS'!' 
PER LABOR PER 
I nopr RATE PC 

50 4 49 

Af seE !hI L 

Pc in 

:') EQUIPMEN'! 

COST 
PER : 

ASSY COST 

7J 8~ 53,362,000 

--

--
---
--
--
--

---
--

--
--

• 2t 

7~ 07 53,362,000 

ne 200,000 I 
700,000 

54,262,000 



!I 

I'ART NO. ___ t~-300 __ ._. __ .... ___ Dfo:.';C1UI"I'1 .'; 

(JUAN'rITY 
PER PAPT 

ASSEMBLY NO. 1 DESCPIP'rION "---'-"-- -+I_'1'Vf ': 

1 651137-85 GITS Expansion C 

2 15118 Key 

12 13336 Lockwasher 

12 111870 ~~lt 
1 51137-84 ounting Plate 

/\: -: :,- r·iI' 1 ;1 :'L'l\ ( J.S 
.~ ••• ----- ...... ,- •• « -. -_._----_ ........... _---

Dri ve .!1ni t Assy •. __________ _ 

1 of 5 
r.--1_, t- I.' :.'1 "I' '/;- '-1 1 . ,-- ' fl.] 

" - ,-\.. J II r - _ .. - -." .-, .. ~.- •... - .. 

I 
~·!I·. r i ': !'r 

; ,I::~:( "'r'lI, I' 'I', • 

I i'l: i·li:':..! . 'OST PER 

.:~' ,.f! ~-1- ~.=::~:'?: !'-:~~' FT , ETC. 

. '$20 ea 

COST HI 
PER PI 

ASSY. l! 

20100 

.01 ea 1 102 

.01 ea I 112 
i 
i .01 ea 12 

I , 
in: production design: 

I 

i 1 -86 Copper Tubing 3/16 0 ...... I 

! 
I 

.18 ea 18 

2 15710 Key .03 ea 06 

5 11210 Pipe Plug ~ .09 ea 45 
I 

6 11208 Pipe Plug \ 4 .07 ea 42 , , 
24 10548 Spirol Pin I 

.01 ea I 24 

8 20314 Tor. Needle B' rg .45 ea 3 160 

12 11868 Bolt .03 ea 36 

16 11281 Cap Screw .07 ea 1 112 

24 11241 Cap Screw .05 ea 1120 

4 5908 . Oil Seal .19 ea 76 

2 110241 Retaining Ring .15 ea 130 

CBS 44,..::2",,0 __ _ 

-
DlREC'r LABOR EQUIPMEN'I 

) COST COST 
LABOR PER PER 

, RATE Pc ASSY COST -

-- ---
-- ---
-- ---
-- ---

. 
--- ---

" -- ---
-- ---
-- ---
-- ---
-- ---

--- ---
-- --- i 

I 

-- ---
-_ ... ---
I-- ---



li:'::;'I':P-'H:, ! ,I:TAILS 
,~ .... -----.... ",--- .... _---'---_ .. " , .... -

1'1\1<'1' NO. __ ---'-...:2:;300 :Jj),J::~CIUI '!t'[ ._-_ ... _--- D.rive,1Jni t Ass.Y.:.. ________ _ CBS 442,0 

.- ._._-.... __ . __ .... --j' ... ---.-.. -.-.--­
( IUI\N'fITY 

2 oiE 5 

I' u: 1~:l:'.l'f1:',\'I", '! 1\1., 

vn· "' 'l~! I'l' 
: ': '.: _, I , " .~ _, 1. .~ ••.. _ 

-

PER PAf''J' 

l\SSEMBLY ~~? ===t[j)E.'SCRIP~ION -Lh'yp 

2 1024.0 I Retaining Ring 

". j'll "':j' 'I 
["i: I Eli : 'OST 
".j 'I', '[' I "1,,--',,:" I" I' 1;"r • • .'/,..;:) •• ,.: l I " 

- ... ~-, •...••.. t -. 
I 

PER 

!ETC~ 

Bea $ .0 

2 

2 

2 

4 

~I-
4 

4 

4 

2 

2 

2 

2 

2 

2 

2 

2 

203.13 Bal..! B.rg, 3.3 

651137-67 I.Gasket, Plan. 

651137-63 . ,Ga:sket" PJ.an 

.6 

.4 

20311 ,I'Timken Cone 10.8 

2.0312 IT~~mcone 

651137-56 r ,Journal Pin 

-55 I Pl.anet Gear Steel. 

.3411 1.36# :1 .3 

2.51 '110' .4 

5 .. 8 

-54 1 Pl.anetary Pinion nsteel 1.51 3' .4 

-72 J Sec Ring Gear 

11 fH:'i Ring Gear 

52 . planet Drive 

57 planet Gear Web 

51 planet Cover 

50 planet Housing 

59 H.S. Worm 

steel 8.91 17.8# .4 

"Steell 8.9' 

tingl71 

I 
stingl7# 

i 

:aStiDg!17# 

ting i 131 

I
, I 

I Steel 
Cll17 

i 
, 82.8' 
i 

:! i 17.8' .4 
• I , 
" 

4.0 

4.0 

6.0 

I 6.0 

I 
, 165.611 45.54: 

B ea 

lea 

4 ea 

7 ea: 

1 ea 

3/# 

2/1 , 

2/* I 

2/t 

2/1 , 

o ea 

B ea 

8 ea 

o ea 

1# 

--_. 
I) I ROC'r lABOR 

ros'r HOURS COST, COST 
PER PER LAROR PER PER 
ASSY. WOPC AA'lf'E PC ASSY 

< 
~6 --

: 

6 7<6 --
1 22 --

i 

88 f--

,43 48 --
23 24 f--

: 45 1.37 4 49 P6 24 

4 20 ~6.30 ' 4 49 It>3 '6 52 

1.26 ~0.25 4 49 2~6 4 52 

748 ~7.18 4 49 l r>7 3 34 

7. 48 ~7.18 4 49 lr>7 3 34 

8 00 ~2.57 4 49 1~6 2 92 

8,16 132.40 4 49 IPS 290 

12 16 ~2.37 4 49 235 4 70 

12 00 123.73 4 49 117 2 14 

75 35 ~15.42 4 49 5 8 o 36 

ECIUIPMEt!' 

COST 

--
I 

---
---
---
---
--
254,000 

2,030,000 

2,233,000 

---
6,296,000 

1,333,000 

1,433,000 I 
2,535,000 I 
1,012,000 

9,839,000 



:I: 
I ..... ..... 

/\' .:;1'.1'11 'I I: I'!, 1l.S 

1'l\R'r NO. ___ , __ ~2~~Q". __ ,_, ___ ,.,, ___ DI:~;Cl\1l·'l'! Dri ve Unit Assy ________ . ____ CBS __ ,~!~ __ 
3 of !). 

I' !lW(,'I' [','/11<., . ,1\L 
~--- .. " .. - _.. ------

~. i I ~ ~; l' j I , 

()lIANTITY I,:" .I'!I, !.')'(. I cos'r !-1m RS 
PER I PAJ.-T 

r\f3Sr~MBL'l tlO. DESCRIf'"{'ION II']'YI I. 

I;'.' "·'1' 'j j::f;;- 1·" )ST PER PER FE 

1'1 ; , I: ,\S::;.',: 1 i I ~,! "'T, ~:TC. I\SSY • u~o PC 

4 30178 Oil Seal 

3 30177 "0" Ring 

24 651137-70 Spacer 

24 13339 Lock Washer 

24 13338 Lock Washer 

38 -13337 Lock Washer 

24 11878 Bolt 

12 11879 t H. H. Bolt 

26 11871 lH.H. Bolt 

1 651137-66 I Gasket 

1 -65 JGasket 

1 -'64 1 Gasket 

2 20315 I Ball Bearing 

1 651137-6{) JWorm Support 

1 4.1. J S. S.Gear·- E.lev. 

1 44 15,.S. Bearing" 

1 43 .I:s .S .• Bear.ing. 

(Eli nated 

,I 

;$10.00 ea , 

I .03 ea , 
! I 

~n production desil 

I I 
I ! 
I I 
i 
I 
I 

I 
! 

.02 ea 

.01 ea 

.01 ea 

.14 ea 

.07 ea 

.02 ea 

1.07 ea 

1.77 ea 

1.44ea 

{Elim~nated .j.n prod~ction desiJ 
. , I 
i I 

astingf iiI. 12 'ea 
i I 
; I 

asting .~ .1 217# 1" 114.80 ea 

Onim~nated lnprc)(i ction desi 

1. I 
{Elim~nated ~n prodpction des' 

40100 

09 

48 

24 

38 

3136 

84 

52 

1107 

1/77 

1144 

) 

1112U 17 ,43 

114180n 86 ,67 

) 

11 I REC'r I.J\BOR 

COST COST 
IJ\BOR PER PER 
RATE PC ASSY 

--
--

---

. --
--
--

--
--

--
--
--

4 49 78 78 

449 3. 89 ·3 89 

EQUlf'MEN'Il 

COST 

---

---

---
---
---
---
---
---
---
---
---

558,000 I 
I 

6,270,000 



:z:" , 
~I 

N'"!:'·fl,l·l.Y; :r'A' loS ..... -
CBS 4420 j'AH'r NO. ___ ._ll-..lOll.-___ ._. ____ f>l::~;CrHf"I'T! I'; Oriv~ .. J1I)H .. 1.\.::;sy __ 

4 of 5 
--------

--"---T--
nUANTITY 

PER I PART 
,\SSEMDLY W). 

1 1651137-42 

1 40 

1 73 

12 11869 

1 11209 

2 30176 

6 651137-69 

1 87 

1 62 

1 61 

1 651137-46 

1 49 

1 48 

1 47 

1 45 

2 1109 

2 1651137-58 

-_._-----_.-

DESC.RIPTION 'l'YF!: 

.. -- '_ ... -, .. -, . 
"l'm~"'I' I··V.I" IA 

. - . \.j !~:;'i!'I;" . I 

I ~i.:r i( . :'." ,_~. J':I\'. ~ ... 1 
i'r:l: i 1'1';1, 1 '()5 

AS!:. \' • i :,1;, 
.• -'- - -...... . •. I '-
i: ! 1 :('~,: 

'! . 
5.5. Bearing Rin41 Castingl 45# 1$22 

Elevation Housing" Castingl229~ 

Plug, Azi , Gear 

Bolt 

Pipe Plug 3/8 

Oil Seal 

Stud Itrhr.stk. 

Dust Shield 

Gasket 

Worm Support 

5.5. Gear Azi 

5.5. Bearing, Rio 

: 111 

10 

8 

1 

1 

87 

product 
i 

.. 

, l'ER 

:r,ETC. 
-

50 ea 

07 ea 

16 ea 

06 ea 

08 ea 

00 ea 

38 ea 

33 ea 

83 ea 

12 ea 

42 ea 

on des 

5.5. Bearing-Clam 

Casting, I 
castingl176# 1 

(Elitinated in 

(Eli~inatedlin 
castingl 48# I 

pro~uctl on des 
I 

5.5. Cover 

Azimuth Housing 

Elbow 

Clamping Disc 

Casting! 297# ' 

Cll17 1.3# 

I 24 
I 

1

128 

2.6# 125. 

00 ea 

84 ea 

24 ea 

¢/# 

-
DIRECT LABOR 

cos'r HOURS COST 
PER PER LABOR PER 
ASSY. lOOPC RI\TE PC 

22 50 37.37 4 49 1 68 

111 07 45.13 4 49 2 03 

16 

72 

08 

20 00 

2 28 .05 4 49 - -
8 33 

1 83 

1 12 17.43 4 49 78 

87 42 81. 72 4 49 3 67 

lign) 

'gn) 

24 00 25.30 4 49 1 14 

128 84 44.80 4 49 2 01 

48 ---
67 7.93 4 49 36 

~UIPMf:N1 --
COST 
PER 
ASSY COST --

1 68 1,337,000 

2 03 5,250,000 

-- ---
-- ---
-- ---
-- ---
-- ---

-- ---
-- ---

I 
78 --- I 

I 

3 67 6,270,000 I 

1 14 901,000 

2 01 5,250,000 

-- ---
I 72 561,000 



lI: 
I 
I-' 
W 

PAWl' NO. 12-300 r)I::~;CIUI''I'I' "J 

()IJAN'rITY 

P £.;R 1'1\ £<'1' 

r.!:i~.;F.MBI,Y NO. [)ESCIUPT~()N -W'YJ i: 
--+-

140 Balls 3/4 D 

2 Plugs 

.05 Prime 

.05 Paint 

Assemble 

"\.',:~"r~I·,I:;' i'l:'rATI.S .­---
Drive Unit Assy 

.. '-_.--"--"" ... . ________________ CUS __ 4_4_2_0 

5 of 5 
-

1,11,1';<' "\' r-li\'l'~ ,: J ,J\L r \.1 .-~ .~. ~ •..•• -_··-t-

I .. I r, ,II I I 

! ,U J( 1'1 J, E'I" • i 

'ST T'ER 

~! FT, ETC. ~;:. , p,,~,! ,; 
i ' $ 
I , 
, I 

I 2 , 
! 10 

20 

COST 

PER 

ASSY. 

28 00 

4 00 

50 

1 00 

850 34 

1--_. DIRECT LABOR 

HOURS COST 
PER T.J\ROR PER 
lOOPC RATE PC 

26.5 4 49 1 19 

333 4 49 14 95 

, 

EOUIPMEN1 

COST 
PER 
ASSY COST 

1 19 

4 95 

3 82 53,362,000 

I 

I 



:p 
..... 
oj::. 

\!UANTITY 
PER 

itEr ,IOSTi,'r 

1 

16 

16 

~:;"~1Ml\HY CI\~; 4430 
-- IJ 

----- ------

PART 
W). DESCRIPTION 

'--+---~-"---.---

control Assy 

12-010-0025 Bolt-Hex Hd. 

12-010-0026 Lockwasher 

--j 
l ·(~.:T 

1 
___ '" ____ E'~:!.~_ . .'.I~II.' 

r'lHi,;C·'J' 
I 

.. 1 1'1\~I'I_::i~:.I~~.~ __ ~ 

I .'" 
233 :00 ' 

, 
i 

:02 

101 

, , 
i 
I 

I 
I 

- I 
1 

. 

Controls 
DESCRIPTION 

. CO~~'l' 
I 

PEF: HELIOSTAT I --DIHECT DIRECT DIRECT EQUIPMENT ! 

LABOR MATERIAL I.ABOR COST 
- - --

233 00 10 47 680,000 

--- - 32 -- -- -----

--- - 16 -- -- -----

233 48 10 47 680,000 

I 

I 

I 
I 
, 

I 
, 



:I: 
I 
I-' 
U1 

l'AR'f NO. ______ t:!9. Drawi!!-.L. ____ DI::SCRII"".l,,'i 

-_. __ ._--------... _ ..... _--.-._----_ .... _----_ .... _. __ .-

,')(Jl\N'I'ITY 
PER I j'AWr 

l\SSEMnLY Wi. 

1 

.05 

.05 

m;SCRJPTT'lN 

Rack Assy 

Electronics 

~icroprocessor 

Translators 

Power Supply 
Assembly 

Gasket 

Prime 

Paint 

1'11./, " 
J I ~ . 

Steel 

Foam 

il;',:;! r'il,i,', IJ:'I'AJLS 
-, -----~ .. --- . ---

Contro!.~ss¥.. 

... 
! ~ !~;.(~'" !'i!\T' l·,: AI., 

f i'l ,; .ill' l' ------r-. 
I :,: ;. i'I!, E'I'I. , COST~fHOl 

'; "j i -11','1'-' ! ',1ST PER PER PER 

I -, -' j' ~:~-';~~~~~~ A:_~~!~~ 
,I j 
I I 

30 00 

150 00 

i I 42 00 

5 Ft.1 .10/Ft J 150 
166 

10.00/gall 150 

20.00/galJ 1100 

233100 

CBS 4430 

rHRECT UIBOR EQUIPMEN ~ 
RS COST COST 

U\BOR PER PER 
PC RATE PC ASSY 

.7 4 49 2 99 2 99 

I 

CC.'JT I 
~ 

.7 4 49 7 48 
--
--

--

0 47 680,000 



:z: 
I ..... 
0'\ 

.2.~~_ Cl!~; __ 4440 _ 
iJ 

--------J--------- ------r----------
(IUANT I'l'Y 

FER P,\RT 

~~~~.roSTl'..:!:- l~! "-=k-:-.- Dl~S~.!'.!!9.!£_ 

1 \M-101 Pile ASsy 

Foundation 
DESCRIPTION 

~ -=T 
I 

_ PER __ lJELIOSTAT 
::T DIRECT DIRECT EQUIPMENT 
H MATERIAL LABOR COST 

I (I,)!"!' 

I J'Ff.l nil'" 
1-- _ 

I :' !Ie, "I' 9IHEC 
, __ I :'1 \',-,-'Idl\ i ' ____ • I.ABOr, 

- f -.---- -----I- . , 
50 309 40 4 50 ' 1,464,000 i 309 i 40: 4 

I 
; 

309 40 4 50 1,464,000 

I 

\ 

I 
I 
i 

I 
t , 
I 



"J\RT NO. M-lOl IJJ.~;C'U J "~I' [ l~ 
--~ ----"-------

-----, 'T-.--.-'~"-'----- .. -'---'-'-
nUAN'rITY 

PER I PART 
ASSI~MnLY NO. m;SCRIPTION 1I'I'Yf.": --_._-- '. __ . ,-,----------

1 M-lOl-5 Pipe II Steel 

1 M-lOl-l Flange II Steel 

1 M-l05 Flange, E.O. II Steel 

Assemble 

lJ:' 
0.6 g~ I Primer II HD-230 

I 

~I 0.6 gall I Paint II DE-500 

.I', ,;:, r-lil) ,', 'I:TAU.S _. -~.-"~--" -_ ... - .-. ----
Pile Assy 

Ilfl\l:l"" ~·lJ\'l'1:,:11\1. 
r" , .T I; ,ii;,: ,., 'l -,-

I i,I,:I'l'11. F'I"'. ! 
'ER " ;;" -j" F'I I '( )"T I 

' " ':. "I' ',.~ (:, I I .... ), I,' ~:: -":,:-'~r"!T. 
850# '850# I $ .30 

ETC. 

/# 

91# 91# .40 /# 

10.00 /ga 

20.00 /ga 

CBS 4440 

DIRECT LABOR EQUIPMEN'J~ 

COST HOURS COST COST 
PER PER IJ\BOR PER PER 
ASSY. lOOPC RATE PC ASSY , COST 

255 00 40.0 4 49 1 80 504,000 I 

3.3 4 49 15 480,000 
36 40 

3.3 4 49 15 480,000 

26.7 4 49 1 20 

6 00 ---
12 00 26.7 4 49 1 20 

309 40 4 50 1,464,000 

,.1 

I 
, 



C!UANTI TY 
PER 

"ELI OSTA 'I' 

2 

4 

8 

4 

4 

32 
:J: 
I 

I-' 
(Xl 

S!I'·1HAPY ---_ . . " 
("I ':; 4450 

II 

1--· ---T·------.. -·---

f'l\HT 
NO. OESCRfJ>TION ---- _ .. _--,,----_. ------ ---_._---- -.. 

12-200-0220 Torque Tube Assy. 

12-200-0210 Truss Assy. 

12-200-0201 Truss Cross Brace 

12-200-0202 Truss Lower Brace 

12-200-0223 Rivet 

12-200-0225 Rivet 

Paint System 

I ('(~~:r 

1 .. _ .... T'EI~ i'">l.I.:I: 
~ '. III;:, "I' D 

:~.""!'I';I\ 1 i'\ 1., , LA 
:···· ... ..:: .. :.:.:··: .. -1 
126 ! 02 : 

38 i 58 

3 ! 66: 
! I 
! 
I 

3 51 i 
i 

I 03 i 
I I 
i : 

03 : 

i , 
I 
I , 

He1iostat Support 
DESCRI Pl' ION 

CO!.'!' l PER m:I.IOSTAT --ImeT DIRECT DIRECT EQUIPMENT I 
nOR r-tATERIAL I.ABOR COST I 

2 56 252 12 5 12 1,094,000 

1 13 154 32 4 52 2,300,000 

1 13 29 28 88 23,000 

1 13 14 04 44 23,000 

- -- 12 -- --
-- -- 96 -- --

450 84 10 96 3,440,000 
I 

3,200,000 ! 
6,640,000 i 

I 

i I 
I 
I 
I 



I'ART NO. 12-200-0220 

-. -----r-. 

OUANTITY 
PER I PART 

ASSEMBLY NO. 

1 10224 

DESCRIPTION 

Torque Tube 

DESCIUl""( JrJ 

'l'YPI~ 

Steel 

2 10222 Support Bracket Steel 

1 10221 Flange Steel 

Assemble 

Primer HD-230 

Paint DE-500 

l\:;~WMI··l.Y .lr~rl\[J.S .. _-------_. 
':l'0rq~e.Tu?e ASS¥,_. ______ . 

I! r" I':C'I' ~11\ 1'1: .' I "-L 
l'll': [< ;11'[, 

. I'" . IT r"I" ' 
1~i{~'- IL .. ~~~~ .•.. ,. '0 

1'1 I :C!,; h ASSV. ! ,II .-.. -... ' -.. -----. t -. 
".~--- .. --. ._--_ .. - . 

I 

cos'r 
ST PER PER 
!Jo'T,ETC. ASSV. 

310.2#[ 310.2#j $ .30/# 93 06 

17# 34#1 .30/# 10 20 
! 

42# 42#1 .40/# 16 80 

1 O.OO/gal 2 00 

2 O.OO/gal 4 00 

126 06 

CBS 4450 

DIRECT LABOR EOUIPMEN~1 
! 

HOURS COST COST 
PER LABOR PER PER 
100PC RATE Pc ASSY COST 

26.7 4 49 1 20 441,000 
I 
I 

0.8 4 49 04 08 173,000 

1.7 4 49 08 480,000 

13.3 4 49 60 

--
13.3 4 49 60 

2 56 1,094,000 

<! 



~ 
I 

'" o 

PAR'!' NO~ 12-200-0210 DE~;CRIP'rl ) 1 
,~-- ._--

nUANTITY 
PER PAR']' 

ASSEMBLY NO. ___ ·_d.!2.~:SCPIPTION 18'YEI : I ----- _.... -
1 

1 

0.15 gl 
0.15 g 

Top Chord II Steel 

Bottom Chord II Steel 

Web Steel 

Assemble 

Primer HD-230 

Paint DE-500 

/·:.~:ir~!'r.~· ,I':TA I J.S ._-.-
Truss Assy. . ______________ ~CBS 4450 

• __ ~M __ .,~ _0' 

!l '; Id·:CT :·11\ 1'1 >,,~ 1\L DIRECT LABOR EQUIPMEN'I 
i:r· '( :I,'r .. 

. .1-:: .;. : ['II. 1-:'1" • , COST HOURS COST COST 
l'I·.I· ... 'j ,',;:'!, i ,'0 

!" j:( '1': ,\S:-,,;y oj i.1I .. ... -t···- .. _.. ..... .. .. , 
. , - ,- ..... -. __ ._- .,' -. 

44.5#., $ 

ST PER PER PER LABOR PER PER 
,FT,ETC. ASSY. ~?OPf. Rl\~~E PC ASS\' COST 

•. - ~ . 
I 

.30/# 13 35 1.7 4 49 08 

I 
37.1#i .30/# 11 13 1.7 4 49 08 689,000 

I 
32# .30/# 9 60 8.3 4 49 37 393,000 

6.7 4 49 ·30 1,218,000 

1 a.OO/gal 1 50 --
2 a.OO/gal 3 00 6.7 4 49 30 

38 58 1 13 2,300,000 

I 
I 



I'AH'l' NO. 

nUAN'l'ITY 
PER 

12-200-0201 DESCH 11''1' I I, 
.--.---.- ~-. 

I ASSEMBLY I [)ESCRIP1~ON -==1 I 'l'YJ": 

1 0201 Cross Brace Steel 

.01 gal! Primer HD-230 

.01 gal! Paint DE-500 

:I: 
I 

i\:;; :1'Ni' I,', Iii :I'j\ IloS 

Truss-Cross Brace CBS 4450 ------_._-- -.---

. f--------. 
I' UH;("I' 1·1,\,"i :'11 AI. 

\-:!',It;!:11 1 

~UIPMEN'! DIREc'r LAHaR --r------ ------
t" '.,; I'll, 1-:'1" • cos'r HOURS cos'r C\)ST - " ..... - .. 
i":' I :'1:1; '(1ST 1 
.,/, ..... i\<'::'<~V In FT ::.: : ~-' :::L.::::== ::'. ~ '. -' 

'ER PER PER LABOR PER P~';R 

ETC. ASSY. lOope RATE Pc ASSY COST --
; 

11.2#1 $ .30 
I 

1# 3 36 0.8 4 49 04 23,000' 

I 10.00 Iga] 10 --- --

20.00 Iga] 20 1.6 4 49 07 

3 66 11 23,000 



I'1\HT NO. 

(llJ1\NTITY 

pr::R I P.l\f?T 
ASSF:MBLY fJO. 

1 1202 

.01 ga 

.01 ga 

12-200-0202 [)t-:~;CIU P'!'I J\; 

DES(,RIP'I'ION 'J'y!. 

Lower Brace Steel 

Primer HD-230 

Paint DE-500 

:\:;~)EMHI.\' "I:'l'I\IT.S .. -~-.---.--

Truss - Lower Brace CBS 4450 - ._---
,-- ... - .... -.. 

III Hl·:("!' r,~,\: I. i. : AI ... 
~"I I r :i!T 

. ,;::., ,'I'll, 10:'1"'. 
I ~i , i I VI: . '( )S'l' 

.1',II·'·I~ I~'::;::"(:· i [I;.!L 
, .. _j 

, I i 10.7# : 
, I 

$ .3 

I i 10.0 

20.0 

'I 

'ER 

ETC. 
---

1/# 

I/ga 

I/gaJ 

. 1-. 

cos'r HOURS 
PER PER 
l\SSY. >.-._-, ~~OOPC 

'--_ .. .. 

3 21 0.8 

10 

20 1.6 

3 51 

DIRECT LABOR 

cos,!"J COST 
L.l\BOR PER PER 
I~TF: PC ASSY 

4 49 04 

--
4 49 07 

11 

" 

EOUrI'MEN'l 

COST 

23,000 

23,000 

, 
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I\J 
W 

,....... 
At. II!, flo (L 

. 
PPERATION 

CBS NO. -
14" 

4411 

., .... 
~ I, 
.,~ II 

4411 

I 

p~::t>a Crl 0"'/ 

PRODUCT: . 

DRAWING NO.: 

OPERATION DESCRIPTION 

UAJC.oAb &Lp.. $a" • 

-:reIit') ED~es .. 
J 

k)As~ o. .. 
~. -r I!!AIWSF'elZ- . 

. 
-4 

. 11J· or fl. AN.J"F'e:If!. .; 

l,../JA~ 
-

k' £..~e. &Prr1HI 

PRODU", • ION ROUTING , DIRECT LnuOR COST SUMMARY 

PART: If,( (;I:. 'iLc) at.. , PART NO.: 

DATE: l/rfl! SHEET I of -r 
AVe TOTAL 

MACHINE OR rrOTAL NUMBER ~AGE LABOR FLOOR 
AUXILLARY EQUIP SET UP RUN TIME OPERATORS RATE COST SPACE 

t/~ L~be'R.. ~ z t." -rI!ANS ~~ 
"bGCh:. 

~E lENt) 
Sz:;,IIIFte. 

oJilS~~ 2 4·i~ I 

Accu"t ct'FI-_ 
UN~ '(,I!. 

Q(). -r12""'.r~ 
':i>&Vlct 

t(),4b~ 

2 .,«( 
"",£'~e 
SIL Ve-,e, ~ S "·4~ l.INt! 

.. ' .. _-_. ... 

I , 
pey f,~e 
re~ 5kr·i -r 



Direct Labor Summary 

Mirror Module 

Quantity Hours °12erators 
Per Per Shift Shift 

Part OJ2eration Day 100 pc 1 2 

Mirror Backing Sheet Shear 2400 .14 J, 0 

End Pieces Form 4800 .07 J, 0 

Backing Sheet Shear 2400 .14 J, 0 

Mounting Bracket Form 4800 .07 J, 0 

Mounting Bracket w/nuts Staking 4800 .14 1 0 

Stiffeners Form 33600 0 0 

Webs roll-form 16800 .04 J, J, 

Edge Molding roll-form 9600 .06 1 0 

Edge Molding roll-form 4800 .04 1/3 0 

Center Trim Form 2400 .08 1/3 0 

Corner Form 9600 .02 1/3 0 

Web Assy Bond 16800 .04 J, J, 

Grease Sheet Grease 2400 .56 1 1 

Substrate Assy 2400 3.36 6 6 

Module Assy 2400 4.48 8 8 

Final Assy 2400 2.24 4 4 

Unload 2400 1.12 2 2 

27 22 

H-24 



Direct Labor Summa~ 

Drive unit 

Quantity Hours Hours No. °12erators 
Per Per Per Of Shift Shift Shift 

Part Day 100 pc ~ Operators 1 2 3 

Gear Cover 200 25.30 51 8 3 3 2 

Bearing Ring 200 37.37 75 11 4 4 3 

Gear-Elev. 200 86.67 173 26 9 9 8 

Gear-Azi 200 81.72 163 24 8 8 8 

Worm 400 115.42 462 69 23 23 23 

Housing-E1ev 200 45.13 90 14 5 5 4 

Housing-Azi 200 44.80 90 14 5 5 4 

Frame 400 32.57 130 20 7 7 6 

Cover 400 52.37 209 31 11 11 9 

Housing 400 23.73 95 14 5 5 4 

Web 400 32.40 130 20 7 7 6 

Ring Gear-Pri 400 37.18 149 22 8 8 6 

Ring Gear-Sec 400 37.18 149 22 8 8 6 

Planet Gear 800 36.30 290 44 15 15 14 

Pinion 400 50.25 201 30 10 10 10 

Stud 1200 .05 1 1 1 0 0 

Worm Support 400 17.43 70 11 4 4 3 

Journal Pin 800 1.37 11 2 1 1 0 

Clamping Disc 400 7.93 32 5 2 2 1 

Paint 200 26.50 53 8 4 4 0 

Assemble Drive 200 400.00 800 100 50 50 0 

Drive Unit Assy 200 496 190 189 117 

H-25 



Part 

Control Assy 

Cable Assy 

Direct Labor Summary 

Controls 

Quantity Hours 
Per Per 
OaX 100 EC 

200 166.7 

200 16.7 

Limit Switch ASsy 200 16.7 

Cable ASsy 200 50.0 

H-26 

Operators 
Shift 

1 

so 

5 

5 

15 -
7S 



Direct Labor Summa~ 

Structural Parts 

Quantity Hours 
Per Per Shift Shift 

Part Operation Day 100 pc 1 2 

Flange, Opening Fab 200 3.3 1 

Flange, Top Fab 200 3.3 1 
Pile Form 200 26.7 4 4 

Weld 200 13.3 2 2 

Assemble Weld 200 26.7 4 4 

Paint Load 200 13.3 2 2 
Unload 200 13.3 2 2 

Flange, End Fab 400 1.7 1 

Bracket Fab 800 0.8 1 

Torque Tube Form 400 13.3 4 4 
Weld 400 13.3 4 4 

Assemble Weld 400 13.3 4 4 

Paint Load. 400 6.7 2 2 
Unload 400 6.7 2 2 

Chord, Top Form 800 1.7 1 1 

Chord, Bottom Form 800 1.7 1 1 

Web Weld 800 5.0 3 3 
Form 800 3.3 2 2 

Assemble Asm BOO 3.3 2 2 
Weld 800 3.3 2 2 

Paint Load 800 3.3 2 2 
Unload 800 3.3 2 2 

Cross Brace Form 1600 0.8 1 1 

Paint Load 1600 0.8 1 l. 
Unload 1600 0.8 1 1 

Lower Brace Form 800 o.a 1 
Paint Load aoo 0.8 1 

Unload 800 0.8 1 

Control Box Undefined 200 66.7 20 
75 48 

H-27 



NUMBER 
MACHINI NAIll REQUIRED 

Lh.JLoA'oE/t. 
.-rRII~SIE~ Z 
'"'::DECJ<.. 

Ebl,e t 
~,.,jb 2. 
seAtYI&~ 

T 
I\) 

~ASMeo/ 2 
~:<~~ 

00 ACCLldI·f 
Actet.. 2-

(!OAl"e"lo(L 

9,t· 
-'lfljfllls,:j:2 2-

uAbee..s 2. 

'-\\It..~~ 

~/L..~E~'N' 2.. 
LINE 

LO"T£ IZ-
I 

~64TMEAJT 
~I---------

HELIOSTAT MIRROR MODULE PRODUCTION EQUIPMENT COST 

MI~~oR -PR..OC£~SI,.j~ I.....,.JE 
. • ~C:-S It;rJ NO oz..) 

UNLOADING ESTIMATED MACHINE 
TRANSPORTATION AND INSTALLATION - LIFE 

INVOICE PRICE COST REMODELING AND COST YEARS/UNITS 

~45"~ • 2.2!1C.. , 3.1.. ~ IO~. 

of 

$'401( , 7K. • 14k: lOr' 

.$30 It.. /.,. ,'I( J ,. ("IC, 
f 

lor· 

~3()1(. I ~ + 
/. ~K. J,fle 1Dr' 

, 
zoIC- , 1.0"- t., ~ /~)&4. 

'.mll- 12~rK- 'z.ZK.. lor 
I/DD_ ( 

~ IO~. I S"bK. IOD If:. 
~ 

(2 b3~) (1 ~/.b- () ?J/ " y) \~.~ I ~ •. , .. 

tt/)oo~ ~ :"7J.t.. "IDOK... 2c)~ 

- ---~-- .-~--

.3 L ~.o It__ / 9, ~ ,,"-. ~'''' .'.::'" .~' :'\~.~ '. 

SHEET I OF ' 

AVERAGE YEARLY 
MAINTENANCE 

COST 101'ALCOST 

11.,1( ;'0/1( 

17J!., '3'2.'2.. t<-

~, r'k. ~I,'k:.. 

~, zIG ~, lK. 

., /k:.. ~41( 
1> -I/o k.. 2. 'Z.. Co 

~5"J(. '~?,6~t.. ! 

~SZ>IC.. • ~ ~~ot:. 



:z: 
I 

/\) 

10 

MACHINE NAME 

pay-off reel 

Roll-former 

cut-off 
Machine 

Run-out table 

NUMBER 
REQUIRED 

2 

2 

2 

2 

INVOICE PRICE 

12 
(24) 

45 
(90) 

21 
(42) 

1.5 
(3) 

159 

PRODUCTION EQUIPMENT COST 

WEBS 

SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
TRANSPORTATION AND INSTALLATION LIFE MAINTENANCE 

COST REMODELING AND COST YEARS/UNITS COST TOTAL COST 

1 1.2 
(2) (2.4) 

2.2 4 
(4.4) (8) 

1 2 
(2) (4) 

-- --

8 14 181 

-. --



::x: 
I 

W 
o 

MACHINE NAME 

Pay-out reel 

40-ton press 

NUMBER 
REQUIRED 

1 

1 

TRANSPORTATION 
INVOICE PRICE COST 

12 1 

20 1 

32 2 

PRODUCTION EQUIPMENT COST 

STIFFENERS 

SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
AND INSTALLATION UFE MAINTENANCE 

REMODEUNG AND COST YEARS/UNITS COST lOTALCOST 

1.2 

2 

3 37 



:z: 
I 
W 
I-' 

MACHINE NAME 

Pay-off reel 

100-ton press 

NUMBER 
REQUIRED 

1 

1 

TRANSPORTATION 
INVOICE PRICE COST 

12 1 

40 2 

52 3 

PRODUCTION EQUIPMENT COST 

END PIECE 

SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
AND INSTALLATION UFE MAINTENANCE 

REMODEUNG AND COST YEARS/UNITS COST TOTAL COST 

1.2 

4 

5 60 



p:: 
I 
w 
tv 

MACHINE NAME 

Coil Holder 

Coil Car 

Leveler 

Special 
Cut-off 

Special 
Stacker 

Run-out 
Table 

NUMSER 
REQUIRED INVOICE PRICE 

1 49 

1 18 

1 200 

1 375 

1 75 

1 4 

721 

PRODUCTION EQUIPMENT COST 

BACKING SHEET 

SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
TRANSPORTATION AND INSTALLATIO~ UFE MAINTENANCE 

COST REMODEUNG AND COST YEARS/UNITS COST TOTAL COST 

2.5 2 

.7 2 

5 20 i 

7 37 

3.5 7 

1 --

20 68 809 



• I 
W 
W 

MACHINE NAME 

Pay-out reel 

lOa-ton press 

-' 

NUMBER 
REQUIRED 

1 

1 

TRANSPORTATION 
INVOICE PRICE COST 

12 1 

40 2 

52 3 

~ .. 

PRODUCTION EQUIPMENT COST 

MOUNTING BRACKET 

SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERACE YEARLY 
AND INSTALLATION LIFE MAINTENANCE 

REMODELINC AND COST YEARS/UNITS COST TOTAL COST 

1.2 

4 

5 60 



:x:" 
I 

IoN ... 

MACHINE NAME 

Web Assy 

Adhesive 
Dispenser 

Stapler 

Run-out table 

Substrate Asm 

Conveyor 

NUMBER 
REQUIRED 

1 

1 

1 

1 

TRANSPORTATION 
INVOICE PRICE COST 

20 1 

10 1 

30 

920 

980 
2 

PRODUCTION EQUIPMENT COST 

SUBSTRATE ASSY 

SHEET OF _____ _ 

UNlOADINCi ESTIMATED MACHINE AVERACiE YEARLY 
AND INSTALLATION LIFE MAINTENANCE 

REMODELINCi AND COST YEARS/UNITS COST TOTAL COST 

I 

I 
I 

I 

1 
: 

i 
I 

1 

2 984 



T 
w 
VI 

MACHINE NAME 

Coil Holder 

Coil Car 

Leveler 

Special 
Cut-off 

Special 
Stacker 

Run-out 
Table 

NUMBER 
REQUIRED INVOICE PRICE 

1 49 

1 18 

1 200 

1 375 

1 75 

1 4 

721 

PRODUCTION EQUIPMENT COST 

MIRRO., -JACKING SHEET 
SHEET OF ____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
TRANSPORTATION AND INSTALLATION LIFE MAINTENANCE 

COST REMODELING AND COST YEARS/UNITS COST TOTAL COST 

2.5 2 I 
.7 2 

5 20 

7 37 

3.5 7 

1 --

20 68 809 
-



::t: 
I 

IN 
(J\ 

MACHINE NAME 

Grease 
Dispenser 

Module Assy 
Conveyer 

Final Assy 
Conveyer 

NUMBER 
REQUIRED INVOICE PRICE 

1 50 

1 1240 

1 600 

1890 

PRODUCTION EqUIPMENT COST 

MODULE ASSY 
SHEET 0' _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
TRANSPORTATION AND INSTALLATIOt( LIFE MAINTENANCE 

COST REMODELING AND COST YEARS/UNITS COST TOTAL COST 

3 5 

3 5 189" 



, 
w ...... 

MACHINE NAME 

Pay-off reel 

Roll-former 

Cut-off 
Machine 

Run-out 
Table 

NUMBER 
REQUIRED INVOICE PRICE 

1 12 

1 45 

1 21 

1 1.5 

80 

TRANSPORTATION 
. COST 

1 

2.2 

1 

4 
... 

PRODUCTION EQUIPMENT COST 

EDGE MOLDING 

UNLOADING ESTIMATED MACHINE 
AND INSTALLATION LIFE 

REMODELING AND COST YEARS/UNITS 

1.2 

4 

2 

7 

SHEET OF ____ _ 

AVERAGE YEARLY 
MAINTENANCE 

COST TOTAL COST 

91 



If 
w 
CD 

MACHINE NAME 

Pay-out reel 

40-ton press 

NUMBER 
REQUIRED 

1 

1 

--
TRANSPORTATION 

INVOICE PRICE COST 

12 1 

20 1 

32 2 

PRODUCTION EQUIPMENT COST 

CORNER - MOLDING 

SHEET OF _____ _ 

'l)NLOADING ESTIMATED MACHINE AVERAGE YEARLY 
AND INSTALLATION LIFE MAINTENANCE , 

REMODELING AND COST YEARS/UNITS COST TOTAL COST 

1.2 I 

2 

I 
I 

I 

I 

I 

3 37 

- -~~-~----~--------- ----_.-



:z: , 
IN 
\0 

MACHINE NAME 

Pay-out reel 

40-ton press 

NUMBER 
REQUIRED 

1 

1 

TRANSPORTATION 
INVOICE PRICE COST 

12 1 

20 1 

32 2 

PRODUCTION EQUIPMENT COST 

CENTER TRIM 
SHEET OF _____ _ 

UNlOADfNC ESTIMATED MACHINE AVERACE YEARLY 
AND INSTALLATION UFE MAINTENANCE 

REMODEUNC AND COST YEARS/UNITS COST TOTAL COST 

1.2 

2 

3 17 



CBS Number: __ fl:,-,t!~~::..:,~ __ _ 

Date: h41J;'~ 

OPER. 
OPERATION DESCRIPTION NO. 

~I"'" ,,~ 

~. -- L? .. ~~_. __ III f • .:t.~., 

- / i1/~;C' / - ,-
~~I I ~N./A~ 

~I,~ I ~'" .. "..- 24»4 TIP ..... , 
~- ..-IU ~ ~ ; LJ); • 6 oJ v Wl 3 = 2 

.~~..., ~ ,tF 74 '-" -' ) z ;uv 

..:~ ~sa 8·:2J ;Ul;e; ;A3 ...... 

~. /- ---' 

--1 r~H ")0' f' 

~8 .. I~,m; 

LABOR AND EQUIPMENT ESTIMATING SHEET Page No. _ 

Part: Jl~/I/£ ~v",e Part No.: ('.rl/f? ... ~1 

Qty./Heilostat: __ --.:..1 ___ _ Sheet No.: I Of I 

PRODUCTION ESTIMATE 

MACHINE LABOR 

Mln/Pc1Hrs/10KI Hrsl 1./Hour Pc, I , 100 PC 

..5' I I 
1 

J I 1 
~ I I 

J .. 

81"53 
1 

8133 
..,- I 

.... 1 LI 
7-"l7fir--w'fT7 

I 
I 

I 

81;3 
~ 

1813.3 

I 

I 

I 
~(): 

~ 

EQUIPMENT 

MACHINERY' EQUIPMENT 
Qt.l Elt. Cost 

#C- Ch'UCI(~~ 
~~&O" • 

.z;;,./,.~*,../..,.,. 
~~ 0'>:-... , .... 

~-IW./ "'A"'-~1"'Y'~ ,06<) 

Mf! 

lIrA T T 12E-/f7 II ~J,/)J") 
/Al5/~l L~ ?JA.I 3£~\..? 

-r 1UJ1fI.f put r.ll T7tJ)(/ Z.OcJD 

• 
~ 

'"77 '" .... , -;;;;:T--. ,fiIV,""", -- ~~ 

GI':'IJA,l{/(... IIZo"".;> ..J.;J 

/ AI .£/;9tt;lf 7lPA/ j.:J, .);J:J 

//ZllJ1~PJ;?l /1 "/}tJ;fI Z .:).) :J 

~.J1 JJ~/c(. (;~J,.s-s/ fi4 ,.d~1 2 
T 

151551 .1110 ~U<.,.~ ..JA-;Y~i" h/c.~ +-~-

feb/ /d/./ yf( 
-r-~/~,.. .1"11"/ 

~"" 

-f' 

!.!Lt~ 

I 
1 
J 

jl~ I&¥~./ 
II~ 1~.J',q/1Y 

~~~ 
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LABOR AND EQUIPMENT ESTIMATiNG SHEET Page No. _ 

CBS Number: (1I021J Part: ~.wl'''''< /&r"p.-".if'd ~~ Part No.: ~.r//.r?- SI'.(. 

OPER. 
NO. 

tllf) 

OIIte: /,Iu~ Qty./Hellostat: / Sheet No.: 

OPERATION DESCRIPTION 

PRODUCTION ESTIMATE 

MACHINE LABOR 

Mln/PclHral1ool
C'\1 Hr.' 1./Hour Pc,I

E
100Pe 

hu IJ 11 
ffiLtI' /?, .2.rll .r.P. I S' I I 
~~~ /1'. HI? .r.1? I ? I I 
&A'~ // . .fj;j .r:p' r?- r I I I I 

MACHINERY' EQUIPMENT 

/YC t!'H'U~K"A:, 

.z;.,'/'~"r"N' 

~'*"" "''''~''''/'M 

'-- Of -<.. 

EQUIPMENT 

Qt.1 Eat. Cost 

J I IN,*" 

~t1_ "" 

~~.NfJ 

61- I :i!l5{~~~~~ Ii HAM I rtj I II I 
11-1" 

I 
11.1'4 6~L __ ~/.tWtir# ~ I I 

'/P.;(',y .,?/, /.2.r /.£J. J I I 
7/M".N' /f,AId /.1/. ? I T 
~~ JtI' ~ luiHo 
-/ ~/~" / ot ~~"""..." I 

I 
;/YI ~"""'J ~''''r' I 

I 

I 

I 
I 
I 

I 
I 

T 

T 
~ • .r"6t'> 

T 
T 
I 

~~ 
r 

I 

#"~ ~#at:N~-<- .:z I tN, AM 

.r;,./~",., Z.~,AH 

'7:ZtIw"'4~L'~ t':AN 
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CBS Number: t,VJIJ 
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LABOR AND EQUIPMENT ESTIMATING SHEET PagaNo. _ 

CBS Number: ';~.I' Part: CGtf;II'" "",It /h./'e Part No.: &..5 II..!? -·orl 

Date: /.,,h,/c9o Qty./Hellostat: ~ Sheet No.: I Of ~ 

PRODUCTION ESTIMATE 

MACHINE LABOR 
EQUIPMENT 

OPER. 
NO. OPERATION DESCRIPTION Mln/Pcl~rs/lO~ ;c.\ Hrl/ MACHINERY' EQUIPMENT 
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CBS Number: ¥VJO 

Date: /d~Ae , 

OPER. 
NO. OPERATION DESCRIPTION 
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LAeoR ~ND t;QUIPME'~T F.STI~ATING SHEET Page No. 
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~--~---------~------------------,---;D.V~~~~~~----~--------------'---------------PRODUCTION ESTIMATE II -.......,...-...... ~ .. --
EQUIPMENT 

OPER. 
NO. OPERATION DESCRIPTION 
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LABOR AND EQUIPMENT ESTIMATING SHEET Page No. _ 

CBS Number: t/y~ Part: J}d!V',e /" d..,/t fi.l'~, Part No.: /.2 ~.ftPd 

O_te: ~ Qty ./Hellostat: / Sheet No.: .~ Of 7 

PRODUCTION ESTIMATE 
EQUIPMENT 

OPER. MACHINE LABOR 

NO. OPERATION DESCRIPTION Min/Pc Hrs/101 1"\ Hn/ 
MACHINERY 6 EQUIPMENT 

Pc. 100 PC 
$/Hour Qt • Elt. Cost 
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LABOR AND EQUIPMENT ESTIMATING SHEET Page No. _ 

Part: p~/y~ ,.. 6:~ /1J/Z.. ,#;-J/.M Part No.: /..l -.Yd 

Qty./Hellostat: / 
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Sheet No.: -::l ·01 --L 

EQUIPMENT 

MACHINERY' EQUIPMENT 
Qt.1 Est. Cost 
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MACHINE NAIIE 

f!. • ." S:.t1)1~ lIAcN'IIC 
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1""'o.L 
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1tr1' E~~"'I,,-r 
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I/o ~'" 1.2'1·1'111 
Ie IltIs,~r'o,J 
-r .. ~ 
C/lN.f 1fe""IIArl. 
~IP""f"r 

:11141> //Jc • 
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T"'r'TFIt 
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-

2.0 

-
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5 

5' 

HELIOSTAT CONTROLS PRODUCTION EQUIPMENT COST 

SHEET J ." z.. ----
UNLOADING ESTIMATED MACHINE AVERACE YEARLY 

TRANSPORTATION AND INSTALlATION UFE MAINTENANCE 

Ira'CEl-r'CE . COST REMODEUNG AND COST YEARS/UNm 8; COST 1OTALcx)sT 
"f'IJ-r/fl. .1'S lA8,,1f 

IOIDOO IS' 500 ,too 

IS 900 
I /5' z.~o 5'(J0 

/5' '3. 000 too $'00, 
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It f'J6 ./ I - -
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(17 5'0 .) 10 - 2.S'Q~ 
"ii r J t; ('') t J ~: " 

~ -- '"1NC~I~ELT ~""ER.''''LS 



:J: 
I 

..J 
0'1 

MACHINE NAME 

liFe 7f$""~ 

elfeL£ 1111 
Trcr"t 

CA~t Aft. 
1'"rsTfif. 

CIUSU "l 
1"ir 7'1 at 

CA"'1 .., II 
'TfSTf.4t 

CABn."AI ~ 
T(~rf.t 

AfSEHIILt 
'Turf .t 

8'~RJ) S",.".r 
tRAyS 

PARTS B/N~ 

NUMBER 
REQUIRED 

3 

'3 
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'?> 

"3 

"3 
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5() 

1..,4 

HEUOSTAT CONTROLS PRODUCTION EQUIPMENT COST 

UNLOADING .. ESTIMATED MACHINE 
TRANSPORTATION AND INSTALLATION UFE 

INVOICE PRICE COST REMODEUNG AND COST YEARS/UNm 
-ro-rAL. 
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SHEET Z OP 2.. 
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MACHI. NAIll 

Jf'Nr 
~~l.. 

.4I~ur 
/Ac.I(S 

~JN ~4 
~~ ~/h' 

NUIIBER 
REQUIRED 

:t 
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'A(.{$r 
"P/hhtlP 

I 

HELIOSTAT MATERIAL HANDLINe PRODUCTION EQUIPMENT COST :::-(?·c 1"'/.!t1A/,/C'~ 

SHEET I OF I 

UNLOADING ESTIMATED MACHINE AVERACE YEARLY 

TRANSPORTATION AND INSTALLATION LIFE MAINTENANCE 

INVOICE PRICE COST REMODELING AND COST YEARS/UNITS COST 1OTALCOST 

.:l~ • ..r~ -1,,-0 /~ tM-6 /0 ~I!M Y~&'~ 
(4500D) (/OiJD) (2000 ) 

t',VtH ~;;:Pt? INN vJt'/~ /,v ht'?' /" /~ "~/N> 

, 
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NUMBER 
MACHINE NAME REQUIRED 

Flange, end 

1000-Ton pres~ 1 

Flange, openi ~g 

1000-ton pres~ 1 

Pile 

200-ton press 1 

Feeder 
Stacker 2 

Bending rolls 2 

Seam welder 2 

Pile Assy 

Welder 2 

INVOICE PRICE 

420 

420 

80 

40 
(80) 

75 
(150) 

35 
(70) 

50 
(100) 

1320 

PRODUCTION EQUIPMENT COST 

PILE ASSY 

SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
TRANSPORTATION AND INSTALLATION UFE MAINTENANCE 

COST REMODEUNG AND COST YEARS/UNITS COST TOTAL COST 

20 40 
I 
i 
I 
I 

20 40 

8 12 

.5 .5 

.5 .5 

.7 .7 

50 94 1464 
-------
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MACHINE NAME 

Flange 

1000-Ton pres~ 

Bracket 

300-ton press 

NUMBER 
REQUIRED 

1 

1 

TRANSPORTATION 
INVOICE PRICE COST 

420 20 

150 8 

570 28 

PRODUCTION EQUIPMENT COST 

TORQUE TUBE ASSY 

SHEET 0' _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
AND INSTALLATION LIFE MAINTENANCE 

REMODELING AND COST YEARS/UNITS COST TOTAL COST 

40 

15 

55 653 
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rtlUOSTAT STRUCTURAL SUPPORt • ftODUCTION EQUIPMENT COST 

-T(")' '.:... 

s ~ I T1'"', N' ~ I ~ e 

MCHINI .... 

P"OOF~ 
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..... 
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-, 

I 
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4q,oo~ 

le'Loo , ,., ." 

2.3-(. I () 00 
7~ 

S'(,oo 
I 

t.eoou 
, , 

3~".90o , 

':01 , 'lOIn • I:U 

TRANSPORTATION AND INSTALLATION UFE 
COST REMODELING AND COST YEARS/UNm 

~OO S-oO /0 

sao Soo 10 
, 

IO()O IS 0 0 10 
'/ 

, 

5'00 S-oo 10 

~oo 5"00 10 

~~ toCO '3 ')- C> <.--. 

SHEET 1.- .. ------.- ~ ._.~_E YEARLY 

TOTAL COlT "I 
MAINTENANCE 

COST 

(..'10;,0 
/ 

I 92.00 
I 

~ r.I e'J~ 0 
I 

' "~o 
I . 

"l Cfl 0 0 
I 

.s- c> e.'l ~:. 
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NlLIOSTAT STRUCTURAL SUPPORT PRODUCTION EQUIPMENT COST 

-r1<USS 

rLANta~ I-./~e 
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TRANSPORTATION AND INSTALlATION ",MBER UFE 
MACNtMI NAMI REQUIRED INVOICI PRICI COST REMODELING AND COST YEARS/UNm 
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'~M.,..j v 
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SHE!1' Z-- 0It ___ _ 

.- EYEARLY 
MAINTENANCI 

COST 1'VTAL ClOST 

600 I~~S-O I 

I 
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2.000 s 41 ••• 
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1000 r;J. of>. 
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/00 ,~oo 

tfOO 0 t,1.60o 

C?C">r;, 

~~ ~7' 
I 



::x: 
I 

00 
w 

1Ma. __ 

(!,VT~f¥ 
CO,-/o-/O 

6-.E:<:... 1710 tJ , 

~() \J N T6'l-

~ OL/"'li 

(f .... t'"Ua ~) 

... 1.0 \..~ 
-P,ec..G (.), 
-C",1"l Ff!=-

, 

STAT STRUCTURAL SUPPORT 1eT10N EQUIPMENT COST 

f1-~~~ kv~ 
NUM •• 
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I 

~ I 

e-: 

, 

IIMJICI Pltlel 

J1oo0 
I 

II}/ou 

70 ,000 

Itp.., If) 

I 

TlWlSPOItTATION 
COST 

~OO 

300 

woo 

l:r~ 0 

-r /, .'.J .::..,.~ 
j, -

..... "" ... , • ...,..nu MACHINE 
AND INSTALLATION UFE 

REMODELING AND COST YEARS/UNITS 

700 /0 

400 10 

La 0 10 .. 

, 

13 f:) " 

SHEET ',3 0It_ ....... __ 

" .... "" ... E YEARLY 
MAINTENANCE 

COST 

/000 

1-00 

ZS'oO 

----

"l ~"C 
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I 2.YOo 

)otPoo 

1 21 S'"'oc 
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.. LIOSTAT STRUCTURAL SUPPORT PRODUCTION 1QU1 .... 1NT COST 
--:--1,' 1/ / . ,-
/ vrt .... ~" .~ ....... 

~ ss A~SeMe 
• • 

U .:: .... _,~u .. - TRANSPORTATION AND INSTALLATION UFE 
1MaM'- REQUIRED IMMCIPRICI COST REMODELING AND COST VIARI/UNITS 

Wee 86JOf ~ / I !'O,O fJ 0 /0 0 0 100 0 10 

4 :!>s~ 11181. ~ • 
-H../hJG. 

It; / 2)O,() cJ \) '1.000 tooc fO 

-f,J~(3 

-
AVT1JM~r'C / j5' 0,0 C) \l "Lo o \) 30 00 \() 
1/t::s'S~ 

. 
Vf:1..0 

\ 

~o~ 14~ ~ ,9"4 ~ / 2. .('cJ,.() \l Q ~()~~ fo 0'0 1O 
-~.wSJC6 ~ 
SdS~M 

1-0 \l, 0..> 0 IOo\) 
troo'-,~ ~ - -'. 

ri 
10,00u 10 Ttno-L 'l,tou,'O( ,'8000 

S~S~ , 

I :z .. I B. DO () " 

--- ------

MIlT ~ .. 
YEARLY 

MAINTENANCE 
COST TOTAL eDIT 

''0 CO I 'S" ~ ,01)0 

\ () <:) ,::) 2.s- '-I ~o 

1.0 a ~ 3 rI;tJeJ 0 

1000 l.r, tlCo 

~ooO 
I ,"1~ v~rJ 
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00 
-..J 

NUMBER 
MACHINE NAME REQUIRED 

Undefined 

PRODU, ,H EQUIPMENT COST 

CONTROL BOX 

-- _. --- .... _- ----.---- ""UNLOADING ESTIMATED MACHINE 
TRANSPORTATION AND INSTALLATION LIFE 

INVOICE PRICE COST REMODELING AND COST YEARS/UNITS 

500 

500 

SHEET OF ____ _ 

AVERAGE YEARLY 
MAINTENANCE 

COST TOTAL COST 

I 
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MACHINE NAME 

Cross Brace 

40-ton press 

Lower Brace 

40-ton press 

, .... -

NUMBER 
REQUIRED INVOICE PRICE 

1 20 

1 20 

40 

PRODUCTION EQUIPMENT COST 

BRACES 

. SHEET OF ____ _ 

"------'---'---'T"lIHLOADINC ESTIMATED MACHINE AVERACE YEARLY 
TAA NSr'OR'r" ,·,or~ AND INSTALLATION- LIFE MAINTENANCE 

COST REMODELINC AND COST YEARS/UNITS COST lOTALCOST 

1 2 

1 2 

• 
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MACHINE NAME 

Paint System 

Conveyor 

/ 

NUMBER TRANSPORTATION 
REQUIRED INVOICE PRICE COST 

1,000 

2,200 

3,200 

PRODU, J EQUIPMENT COST 

PAINT 
SHEET OF _____ _ 

UNLOADING ESTIMATED MACHINE AVERAGE YEARLY 
AND INSTALLATION UFE MAINTENANCE 

REMODEUNG AND COST YEARS/UNITS COST TOTAL COST 
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TECHNICAL SPECIFICATION 

FOR 

INSTALLATION OF OPEN END PIPE PILES 

1. SCOPE 

A. ITEMS INCLUDED 

l} Installation of two open end steel pipe piles 
at the Central Receiver Test Facility in 
Albuqerque, New Mexico 

2} Installation of tapered leveling shims 

B. RELATED ITEMS NOT INCLUDED 

l} Survey for pile location 

2} Excavation, backfill and grading 

3} Testing of piles 

2. QUALITY STANDARDS 

A. GENERAL 

The contractor shall control the quality of 
items and services to meet the requirements 
of this specification, applicable codes and 
standards, and other contract documents 

B. REFERENCED CODES AND STANDARDS 

Code 

ASTM 252 

3. DES IGN REQUIRMENTS 

A. PILE DESCRIPTION 

Title 

Welded and Seamless Steel 
Pipe Piles 

l} The pile shall be fabricated of welded 
steel pipe in conformance with ASTM 252. 
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2) Pile dimensions, flange, electronic package 
mounting and coating shall conform to Bechtel 
Drawing M-lOl. 

B. DRIVING EQUIPMENT 

1) Vibratory hammers, either hydraulically or 
electrically driven, shall be used to drive 
the piles. 

2) If for any reason (e.g., large rock or thick 
cemented layers of soil) the vibratory hammer 
driven pile is refused, the piles will be 
placed in augered holes and set in concrete 
grout. 

4. FIELD OPERATIONS 

A. PILE DRIVING 

1) The piles shall be driven to satisfy the 
requirements of Bechtel Drawing M-I02. 

2) Piles shall be located as shown and driven 
to the plumb condition as indicated. The 
maximum deviation from indicated plan lo­
cation shall be 152 millimeters (6 inches). 
The maximum deviation for piles out of 
plumb shall be 2 percent. 

3) Piles will be driven to the depth indicated 
in Bechtel Drawing M-I02. Maximum deviation 
from the indicated depth (Le., elov?.t.ion of 
flange above grade) shall be 51 millimeters 
(2 inches). 

B. FLANGE LEVELING SHIM INSTALLATION 

The flange leveling shims (Bechtel Drawing M-I03) 
shall be installed in conformance with Bechtel 
Drawing M-102 and the following instructions. 

1) Place the L.S. Starrett Co. (Athol, Mass.) 
Level No. 199Z, or equivalent, across a 
diameter of the flange-face. Rotate the 
level about the flange center until a level 
reading is obtained. Centering the bubble 
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2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

within the finest gradations on this instrument 
will locate a line, intersecting the flange, that 
is level within 10 arc seconds (1/20 milliradian). 
Mark the two intersections of this line on the 
flange O.D. 

Place two tapered leveling shims (Bechtel Drawing 
M-l03) on the flange with one flange location 
hole aligned with each of the two diametrically 
opposed marks on the flange O.D. 

Place three 15.9 x 51 rom (5/8 x 2 inch) bolts 
through the shim slots and flange holes at 
equally spaced locations along the shim/flange 
circumference to serve as concentricity guides. 

Place 6.35 x 76 mm (1/4 x 3 inch) bolts in the 
two shim location holes to serve as handles for 
subsequent rotation of the shims. 

Place the level across the diameter of the level­
ing shims perpendicular to a line connecting the 
two marks on the flange O.D. Note which side of 
the shim surface is low. 

Rotate the two shim handles toward the low edge 
of the shim surface, keeping equal distances be­
tween each handle and the adjacent flange level 
mark as illustrated in Figure 1. If desired 
rotation is blocked by a concentricity guide 
bolt, relocate the guide bolt in the adjacent 
slot so as to permit continued rotation. 

When the level, still perpendicular to a line 
connecting the two level marks on the flange 
O.D., gives a level reading; the shims are pro­
perly adjusted. 

Replace the three concentricity guide bolts with 
three 102 rom (4 inch) long No. 10 American 
Standard Taper Pins (ANSI B5.20). Tack weld the 
shims in place per Bechtel Drawing M-l02. 

Remove the tap'er pins. 

C. PILE DRIVING ATTACHMENTS 

Installation of the pile driving attachment of Bechtel 
Drawing H-104 is illustrated in Figure 2. 
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The Ml04-l Driving Stub is intended for attachment 
to the pile flange. Its purpose is to permit driv­
ing of the pile with a conventional vibratory hammer 
pipe driving head, which does not have sufficient 
bite to bridge the flange. 

The Ml04-3 Flange Cover protects the flange mating 
surface from damage while the pile is driven by a 
vibratory hammer with a custom head, which has suf­
ficient bite to bridge the flange. If the custom 
head is not available for driving the CRTF piles, 
the Ml04-l Driving Stub will be used (with the 
Ml04-3 Flange Cover removed). 

The Ml04=5 Cover Plate is bolted to the control 
electronics package opening during driving of 
the pile. 
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L_ M - 101 PILE 

REF 

FLANGE COVER 

6, 5/8 - 18 UN F x 2 

CL 2 BOLTS WITH 

FLAT WASHERS AND 

SELF LOCKING NUTS 

I • I 

,- - M - 104 - 1 

DRIVING STUB 

\

-- M -104 - 5 

COVER PLATE 

,I 

12, 5/8 - 18 UN F x 2 

CL 2 BOLTS WITH 

FLAT WASHERS AND 

SELF LOCKING NUTS 

16,5/16 - 24 UNF x 1 1/4 

CL 2 BOLTS 

Figure 2 PILE DRIVING ATTACHMENTS 
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SURFACE PREPARATION, APPLICATIOl:, AND INSPECTION 

OF 

PROTECTIVE COATI~:GS 

FOR 

CARBON STEEL HELIOSTAT PILES 

1.0 SCOPE 

1.1 Items Included 

1.1.1 This specification covers the surface preparation and application of 
inorganic zinc coating to the interior surfaces, and the surface preparation and 
application of inorganic zinc coating and epoxy polyamide cured primer and white 
polyurethane topcoats to the exterior surfaces. 

1.1.2 Documentation of the materials and procedures 

1.1.3 Inspection and tests 

1.1.4 Protection of coated surfaces 

1.1.5 Environmental control equipment to provide the application and curing 
conditions required 

1.1.6 Touch-up and repair of defective or damaged coated surfaces 

1.1.7 Shop priMing and finishing 

1.2 Related Items Not Included 

1.2.1 The following surfaces shall not be coated: 

1.2.1.1 Surfaces within two inches)f field welds, unless otherWise specified 

1.2.1.2 Name and instruction plates, etc. 

1.2.1.3 Rubber or similar nonmetallic parts 

9 

1.2.1.4 Surfaces to be completely embedded in concrete, unless otherwise specified 

1.2.1.5 Prefinished metal 

2.0 QUALITY STANDARDS 

2.1 General 

2.1.1 The Seller shall control the quality of items and services to meet the 
requirements of this specification, applicable codes and standards, and other 
procurement documents. 

~I __ ~~ ____________________________________________________ ~ 
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2.2 Referenced Codes and Standards: 

Sponsor Number 

ASTM E337-1972 

SSPC SP-1-197l 

SSPC SP-IO-1971 

S8PC Vis-1-1967 

SSPC PA-2-l973 

Subject 

Test for Relath·e !!umidity by lolet-and­
Dry-Rulb Psyc~roccter 

Solvent Cleaning 

Near-Vhite Blast Cleaning 

Pictorial Surface Preparation Standards 
for Painting Steel Surfaces 

Measurement of Dry Paint Thickness with 
Magnetic Gages 

2.2.1 The Seller shall meet the specific requirements of this specification. If 
the requirements of this specification differ from or otherwise conflict with the 
normal procedures of the Seller, the requirements.of this specification shall 
govern. 

3.0 ENGINEERING DOCUMENTS 

3.1 A listing of all coating materials to be used in this work which shall 
identify the'specific products by manufacturer and catalog number in each coating 
system as scheduled. 

3.1.1 The Seller's written procedures for storage, handling, surface, prepara­
tion, environmental control, application, touch-up and repair, curing, and 
inspection of the coating system shall be submitted for the Buyer's review and 
assignment of a status recommendation prior to use. Conflicts, if any, between 
the coating manufacturer's recommendations and this specification shall be brought 
to the attention of the Project Engineer for resolution. 

4.0 MATERIALS 

4.1 Material 1>1anufacturers 

4.1.1 Unless otherwise specified, all coating materials used on anyone surface 
or piece of equipment shall be products accepted by the Buyer. }[aterials from 
different manufacturers shall not be used over each other without prior written 
acceptance. 

4.1.2 

4.2 

4.2.1 

XQS-003 

The coating materials shall be in pre-measured units. 

Inorganic Zinc Coatings 

The following materials are acceptable: 

Naterial 

Dimetcote 6 
Interzinc QHA 027/QHA 028 
Mobilzinc 7 

J-4 

Manufacturer 

Ameron Protective Coatings Div. 
International Paint Co. 
t-lobil Chemical Co. 

Rev. 1 3/80 
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4.3 Epoxy Polyaoide Cured Primers 

4.3.1 The following materials are acceptable: 

4.4 

Material 

Amercoat 71 
Inter£ard 4400/4414 
Valchem 13-R-56 

Polyurethane Coatings 

Nanufacturer 

Ameron Protective Coatings Div. 
International Paint Co. 
Hobil Chemical Co. 

4.4.1 The following materials are acceptable: 

Haterial 

Amercoat 450 
Interthane PA Series 
Urethane Enamel 40 Series 

4.5 Abrasive Haterials 

Hanufacturer 

Ameron Protective Coatings Div. 
International Paint Co. 
Nohil Chemical Co. 

4.5.1 Abrasives for blast cleaning shall be clean and dry, furnished either in 
bulk or packaged, and shall be free of oil or contaminants. The particle size shall 
be capable of producing the specified surface profile. Cast iron or malleable iron 
shot shall not be used. Chilled iron shot may be used. Recirculated grit may be 
used. Recycled sand shall not be used. 

4.6 Touch-Up Materials 

4.6.1 Materials for touch-up of damaged areas of surfaces shall be the same as 
those originally applied, thinned according to recommendations of the manufacturer. 

4.6.2 Alternate materials for touch-up may be used, subject to acceptance by the 
Buyer and the coating manufacturer. 

4.7 Thinners, Solvents, and Cleaners 

4.7.1 Thinners, solvents, and cleaners shall be as recommended by the coating 
material manufacturer and shall be identified by the product number or generic 
formulation. 

5.0 SHIPPING, HANDLING AND STORAGE 

5.1 Delivery and Storage 

5.1.1 Coating materials shall be delivered to the place of application in the 
manufacturer's unopened, original containers bearing a legible product designation, 
batch number, and date of manufacture. Containers which are damaged to the point 
of jeopardizing the contents shall not be used. 

5.1.2 The material shall be handled and stored in accordance with the manufac­
turer's latest published instructions, and shall be protected from damage, moisture, 
direct sunlight, and temperatures below 40F or above IOOF. 

'-------MQ$-003 J-S 
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5.2 Date of Materials 

5.2.1 The materials shall be used within twelve months of their manufacture. The 
date of use shall in no case exceed the manufacturer's recommended shelf life, if 
such shelf life is less than twelve months. 

5.2.2 Containers of coatings or co!!!ponents shall net be open-:!d except fer 
im!ne(~ ia t e us e • 

5.3 Handling of Coated Items 

5.3.1 Coated surfaces shall be protected from damage during lifting or handling. 
Coated items shall be protected on non-abrasive supports during shipment and 
storage. 

6.0 EQUIP~!ENT 

6.1 Ceneral Requirements 

6.1.1 The Seller shall provide equipment capable of regulating and controlling 
the conditions within the work area to the extent that the temperature of the sub­
strate is always a minimum of SF above the dew point. The substrate temperature 
during coating application and curing shall be maintained between a minimum of 55F 
and a maximum of IOOF. 

6.1.2 The spray equipment shall be as recommended by the coatings manufacturer 
and shall be suitably sized to the configuration of the work. 

6.1.3 Spray equipment air supply lines shall be equipped with traps to remove 
moisture and oil. 

6.1.4 For field applications, coatings listed shall comply with all air pollution 
control requirements applicable at jobsite. 

7.0 SURFACE PREPARATION 

7.1 General Requirements 

7.1.1 Prior to blast cleaning or application of the topcoat, contamination shall 
be removed from the steel surfaces. Oil and grease shall be removed by solvent 
cleaning in accordance with SSPC-SP-l. 

7.1.2 Surfaces to be coated shall be abrasive blast cleaned in accordance with 
SSPC-SP-IO. 

7.1.3 The surface profile of the steel cleaned by blasting shall be between 1.0 
and 3~0 mils. A comparison shall be made with a Keane-Tator Profile Comparator, 
or Clemtex anchor profile chips, or Testex Press-O-Film, or other Buyer accepted 
equivale~t which is appropriate to the type of abrasive material ~eing used. 

7.1.4 The abrasive mixture and the compressed air shall be clean, dry, and oil­
free. Separators, in addition to oil and water extractors mounted on the 
compressor, shall be used in compressed air lines to remove oil and moisture from 
the air close to the point of use. 

MQS-003 J-6 
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7.1.5 Abrasive blast cleaning shall not be rerformed in the immediate area where 
the coating or curing of coated surfaces is in progress. All surfaces and equip­
ment which are not to be coated shall be suitably protected from abrasive blast 
cleaning. 

l.!.1.6 Burrs, slivers, scabs, and weld spatter which becoc~ visible after blasting 
shall t~ renovee ~y the Seller. Repaircrl areas scalI have the surface profile 
suitably restored. 

I!.l!.l If rusting occurs or if thp. cleaned surfaces become T.ret or otherwise con­
t6rnin~ted prior to coating, they shall be recieane~ to the degree specified above. 

7.1.8 After blast cleaning and immediately before coating, dust shall be removed 
with compressed air, free of oil and moisture. Vacuuming shall be used if the sur­
face is not dust free. 

8.0 NIXING AND APPLYING COATINGS 

8.1 General Requirements 

8.1.1 The mixing, applying, and curing of the coating material shall be in 
accordance with the rr.anufacturer's latest published instructions and the require­
ments specified hereir.. Vhen multiple component units are mixed, each component 
shall be mixed separately prior to the mixing of the combined materials. Only 
complete, pre-measured units shall be mixed. After nixing, the coating material 
shall be applied within the manufacturer's latest published pot life time. 

8.1.2 Coating materials shall be thoroughly mixed until they are smooth and free 
from lumps, then strained through a 30 mesh or finer screen. Mixed material shall 
be agitated to keep the solids in suspension. 

8.1.3 Inorganic zinc coating shall be a single coat applied over all specified 
ferrous surfaces, except as noted, to a dry film thickness of between 2.0 mils 
minimum and 4.0 mils maximum. 

8.1.4 Epoxy polyamide cured primer shall be a single coat applied over all 
specified surfaces, except as noted, to a dry film thickness of between 1.0 mils 
minimum and 2.0 mils maximlm. 

8.1.5 White polyurethane finish shall be applied in two or more coats over all 
specified surfaces, except as noted, to a dry film thickness for the polyurethane 
of between 2.0 mils minimum and 4.0 mils maximum. 

8.1.6 The total dry film thickness of the entire exterior system shall be a 
minimum of 5.0 mils and a maximum of 10.0 mils. 

8.1.7 The curing time between coats and the final cure shall be in accordance 
with the manufacturer's latest published instructions. 

8.l.A The application of the coating shall be performed only when the environ­
nental conditions meet the parameters specified in paragraphs 6.1.1 and 6.1.2 of 
this specification. 

L· 
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8.1.9 The coating materials shall not be applied when there is moisture on the 
surface, dust is present which can contaminate the freshly-coated surface, dirt or 
other detrimental materials have recontaminated the surface, or when the surface 
temperature of the steel is below 55F or above 100F or less than SF above the dew 
point. 

8.1.10 The spray equipment shall be conventional or airless and in acceptable 
operating condition as determined hy the Seller through inspection and test~ng. 
The air supply lines shall be equipped with traps to remove moisture and oil. 

8.1.11 Runs, sags, Voids, drips, overspray, loss of adhesion, blistering, peel­
ing, mudcracking, inadequate cure, or rusting of the substrate shall nct be 
permitted. 

9.0 ;rNSPECTION AND TESTING 

9.1 Surface Preparation Inspection 

9.1.1 The temperature, dew point, and relative humidity shall be determined with 
a sling psychrometer or an accepted equal following procedures in ASTM E337. Read­
ings are required at the start of work and every four hours or at time intervals 
designated by the auyer. Alternatively, continuous monitoring shall be performed 
using systems established and/or reviewed by the Buyer. 

9.1.2 Blast cleaned surfaces shall be compared with SSPC-Vis-l, Swedish Pictorial 
Standards, or accepted NACE Standards. The anchor pattern profile depth shall be 

.verified with a Keane-Tator Profile Comparator, or Clemtex anchor pattern profile 
chips, or Te$tex Press-O-Film, or other Buyer accepted equivalent which is appro­
priate to the type of abrasive material being used. 

9.1.3 Recirculated shot and grit used for abrasive cleaning shall be tested fer 
the presence of oil by imm~raing them in water and checking for oil flotation. 
Tests shall be made at the start of blasting, every four hours thereafter, and at 
the end of blasting. If oil is evident, the contaminated abrasive shall be re­
placed with clean abrasive and retested before proceeding. All steel blasted 
after the previous satisfactory test shall be completely recleaned. 

9.2 Coating Inspection 

9.2.1 Surface temperature and humidity readings shall be taken every four hours. 

9.2.2 The dry film thickness shall be measured with a ~1ikro-test FIt-I gage or an 
accepted equivalent, at five random points for each 50 square feet of surface 
area or at three random points on each piece less than 50 square feet in area. 
The testing method shall be in accordance with SSPC PA-2. 

9.2.3 The film shall be visually inspected for defects such as overspray, runs, 
sags, mudcracking, inadequate cure or lack of adhesion. The Seller shall repair 
all defects according to the touch-up and repair procedures accepted by the Buyer. 

9.2.4 The total dry film thickness of sags and runs shall not exceed 120 percent 
of the maximum specified dry film thickness nor shall it be less than 90 'percent 
of the minimum specified dry film thickness. 

MQS-OC3 J-8 
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10.0 REMEDIAL HORK 

10.1 Touch-Up 

10.1.1 Coated surfaces within the scope of this specification that have been 
darr.aged during assem~ly or handling shall be repaired in accordance with proce­
dures as reviewed by tlte Buyer. 

1C.1.2 The surface profile shall be restored to meet the specified surface 
fi.ep,'l!'2 tion rc:~uirerr;e:ttd f()r {',lp.ClnlinesR anJ pror1 le. The periphery of a d.al!1$sed 
area shall be feathered in with an acc~ptable material. 

10.1.3 Precautions shall be taken to protect adjacent coated areas from damage 
caused by abrasive blast cleaning. The use of vacuum blast type equipment and 
needle guns will be permitted for abrasive blast cleanin~. 

L-_________ . __ 
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