
When printing a copy of any digitized SAND 
Report, you are required to update the  

markings to current standards. 
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1.0 INTRODUCTION 

The purpose of this appendix is to analyze the various components 
of elevation drive and to verify that they are adequate for the heliostat 
application. 

2.0 BASIS OF ANALYSIS 

Load data from Appendix I of Boeing Specification is used to estimate 
loads for elevation drive. 

3.0 ANALYSIS SUMMARY: 

The first part of the analysis determines the elevation drive kine
matics and estimates the loads on the elevation actuator (Pages 4 through 8). 

The second part of the analysis reviews the nut design and determines 
that selected nut has an adequate factor of safety. (Pages 9 through 10). 

The third part of the design estimates the elevation drive compliance 
(Pages 11 through 14). The elevation actuator compliance near horizon is 2.4 
x 10-6 in/lb and near zenith is 0.9 x 10-6 in/lb. 

The fourth part of the analysis contains design data on various nut 
materials and information on different companies that fabricate nuts and screws. 
(Pages 15 through i8). 

The fifth part of the analysis involves motor s~z~ng (Pages 19 through 
22). It shows that 1/3 H.P. motor has more than adequate capacity to drive 
against 50 mph wind. 

The sixth part of the analysis verifies the design of the actuator 
emergency stops (Pages 23 through 28). It shows that the stop design is 
adequate. The actuator screw has 1%" - 4 acme thread. The actuator moment arm 
varies from 10.865 inch minimum to 19.277 inch maximum. This ratio plus gear
box gear ratio of 240 results in an overall ratio of 65536 to 116276. The 
actuator arrangement is such that 93 0 axis rotation will take 15 minutes. 

4.0 ELEVATION DRIVE ANALYSIS 
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MODULUS OF 
NO MATERIAL ELASTICITY X 106 

1 BRONZE 15.5 

2 TURCITE A .33 

3 MACOR 9.3 

4 RYNITE 545 2.l(AT 73°F) 

5 RULON - J ~ 1.0(AT 75°F) 

6 NYLATRON GS 0.45 - 0.6 
(AT 73°F) 

7 TEFLON .05 - .09 

8 DELRIN AF-313 .42 

BOEING HELIOSTAT ACTUATOR 

CANDIDATE NUT MATERIALS 

COEFFICIENT OF 
THERMAL EXPANSIgN 
(IN/IN/oF X 10- ) 

9.0 

55 

5.2 

13 

49-52 

35 

55-75 

58 

COEFF. OF TENSILE 
FRICTION STRENGTH 
(ON STEEL) (KSI) 

0.15 (LUBED) 95 

0.08 5.5 (AT 17°F) 

0.12 

0.2 28 (AT nOF) 

0.12 - 0.20 1.2 

0.15 - 0.35 12 (AT 73°F) 

0.04 - 0.10 2.0 (AT 73°F) 

0.05 - 0.10 7.0 (AT 73°F) 
---- --- '----------- - ----------- -------------- - -~------ ---- ----- ----

0) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

TYPE WCF-150 CENTRIFUGALLY CAST - USED BY DUFF-NORTON ON TRANSLATING NUT MACHINE SCREW JACKS. 
TFE FILLED DELRIN - USED IN "SUPERNUT" AND "DURONUT". 
MACHINABLE CERAMIC - CORNING GLASS WORKS 
GLASS FIBER REINFORCED POLYESTER - DUPONT PLASTICS 
PROPRIETARY REINFORCED TEFLON (TFE) FORMULATED TO RUN AGAINST STAINLESS STEEL - DIXON PLASTICS 
2\% MOS2 FILLED NYLON 6/6 
TFE, UNREINFORCED 
20% TFE FILLED DELRIN MATERIAL - DUPONT PLASTICS 

EM ,2.119/79 

I 
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1.0 INTRODUCTION AND SUMMARY 

The purpose of this appendix is to estimate survival loads 
for the elevation bearings and to design the components of the elevation 
bearings. 

Loads on the elevation bearing system are tabulated in Table I. 
Two wind conditions are considered. 

a. 50 mph wind with ice and snow, any orientation. 

b. 90 mph wind, no ice and snow, zenith stow. Loads on individual 
bearings are tabulated in Table II. Maximum elevation bearing 
loads are 17,900 lbs radial and 1,800 lbs axial. Based on these 
loads, elevation bearing components are designed and resulting 
design is shown in Figure I. 

An examination of Figure I shows that the pointing error con
tribution due to the elevation bearings will be negligible. 

The elevation bearing pin is designed for double shear loading, 
instead of the single shear of the original design. 

2.0 BASIS OF ANALYSIS 

Load data from Appendix I of Boeing Specification is used to 
estimate loads on elevation bearings. 
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1.0 INTRODUCTION 

The purpose of this appendix is to present the pointing error 

analyses for the gimbal/actuator drive assembly portion for the second 

generation he1iostat. Both the calm weather (no-wind) and the 27 mph wind 

conditions are described. 

2.0 SUMMARY 

The specification for calm weather (no-wind) requires that the 

pointing error shall not exceed 0.50 mrad standard deviation (ur) after 

control system corrections during a daily track with normal operating 

conditions for either the elevation or cross-elevation axis. Table I 

shows the contributing factors with the summation of 0.26 mrad for the 

elevation axis and 0.46 mrad for the cross-elevation ax~s. The largest 

contribution to the elevation axis error is manufacturing tolerances of 

the elevation drive arrangement which include elevation actuator lead 

error and inaccuracies of actuator pivot point locations from one he1iostat 

to another he1iostat. The largest contributor to the cross-elevation axis 

error is azimuth drive backlash. As indicated ~n the analysis, measurab1e/ 

predictable errors will be removed by calibration. 

The specification requirement for pointing error due to a 27 mph 

wind velocity is not to exceed 3.0 mrad peak (3(f) for either axis under 

the worst conditions of wind direction and he1iostat orientation. Table 

II shows that the peak elevation axis pointing error is 2.18 mrad which 

occurs at zenith look (reflector horizontal); the peak azimuth axis 

pointing err~r is 1.8 mrad which occurs at horizon look (reflector vertical) 

and decreases significantly as the heliostat points to higher elevation 

angles. The largest contributors to azimuth wind pointing error are azimuth 

drive backlash and azimuth drive compliance. The largest contributor to 

elevation wind pointing error is torque tube compliance. The elevation error 

is maximum at zenith because the assembly goes through backlash. Below 

approximately 850 elevation angle, the elevation drive is always loaded in 

one direction due to unbalance torque and as a result, there is no backlash 

effect. 
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CALM WEATHER POINTING ERRORS (MRAD) 

RMS 1 cr 
ERROR SOURCE ELEVATION CROSS-ELEVATION 

BACKLASH 0* 0.42 

MANUFACTURING TOLERANCES 0.23 0.12 

ZERO REFERENCE REPEATABILITY 0.12 0.12 

INCREMENTAL SENSORS 0.02 0.03 

MOTOR STOPPING REPEATABILITY 0.02 0.03 

ELEVATION AXIS ORTHOGONALITY 0 0.06 

GRAVITY CALIBRATION RESIDUALS 0.03 0 

SLIGHT WIND (4.5 MI/H) 0.03 0.03 

** 

RSS TOTALS 0.26 MRAD 0.46 MRAD *** 

2-AXIS VECTOR SUM = 0.53 MRAD 

TABLE I 

* No backlash under 850 elevation angle. 
** Other error sources considered (temperature and mechanical wear) are negligible. 
*** Cross-elevation assumes uniform elevation angle distribution; otherwise error 

= 0.17 mrad @ 750 elev., 0.46 mrad @ 45° and 0.63 mrad @ 15°. 
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POINTING ERROR ANALYSIS = (27 MPH WIND) 

A. ELEVATION - MIRROR AT ZENITH - 22,500 IN LBS MOMENT 

1. TORQUE TUBE COMPLIANCE (406 X 10-10 RAD/IN LBS) = 0.91 MRAD 

2. ELEVATION DRIVE COMPLIANCE (15 X 10-10 RAD/IN LBS) = 0.03 

3. ELEVATION DRIVE BACKLASH (ASSUME +0.6 MR) = 0.60 

4. ELEVATION BEARING COMPLIANCE (0.3-X 10-10 RAD/IN LBS) = 0.00 

5. GIMBAL HOUSING COMPLIANCE (31.4 X 10-10 RAD/IN LBS) = 0.07 

6. AZIMUTH DRIVE COMPLIANCE (SPEC - 150 X 10-10 RAD/IN LBS) = 0.34 

7. ARM COMPLIANCE (100 X 10-10 RAD/IN LBS) = 0.23 

2.1B MRAD PEAK 

B. AZIMUTH - MIRROR AT HORIZON - 2B,000 IN LBS TORQUE 

l. AZIMUTH DRIVE BACKLASH (+0.61 MR) = 0.61 MRAD 

2. DRIVE COMPLIANCE (SPECIFICATION - 300 X 10-10 RAD/IN LBS) = 0.B4 

3. GIMBAL HOUSING COMPLIANCE (72 X 10-10 RAD/IN LBS) = 0.20 

4. TORQUE TUBE COMPLIANCE (10 X 10~10 RAD/IN LBS = 0.03 

5. ELEVATION BEARING CLEARANCE (ASSUME +0.001") = 0.11 

6. ELEVATION BEARING COMPLIANCE (<" 3 X ~0-1O RAD/IN LBS) = 0.01 

1.BO MRAD PEAK 

TABLE II 
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3.0 ANALYSIS 

The analysis of the gimbal/actuator drive assembly are 

presented in the following appendices: 

Appendix A - Calm Weather Pointing Error Analysis 

Appendix B - Back-up Calculations for the Calm Weather 

Pointing Error Analysis 

Appendix C - 27 MPH Wind Pointing Error Analysis 



Page 7 of 32 

APPENDIX - A 

CALM WEATHER POINTING ERROR ANALYSIS 
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1.0 INTRODUCTION 

The purpose of this appendix is to present the total compliance 
of the gimbal/actuator drive assembly by combining the individual component 
compliances. 

2.0 SUMMARY 

Loads are applied at the two ends of the center portion of the torque 
tube, and the total compliance of the gimbal/actuator drive assembly includes 
all components to the top of the pedestal. 

The compliances are calculated for six (6) degrees of freedom, i.e., 
forces and deflections are along three (3) orthogonal axes, and moments and 
rotations are about the same three axes. The x-axis is established through 
the center of the torque tube parallel to the elevation axis. The y-axis is 
cross-elevation, the z-axis is the reflector mirror normal, and both axes 
rotate in elevation with the reflector. Two sets of compliances have been 
calculated: (1) with the reflector at horizon look (mirror vertical) and 
(2) with the reflector at zenith look (mirror horizontal). 

The compliance summary table is shown on page 3. 
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COMPLIANCE SUMMARY 

REFLECTOR AT HORIZON LOOK LOAD REFLECTOR AT ZENITH LOOK 

MRAD x 10-2 Inches v,: 10-4 MRAD x 10-2 Inches x 10-4 

9x 9y 9z Ax ~y A z 9x 9y 9z A x ~y ~z 

Moment 
In. Kips 

7.8 -- -- -- -B.O -2.2 Mx 7.0 -- -- -- -9.5 --

-- 3.9 -- 4.5 -- -- My -- 2.1 -- 4.8 -- --
-- -- 2.2 2.4 -- -- Mz -- -- 4.0 -- -- --

Force 
Kips 

-- 48 24 400 -- -- Fx -- 51 -- 440 -- --
-80 -- -- -- 100 25 Fy -95 -- -- -- 200 --
-22 -- -- -- 25 30 Fz -- -- -- -- -- 14 

y-axis vertical y-axis horizontal 
z-axis horizontal z-axis vertical 
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3.0 ANALYSIS 
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BOEING 2ND GENERATION HELIOSTAT 

ACTUATOR SCREW AND NUT TEST PROCEDURE 

The test procedure as stated in Revision 0 of this memo will be 
adhered to with exceptions as follows: 

Only one actuator will be run. The nut sets to be tested are those 
of Delrin, Turcite "A", and Dynalloy in the non-antibacklash con
figuration only (sets numbered 2, 4, & 5). If it is desired, additional 
nut sets can be tested subsequently. 

Only those measurements appropriate to the non-antibacklash con
figuration will be made. 
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BOEING 2ND GENERATION HELIOSTAT 

ACTUATOR SCREW AND NUT TEST PROCEDURE 

1.0 SCOPE OF TEST 
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This document specifies the test procedure for determining the 
durability of the stainless steel screw/polymeric nut elevation drive 
proposed for use in the Boeing Engineering & Construction Second Generation 
Heliostat. 

2.0 TEST CONCEPT/PRE-TEST PREPARATION 

The test's scaling concept is shown in Table 1. The test con-
cept is to test a variety of nut materials (see Table 2) on two stainless 
steel actuator screws on an accelerated basis to simulate actual service 
conditions. The anti-backlash sets are included to test the effectiveness * 
of this design to exclude contaminants from the threads. It was decided 
not to include cleaning brushes on any of the nut test sets. 

The test fixture (shown in Figure 1) is to be completed 1n 
accordance with the following. The test actuators are two Duff-Norton 
2-ton traveling nut type each with a length of 65" X 1" diameter. These 
two actuators are mounted vertically, coupled together, and secured to 
the test fixture. (Non-vertical positionsof the screw are not simulated). 
The actuators will be driven by an AC motor through a 5:1 speed reducer. 
Electrical limit switches are to be installed so as to provide redundant 
control at each end of the stroke. Further, the motor will be current 
limited so that should the mechanism jam, the locked rotor motor current 
will cause the fuse to blow (or circuit breaker to trip) before mechanical 
damage occurs. Alternatively, a torque limiting coupling is to be in
corporated, if feasible. The fixture is to be tested to verify this feature 
prior to the operational portion of the test. 

The screws and all parts that contact the screw/nut threads are 
to be free of oil and cutting fluids. This is to be accomplished by 
cleaning with a pure solvent. Because of the polymeric nuts, only ethanol, 
acetone, isopropanol, or methanol are acceptable. 

The mating threaded pieces are all to be inspected for pits, burrs, 
etc and these defects corrected or noted. The nuts that have holes through 
their sides (allowing access to the threads by particulates) are to have 
these sealed off taking care so as not to get any sealant into the threaded 
area. Each nut is to be numbered with nuts of the different sets being 
labeled "1" through "()" and nuts of the same pair are to be labeled "A" 
and "B". The screws are to be labeled "I" and "II". These labels are to 
be applied so as to not affect threaded portions of the parts. 

The test is to run round the clock seven days/week except for brief 
downtimes for measurements or moving the fixture outdoors. 

* See revision note, Page 2. 
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3.0 PRE-ASSEMBLY MEASUREMENTS 

Prior to assembly of the nut sets on the screws, the following 
measurements are to be made: 

• Torque required to rotate the nut with respect to the screw for 
each nut 

• The backlash of each nut 

• The screw thread size 

This data will be recorded on data sheet A. Photograph test assembly and 
all components. 

3.1 Torque Required/Each Nut 

Equipment: 

Procedure: 

Measuring tape 

1.!z;" combination wrench 

Spring scale 

1. Measure distance to nearest 1/16" from center 
of screw to center of box end of wrench while 
open end of wrench is engaged on nut. 

2. Using spring balance scale, measure force (to 
!5%) required to turn nut with respect to the 
screw. 

3.2 Backlash of Each Nut 

Equipment: 

Procedure 

Dial indicator with clamp 
Measuring tape 

1. Place each nut on the same portion of one 
of the screws.where no nut will travel during 
the test. 

2. Note which thread the nut is on by measuring 
to the nearest 1/16" a constant distance from 
the top of the screw. 

3. Clamp on dial indicator to frame or screw. 

4. Measure backlash of each nut to the nearest 
.001". 
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3.3 Screw Thread Size 

Refer to Appendix A and perform by the standard 3-wire method. 
The best wire size is .129" but .136" will be used to allow wear measure
ments. 

Equipment: 

Procedure: 

4.0 ASSEMBLY 

3 steel wires each .136" dia X I" long ml.n 

2 piece flat barstock approximately I" square X 
1/4" thk. 

Measuring tape 

1. Measure to the nearest .001" the thickness of 
each piece of bar stock 

2. Measure to the nearest .001" size of screw 
thread used to measure nut backlash in 
section 3.2 

3. Measure to the nearest .001" the screw thread 
which is in the center of each zone where nut 
sets will travel. 

4. Record also the distance to the nearest 1/16" 
between each zone center and the top of the 
appropriate screw. 

Assemble the nut sets as specified in Table 2 and Figures 2 & 3. 
The nut sets are to be installed back-to-back on the shafts and spring 
loaded to simulate the maximum elevation gravity unbalance load which the 
actuators will see during operation. The six sets of nut assemblies are 
positioned on the actuator screws in such a way that each set will travel 
over one section of the screw without going over the other's travel zone. 
The screws' material is type 304 stainless steel with a tooth surface 
finish of approximately 63 RMS. The overall height of each set, the end 
plate-to-end plate height of each anti-backlash set and the backlash of 
each non-ant i-backlash nut set at its zone center are to be measured and 
recorded on Data Sheet B. The torque required to turn each set is to be 
measured as stated below and likewise recorded. 

4.1 Torque Required/Nut Set 

Equipment: 

Procedure: 

(See Section 3.1) 

Use wrench on nut on side of set opposite to the 
the direction of translation. Measure torque by 
method of section 3.1. 
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5.0 CONDITIONS DURING TEST 

5.1 Daily measurements 

The test is to run continuously except for a brief period each 
workday in order to perform the following measurements: 

• Overall height of each set to the nearest .001". 

• Endplate-to-endplate height of each anti-backlash set and the 
backlash at the zone center of each non-ant i-backlash nut set to 
the nearest .001". 

• Screw size in center of each zone by 3-wire method (to the nearest 
.001", see section 3.3) during first half of "test only. 

Record the data on Data Sheet C. 

5.2 Environmental Simulation 

The first 1/2 of the test is to be run free of dust or rain 
except for that present in the ambient conditions. The second half of the 
test will simulate sandstorms, particulates in strong winds, and rain. 

In the actual heliostat, the elevation drive screw is located at 
a height of more than 10 feet off the ground. At this height particulates 
in the air are larg3l y dust and very little sand. l ,2 According to the typical 
meteorological year (TMY) for Albuquerque, the wind is greater than or 
equal to 10 mph about 1.2% of the time. This wind causes the "ideal particle" 
to lift. Thus the test rig will have sand and dust delivered to it by a 
blower or fan once per workday during the second half of the test for a 
duration of (24 hours) (60 min) (1.2%) (7 days) = 24.2 min/workday. 

hr (5 days) 

Rain occurs in Albuquerque approximately once per week so that a 
heavy rain will be simulated by applying water to the fixture on the 16th 
and 28th day of testing and a light rain on the 22nd. 

All simulated contaminants are to be applied while the test ~s 
runn~ng. Other environmental effects are not simulated. 

Equipment: Several buckets of mixed fine dust and sand 

Supply of water in can or pail (water shall be 
rainwater or tapwater and NOT distilled or de-ionized) 

Spray bottle 

Blower (capable of several hundred fpm of air) 

Shallow pan 



Procedure: 
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1. At appropriate times, deliver the dust and 
sand onto the screws and nuts by blowing the 
particles from a shallow pan approximately 
equally over all moving threaded parts from 
a distance of about 2 feet. The blowing is to 
be manually controlled so as to lift and deliver 
to the fixture only a few % sand but a lot of 
dust. 

2. At the specified times, spray water from a 
spray bottle onto the fixture from a couple 
of feet away to simulate light rain. Do this 
much closer up and also sprinkle water on the 
fixture to simulate heavy rain. Dust and sand 
are to be delivered during the heavy rain 
simulation as per step 1. The screws and nuts 
shall be completely wetted each time. 

3. Record times and durations of particulate! 
water applications on data sheet D. 

6.0 POST TEST MEASUREMENTS 

The following measurements are to be made as soon as possible 
after stopping the test. Record data on Data Sheet E. Take photographs 
(including magnified) as required to document changes from start of test 
condition. 

6.1 Measurements Before Cleaning 

This measurement is to be made without modification to the fixture 
after shutting down the test. The torque required to turn each set of 
nuts is to be measured as in section 4.1. Note the condition of all portions 
of the entire. test fixture by a visual inspection. 

6.2 Measurements After Air Cleaning 

The fixture shall be thoroughly cleaned by blowing compressed air 
on it to remove any clinging particles. Water may be used for cleaning 
if the fixture is dried. Measure the height of each nut set and the end
plate-to-endplate height or set backlash at zone center where appropriate. 

6.3 Measurements After Disassembly and Cleanup 

The nut sets are to be removed from the screws and all parts 
thoroughly cleaned using air or water. Wet parts are to be dried before 
measurement. Again visually inspect all parts. 

Repeat the measurements of section 3. 
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7.0 RESULTS 

Baseline (no contaminants) wear is taken to be measured by the 
height of each nut set and the backlash or endplate-to-endplate height. 
This wear shall be considered three times the value the values after 15 
days of testing. Actual wear is three times that occuring during the 

last half of the test. Analysis procedures will be determined based upon 
the data. 

References: 

1. Encyclopedia Britanica "Wind Action" 

2. Private conversation with Roscoe Champion of Sandia, Albuquerque. 

3. Typical Meteorological Year for Albuquerque, N.M. as compiled by 
the National Climatic Center. 

4. Machinery's Handbook, 19th edition. 
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TABLE 1 

SUMMARY O~ ACTUAL AND TEST DATA./PARAMETERS 

ITE.M DESCRI.PTION 

Minimum Life 

Lubrico.tion of Se"ws il.nd Nuts 

Actu.o..tor Co.po.dty (ton~) 

Ad:u.o..tor Ra.t '0 
Ac.tu.o.tor Inpl1.t Spee.d (RPM") 

~c."tu.o..tor ScrQw Threo..<l Type 
OLl:tsiA~ D;o. ... tu- (j1lC~ 
Pit<:" Dio..Me.u,. On("~ 
p,tc.~ (inches /thre6d) 

Tooth Pressu.re 

(,ndtes) 
(-threadS) 

(tons) 

(pSt) 

ACTUAL 

30 '1eo..rs 

None 

5 

240~ 1 

1150 

ACM£ 
1.500 
1. a,s 
1/4-

3.2.. 
1'2.·8 

2.5 (~I"CLV\t'l) 

723 

TEST 

47'" da.ys 

None. 

2 

6~ 1 

345 

ACME 
/.000 
0.875 
1/4 

1.5 
<0.0 

0.15 (spr,~) 

72~ 

Toib..l Cil"'c\I.I\'\ferentia.\ Tro.\le.l of NlLt 
Rda.t'"e to Sc.re.w <1.-t PLtc.h l~n~ (ine"ei) 10,550,000 6,745,000 

Toto.l Nu.t L'ne.t.lr Tro.."e.l (i~c.he.S) 

Avera.~e stv-ok.e. (\I'\c.heS) 

Nu.l"ILber o.f Cyc.\e.s /00.'1 

Ope.1'O:i:in~ 'T~ffte I Cycle CseecndsJ 

Toto..l Nu.mber oi Cycles 

Toto..\ Opero.ti" Time (",ill,ol\s of' second~ 

28 

1 

3G,ooo(~,,,,) 
9OO(sleVllin~ 

10,950 

394 (tnLe ki"~) 
9.8{,(s\~wi"!) 

~ Actl1A1 test will on\'( be. ru,l\ 30 cJo.'1s. 
'JC~ Not CAU1tin~ dQ.'tly down iime. .for rne.Cl.~u.re.Me"t~. 

G13,400 

8 

68 

38,340 

2.592 

Re.ference.: A"t~nM. En'3 \ne.e .. in~ TechniG4\ h\e~ 5, Re."ision 1 
Se.c.ond Ge.n.eru:\:ion \,h,l,o~tdt Projec.t 
MHe.HostAt Ac:h14."tor ~re.w Cl."a ~\1t Te.st PIa.Y'\ I' 
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TABLE 2 

NUT SETS DESCRIPTION 

MATERIAL TYPE NUMBER 

Turcite 'A' (Acetal-Teflon) Anti-backlash 

Turcite 'A' (Acetal-Teflon) Non Anti-backlash 2 

Bronze (WCF 175) Non Anti-backlash 3* 

Bronze (Dynalloy) Non Anti-backlash 4 

Delrin AF (Acetal-Teflon) Non Anti-backlash 5 

Bronze (SAE-660) Anti-Backlash 6* 

* Deleted, see revision note, page 2 



Figu.C"e. 1 
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DATA SHEET A 

N u.t i To sca.le hook d ista.nce. Cinc::.hesJ = ____ _ 

NUT FORce -1:0 BACKLASl4 (inches; 'ZONe SC.REW C.IE .... ,.E~ 

#- Ie.fu..r tu.. .. n (0'&) ~ino..\ - iniolict..\ I (in. ~"o'" tt,p} size. ('''~ 

1 A 

J. B 

2- A 

~ B 

3 A 

3 e 

4 A 

4 B 

5 A 

5 B 

G A 

(Q 8 

.5c:.ra.w #_ 

~ Whe.r& Y"u.ts 
'b:r..c.k\~s h 
me.(J..~u.rQ. d 

Thic.kness. of eo..ch plcd:~ i)\ 3-W\Y'C. 'Me..thcd = ___ _ 
Wire. d.o..vne:te.rs , , ; 

Da.te ~ ____ _ Time: ----

\/isW1.\ "nspec:.-t:'on c::.emme.1\.ts .. __________ - _____ _ 

Ph~to~ra.phs to..ke.n~ __________________________________ ___ 
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DATA S\-tE£T B 

SET oVERALL ENOPLAT"/ . ~6:T >I< FORCE 
~ HEIG~T li E:t.GWT SAC.KLASH /SET 

(inc.hes) ('nc.he;') Cil'\c.he~) ( I b.) 

I 
+l",c..l \n'~'o..l -

2 ')jc. 

3 "'" 

4 ~ 

5 ~ 

~ 

+ jr\ct.L - ,11#-,'0.1 

Nt.d; i: to 5C:..:t.(e. hook d. ist-a.nce. - (ll'\c:.h.~s) 

Da...te. ~ T l t'V\e.~ 

Do-tel.. to..Ke.r'\ by: 

Vis.~o..l i ns>peetion Gomm~f\ts" 



PAGE 17 OF 24 

DAtA S\-lEE"T C 

NU\, OVE'RAt.L ENOPLA"TC/
1 
~E'T"*, ~CR~W 

5E'T H E""I.c:;.\-\ -r '"' '::I.GH"T BAC.KLA~H Ci Zone 
c:.entc:r 

* (i"c..he.s~ C'nc.hes) (inc.~es) 

I 
-"ina..l - inii-iQ.1 

2 

3 

4 

5 

~ 
~,·" .. I - i,,;+/41 

Vis UAl \ f'\spec.t'on c.cmm.erd:s .. ______________ _ 

Th lckne.ss of 
Wlt'tL c:i, eJ-m e.tc.rs 

ec..eh plc..:+e. '" 3-wire. me.tkod =----(i~~ 
---, ---,---, 
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DA.TA D 

P4.r t i c.1.\.\0. t e$ App\ie4. -to J:tl<t~re. WfJ.:t.e.y- Appl ie.d. 0\"\1:0 fi~ttl.te. 

DATE: TIME OU~T1.0N 
DA"T€ 1"I.ME DUAAitoN 

(m,,,,~ (min:) 

Da.t40 -t~" D'f: _______________ ---'--__ 

COw\MeY'\t~:. _--------_______ ----___ _ 



NU, SET 'fORCE/set OV&R.ALL. E.WOPLA,e / SET FORCE/nu.t BA.C.Kl.A.SH!NUT !5GR.EW <il 
HEx,GI·rr HEX{HT !)AGKLASW (0'% .) 

CI~~S) Zone. C&ntt.\"' 
.... la~. (lb:) (;nc.w.:s) i nc.hes ~ ll\Q,..l - It'l ... H .... \ Cinc.he.s) 

~e·. ___ _ 

1 A 
-r,~~ ___________ _ B 

2 A 
Ma. -ba.kcl\ by\ 8 

3 tl 
8 

4 A 
B 

5 A 
6 

~ A 
B 

1 
-- - --

Nu.t 1: to ec".te. hook d.'~i4.nc:.e.. = ____ _ C'nc.h~:s) 

Thickness of eo..e~ plCLt-e. lr') 3-wtre.. me.tho~ ~ (it'\C.~~S) 
(Also note. phoi:Ot!r..,hs -t:o..ka~ Wire (l\Cl.Mft.te.rs , ~ (i'lche.~) 
&~-CI~\n0 V~~i~~dion~m~~s~ _____________________________ _ 

(fbst Alto Cle&n,"S) 4::0Mme.ds: ____________________________________ _ 

(Post Disa.s.sc.YI\b\,#) COVJ\rnet\-ts~ __________________ -----_________ _ 

CJ 

~ 
):J 

(fI 
:t: 
(f1 

m 
-I 

m 

~ 
ttl 

I-' 

'" o 
>%j 

N 
.p. 
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APPENDIX A 

3-WIRE SCREW PITCH MEASUREMENTS 



MEASuRING seRE", THREADS 1381 

\\'h; Small Threa~ Anbl~ Affects Accuracy of Thre~-wire Meas~ement. -
1" r.; •. :;.t!ring or cecCo:';::; .\eme threads, or any others havmg a comparatively small 
• ,',; .. ,.; :o.:::1c A, i: ~ pJ.:ticularl,_ important to usc ,L formul~ w~ compensates 
; , ...... i' not entlrd:-·. t.:r the eUcct of the lcad angle, especially m all gage and 
: ';,: ';' ,-,,, wurk. The e::ect of the lead angle on the position of the wires and upon 
,. __ ".,,,lti:l; mcasure!llec:t .If is much greater in the case of a 29-degree thread than 
;. I:;:' ,,0.-'': <'I a hi~::'"r thread angle such, for e:tample, as a 60-degrce thread. This 
,- ».':-~'L'C the cotan,ent of the thread angle increases as this angle becomes smaller; 
'. ',~,._ ':lentl\', the re·l·;::tbn in the width of the thread groove in the normal plane 
: - - 1<' t h,' iC;J.d an,le C.l:!SeS a wire of given size to rest higher in the groove of a 
, .... " i bvillg a sm~~: t~:eJ.d angle A (like a 29-degree thread) tha:1 in the groove 
;, ,!h :l brger angle (like a !X>-degree AmeriCan Standard) • 

. ' _";. ThreJds: Teree-wire mcasurements of high aCCl!racy require the use of 
, .. ",:1.:.;. For 0:,)., c~;e5. howc\·cr. Formula 2 or 3 ;;ivcs satisfactory results. 
'i '\.- :"I,le on page 13SO li.t5 suitable wire sizcg ior use in Formulas 2 and 4· 

1i':Iltnsionl Over Wires of Given Diameter for Checking Screw Threads of A:nericllD 
N""o::al fGrm (U. S. Standard) and the V-form 

i I_~.::t --.:7 t ;.;~ 5~§ I" '0 I "'J! cog .~t1 §i] 
! ~ ~ ! ~ g ~ : § ~ II'~ ~] .~ ~ ~ il a ~ ! ] ~ e ~ f ~] .~ ~ t! 
i ~ v; I:..-::.po ~ ~ ;.: = : t ~ E t; en ~ cil :z; t: ti ;Q.= S t f:' e ti ai 

" 

.:: t"' :!.I' ... ::: i:':;,. > ;.::;,. . i ..... '" '" ..... == ;.::; > > ;.::; > • . ;-0 ..... 0::JI. ..... 0 ~O:;, 

·---!--·---------I'----

I 
. ! ISS: SI' 8 I, I IS 10.c:5 0.25 ,0·:70 • % 

' •. 20 10.035' 0.26541 0.279:il ~s 9 
i I, I 22 0.035' 0.27631 0. 2861 1 ,\, 10 

I I, 24 0.0,3 0.2828/ 0.29 ICl i l 1~i5 S 
~Ie i 18 0.035 i 0.3 213 0.333j!l l~ie 9 

. ~io I 20 0.035 \ 0.3309 0.34I7!: I 8 
t,. I l2 ! 0.035 ' 0.3388 0.3486!11 I 9 

! ~io I 24 I o.o,! 0·3453 0·3544' l~s 1 
; ft~ 16! O.:";:J 0.3867 O.400.3~: xl" 1 
i " II III I o.c~c :.3985,' 0.4108 :: I"s 6 

~. 20. o.c~~ 0.4084 0.4192\: 1;2 6 
i ". 14 o.o;:~ 0.46381' 0.4793;: I"i S;~ 
~ :1" 16 o.o~~ ':: .. 4792 0.4928:1 18• 5 

I~ I 12 o.::,!: 0.5057 0.5:37!: I~S I 5 
I~ I 13 o.o,!o ~.5I651 0.533';:.' 2 4;~ 
~; I 14 0.0,"'" 5263 0.5418:' :1. 4% 
';'J! Il '0.0,0 0.56821 0.5S62 ! 2t2 1 4 
~'G i 14 i o.o;:~ c.SSSS: 0.60 43! 2~~ 4 

: 's i 10 ! O.::~" c.661sl 0.6835' 3 I 3V:. , < I' II i 0.::;0 0.£775

1

1 
0.6972_ 3\. I 3% 

'. IZ I 0.::;:1 0.6907 0.7087:.3% 3'1. 
t~i" 10, 0.07:1 . 0.7243 0.7460' 3;<, 3 
Hi.! 1I ! 0.070 ! 0.74001 0.7597 4 .3 

!", 10 I 0.0;0 i C.7568 0.805S· 41, 2\8 

", II 0.070 : 0.8025 0.8222: 4~f. 2~ 
ft, 12 I 0.0;-0 ; c.SIS7 0,83.37, 4~ 2~5 
":'6 9 i 0.0;0 ' 0.8300 0.8541' S 2lf.t 
1"16, 10 I 0.0;:1 ' 0.8493 0.8710, ••.. . ... 

0·090 0. 9285
1 

0.9556 
0.090 0.9525 0.9766 
0.090 0.97 I8! 0.9935 
o.ogo 0.99IO! 1.01SI 
o.ogo 1.0150/' 1.0391 
0.090 1.0535 1.0806 
0.090 1.0775/ I. 1016 
o.ogo I.I4i6i 1.1785 
o.ogo I.27261 1.3035 
o. ISO 1.53631 1.5724 
o. ISO I.66I,lj 1.6974 
0.150 r. 7601; 1.7995 
0.150 r.8S36: 1.8,.69 
0.150 r.9iS·\ 2.0219 

0.150 2.06SIi 2.II32 
0.150 2.3I5Ii 2.,3632 
0.1501 2.S:70j 2·57II 
0.150 I' 2.7~70, 2.5211 
0.200 3.I051! 3.1670 
0,200 I 3.355Ii 3·4170 
0.25013.717113.7837 
0.250 3.9226· 3,9948 
0.250 14.I7=6! 4.2448 
0.250 4.39751 4·4729 
0.250 4.6:02; 4.6989 
0.250 4.84021 4.9227 

~:~~~ I ~:~::~! ::~~:8 
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I;:S:~ ~IE \~WHI:-';(~ S('HEW TI"n:An~ 

'l'ablo for Mc:tsuring Whitworth SlamJarl\ ThreAds by Iho Threc-wire Mclhcd 
---r-- -_. -----;~-.;:;·-·I 

rJn.llr l'iam. ~1"I'IIII'.1 Ih.un·ll'h .... ,,, .. 01 \\'lIt~. "', l' 

.. I 1"'1 w .• 'd Will':; I ·llli~·.~,1 lw .. 'h _ ._. ..~_ 
-----

~t. 
%0 
~ .. .. 
~1"" 
B' .. 
~ i. 
lA: 

~1. .' .. ] ~/ltS .' .l 

'71. 
7' ,0 

1';1. 
I 

1\". 
I~. 
1~'i6 
I~ 
)~'J. 
J~~ 
)'%0 

I~~ 
J~lO 
1~8 
II~. 

l~' 
)1 7'1. 
1~9 
llr\'ie 

2 

l~. 

40 
24 
20 

18 
16 
14 
II 

II 
)[ 

11 

10 

10 

9 
9 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
5 
5 
4'1. 
4~~ 
4'1~ 

4
1
" 

Q,OIR 

O.C.\O 

O.oy; 
0.°'1° 
0.040 

0.050 

0.050 

0.050 
0.070 
0.070 

0,070 
0.070 

c.07° 
0.070 
0.090 

0.090 

0.090 
o,o~o 

0.090 

O.()~O 

O.llO 

0.1l0 
o.UO 
0.130 

O.UO 
0.130 

0.120 

0.120 
0.1$0 
O.ISO 

0.1$0 

0.150 

0.14'0 I 
O.21.':S 

o.2HoS 
0·35('\1 

0.401 $ 

0.4 11 '5 
0.5 2 .19 
0.51>74 
0·7011 

0.7('36 
0.8115 
0.8740 
0,91~:7 

0.g!!)2 
1.08-111 
1.1473 
1.1312 
1.2437 
1 .. IOli2 
1..1/;37 
J .4!l31 

1.5506 
1. 613 J 

1.6756 
1.6847 
1.7472 
".8097 
1·1\722 
1.!lg-p 
2.05t;7 

I 

:2·1l9l 

2.2442 II 

l.ialU. 
,./ 

Thll.t,1 

2'" 
:2'!" 
:;,:1; 

.2,,~ 

2'~, 

2:8 
3 

J~' 
.1~. 
3'~ 
3~2 

3~' 
3~4. 
31. 
4 
4% 
4~' 
4
·' 

,. 
4'13 
4~' 
4", 
4~. 

5 
5% 
S~ 
5% 
5'1. 
5~8 
S~l 
<7' 
" . 
6 

N ..... r-' 'IE--'1'1111"1.1'1 ()jam. J)i.HII. 
4.1 Wi.H M"a':ul'I'"t 

JIlT 

Jill h 

4 
4 
4 
4 
.1~~ 
3~~ 
J~~ 
,"t~~ 
.1% 
.i ~" 
3~ 
3'4 
3 
3 
3 
3 

2~' 
2~8 
2~8 
2 1 ,. 

2~~ 

2~~ 
2~~ 
2~ 
2f;,. 

2~8 
~8 
2(~8 

2~/!a 

2 1" 

2~~ 

US(,cJ 

0.150 
0.150 
0.1$0 

0,J50 
0.200 

O.ZOO 

0.200 

0.200 
0.200 

0.200 

0.200 

0.200 

0.200 

0,200 

0.200 

0.200 

0.250 

C.250 
0.250 
0.250 

0.250 
0.250 

0.250 

0.250 

0.250 
0.250 
0.250 

0.250 
0.250 

o. 2.~0 
0.l50 

o\'t't 

Wires 

2.3 247 
2 .. H~7 

2·57-17 
2.6997 
2.9257 
,;.0507 

3· J757 
3·.\007 
.1·.1905 
3.5

'
55 

3.640 5 
3.7655 
3.8495 
3·9745 
4·O9!l5 
4·2245 
4.4846 
4.6096 

4.7346 
4.8596 
4 ·9593 
5. 0843 
5·2093 
5·3343 
5.43J6 
5.5566 
5. 6816 
5.1\066 
5·')011 

6.0261 
6.15 11 

Buckingham Simplified Formula which Includes Effect of Lead Angle. - The 
Formula ,1 which f(;lIow~ j!'h'cs very accurate results f()r the lowcr Icad anl-:lcs in 
dett'rll1inin~ mca~.urcment:lf. However, if {'~ln:lIlc an:ur:lI:y is esS{'ntial, it may 
IJc advisable to usc tbe inv()lutc helicoid formul.ls as cxplained later. 

II l' II' ( . A) I II' 1" X c()~ IJ 
JJ = '. + ' 1·1- SJIt n \\' 't'n~ ~ -~~~ .Ii

n
- (3 and 3a) 

Thcoretically c()crcct cqu:J.lion~ rur dClcrminin~ me:t~"rement AI arc rompkl: all,1 
cumh('rsomc tu "Pllly. Furmula..) ('uml,ill(':-' ~imJllic.i1y wilh a deg-rcc of ~ln;ilracy 
which nwets all b"t th': mll!.t nactill;! [('''Uirt'II'''III~, particularly for I"ad anj!I,'~ 
I,do", II or 10 ,I{'r:n"'~ an,l Ihe hk!.'·r tlm'aol and"s. Jlow''''''r, the win' ,li,"l1t'h'r 
0,,,:<1 ill ....... 111111:. U) 11111'.( ",,"fofm 10 Ih:01 .. 101:oilll·,1 II)' F"nllul •• CIa) 10 Iwrmi( a 
,li!': •. t :."luti'JII IIf 0'11' ""t ill\· .. hi"l~ h"Jcll'lIuill"lt equali",,:, :111" su<'<·c,,·.ivc triab. 

M]o~ASURING SCREW TlffiEADS l:"S;~ 

Application of Burkillgflatn 1'""nlll,J: In the applkJ.tion of Formula (3) to screw 
threads e,r tn WMms, Ihere are Iwo I:enecal GiSt·, 10 he con'idcred. 

Case I: '1'1", s< now IlIn·,,, • • i' w(O,m is to I,,: ",ilk,. wilh a f"lIer havinK an in
dud,',1 alll:I., ~'1u". I" II", ,,,,,,,i,,,,. or :'la'I<I,uol th,,"'" all,:11' which b a:"u,u,'" In Ix: 
the angle in lilt: axial plaIH!. I,'"r t'x~lIupkJ ... '.0 d~"Ht'C cutl,'r b to he u:;cd fhr nlill .. 
inl-: a thread. In this case, the thn·: .. 1 :,";,Ie in the plane of the axis will exceed 
60 degrees hy all amuunt incr(,:L,ing with the Ira,llIngle. This variation from the 
standard anj;le may he of little or II/) practical importance if the lead angle is small 
or if the mating nut (or tceth in the ca:iC of worm gl::J.ring) is formed to suit the 
thread as milled. 

Case::: Tbe screw thread or worm is to he milled with a cutter reduced to what
ever normal nn~!e is equivalent to the standard thread angle in the axial plane. 
For example, a 29-drl-:rce Acme thread is ttl be milled with a cutter having some 
an!;le smaller than 29 del:rees (the rcduction increasing with the lead angle) to make 
the threa'l :IlIi:I,- 5tandard in the plane of Ihe axi5. Theoretically, the milling 
cutt.,r and!! sh<llli<l always he corrected to !;"it the II<ICDlal all!;I!!; but if thl: lead 
anllle is small, such correction may he unnece~,,:uy. 

If the thread is cut ill a lathe to the standard angle as measured in the axial plane. 
Case 2 applie;; in determining the pin size IV and the over-all measurement M. 

In solving all pruLl~nls under Case I, the angle An used in Formulas (3) and (3a) 
equals one-half the included anJ.:le of the milling cutter. 

When Case 2 applies, the an~le An ior milled threads also equals one-half the in· 
c1uded angle of the cutter, but the cutter angle is reduced and is determined as 

follows: tan An" tall:l X CU~ B 
The illch"ll·,1 an::I" of It", Cllt"'r Of tl", norlilal il\dll<lt~l anf:l" oj the thr,'ad I:roove 
_ 2 An. Ex,ulIl,I,:; I lin,) 2 wlli .. h ["lIow ill'hlral" C.,,;," I :11111 2. 

1';xQ",ple, (C.zsr. I): The ",alllple whirh follu"s illlI:.tra"'~ the case 01 an A"me 
screw thread which is milled wit h a culter having an induelc<l all!;l\! of >9 degrees; 
consequently, the angle of the thr.::ad is over 29 degrees in the axial section. 

The outside or major diameter is 3 inches; the pitch, H inch; the lead, 1 inch; 
the nllmher of threads or" st.arts," 2. Find pin size IV and mea·;uremcnt .\l, 

Pitch diameter E = 2.75; l' "~0.25; L = 1.0; An = I4.50o; tan A .. = 0.25Slh8; 
sin.l n - 0.250J!\; ("03 An = o.!)liSI.I!\. 

tall II = ___ 1._0 __ = 0.11574'); B r~ 6.6025° 
,\.I1'C, X ~·75 

IV = '=.:2_X o·~'.~'!c;li~ -. 0.25(i51 inch 
0,!)68qo 

U ~ 2.75 + 0.25651 X (I + 0.25038) = 3,070 7 inches. 

Nole: This value of M is only 0,0001 inch larger than that obtained by using-the 
very accurate involute helicoid formula (4) referred to on the following page. 

F.,ralilple 2 (CIIse .?): A triple-threacled worm has a pitch diameter of 2.481 inches; 
pit.ch of 105 in(:hcs; lead of 4.5 inchcs; lead angle of 30 degrecs and nominal thread 
an:;le of 60 degrl.'C'; in axial plane. Milling cutlcr an~le i. to I,e reduced. T = 0,75 

inch; {'(I~ II .. 0.8liCI02S; tan II = 0.57735. Again use Formula (3) tv see if it i~ 
alll'licahle in this case. 

Tan A .. _ tan A X cos B = 0.57n5 X 0.f:1i6025 - 0.5000; hence A .. - 26.565· 
making Ihe included cutter angle SJ.13°. Cos.l .. = 0.89443; sin A" - 0·44721. 

0.75 X 0.1\60025 . W _ . = 0.726J8 Incll. 
0·!!9443 

AI _ 2 .. 18J + 0.726111 X (1 + 0.44721) - 3·532 inches. 

N Cllr: It the v:.luc or mt':\1I1fCment JI Ii determined hy using the following 
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F()I'Il\\I\:t (.\) i\ will I,,· [""1101 11.:,1 At .1 \' ~, in. I,,··:; 1"'11,'" 110" c'rmr "'1",,1, 
.~ 'd·' ,\ .. ',1." "'lIi' ilhh ·q·PIU\ilU,d.iv. \\11I.h lI"!J'alt,, tl..11 l·ullIIlIl., Cd j~ 
IHU .iunlf"a'c~ .·IIUII,~h in tilL CI'.,-, 'J III' ;qll,li., .. tipll uf alJi-, ~~i1H1114'r Furmub U) 
will .1t·'It·".III,"", II .. · kill ,,,,!:,,. ""d 11.", ... 1 ""f:1e (a"I"""""",I}, '·'I,I .. i",,,I) a.III .. I.() 
U/lUII Ihe da" uf wurk. 

Buckingham Exact Involute Helicoid Formula Appli,.d to Screw Threads. _ 
\\'h('f} e~tremc acclIr.lu:y is n:quin·t1 ill tllHlilig 1lH';}';Urt'mCI.t Itt for uhtailling a t

h
'en 

pildl dia'ncter, the equali"l\~ whi •. h folluw, ahhulI!:h ,om'''"hat clllnhcrsome to 
apply, have the merit of providing a dirn:t a.III vcry accurate Sohllion; consequently, 
they arc preferaLle to the indt·tern.illate "'Illation:, and successive trial solution; 
I,eretof"cc empl()}'('d wh"11 c,treme pn·";,i,," is "·'Iuire<l. These "'Illations are exad 
fnr invoillte 1 ... li~al /:cars an<l, c"""·qlll·IlII.v, giv" I h"on't ically c:orr",·t rc,;ults whell 
:IPI'Ii.·<\ to a serew threatl .. f the ill volute hdi .... id.lI form; th,'y abo give very c!",e 
appc<>ximation" lor thread, having illlt:rmecliak pCl>f.les. 

lIelical Gear RqllaliolJ Applird /" S(r.~" TI",.ad Mrasllremelll: In applying the 
hdical /:car <'quations to II Screw thread. U"C either the axial or normal t.hread angle 
and the lead angle of the helix. In .. rdcr to keep the solution on a prac!ical ba,i" 
either thread angle A or An, as the case may he, is assum.~d to cquallhe cutter angle 
of a milled thread. Actually, the (lrolile of a milled t.hread will have sume curvature 
in I>"th axial and normal "'!e1i0l"; h(,llce angles A an.1 An represent the angular 
apprt,ximations of these slightly rlln'ed prolil,·,;. The equal ions which follow gil't 
the v:liues neededtu solve th" '.l!'·W th,,:;,,1 (lrol,h'lIl a, a h"liml gear prohl .. m. 

.II, 2 N".I IV 
(0';(1 (4) 

tan A tan .·1" E 
(4a and 4L) 

tan F = '-. '- = ' ._._ .. _; Rb = -- cos F tiln IJ "'n 11 2 

l' 
(4C and 4d) 1'. ~ "',;~'Ii ; tall Ih = cos F tan /J 

. 1'." IV 11' ( ) mv G = ._- + IIIV I' + ------.- -- - 4<' 
J.!. 2Rt.co,lh s 

A table of involute functions is rl''luire,1 (see Handbook pages 270 to 275 OJ 
Manual of Gear Design, Set·tion I, (lage, 'OG to '29). 

Rxamp/c 3: Tu illustrate the api,lirali .. n hf F(lCIllUIa (,,) :lIl(lthe supplem~lItary 
formulas, assume that the numkr flf starts S = 6; pitc'h (Iiameter Jt = 0.6

2
5
0

; 
normal thread un!:le A. - 20°; lt.'ad of thread L = 0.86-t inch; l' = 0.072; I\' ." 
0.070., iuch. 

tan 11 
/, o.sr.'\ 
J. • -0

0 .011 00.1; n = 23.751" 
7r .~ 1.I)IIJ5 

Helix and" Jl 0" 90" - 2.\.751° = 66'~4!l0 
, tan A n 0·36.~!l7 . 0 

tan f = --.--- = --- .... : = 0.9<>369; /' = 4 2•104 
Sill B 0.40270 

R 0.6Z 50 
Rb = - cos F = --'- X 0.741!l3 = 0.23 185 

2 2 

T 0.072 
. -- = 0.16.162 
0+,00.; 

tan llb = C(>s JI t:1Il II "0 7,'_!1l X 1.17257 = I.(jHGo!l; 

11", involule' hlllrfion (,r (; j, (Ollllci Ill'll hy I'or",ul" (4C). 

. T. = tall 11 

ll6= 59.328° 

MEASURING SCRF,W THREADS l:\S;; 

iov G 
O.I()~(j,! 0,070'1 ,7,1.1';; .. ' + o.I(,~Rt -I- --_._-- - .--- -- .. = 0.20~5r 
of .. ,,; 2 X o.r,I;·~''; /. {).~lni.! (, . 

l\ ta.hle or invl)lllh' (ulaflion:; ~.h(lw l that .1-t. t~()" i,,; t lu.' angular cqlli\'~llt.·llt of O.20J.r)T; 
hmce C; ~ 4-\.J.1O". 

M = ::..Ji'~ + IV 
C()~ (, 

2 X 0.211.", . 
= ---.. --- + 0.07013 = 0.718;9 Inch 

0.7 1508 

Accuracy of FOffilUias (3) and (4) Compared. - With the in\'()lule helicoid 
Formula (,) ally wire size whkh mal:es contact with the l1:;nk·; o[ the threat! may 
h.' u; .. cl; howe\'cr, in the prcceoJinl( "xample, tbe wire diameter I\' wa,; ottained by 
Form lila <.I;,) in (>nler to compare Formula (,) with (3). If Example el) is ,,,Iv,',\ 
by Formllia t;), At = 0.7.').2; hence the difierc.!'Kc Letween the value; uf J[ ob
taincd with Formulas el) anll (.1) e'lllals 0.71')12 - 0.7111;') = 0.000,.\ inch. The 
inrlu,lc,l thre;!,1 an~\c in this case is 40 (Iegree,. 11 Formula" e,l and (.,) arc applied 
to a 2,)-degre" thread, the difference in measurements U or the error rcsultin!: froOi 
the lISC of Formula el) will Le lan;er. For example, in case of an Anile thread 
h"'ing a le·ttl an,;lc of ahout 34 dc!,:rces, the difference in value, of .If oLt:tined by 
lh~ two formulas equals 0.0008 inch. 

One-Wire Method Applied to Acme Threads. - .\ sill~l~ wire' m;IY he 11;",1 
to chc.~k the size of all AI'llll' Iltre·a'l. If a wire wilh a diameter "'1l1a1 tt) 0 .. 1>\715 X 

wiRE 
th~ pitch is loIacc,l ill the thread !(fI)<)\'C of an Anne 
thrl'a.l. Ihe wire will 1.<' I1l1sh with thl' 1<>" of th., Ihn':"I, 
pru\'i,lt .. d tIlt' oubi,lc dianwtt'r anti pilrh di~u\~ctl'r art! 
uf ba.'i;r ~,i;~(·. 

If a (;"11(,1,:11 1'11'1)("'" ACIIlt' 110 .. ·",1 i, I",inl-: ch('cke,I, 
with :tllowltncc:-; and toll'ralHT;'; as pn)vitil."t in the 
American Stall,lar.1 ASA Ill.5, the top "i the wire 
should he bd"w the basic outside diameter by an amount 

c(,ual to nne-half the pitch lli:tmcter al\ow:lIlce given in Tahle 4 on pa!;e 1323. The 
I(,p of the wire may he hdow Ihi.' posilion I,y an adolitional amount up to one-half 
the pilch diamell'r tol"rance giV"ll in Table 5 on pag" 1';24. 

Since this mcthod .Iocs lint lake the (·ff .. rt of lead angle into account, its u,;e for 
tlm·ads of appreciaLle Icad un!;le is not reCllmmended. The effect of lead angle is 
tn C:u"e the wire to ride high('r in the tlm'ad groove so that when the wire is Iluoh 
with the tbread top thc thread is actually thinner than intendcd. 

Checking Thickness of Acme Screw Threads. - In some instances it may be 
I,r('["r;,bl" In check Ihe Ihn:a,l Ihickne," in,;te"d of the pitch ,liarneter, c;peci:iliy if 
thcre is:, thr,·".1 thit:kness tolerance. 

.\ (Iin'd nll'I\""I, a"plka"I(' 10 th.· brg('r "iICh(,,;, is to usc a "ernicr gearlooth 
(alilk'f fur mt·a!".llrill~~ the ll,it knl"s~, in tlH.' lZormail)l:uw of tlw thread. Thi~) ml'as.llrc~ 
nil'nl, for an Amt'rican St:tndanl (;"I\ .. "ra1 Purpose Acme lhrt:a«I, :-;hOIlI,1 he made 
at a dislance hdow I he IIIlSie olltshh, (Iiamcler eqllal to PI.... Thc thid:nc,-,s at Ihi,; 
hasic Ilitch-Iinc depth and in the axial plane shouhl be pi> - 0.259 X the pitch 
tliamd~r allowance from Table 4 on page 1323 with a tolerance of mi'lIls 0.25') X the 
pilch diameter tolerance from Table 5 on page 1324 . The thickness in the normal 
1,I'me or plane of measuremcnt is eCjual to the thicklll:ss in the axial plane multiplied 
by the cosine of the helix angle. The helix angle may be detc.mincd from 'the 
formula: 

i tangent of helix angle ~ Ica.1 of Ihrea.1 + .,.14.6 X [.itch diameter 

! 1hf~~-Wire Method for Checking Thickness of Acme Threads. - The 
al'l)li~ation uf the 3 wiu,' II1dh(ul or du-cking the thickness of an Acme :~{'rcw thread 
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Wire Sizes for Three-Wire MeAsurement of Acme Threads 

Tlm'a,l, lIr<.t ~r •. a.," Best 
I"-'r MM. ~lin. I .. 'r Aw. Min. 

lnth Si"" Ind. Sit'" 

---- ---- ---- ---_. ------
1 0.51645 0.6sool 0.41\p6 5 0.10.329 0.1.1000 0.09745 
I~j 0.3R7,H 0.48751 0.36.~·15 6 0.01l6011 0. 10834 0.08121 
I~~ 0.34430 0·4.1.1.1·' o.,P"Xl 8 0.00,1;"\(; 0,OXI2S 0.0(0)')1 
2 0.25822 0.32501 0,24.163 10 0,05 1('4 0, 06500 0.04/;73 
!lH 0.20658 0,26001 0.1!149 r Il 0.04;101 0,05417 0.04061 
3 0.17 2 1S 0,21667 0 .• 62,\2 14 0.0368~1 0.046-13 0.03480 .. 0.1 2911 0. 16250 o.I2IR, 16 O.O.IHll 0.04063 0.0.1045 . 

Wire sizes are hased U[lOn zero hdill angle. nl.~st siz(~ .... 0.51645 X pitch; maximum 
size ~ o.6sool~1 X ,)itch; n.inin11.lm size =-= O.4H.7.lGj X plh:h. 

is indudcd in UCJlort of the National Srrew Threa.1 ('omlnission. In applying the 
3·wirc mcthod fur chl'ddng thread thickness, the JllOce.lure is thc samc as in check
ing pitch diamcter although a differcnt formula is rC'luin'l. Assumc that J) - basic 
major diameter of scrcw; At = measurement over wires; IV ~ diamcter of wircs; 
S ~ tungent of helix ansle at pilch Iinc; J' = pilch; T a thread thicknes~ at depth 
equul to 0.2SP. 

T ~ 1.12931 X P + 0.25862 X (AI - ()) - IV X (1.29152 + 0.48407 .5'2) 

T)'i~ formula transposed to show the correct m(':tsurcment .Ijf equivalent to a given 
re'llllred tbread thickncss is as follows: 

AI _ D + JI' X (J.291~2 ... 0 .. 1l\40 ! X :~l,±,~_~:129.11 ~ 
.USX6l 

Rr,~,,,ple: An Acme Gener,,1 Purjlo,c th«·a.l. netS, 2G. )'''5 a s·incIl hasic major 
diamcter, o.s·inch pitch, and I .. inch lead (d"lIl1le thread). Assume the wire s:ze 
is 0.258 inch. Detcrmine measurement AI for a thrcad thickness l' at the b;,~ic 
"itch line of 0.2454 inch. (This is the maximum thickness at the basic pitch line 
and equals the ha~ic thickness, 0.5P, - 0.2 S9 X allowance from Tahle 4, pal:e 132.~ ,) 

O.25R )( (1.291~2 ·1 ",IXI"7 X (1.067.-,,2) -I- o.2H4 - r.12Q,~1 X (l.S AI - 5 ·1· ----.... --.... -- ....... -........ . ...... - ........ - .... - ... - ....... _--
U·.;.!SKG.l 

~ 5.056 inch('s 

Testing Anglo of Thread by Thrce-wire Method. - The error in the angle 
of IL thr('ad lIIay he dl'l"nllinrd I • .\" II';in,: ,,'1, of wir.·, of Iwo 'Iiaml'''''~, the m('as
urruwn. U\'I'r flU" twu :.1"1" uf wilC"; hl'iul~ f"II"wI'.1 I,y ,akubfiow. lu .It-h·rOline 
tlu- :lmuuul tlr t"I'lul". ;t·.·.lUlling fl.al 11u- :IIIJ~h" tllluut I ..... ,: .•• ,11 bv I ulIlI,;.ri:,Clu with 
a standard ],lug gage wilit'h is knuwlI IH he ('orrcrl. The diameter of I he sO!itll 

wires for the American ~tandaHI thr,,:,,1 is usually about. 0.6 timcs lhc Ilitd) and the 
diameter of the lan;e wires, about 0.9 tilllcs the I)it<h. The total di!Terence be· 
tween the lIIea~lln'mcnts o"I:r the l:trl:C and slllall scts of wires i, first determined. 
II the thread i; an Amerimn stanci,ml or allY ntl ... r form having an indu.)col ande of 
Iio degrees, the difTerence between the two measurements should equ'll three times 
the differenre h('twecn the dialllet'· ... ; oi the wires uscd. Thus, if the wires are 
o.u6 and 0.076 in"h in diameter, «·"I~·lIiv!.'ly, the di/Teren,'c equals 0.116 -- 0.076 
- 0.040 inth. Therdore the dilicrcnl'" IIl"wcen the micrometer readines for a 
standard angle of 60 degrees equals 3 X 0.0.10 "., 0.120 inch in this case. If tbe 

MEASURING SCREW THREADS 
l:{:;q 

angle is incorrect, the amount of error may be deterDUucd by the following formula. 
whicb applies. to any thread reganiless of ,mgle: 

In this formnla, 

Sina = ... 1_ 
./J-A 

A _ dillerence in diam('ters of the large and small wires used; 
B ~ total djITcn'l\~c het WCI'n the n",~"urcments over the large and small wires; 

a _ one· half the inclllllcd tlm'ad angle. 

Example: Thc diameter (If the large wires llsed for testing the angle of a thread 
is 0.116 Inch and uf the slII:11l wires 0.076 inch. The measurement over the twO sets 
of wires shows a tutal .lilTerc'll"e of 0.' H inch instead of the correct ditTerence, 0.120 
inch. for a st:lIldanl angle of 60 degrcc~ when using the si.:Ges of wires mentioned. 
Therefore the amoullt. of error is ,lo:tcnllillcd liS follows: 

Sin a ___ ~~.~':'-- _ O.O.l.~ - 0.4878 
0.121 - 0.040 0.0!;2 

By referring to a table of bines it will bc seen that this value (0.4878) is the sine 
of 29 degrees 11 minutes, approximately. Therefore the angle of the thread is 58 
degrees, 24 minutes or 1 de!;rec 36 minutes less than the standard angle. 

Me~suriDg Taper Screw Threads by 3-Wire Method. - When the 3-wire 

method is used in measuring a taper screw thread the measurement is along a line 
that is not perpendicular to the axis of the screw thread, the inclination from the 
perpendicular equalling one·half thc included ant-:le of the taper. The furmula 
whicb follows compensales fur this inclination resulting from contact of the mce,sur
ing instrument surface,. wilh two wire> on one side and one on the other. The taper 
thread is measured over the wires ill the u~uallllallllc:r excepting that the single wi .. e 
must be located in thc thwad at a poillt where the cfTcctive diametcr is to be checkcd 
(as described more fully later). The formula shows the dimension equivalent to the 
correct pitch diameter at this given point. The genera) formula [or taper screw 

threads follows: 
.11 ~ measurement over the 3 wires; E = pitch diameter; a = one· half the angle 

(If the tbr.':ul; N = nUlllllcr of tlm::"ls per inch; IV = diameter of wires; b = one-

hah tbe an~lc 01 t'lfler 

AI 

l~ _ c,~~ -I- II' (I + <:osec a) 
2 N 

sec b 

Thi~ fUrllUlI:l h uu. i I ",ur'" it ally .. urn-d hill it i!"., how.~v{'r. ,u:cnralc (or f',crcw 
thn.!ads ha.ving: tal)CP; ul :J. illd •• ,.'r [uul or It~~;~. Tlli~ .. '~I'IU'ral furmlll.L t i.lnlit: :~imilli 
6ed lor a given thread lIn,;le ;1IIc1t:Ll)Cr. The simplified forllluia following (ill whkh 
I' ~ pit<:h) is for an American Stanclard Pipe Thread: 

At = E - .~.~~~:~!..'.L+ 3 X W 
l.CoQO 19 

Stan.lard pileh .liaml'ter, for pip" thrca(ls will be found in the table" American 
Stalldarol Pipe Thread." The IO('alion of this pilch diameter or dislanCl: Irom the 
rnd of the pipe is also showu by the table. In using the lormula lor liudin!: dimcu .. 
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1.0 INTRODUCTION 

The purpose of this appendix is to describe the procedures used 
in testing each azimuth drive/bearing assembly. These tests are 
established to verify that each assembly meets the performance 
specifications. * 

2.0 LIST OF TESTS 

3.0 

3.1 

(a. ) 

(b. ) 

(c.) 

(d.) 

(e.) 

(f. ) 

3.2. 

3.3 

(a.) 

(b. ) 

(a. ) 

1. Dimensional verification - Interface dimensions 
2. Gear ratio verification 
3. Survival loads a) Operational b) Non-Operational 
4. No backdriving under survival loads 
5. No load breakloose friction torque 
6. Input backlash 
7. Torsional stiffness 
8. Moment stiffness 
9. Running torque and efficiency 
10. Preload 

TEST PROCEDURES 

Dimensional Verification 

Interface dimensions to BEC pedestal

Interface dimensions to gimbal housing 

Motor interface 

Overall dimensions 

Azimuth axis orthogonality to base mounting surface 

Orthogonality of gimbal housing mounting surface to azimuth axis. 

Gear Ratio Verification 

Check number of teeth and calculate gear ratio 

(Alternate). Determine actual overall gear ratio by measuring 
the number of revolutions of the input shaft for one revolution 
of output shaft. Will review possibility of using a frequency 
counter on the input shaft triggered by a limit switch on the 
output shaft. 

Survival Loads 

Operating 

Under running conditions will apply maximum azimuth operating 
torque (3,900 ft. lbs.) and run the input against this load at a 

* The tests described are in conformance with the test plan (TMll). 
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motor speed of 1750 RPM until the output has rotated three 
revolutions. The direction will be reversed and the test 
repeated. 

I 7 ) ) I / I , / " ) I 1/1;.// ,/ '" / ( / ;I )" I 
L I 

I I I 
-'-

hl ~ FIXT uRE PLATE 

iSl-\AfT To LOAC 

The load will be applied with a disk brake. A fixture plate 
will be fastened to the base (lower casting) to which the disk 
brake will be attached with a coupling. The entire reducer 
will be fastened to the test stand at the cover (upper casting). 

An attempt will be made to repeat the test at a load of 7,800 
ft. lbs. However, oil temperatures will be carefully monitored 
to prevent possible overheating. If this occurs, the actual load 
will be limited based on oil temperature rise. 

(b.) Non-Operating 

At three different orientations, the non-operating azimuth 
survival torque of 7,800 ft. lbs will be applied statically in 
both directions to the output. This will be accomplished by 
jogging the input with the disk brake applied to the output 
until load is reached. 

3.4 Backdriving 

The survival 
the output. 
will be made 
direction. 

azimuth torque of 7,800 ft. 
Verification that the input 
by using a dial indicator. 

3.5 Break Loose Friction Torque 

lbs. will be applied to 
shaft does not rotate 
will repeat in opposite 

with no external torque, measurement of static break loose torque 
will be determined at the input shaft. A torque wrench will be 
used. Test to be performed in both directions (CW and CCW) and 
at 3 different azimuth orientations. 
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3.6 Input Backlash 

The input shaft will be rotated in one direction until movement 
of the output is indicated by a dial indicator. The input shaft 
position will be recorded. The input shaft will then be rotated 
in the opposite direction until the output shows movement and 
that input shaft position recorded. The input backlash will be 
the difference in shaft positions expressed in degrees or radians. 

'.Measure input backlash in 3 different azimuth orientations. 

3.7 Torsional Stiffness 

A maximum of 2,300 ft. lbs. will be applied statically to the 
output (base) in increments of 400 ft. lbs. and the output rotations 
will be recorded relative to the cover. The torque will then be 
reduced to zero in the same steps with a record of output rotation. 
The torque will be reversed and the procedure repeated. Two cycles 
at three azimuth orientations will be performed. This will be 
performed with an arm attached to the fixture plate located on the 
base. A hydraulic cylinder or other arrangement will be used to 
apply the torque. The effect of output backlash will be measured 
during this test. 

3.8 Moment Stiffness 

An elevation moment will be applied in increments of 400 ft. lbs. 
to a maximum of 2,000 ft. lb and the deflection or angular move
ment recorded. The moment will be similarly reduced to zero while 
recording angular deflection. The moment will be reversed and 
repeated. Four cycles will be performed. 

For this test, the base will be secured and a moment applied evenly 
across the cover. 

-1 ..... 
1
-------[;] 
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3.9 Running Torque and Efficiency 

Measurement of starting torque and running torque will be made 
at four different levels of output torque up to a maximum of 
3,900 ft. 1bs. Efficiency will also be determined. Input speed 
will be 1750 RPM. 

Determination of input torque will be made using a strain gage 
torque transducer on the input shaft. Input speed will be measured 
on a frequency counter. Output torque will be determined on the 
disk brake test stand. The reducer will be mounted similar to 
that shown in Step 3.3 (a). The operating survival load test 
described in 3.3 (a) may be performed as a part of this test. 

3.10 Preload 

Record required dimensions and calculate bearing preload. 
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1.0 INTRODUCTION 

The purpose of this appendix is to describe the procedures that 
will be used in testing the assembled Gimbal/Actuator Drive Assembly. These 
tests are established to verify that the assembly meets the performance 
specification. 

2.0 LISTS OF TESTS 

2.1 FACC ASSEMBLY TESTS 

The following tests are performed at FACC on the assembled 
gimbal/actuator drive assembly: 

1) Azimuth and elevation axes orthogonality. 

2) Dimensional verification. 

3) Azimuth survival load capability. 

4) Azimuth drive motor capability under the maximum operational load. 

5) Azimuth stiffness. 

6) Travel limits of azimuth drive. 

7) Emergency manual operation of elevation drive. 

8) Elevation drive capability under the maximum operational load. 

9) Elevation stiffness. 

10) Elevation survival load capability. 

11) Backdriving of elevation drive. 

12) Travel limits of elevation drive. 

2.2 RELATIONSHIP TO TEST PLAN 

The tests described are in conformance with the test plan (TMI0) 
except the following four tests were deleted: 

• #4 - Azimuth azis wobble. 

• #5 - Moisture intrusion. 

• #8b - Elevation dead load unbalance input torque. 

• #8e - Elevation running torque/efficiency, 
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2.3 AZIMUTH DRIVE/BEARING ASSEMBLY TESTS 

The following azimuth drive/bearing assembly tests (appendix E-ll) 
will have been performed by the azimuth drive vendor prior to performing 
the testing described herein: 

• Azimuth axis orthogonality to base mounting surface. 

• Azimuth drive backlash. 

• Azimuth drive break loose friction torque. 

• Azimuth drive running torque/efficiency. 

• Azimuth drive backdriving. 



Page 4 

3.0 APPLICABLE DRAWINGS 

The following FACC drawings describe the tested prototype 
gimbal/actuator drive assembly: 

• 4,531146 Gimbal Housing 

• 4,531147 Torque Tube/Arms Assembly 

• 4,531148 Miscellaneous Details 

• 4,531149 Gimbal/Actuator Drive Assembly 

• #531150 Interface Control Drawing 
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4.0 TEST PROCEDURES 

4.1 Azimuth and Elevation Axis Orthogonality 

4.1.1 Object 

Page 5 

Verify that the orthogonality of azimuth and elevation axes are 
within the specified value of ±0.25°. 

Record the measured value; this data is necessary for input to the 
control system software for the heliostat to which the gimbal is assigned. 

4.1.2 Procedure 

See Figure 1. 

This test shall be performed before installing the torque tube on the 
gimbal and azimuth gearbox. 

4.2 

1. Place the azimuth gearbox and gimbal assembly on flat surface. 

2. Install long tooling pin through two elevation bushings such that it will 
extend outside by approximately one inch on each side. Clearance between 
the bushings and pin shall not exceed 0.001 inch. 

3. Set up one dial indicator from ground to probe the tooling pin on one side 
in vertical direction and take dial indicator reading. Record in Section 5.1. 

4. Rotate the assembly arqund azimuth axis until dial indicator probes against 
the other end of pin and again take dial indicator reading. Repeat for 
accuracy. 

5. Non-orthogonali ty (radians) = Difference in readings for dial indicator 
divided by the distance between points on pin where dial indicator touches. 

6. Record non-orthogonality in degrees to the accuracy of 0.0010 for control 
system use. 

Dimensional Verification 

4.2.1 Object 

Verify overall physical dimensions and dimensions of interfaces of the 
drive unit to the BEC pedestal and the torque tube flanges. 

4.2.2 Procedure 

The gimbal drive unit shall be dimensionally checked to verify conformance 
to design control drawings. The verification shall include the following: 

WOl..2679C 
12/76 
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4.3 

a. Overall dimensions 
b. Interface dimensions to pedestal 
c. Interface dimensions to torque tube flanges 
d. Parallelism of torque tube flanges and perpendicularity to 

elevation axis. 
e. Clearance and accessibility of azimuth and elevation motors 

and sensors. 

See data section 5.2 for a list of the dimensions to be verified. 

Azimuth Survival Loading 

4.3.1 Object 

Verify the ability of the unit to endure a survival, non-operating, 
azimuth torque. Also verify that no slippage occurs at the torque tube under 
this condition. 

4.3.2 Procedure 

WOL2&79C 
12176 

See figures 2 and 3. 

1. Locate the torque tube to correspond to 00 elevation (vertical mirror). 

2. Mount the flange plates to each side of the torque tube flanges using 
BEC supplied bolts. Torque to 17 lb. ft. 

3. Clamp a displacement gauge (dial indicator) onto e~ch flange plate 
so that the dial indicator probe touches the torque tube. 

4. Mount the force inducing units. 

5. Apply the tensile and load of 1560 lb to each flange plate (this force 
is equivalent to the survival load of 7800 lb-ft which occurs at 50 mph 
wind) • 

6. As the load is applied, verify that there is no slippage between the 
flange plate and the torque tube flange by observing for any sudden 
movement in the dial indicator. Also verify that there is no physical 
damage. Record findings. 

7. Reverse the loading (Le., direction of the torque) and repeat steps 
4, 5, arid 6. 

8. Run the total travel capability test, see section 4.6, after this 
survival loading test to verify that functional operation is not 
impared by survival loading; in specific, observe for any sudden 
locking or unusual and excessive noise while driving the unit. 
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4.4 Azimuth Drive Motor Capability Under Maximum Operational Load 

4.4.1 Object 

Verify that the azimuth drive motor meets its drive requirements. 
The azimuth drive performance parameters will be checked at the azimuth drive 
vendor. The drive motor capability under maximum operational loads corresponding 
to 35 and 50 mph wind with mirror in worst orientation will be calculated from 
the drive performance tests. 

4.4.2 Procedure 

The running torque and efficiency test is performed as a part of the 
azimuth drive performance testing at the ven~or's facility. The input torque 
is determined by driving against varying output torques from no-load up to 
simulated 50 mph wind load. Test procedures were described in Appendix E-11. 

4.5 Azimuth Stiffness 

4.5.1 Object 

Verify that the total rotation of the torque tube flanges about the 
azimuth axis between clockwise operating torque and counterclockwise operating 
torque corresponding to 27 mph wind velocity is less than 6 mrad (2 x 3 mrad). 

4.5.2 Procedure 

See figures 4 and 5. (Note: during this test, do not readjust the 
displacement gauges until the test is complete.) 

1. Locate the torque tube to correspond to zero degree elevation 
(vertical mirror). 

2. Set a displacement gauge to probe each torque tube flange in opposite 
horizontal directions. 

WO~2679C 

12176 
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4.6 

3. At each torque tube flange plate, apply equal and opposite horizontal 
loads. The loads shall be applied as to first induce counter clock
wise torque, then clockwise torque for two complete cycles. See 
data section 5.5 for appropriate loads. 

4. For each load listed in data section 5.5, take the dial indicator 
readings and record them in the data section. 

5. • Calculate the rotational angles by adding the dial indicator readings 
and dividing by the distance between the dial indicators. 

6. Plot rotation vs torque. 

7. The difference between max~mum and m~n~mum angle shall be less than 
6 milliradians. 

Azimuth Drive Travel Limits 

4.6.1 Object 

Determine the azimuth drive travel limits and verify that the drive 
unit ~s capable of rotating at least ±165 degrees in azimuth. 

4.6.2 

4.7 

4.7.1 

Procedure 

See figure 6 

1. Set the angular location of azimuth ax~s ~n a central position (0
0

) 

to the base. 

2. Drive the unit in azimuth ~n both clockwise and counterclockwise 
directions. 

3. Verify the angular travel limits. 

4. Record the verification in data section 5.6 
Elevation Drive Emergency Operation 

Object 

Verify the ability of the elevation drive assembly to be driven 
without the drive motor. 

4.7.2 

.vOl.. =S;9C 
:2/75 

Procedure 

See figure 7 • 
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4.8 

4.8.1 

4.8.2 

4.9 

4.9.1 

1. Put a ~ H.P. reversible drill motor directly on the worm extension 
opposite the actuator motor. 

2. Turn the drill motor on and verify that the assembly can be driven 
in elevation. 

Caution: Do not continuously run the drive motor if and when the 
travelling nut runs into either of the actuator stops. 

Elevation Drive Capability Under the Maximum Operational Loads 

Object 

Verify that the actuator is capable of driving against the maximum 
operational loads at four elevation orientations. 

Procedure 

See figure 8. 

(Caution: Do not impose any compressive load on the screw beyond 
the specified test load limit). 

1. position the drive unit corresponding to zero degree elevation 
(vertical mirror). 

2. With the flange plates in place, apply the 

3. 

4. 

maximum operation elevation torque to the torque tube flange. 
See data section 5.8 for appropriate loads. 

Start the stopwatch, and at the same time, turn the elevation motor 
on as to drive the unit against the torque. Verify that the motor 
is able to drive against the torque without stalling for a minimum 
of 1 minute continuously. 

Repeat steps 2 and 3 for elevation angles of 30
0

, 60 0
, and 90

0
• 

Elevation Stiffness 

Object 

Verify that the total rotation of the torque tube flanges about the 
elevation axis between clockwise operating torque and counterclockwise operating 
torque corresponding to 27 mph wind is less than 6 mi11iradians (2 x 3 mrad) at the 
elevation angle of 0

0 
(vertical mirror) and 90

0 
(horizontal mirror) . 

.vo~ ~579C 

:2176 
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4.9.2 

4.10 

Procedure 

See figure 9. 

1. Locate the torque tube to correspond to 0
0 

elevation. 

2. With the flange plates in place, attach an electronic level or dial 
indicators securely to the torque tube. 

3. At flange plate, apply equal and opposite horizontal loads to each side 
of the torque tube. See data section 5.9 for appropriate loads. 

4. For each load listed in data section 5.9, take the instrument reading 
and record it in the data Rp.ction. 

5. Plot rotation vs. torque. 

6. The difference between maximum and minimum angle shall be less that 
6 milliradians. 

7. 

8 

9. 

o Locate the torque tube to correspond to 90 elevation. 
o Repeat steps 2 through 7 for this elevation angle of 90 . 

Determine the output backlash from the rotation vs. torque p:ot at 
90 0 elevation. 

Elevation Survival Loadinv 

4.10.1 Object 

Verify the ability of the unit to endure a survival, non-operating, 
elevation torque. Also verifv that no slippage occurs at the torque tube 
under this condition. 

Note: Test of next section 4.11 should be done simultaneously 
with this test. See section 4.11. 

4.10.2 Procedure 

NOI. ~S79C 
!2/;6 

See figure 10. 

1. Locate the torque tube to correspond to 90
0 

elevation (horizontal 
mirror) • 

2. With flange plates in place, clamp a displacement 
gauge onto each side of torque tube so that the dial indicator 
probe touches the upper end of flange plate. 
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3. 

4, 

5. 

6. 

4.11 

4,11.1 

4,11. 2 

Apply the tensile load of 4000 lb to each of the four force 
inducing units (this force is equivalent to the survival load of 
20,000 lb-ft which occurs at 90 mph wind). 

As the load is applied, verify that there is no slippage between 
the flange plate and the torque tube flange by observing for any 
sudden movement in dial indicators. Also verify that there is no 
physical damage. Record findings. 

Reverse the loading (i.e., the direction of the torque) and repeat 
steps 2, 3, and 4. 

Run the total travel capability test, see section 4.12 after this 
survival loading test to verify that functional operation is not 
impaired by survival loading; in specific, observe for any sudden 
locking or unusual and excessive noise while driving the unit. 

Elevation Drive Backdriving 

Object 

Verify that the drive unit cannot be backdriven in elevation. 

Procedure 

See figure 11. 

While testing the drive unit for survival against elevation survival 
torque of 20,000 ft-lb (see section 4.10), observe and verify that there is 
no input shaft rotation when output torque is applied. 

4.12 Elevation Drive Travel Limits. 

4.12.1 Objects 

Verify that the drive unit is capable of rotating in the range of 
+93 degrees to -3 degrees in elevation. 

4.12.2 Procedure 

.vOL. ~579C 
~2/i6 

See figure 12 

1. Set the angular location of elevation ax~s in a neutral position 
(0

0
) • 
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Page 

2. Drive the unit in elevation to the limits of +93 degrees and 
-3 degrees. 

NOL.:5 ;9C 
l2/i6 

3. 

4. 

Verify the angular travel limits. 

Record the verification. 

12 
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5.0 DATA SHEETS 

5.1 Azimuth and Elevation Axis Orthogonality 

(a) Initial reading of dial indicator a 

( b) Final reading of dial indicator b 

Page 13 

= inches 

inches 

Distance between two points, where dial indicator): ______ __ 
touches, i.. J" 

CC) inches 

-,vOL ;679C 
:2/76 

Cd) Axes non-orthogonality 

a-b 
~ 

Radians 

= Radians ------------------
= ___________________ Radian * 57.296 

= Degrees --------------------
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5.2 Dimensional Verification 

Page 14 

Items (a.i) and (a.ii) shall be verified at FACC/WDL. Items (a.iii), 
(a.iv), (c), and (d) shall be verified at the torque tube subcontract facility. 
Items (a.v) shall be verified at the gimbal subcontract facility. Items of (b) 
shall be verified at the azimuth drive vendor facility. All items verified at 
subcontractor facilities shall be recorded in this section. 

NOlo. :5 ;~c 
:2/;5 

a. Overall dimensions 

i) 

ii) 

iii) 

Height of elevation axis over base flange 
(21.50 + 0.100) 

Offset between elevation and azimuth axes 
(4.50 + 0.100) 

Distance between elevation axis and torque 

= 

= 

tube center 1 ine. . . . . . . . . . . . . . . . . . . . . . . . . = 

iv) 

v) 

Distance between elevation axis and upper 
pivot point of actuator ...••.•••••••••.•• 

Distance between elevation ax~s and lower 
pivot point of actuator .•.••..•.••••.••.•• 

b. Interface dimensions to pedestal 

i) Mounting hole diameter .••••••.••.•••••••. 

ii) Distance between adjacent holes •••••••••. 

iii) Bolt circle diameter ....••....•••••••••••• 

c. Interface dimension to torque tube flanges 

i) 

ii) 

iii) 

iv) 

Mounting hole diameter .•..•••••.•••••••. 

Distance between adjacent holes ••••••••• 

Bol t circle diameter •••••••.••••••••••••• 

Location of bolt hol~Q with respect to 
elevation bearing and actuator pivot is 
located correctly 

= 

= 

= 

= 

= 

= 

= 

= 

= 
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d. Perpendicularity of torque tube flanges and parallelism of flange 
ax~s to the elevation axis. 

.vOl.. "579C 
~21i6 

i) Torque tube flanges are parallel within = 

ii) Flanges are perpendicular to elevation 
aX1S withino ................. o. •.• • • • • • • • • = 

e. Clearance and accessibility (record findings) 

Azimuth motor 

ii) Azimuth motor revolution sensors 

iii) Azimuth zero reference sensor 

iv) Elevation motor 
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v) Elevation motor revolution sensors 

vi) Elevation zero reference sensor 

5.3 Azimuth Survival Loading 

Page 

List here any abnormalities observed during or after the test. 

5.4 Azimuth Drive Motor Capability Under Maximum Operational Loads 

16 

Can the motor drive against maximum operational torque without stalling? 

,vOl.. :579C 
12176 

(YES or NO) -----------------------------------
Record comments or findings if any. 
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5.5 

Torque 
Induced 
(ft-lb) 

0 
400 
800 

1200 
1600 
2000 
2300 
2000 
1600 
1200 

800 
400 

0 
-400 
-800 
-1200 
-1600 
-2000 
-2300 
-2000 
-1600 
-1200 
-800 
-400 

0 
400 
800 

1200 
1600 
2000 
2300 
2000 
1600 
1200 

800 
400 

.vOL. "579C 
:2/16 

Azimuth 

Force 
(lb) 

0 
80 

160 
240 
320 
400 
460 
400 
320 
240 
160 

80 
0 

-80 
-160 
-240 
-320 
-400 
-460 
-400 
-320 
-240 
-160 
-80 

0 
80 

160 
240 
320 
400 
460 
400 
320 
240 
160 

80 

Stiffness 

Dial Indicator 
Reading -

(Inches) 
iq 4f? 

d
. (1) 

Rea lng Sum 

(Inches) 

Page 17 

(2) 
Rotational Angle 

(Milliradians) 
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Torque 
Induced Force 
( ft-lb) (lb) 

0 0 
-400 -80 
-800 -160 

-1200 -240 
-2000 -400 
-2300 -460 
-2000 -400 
-1600 -320 
-1200 -240 

-800 -160 
-400 -80 

0 0 

Dial Indicator 
Reading 
(Inches) 

(1) 
Reading Sum 

(inches) 
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I 

I Rotational Angle 

1 (Mi lliradians) 

(Pointing error 'Angle = .5 X (Maximum Angle - Minimum Angle) = ________ Milliradians 

(1) Reading Sum = Reading, Indicator #1 + Reading, Indicator #2 

(2) Rotational Angle = Reading Sum X 1000 

,VOl.. "579C 
:2/;6 

(in milliradians) Distance Qetween indicators 
(in inches) 



AZIMUTH STIFFNESS: PLOT OF ROTATIONAL ANGLE VS TORQUE INDUCED 

...... 
..0 
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5.6 Azimuth Drive Travel Limits 

Overall travel limits 

degrees to -____________ __ + ------
Record comments if any. 

degrees 

5.7 Elevation Drive Emergency Operation of Elevation Drive 

Page 20 

Is it possible to drive elevation drive with drill motor? _______ <Yes or No) 

WOL2679C 
12/76 

Record comments if any. 
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5.8 Elevation Drive Capability Under Maximum Operational Loads 

WDl..2679C 
12/76 

Output Torque 
Induced 

( Ib-ft) 

7080 

10920 

11750 

6330 

Record comments, if any. 

Elevation 
Angle 

(degrees) 

0
0 

Does the motor stall? 
(Yes or No) 



~ ~ , , 

Ford Aerospace & 
Communications Corporation 
Western Development Page 22 
I.aboratones DivISion 

3939 Fabian Way 
Palo Alto, California 94303 

Code Ident, No, 11530 

5.9 Elevation Stiffness NOTE: Include the unbalance 

5.9.1 Elevation -- Angle 00 (Vertical Mirror) 
effect of tooling fixture. 

Torque Force I 
Rotational Angle 

Induced (lb) Instrument Readings (Milliradians) 

Ft-lbs 

3880 776 
4000 800 
4200 840 
4400 880 
4600 920 
"800 960 
JOOO 1000 
5200 1040 
5340 1068 
5200 1040 
5000 1000 
4800 960 
4600 920 
4400 880 
4200 840 
4000 800 
3880 776 
4000 800 
4200 840 
4400 880 
4600 920 
4800 960 
5000 1000 
5200 1040 
5340 1068 
5200 1040 
5000 1000 
4800 960 
4600 920 
4400 880 
"200 840 

JOO 800 
3880 776 

I , 

r 
; , 

. ... 
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Pointing Error Angle = .5 X (maximum angle - minimum angle) 

WOL 2679C 
12/16 

Page 23 

____________ M.illiradians. 



ELEVATION STIFFNESS; 

ROTATIONAL 

ANGLE 
(MILLIMnIANS) 

& ELEVATION ANGLE, 0° (VERTICAL MIRROR) 

~ PLOT OF ROTATIONAL ANGLE VS TORQUE INDUCED 

i ft: 

_19Bg~E (1 b- f t ) 

'"I:J 
n> 

I)Q 
ro 
N 
.c--
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5.9.2 Elevation Angle of 900 (horizontal mirror) 

Torque 
Induced 

ft.-lb. 

0 
300 
600 
900 

1200 
1500 
1810 
1500 
1200 
900 
600 
300 

0 
-300 
-600 
-900 

-1200 
-1500 

-1810 
-1500 
-1200 

-900 
-600 
-300 

0 
300 
900 

1200 
1500 
1810 
1500 
1200 

900 
600 
300 

11101.. H79C 
~6i1.s 

Force 
(lb) Instrument Readings 

0 
60 

120 
180 
240 
300 
362 
300 
240 
180 
120 

60 
0 

-60 
-120 
-180 
-240 
-300 

-362 
-300 
-240 
-180 
=-120 
-60 

0 
60 

180 
240 
300 
362 
300 
240 
180 
120 

60 
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NOTE: Include the unbalance 
effect of tooling 
fixture. 

Rotational Angle 
(milliradians) 

I 
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Torque 
Induced Force 
(ft-lb) (lb) 

0 0 
-300 -60 
-600 -120 
-900 -180 

-1200 -240 
-1500 -300 
-1810 -362 

f~intingError Angle 

.vOl.. 2S79C 
12176 
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Instrument Readings I Rotational Angle 

--

1 

= .5 X (Maximum Angle - Hinimum Angle) 

= Milliradians 
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5.10 Elevation Survival Loading 
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List here any abnormalities observed during or after the test. 

5.11 Elevation Drive Backdriving 

Is the input shaft rotation observed when survival output torque is 
applied at elevation axis: (yes or no) 

5.12 

.vOl.. ~S79C 
l2ti6 

Record comments, if any. 

Elevation Drive Travel Limits 

+ degrees to - degrees ------------ -------------------
Record comments, if any . 



Ferd Aerospace & 
Communications Corporation 
Western Oevelooment 
Laboratcrles DivISion 

3939 ~aolan 'Nay 
Palo AltO. California 9(.303 

C~oe loen~. ,\Jo. ~ 15~O 

PLAN VIEW 

~DISPLACEMENT GAUGE 

..-- ,- TOOLING PIN ----...... 
(or .ACTUALELr::VATION .PINS) 

WOI- ZS79C 
l2i7-i 

SIDE VIEW REAR VIEW 

FIGURE 1: AZIMUTH AND ELEVATION AXIS ORTHOGONALITY 

29 



~ 
FQrd Aerospace & 
Communications Corporation 
Western Devetooment 
Laboratories Division 

3939 ;:aolan Way 
Palo Alto. California 94303 

C"ae Ident .\io. 1 1 5~O 

Page 30 

FLANGE PLATE 

(~~ ______ i~ ____ __ 

I=====#.==C:=:=J 
~ 

SIMILAR 
AS SHOWN FOR 
OPPOSITE SIDE. 

DISPLACEMENT 
GAUGE", 

\ 

DIRECTION OF FORi 
FORCE INDUCING ----." .. 1..,. 

C::J~~~~1~==========~~~~IT (ITP) "r--------~ 
CLAMP -- ~ t1- [0J-f }-

wOI. 257'C 
,%/75 

FIGURE 2: PLAN VIEW 

AZIMUTH SURVIVAL LOADING 

;. 

"- FORCE TRANS;1UCER 
(OPTIONAL) 



~ 
Ford Aerospace & 
Communications Corporation 
Western :Jevetooment 
lacoratorles OivlSlon 

3939 =aclan 'Nay 
?alo AIIO. California 34303 

C~oe Ic:ent, :'Jo. 1 15:30 

'!)ISPLACEMENT 
\GAUGE 

/1';1 
't" 

O~I~·bil-
. ~ 

FLANGE PLATE -

\. 
I 
i 

j 

.. ~ 

1 ___ ""-----71 
),------; 

SIDE VIEW.: 
FIGURE 3: AZIMUTH SURVIVAL LOADING 

WOt..2S79C 
.217.4 

" 

\ 

\ 

Page 

\ 
\ 

\ 

1 

3/ 

• 
DIRECTION 

I 
OF/FORCE 

I 



~ 
~ 
F'Ord Aerospace &: 
Communications Corporation 
Western Oevelooment 
Laboratories Division 

3939 Faolan 'Nay 
~alo Alto. California 94303 

C,Joe loent .. '10. 1 1530 

DISPLACEMENT 
GAUGE 

SIDE VIEW: 

\ 

FIGURE 4: STIFFNESS OF AZIMUTH DRIVE 

'NO I.. 257'1C 
,2/14 

/ 

\ 

?age 32 

\ 
\ 

/--FORCE TRANSDUCER 
(OPTIONAL) 

\ 

. , 
\ 
\ 

DIREC'nION 
OF FO,RCE 

,..... 



( 

~ 
Ford Aerospace & 
Communications Corporation 
WeSler:'1 :::levelooment 
I.aooratorles Oivlsion 

3939 Faolan Way 
?alo Alto. California 94303 

C"ae la.":. ;\10. , , 5:30 

Page 33 

DISPLACEMENT GAUGE 

[
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OF FORCE 
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.. /71 
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NOTE: LOAD SIMILARLY 
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FIGURE 10: ELEVATION SURVIVAL LOAD CAPABILITY 
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DRIVE MOTOR TRADE STUDY 

1.0 INTRODUCTION 

The goal of this trade study was to establish the least costly 

category of motor that would be sufficient to position the azimuth and 

elevation heliostat axes and fulfill the Boeing performance requrements. 

2.0 S~Y 

Of the various types of motors considered, direct-acting motors 

such as linear motors and on-axis torquers were rejected as inherently 

incompatable with the requirements, and brush-type DC and AC motors were 

not acceptable in terms of life and maintenance. The following categories 

were considered to be the best candidates and are the subjects of this 

trade study: 

o Stepper Motors 

o Brushless DC Motors 

o Induction Motors 

After initial contacts with motor manufacturers, it became 

apparent that the desired motor was not available as a standard item 

and that prices in quantities of 50,000 or more are not readily obtainable -

especially on short notice and for a trade study for which no significant 

quantities would be ordered in the near future. In fact, one manufacturer 

stated flatly that they had been exercised with this program so frequently 

during the last several years that they would respond only by purchase 

order for engineering services at established rates. Therefore, the study 

had to be conducted with verbal inputs, and the manufacturers were found 

to be generally quite cooperative. 

Extensive discussions with Warner Electric Company, who offers 

a large stepper motor, stated that they could supply a motor and controller 

that would fulfill our performance requirements, but with regard to the 

economy aspect they could not recommend any stepper motor. Their cost 

estimates for initial acquisition, together with the requisite power supply 

and 30 year power consumption, confirm their judgement. 

Two brush less DC manufacturers responded. Magnetic Technology 

and PMI Motors both offered an acceptable motor with associated controller, 

but each required a separate DC power supply. Close correspondence of total 

acquisition cost, motor plus controller and power supply, was achieved. 
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The Magnetic Technology total cost was $229 each and PMI was $269. 

However, in order to achieve a valid comparison, the PMI motor would require 

additional gear reduction, for its shaft speed would be approximately three 

times that of the other motors; this element would raise the cost of the PMI 

offering to $319. 

Responses from several induction motor manufacturers indicate 

that such a motor, with its control elements, could be applied for the 

least initial cost. Two different manufacturers submitted very similar 

initial cost estimates, ranging from $90 to $99 depending upon the type 

of motor, including appropriate control elements. 

Attempts to quantify the cost of power consumed by the motor and 

control equipment was only partially successful to date. However, when 

faced with the task of combining present acquisition costs with future 

costs for maintenance and power, it was concluded that the power consumption 

could be considered as a burden on the total energy produced by the heliostat 

and that the initial cost of the motors and controllers be included as a 

part of the total heliostat acquisition cost. By forming a ratio of each 

candidate motor, a measure of salable power per dollar of initial cost is 

obtained. Then by comparing these ratios, the relative merit of each motor 

type can be measured without having to project the cost of money over the 

30 year period or the value of power consumed. This is particularly impor

tant because at high money rates, a small error in initial cost can easily 

mask the 10C per KWH average power cost; at 15% per annum, a one dollar 

initial cost looks like a sixty-six dollar element. 

It should be mentioned that this trade study has utilized elevation 

axis parameters under the assumption that a motor category with sufficient 

capability to drive the elevation loads would be representative of the 

smaller motor required for azimuth as well, and that the category of motor 

selected would be minimum priced for both axes. 

A tabulation of the study results to date is presented in Table I. 

This shows the initial acquisition price of components for each candidate motor, 

the estimated power consumption of each, and pertinent remarks. Within the 

induction motor category, it should be pointed out that the power consumption 

figures have been extrapolated from experimental data on motors of 5 HP 

and 1/12 HP ratings and that the large difference indicates an invalid 

extrapolation. 



3.0 

o 

o 
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CONCLUSIONS 

3-phase induction motors were selected as having sufficient 

performance, moderate efficiency, low risk and low cost. 

I-phase PSC induction motors had sufficient performance, 

moderate efficiency and low cost, but were not selected due 

to their development risk. 

o Brushless DC motors probahly have the best performance and 

efficiency, however, they are a high risk with insufficient 

development time and an unknown cost. 

o Stepper motors have low risk but high cost, low efficiency and 

marginal torque. 

o Brush-type DC and AC motors were not acceptable Ln terms of 

life and maintenance. 

o Direct-acting motors such as linear motors and on-axis torquers 

were rejected as inherently incompatible with the requirements. 
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! 
INITIAL ACQUISITION PWR. CON. 

TYPE MOTOR CONT PWR. SUPP. OTHER PER DAY REMARKS 

STEPPER: 100V @ 18A 

1. Warner $150 $100 $200 1.52 KWH 750 RPM 
E1ec 

SM-080-0750-
FB. 

BRUSHLESS DC 28V @ 15A 

1. Mag Tech $114 $110 0.33 KWH 

2. PMI $120* 60V @ 6A 0.29 KWH *Additiona1 

$100 $50 Hi Speed Spur 
Reduction 
Req I d h./ $50 

30 INDUCTION: 

1. Robbins & $30-34* $38 2.62 KWH *Open Frame 
Myers 289 

2. DOERR $61 TENV 

PSC INDUCTION 

1. Robbings & $23-25* $18 0.27 KWH * Open Frame 
Myers 249 

2. DOERR $72 TENV 

TABLE 1 
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APPENDIX 1 

Elevation and Azimuth Drive Power 



BOEING HELIOSTAT 

ELEVATION AXIS DRIVE POWER 

Estimate the ax~s torque required to drive the elevation ax~s to stow 

(900 Elev.) from the lowest angle (_3 0 Elev) as the wind speed increases 

from 35 MPH at a uniform rate of 0.02 MPH/Sec. Assume that the elevation 

axis rate is constant at 900 /15 min, that acceleration torque is zero, 

and that wind and gravity loads per Boeing Appendix pages A2, A25, 

Figures 3.2.1-1, 3.4.1-1 are only external disturbances (no snow & ice). 

1. Use modified Figure 3.2.1-1 to extract wind only curves. 

2. Calculate wind speed at each 100 elev. angle. 

3. Scale wind torque @ 27 mph to torque at each higher speed. 

4. Add gravity component 

f"Ltv W;;.I() ~ v./llVv 
)7~N /.. \) "" /fI14 StltLFO f'J.V~ )-J I k)n.IP Sf-AI-FO 

{)IV'/,£ 101)1.10 HI It)IIt/O ONLY ~I(~M 7"'1 ONL'f (sec) (Min;) ~{)O. IlA'rIO /'v"INP 
AfII6J.L I,J·(~ ",JJ l~h6wi' 'I./·J(J"/~" ,.jot" '1103 lit!· J.4 )(I) 

-3~ 0 0 3~- /.(, , 
0 :Jv &J.e, 3$.(, 1.7" -10 - 17.1 38.i) +10 ~/'1.4 

1"/0 /30 ;2..(" 3 '), Co /,91 ~ 2. +- .3.~ ~8.J/ 17 33. 0 

,.";0 :L3v "f.e, .3 ~. Go ;., IS" -t 10 ~J . .:r ?3.S ~..z -4 '7.S' 
~:!>o 330 G.,(" -I ).(" ;2·~7 +IS JS.~ 03.S :;4 S7.u 
4,;> "':3 0 B,,," 43.~ ~. (,0 T:2v 5).0 9-1·'" ).4 (,:2.{p 

,5'0 S3Q 10,(, ~$.~ ) .. 805 • ~3 ~.s.5 10 J. I ;26 6 0. 0 

(,0 (P3v I). • (, 47.(, 3.lv +).$ 7'J. " IDS'.' .3.3 /03. D 
7') 7:3v )-I.~ ;f9.~ J.37 -+:22 '74. v ,.2. fj 3,::>- Jlc3. () 
f!>o 830 / (, .Go tJl.(, .J.~S + J /o.~ ,20.5" 33 )'0." 
9Q ~.30 /8.(, 6'~.(,. .:J.'13 '-.2 ~ - '}O.O -'90.0 :2.3 ')O.V 

Plot "Plus Gravity" for both high wind and low wind against elevation; peak 

axis torque occurs at 700 elevation and is approximately 137 X 10
3 

in-lb. 

Axis Horsepower is: 
1 

60 X 

5250 

137X 103 

12 
= 0.0364 Horsepower 

Assuming elevation drive efficiency of 10.3% required motor horsepower 

is 0.354 H.P. (without acceleration). 

I 

8 

I'Li/5 
ct4I'Jv/"'/ 
/N-i.JJ J(J 

7..2.8 
87..:>-
~5.$ 

104. ~ 

105.0 

))$,6> 

)30·7 
)3(P.9 

;:29. ~ 
90.,;> 
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-

· 
· 

\ 
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- 5"0 

· 

· 

eJ..o (p£lS~e&.,) 

eoMi'OSI T£ eJ.el"-4TJO'/ MOMI!NT 
tV/TI.J /?15IAh; ~/1tI.J):I 3$ Ii) ~"M,I/ 

AiO ""{)w ( ,e£... 



AZ IMUTH AXIS DRIVE POWER 

(1) Maximum 35 mph Operation 

Since the present operational scenario dictates that azimuth will 
not be driven to stow in winds above 35 mph until elevation has reached 
zenith, azimuth wind torques in excess of 35 are not to be considered. 
In addition, pointing error specifications apply only to 27 mph winds. 
From Boeing figure 3.2.2-1, peak azimuth azis torque is 20,000 in-Ibs. 
At 35 mph, the torque is (35/27)2 x 28,000 = 47,000 in-Ibs. 

Azimuth rate is 180°/15 min., or 1/30 rpm, so the peak azimuth 
horsepower is: 

4700 
1/30 x ~ = 0.0249 Horsepower 

5250 

If the azimuth drive efficiency is 15%, required motor horsepower 1S 

0.167 H.P. (without acceleration). 

(2) Operation Over 35 mph 

Regarding the possibility of driving in azimuth at any elevation angle 
in winds up to 50 mph in order to resolve a possible beam safety scenerio, 
the logic for not increasing the azimuth motor size to account for an "over 
35 mph stow condition" follows: 

(a) Motors are designed for full duty cycle max 35 mph wind at worst 
reflector elevation angle and worst wind orientation under step design 
(repeated on-off operation). 

(b) The "over 35 mph stow condition" inpacts the azimuth motor for 
only a short time, and even under the worst elevation and azimuth 
orientation, the motor should accomodate the increased load without 
overheating. The stow operation is continuous and not repeated on-off. 
The motor will drive out of the worst wind orientation if the motor 
even encounters it. 

Azimuth torques vs. wind orientation and elevation angle are 
shown on the next page. 

(c) The failure mode consists only of motor overheating, which trips 
the overheat temperature breaker, and stops the azimuth motion until 
the temperature reduces; at which time the drive will then continue. 
The impact on system operation might be an occasional heliostat 
driving in elevation to zenith stow without first proceeding to the 
"walk-the-wire" azimuth orientation. 

(d) Increased motor size would result in a worst condition during 
basic "under 35 mph on-off" operation by producing greater heating. 

(e) Increased motor size would result in a worst load condition on 
the azimuth gear system under normal operation. 

(f) Increased motor size would increase cost unnecessarily (initial 
cost plus power consumption life-cycle cost). 

/0 



II 

r 
~ 

~'" 
~ \!) ~ 
"-

~ --E:-

~ 
~.L. 

~ -l\ 
~ ~ 

-;b'-L 
\~ 

~--L 
~ 
~ 

~-L 
~ 

~ 
~ 

~~ 
} 

, 

~ ~ 

~ ~ 
;J'f"-

~ ~ 

"" r ~ 
~\~ 
~ 

~ ~ ... 
~ ~ ~ r 

~ - ~ 
'I) ~() ~wap 

~ ~ 

'" 
--... -() 

- -i!.';;..L 
t"" 



/z 

APPENDIX 2 

Motor Life Cycle 
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APPENDIX 3 

Vendor Contact 
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MAGNETIC TECHNOLOGY 

By performing a ratio analysis on existing design, Magnetic Technology 

has projected a brushless DC motor that would satisfy the heliostat 

requirements. Although it is not an optimized design, it is envisioned 

as an integral package of motor plus electronics, 4 inches in diameter 

and 4~ inches long. Utilizing ceramic magnets, it would cost $114 in 

quantity. In addition to the motor, it would require a separate DC 

power supply of 28V at 15 amperes per motor. Shaft speed would be 

1750 RPM, input power is 410 watts and efficiency would be about 65%. 

(If the efficiency is 65% as stated, the input power for a 1/3 HP 

motor should be more like 746/(3X .65), or 380 watts). Maintenance 

costs for the motor, excluding electronics, would consist of bearing 

replacement at the same frequency as any other motor under the same 

service: other than this, they could not estimate a life cycle cost. 

(Power supply and controller will require maintenance). Cost of power 

over 30 years ~s estimated from the 7304 revolutions at .25 Hr/96° times 

360
o

/revolution, and 410 watts. This yields a 30 year motor power 

consumption of 2807 KWH. Assuming the power supply efficiency to be 

78%, the input line power would be 3599 KWH; at 10C per KWH, this yields 

a 30 year power cost of $360. 
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PMI MOTORS, KOLLMORGEN CORPORATION 

PMI has developed a brushless DC motor and associated power control 

electronics which they recommend for the heliostat drive. This motor 

is in component form; it is a 12 CM diameter pancake motor with printed 

circuit rotor. The stator ~s a separate metal shell housing ferrite 

magnets. Being a motor in component form, there are no bearings. 

Theeearbox shaft would support the rotor and the gearbox case would 

support the stator. Control electronics would be packaged in two 

parts. Power switches would be mounted on a heat sink and logic level 

electronics would be mounted on a separate card. These electornics 

would accept a computer command to go or stop and a command for which 

way to go, with the motor responding with a full speed slew in the 

appropriate direction and dynamic braking to a stop (resistor sink of 

back EMF). Because this requirement is at the upper end of the PMI 

horsepower range, they offered a 60 oz-in motor at 6000 RPM. This 

necessitates a 3 or 4 to 1 gear ratio between the motor and the gimbal 

gearbox, and the associated cost must be included in the motor element. 

In addition, a DC power supply capable of 6 amperes at 60 volts ~s 

necessary. 

Power consumption per motor would be 360 watts per motor. At the same 

axis rate and number of axis revolutions as the other motors, this 

would consume 0.360 KW X .938 Hr/Rev X 7304 Rev, or 2466 KWH. If the 

power supply is 78% efficiency, the input power will be 3162 KWH. 

Cost of the motor with control electronics is estimated to be $120 

in quantity, and they would be in stock (the basic design in standard 

form) at PMI by February 1980. 
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ACME ELECTRIC 

Acme Electric manufactures ferroresonant power supplies and has a 

standard item that approximates the 28V at 15 amp rating for one of 

the brushless DC motors. It costs $230 each and estimated to cost 

50% of that in large quantities, or $115. It operates at 78% efficiency 

and has a calculated MTBF of 200,000 hours, per MIL-HDBK-2l7. Output 

is inherently regulated but varies 1.3% per cycle. Maintenance over 

30 years might require replacement of an AC capacitor at $10 each. 

Price in quantity for the other supplies ~s a linear function of output 

power, so: 

1800 X $115 = $493 
100V @ l8A = 

28 X 15 

60V @ 6A 360 
X $115 = $99 = 28 X 15 

At 78% efficiency, losses would increase the input power to 1.28 KVA 

for each KVA of output. 

NSE 

This company manufactures power supplies and responded with estimates 

for unregulated units for each of the candidate DC motors: 

Rating Price Efficiency MTBF Leakage ---

100V @ l8A $200 80 - 85% 100,000 hrs 5% F.L. 
28V @ l5A $100 75 - 80% 200,000 hrs 5% F.L. 
60V @ 6A $100 75 - 79% 200,000 hrs 5% F.L. 
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BODINE ELECTRIC COMPANY 

Bodine is a manufacturer of fractional and sub-fractional AC and DC 

motors. Data was not available initially for this trade study, but 

actual prototype units were procurred per the developed 30 induction 

motor specification. 

ROBBINS & MYERS 

Robbins and Myers LS a manufacturer of fractional horsepower motors 

for OEM markets. They exhibited considerable interest in this effort 

and offered a permanent - split - capacitor motor in their performance 

group 249 and a three~phase motor in performance group 289. These 

would be approximately $35 each in quantity in open-house construction 

and twice that amount in TENV. 

20 



UNIVERSAL ELECTRIC COMPANY 

This subsidiary of ESB Inc. manufactures induction motors for OEM 

customers exhibited considerable interest in the application. They 

offer the capability to produce these motors ~n the quantities 

required but were not able to establish a price within the time 

available. However, after telephone discussions of the heating, life, 

and power consumption aspects of this application, they suggested that 

we conduct experiments on a sample motor, for they had no comparable 

experience. They will supply the motor by the first week of January. 

INTERNATIONAL RECTIFIER 

Solid state switches for control of induction motors are available 

from I.R. For the permanent-split-capacitor motor with l15V at 

9.2 amps locked rotor current, the 01210 should perform well without 

exceeding its PRV on half-wave plug stop. However, for the 230V 

three-phase motor, a 02410 would suffice only if it was specified to 

have a 600 volt PRV rating (avail at no extra cost). 

These devices are estimated to cost ~n quantity: 

01210 $9.00 

02410 $9.50 

02425 $10.00 

For a 3-phase motor, four switches are necessary, and for a permanent

split-capacitor motor, only two switches are required. 

2/ 
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1.0 INTRODUCTION 

The purpose of this appendix is to document the electical drive motor 

and control configuration suggestions presented for the Boeing Heliostat. 

This configuration includes TTL dynamic braking logic, limit circuits, 

motor and motor control switches, and motor protective devices. 

2.0 DISCUSSION 

Pre-limit switches can be employed to stop the drive at travel ranges 

in excess of ±180 degrees. To reduce the travel range to less than ±lBO 

degrees, the sector switch (S3) would be eliminated. 

Optical isolators are employed to permit location of the logic 

electrcnics some distance from the pedestal and limit switches. 

In addition (or alternate) to the pre-limits, a final limit arrangement 

can be devised which utilizes a cable-wrap lanyard terminated at the motor 

starter. With the lanyard properly adjusted and its upper end attached to 

the rotating part of the gimbal, excessive azimuth rotation will wrap the 

lanyard about the pedestal and pull the starter into the "off" position. If 

if is desired, a spring in the lanyard would permit operator override of the 

final limit. 

Motor protection, line disconnect, and line protection is offered by 

the motor starter. It is recognized that this device, utilizing relatively 

slow thermal elements will not protect the solid-state relays from short

period, high current surges, the occasional loss of a relay is considered 

acceptable. Use of metaloxide varistors across the motor leads would 

mitigate the surge problem. The General Electric V250LA15A should be 

adequate for either motor. 

The attached pages present the following data: 

o Prototype drive controls, single aX1S schematic, diagrams and notes. 

o Azimuth cable-wrap lanyard. 

o Parts list, prototype drive control. 

o Elevation drive motor specification. 

o Azimuth drive motor specification. 
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o Azimuth drive inertia. 

o Reference PHC synchronization. 

o Alternate final limit. 
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l. Type 

2. Ratings 

3. Frame 

4. Protection 

S. Environment 

6. Daily Duty 

7. Life 

B. Load 
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ELEVATION DRIVE MOTOR 

3 phase induction, winding D 

1/3 horsepower at l7S0 RPM nominal, 20BV, 60Hz 

NEMA S6, TENV, C-FACE, FOOTLESS 

Automatic reset thermal overload protection. 

Exterior installation. 
Ambient temgerature: -300 C to +SOoC storage; 
-90 C to +50 C operating, 

Contaminants: 

Altitude: 

Rain 
Ice 
Snow 
Blowing sand & dust 
Insects 

7000 ft MSL 

Each start is full line voltage start; each 
stop is half-wave plug of 66 msec duration. 

Intermittent daily duty cycles of: 
j 

SOO msec on and 3. S seconds 0 if for 30 minutes. 

330 msec on and lS.7 seconds off for 9 hours. 

SOO msec on and 3.S seconds off for 30 minutes. 

Continuous duty for 30 minutes can be imposed 
once a day at any time. 

Windings and case - 30 years (no maintenance), 
Bearings - 30 years with maintenance. 

6.74 in-lb peak starting torque 
12.32 in-lb peak running torque 
0.12 lb-in2 inertia 



1. Type 

2. Ratings 

3. Frame 

4. Protection 

5. Environment 

6. Daily Duty 

7. Life 

8. Load 

AZIMUTH DRIVE MOTOR 

3 phase induction, winding D 

1/6 horsepower at 1750 rpm nominal, 208V, 60Hz 

NEMA 48, TENV, C-FACE, FOOTLESS 

Automatic reset thermal overload protection 

Exterior installation 
Ambient temperature: -90 C to +500 C operating; 

Contaminants: 

Altitude: 

Rain 
Ice 
Snow 

-300 C to +50oC storage 

Blowing sand & dust 
Insects 

7000 ft MSL 
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Each start is full line voltage start; each stop is 
half-wave plug of 66 msec duration. 

Daily duty cycles of: 

Continuous for 30 minutes 

Intermittent 330 msec on and 15.7 seconds off for 
4~ hours. 

Intermittent 1.4 seconds on and 2.6 seconds off 
for 30 minutes. 

Intermittent 330 msec on and 15.7 seconds off for 
4~ hours. 

Continuous for 15 minutes. 

Windings and case - 30 years (no maintenance) 
Bearings - 30 years with maintenance 

4.14 in-lb peak starting torque 
4.14 in-1b peak running torque 
0.12 1b-in2 inertia 
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1.0 INTRODUCTION AND SUMMARY 

This study is intended to find a suitable sensor for zero reference 
and for revolution count measurements. Various devices available in the 
market are explored. They are analyzed as regards to their measurement 
accuracy, applicability and cost. 

The sensor categories are investigated with the following 
conclusions: 

o The Hall Effect sensors responding to a magnetic field were 
selected as the least costly, and further analyzed and tested 
for performance. 

o Optical encoders are the most accurate devices in the market 
today, but not considered further for heliostat application 
due to their huge cost. 

o The manufacturers and specifications of various proximity 
switches were investigated, but due to cost constraint, 
these devices also were not considered further. 

Various Hall Effect devices from four manufacturers were analyzed 
for the revolution and zero reference sensors. The Sprague and Microswitch 
types were selected for testing over the F.W. Bell and Xolox Corp. Sensor 
arrangements, sensor/magnet mounting tolerances, warning time, incremental 
pulse widt~ sensitivity to drift due to age and temperature variation, and 
supply voltage were investigated. 

Rare earth samarium cobalt target magnets from Hitachi Magnetics 
Corps and Indiana General were analyzed. 

Two Hall Effect sensors (Microswitch #513SS16 and Sprague #UGN 3020T) 
were tested in conjunction with a Hitachi samarium cobalt permanent magnet 
(.08 inch square X .04 inch thick). The change in the operate and release 
points due to the change in power supply voltage, distance between sensor 
and magnet, and lateral offset distance between sensor and magnet were 
studied. The magnet was moved via a jig bore machine past each fixed Hall 
Effect sensor. All test methods, equipment, data results and recommendations 
are reported in Appendix E-16, Hall Effect Sensors Evaluation Report. 

Since resolution and repeatability are only secondary considerations 
for the incremental revolution sensors, the studies and test results indi
cate that the Sprague sensors can be effectively employed and benefits of 
their lower cost and compact package can be realized. 

It is also clear from the curves of the Sensors Evaluation Report 
that the Microswitch sensors are preferable for the zero reference sensors. 



2.0 REQUIREMENTS: 

2.1 Zero Reference Sensor: 

Max. shaft speed 
Shaft dia. 
Accuracy 
Repeatability 
Approx. cost 
Life 
Temperature 

Operating 
Non Operating 

2.2 Revolution Count Sensor: 

Max. shaft speed 
Accuracy 
Approx. cost 
Life 
Temperature 

Operating 
Non Operating 

3.0 SENSOR CATEGORIES: 

Page 4 

l2 0 /min for AZ 6.2o/min for EL 
app. 20" 
.lm rad (1 mil at 10") 
.Olm rad 
$20.00 
30 years with exposure to outdoor environment 

oOe to +50oe 
-30oe to +50oC 

1750 rpm 
+ 1 rev. 
$10.00 
30 years with exposure to outdoor environment 

oOC to +50oe 
-30oe to +50oe 

3.1 Optical Encoders: These are most accurate devices in the market 
today, but beyond our range as far as the cost is concerned. The 
prices for these encoders range from $200.00 to $1000.00. Due to 
cost constraint these devices are not considered for our application. 
The error due to the speed of the shaft will be none. 

3.2 Proximity Switches: These use eddy current principle and can be 
operated by any type of metal target, although sensitivity to non
ferrous metals is approximately one-third that of ferrous metals. 
Their sensitivity depends on temperature, mass of the target, 
sensor to sensor isolation and distance to nearby non-target 
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metal. These sensors come with electronics to give digital current 
sinking output along with a repeatability up to .002". Price for 
these units ranges from $30.00 to $150.00. In case of Turck Model 
No. Bl I-N08-AN7 the maximum switching distance can be .039" but 
.02" is advisable. 

These and other various proximity switches are listed in Table I 
indicating their manufacturers and brief specifications. The worst 
switching frequency is 100 Hz, as can be seen from the Table I, 
which is well above the shaft speed. Due to cost constraint these 
devices also are not considered further. 

3.3 Hall Effect Sensors: These sensors respond to a magnetic field. 

e 

3.3.1 

They can be operated by an electromagnet or a permanent magnet. 
These sensors give a digital source or sink output compatible with 
bipolar or MaS logic circuits. These are the least expensive 
devices of all in the market today which can give an accuracy of 
the order of .001". 

They can be used for both the zero reference as well as for the 
revolution count. In order to give direction sense two of the~e 
sensors shall have to be used, a~~ tQ F8eelv8 ee~~t accursey ~~ 

to .:!:. 1/:i l'iwQlpt;tel'l tU8 _ - ,4IIagl'let3 3hall @@ u3ed (tor revolution 
coun4. The shaft speed will not introduce any measurement error 
due to these sensors. But they shal~ be mounted away from the 
metal ~n case of reVolution counter) in order to avoid eddy current 
effect at higher shaft speed. 

Hanufacturers: 

1) F. W. Bell, Inc.: They manufacture only hall effect generators 
which gives an analog output in millivolts. We will have to 
provide amplifier and switching electronics for these generators 
Also their prices are $20.00 in quantity. Hence, they are not 
considered further. 

2) Microswitch: Their prices are in the range of $5.00 to $50.00 
depending on the package. Their rugged sealed package 103SR 
has a wide variation of release point with temperature. The 
other package 513SS16 has a flux concntrator with quick 
disconnect terminals which provides less variation of release 
point with temperature. Hence, only 513SS16 is considered 
further in our analysis. Detailed spe cifications are given 
in Appendix I. Microswitch is also exploring to give a 
thermoplastic custom housing for 513SS16. Their devices can 
be used to give a repeatability of the order of .001 inch. 
For a 50,000 quantity, their unit price for 513SS16 is $1.91 
and with plastic housing is expected to be around $4.00 to $5.00. 

Contact Mr. Robert Eliason 
Mr. Norm Wheelock 

408) 998-3131 
815) 235-5975 
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3) Sprague: Their UGN 3020T hall effect digital switches are 
the least expensive sensors which can be used to repeat within 
.001 inch. Their unit price for a 50,000 quantity is $0.75. 
Detailed specification for UGN 3020T is given in Appendix II. 

Sprague also makes the following packages: 

i) UGS 3020T -

ii) UGN 3020H -

with an extended operating temperature 
o 0 range of -40 C to +150 C. 

an environmental proof hermetically sealed 
dual in line 8 pin package which meets 
MIL Spec 881. The cost is approximately 
$15.00 ~n quantity. 

Contact Mr. John Haussler 603) 224-1961 

4) Xolox Corp.: They make an epoxy sealed plastic enclosure 
containing Sprague UGN 3030T hall effect sensor switch. 
They can make the enclosure to our requirements. Their unit 
price for a 50,000 quantity is $3.90. This is a fairly new 
and a small company. With no product history and higher price 
they are not considered further. 

Based on data received by manufacturers, our recommendation ?t 
this stage will be for Sprague UGN 3020T and Microswitch 513 8sl6' 
over other manufacturers. The sensitivity drift due to 
age and temperature variation data are not readily available. 
The sensitivity drift can affect our zero reference point. 
Manufacturers claim to expect a 30 year life without any problem 
and do not expect an appreciable sensitivity drift within our 
operating temperature range of 0 to 50

o
C. 

The Sprague and Microswitch hall effect devices will be studied 
further as regards to change in operate and release point due to 
change in supply voltage, change in the air gap between sensor 
and the magnet, and due to offset between sensor and the magnet. 
After comparing the test result, a device will be selected. 

4.0 MAGNETS 

A rare earth samarium cobalt magnet shall be used for target magnet. 
These magnets give very high flux density in a very small piece. 
For example, a.100 inch square X .040 inch thick piece of samarium 
cobalt magnet will give approximately 1200 gauss at its surface. 
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4.1 Manufacturers 

1) Hitachi Hagnetics Corp.: Their quote for a samarium cobalt 
magnet .100 inch square X .040 inch thick for a 50,000 quantity 
is 20C each. 

Magnet Dimensional Tolerance +5% (+.005 inch) 

Magnet Flux Density Tolerance +5% 

Closer tolerances for dimension or flux density available 
at a higher cost. 

Hitachi claims that these magnets can safely be used outdoors 
without any degradation. Only salt will cause corrosion. 
Hence not recommended to be used near ocean. 

Properties and losses are given in Appendix III. 

Contact Mr. Peter Pizzino 
Mr. R. J. Parker 

408)734-2024 
517)427-4501 

2) Indiana General: They also make the samarium cobalt magnets. 
For further information contact: 

Mr. Dave Trap 219)462-3131, X327 

5.0 HALL EFFECT SENSORS 

Output 

Voltage 

The typical output voltage from the hall effect sensors ~s as 
shown in Figures 1 and 2. 

OP Operate Point 

RP Release Point 

~ 

VI 
~ OP v, OP RP 

+--, ~ 

I 
I Output 

Voltage 

in Volts li 1 in Volts t~ 

I 
I --+- ~Ir 

VO RP' -+- 'Jo 

0 0 to tR 

Magnetic Flux Density Time in Seconds 

Figure 1 Figure 2 

_ .. 
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\~en the sensor approaches the magnet, it will give a logic '0' 
output (voltage V ). '~en the sensor moves further and leaves 
the magnet, it wi£l give a logic '1' output (voltage Vl ). 

5.1 Zero Reference Sensors: 

5.2 

6.0 

The falling edge (OP) at time t of this output voltage, can be 
used for warning signal to indigate that zero reference point is 
approaching within time 't' seconds. Then the rising edge (RP) 
at time tR can be used for the zero reference point. When the 
magnet is moving at maximum slew rate for that axis, the output 
voltage pulse width time 't' can be adjusted for desired 3.5 + 
0.5 sec. by varying the size of the magnet, its flux density ~r 
using a flux concentrator. 

Revolution Counter Sensors: 

These seLsors will be used to count the number of revolutions made 
by the motor shaft and also to sense the direction of rotation. 
Operate point will be used to indicate a shaft count. Two sensors 
shall be used in order to sense the direction of rotation and 
~ magnet~shall be used in order to give a count accuracy up to 
;t ltz motor shaft revolution. The sensors will be mounted radially 
along the motor shaft within a very short distance and the magnetJf 
will be glued on to the rotating motor shaft~i89° a~a~tl~ The set 
up shall be the same for both AZ and EL axis. 

REVOLUTION COUNT SENSOR ARRANGEMENT 

1) The sensors A and B are located radially along the shaft as 
shown in Figure 3. The sensors are mounted on a printed 
circuit card. The magne~are glued to the motor shaft and 
placed in an epoxy. 

P.C. Board 

/ 
Sensor 

Figure 3 
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2) Each time the magnet passes in front of the sensor, the 
corresponding sensor will give a voltage pulse output. Both 
magnets are long enough to get a pulse from the other sensor 
at half way of the first sensor pulse. Hence, the output 
pulses from sensors A and B will overlap. 

3) The sensors will give a logic state '0' output approaching 
the magnet and will give a logic state 'I' output while leaving 
the magnet. 

4) Depending upon which sensor output comes first will determine 
the direction of rotation. This in turn will determine 
whether the present count is to be incremented or decremented. 

As per Figure 3 ,Sensor A output going to state '0' 
when Sensor B output is already in '0' state will establish 
a clockwise sense of rotation of the motor shaft. In the 
same way, Sensor B output going to state '0' when Sensor A 
output is already in '0' state will establish a counter
clockwise sense of rotation of the motor shaft. 

5) A falling edge of the output pulse of any sensor when the 
output of the other sensor is already low will give ~ the 
revolution count for the motor shaft. The maximum count 
error in this case can be + ~ motor shaf~ revolution. 

- ~ 

If only one magnet is used, the maximum count error will be 
+ 1 motor shaft revolution. 

6) The sensor outputs will be as under: 

Counter Clockwise 

Sensor A 

Sensor B 

Clockwise 

Sensor B 

Sensor A 

Figure 4 
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Sprague/Microswitch Sensors 

Since resolution and repeatability are only secondary considerations 
for the incremental sensors, the Sprague UGN 3020T may be effective
ly employed and benefits of their lower cost and compact package may 
be realized. Refer to the Hall effect sensor evaluation report, 
Appendix E-16, and page 18 for the device characteristics. 

It is also clear from the curves of the Sensors Evaluation Report, 
that for Microswitch sensors the desired supply voltage 'V'cc is 
+10 Volts and the switching distance 'SD" is .015 inches. 
The same voltage but larger 'SD' may be used for Sprague sensors since 
in case of revolution count the repeatability is not thatim?or1:ant. 

8.0 MOUNTING THE HALL EFFECT SENSORS AND MAGNET 

8.1 AZ Axis Zero Reference 

8.2 

The sensor shall be mounted on rotating upper casting usin~ an 
angle bracket as shown in Figure 5 There is another Lole 
in the bracket to get the wires from the sensor. The magnet is 
glued in a 1/4" diameter hole in the other bracket with epoxy 
around it and top surface flush with the bracket. This bracket 
shall be mounted on stationary gear underneath the sensor as sJ.own 
in Figure 5 One of these brackets shall have slotted mounting 
holes in order to adjust the gap between sensor and the magnet. 

After soldering the wires to the sensor, but before mounting, both 
sensor and the magnet are dipped into weatherproofing compound 
"Ucarsil", manufactured by Hughson Chemicals. After mounting, the 
sensor and the magnet are aligned parallel to each other with an 
air gap of .015 inch between them. The wires from the sensor 
pass through a strain relief connector before going to the cable 
wrap. 

EL Axis Zero Reference 

The sensor shall be mounted on the round surface of the rotating 
AZ axis drum using a bracket coming out as shown in Figure 5 
so as to be about 10 inches from the EL axis. The magnet shall 
be mounted on the EL axis arm flange so as ~o be 10 inches away 
from the EL axis when the heliostat is at 5 EL. The magnet 
is glued in a 1/4" diameter hole with epoxy around it and top 
surface flush with the metal as shown in Figure 5. 

After soldering the wires to the sensor, but before mounting, both 
sensor and the magnet are dipped into weatherproofing compound 
"Ucarsil". After mounting, the sensor and the magnet are aligned 
parallel to each other with an air gap of .015 inch between them. 
The wires from the sensor are from a three conductor cable which 
comes from the cable wrap. 
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8.3 Revolution Count 

In this case, the Sprague UGN 3020T sensors shall be used. The 
scheme will be the same for both AZ and EL axis. 

Two Sprague UGN 3020T sensors are mounted on a l~" X 2" printed 
circuit card as shown in FigureS. The printed circuit card 
is supported over the coupling by two threaded rods and nuts as 
shown in Figure 5. The nuts are adjusted so as to keep sensor 
surface .030 inch away from the coupling. ~ magnetl are glued 
on the coupling ioSO

o e~al! hJZ. ",,~ • 
After soldering the wires to the printed circuit card, before 
mounting, both sensor and the magnet are dipped into weatherproofing 
compound "Ucarsil". The wires from the sensors are from tw~ 
three conductor cables coming from the cable wrap. 

9.0 WARNING TIME 

From the test results, it is clear that Microswitch hall effect 
sensor 5l3SSl6 is a better choice over Sprague UGN 3020T. Based 
on the desired supply voltage V of +10 Volts and a switching 
distance lSD' of .015 inches, tR~ output pulse width is .13078 inch. 

9.1 For AZ Axis 

Output shaft diameter = 23.25 inches. 

Maximum slew rate at the ou tput shaft = 180
0 

0 
lIS min = 0.2 Isec. 

For an output voltage pulse width of .13078 
.13078 
23.251 

shaft travel at maximum slew rate = 
2 

inches, the output 

= 11.25 m rad. 

This corresponds to an angular shaft travel of 11.25 X 10-3 X 180 
'"' = .645

0
. 

The corresponding warning time = = 3.23 sec. 

9.2 For EL Axis 

The sensor and magnet are located at 10 inches from the EL axis. 

93 0 
0 

Maximum slew rate at the output shaft = 115 min = 0.1033 Isec. 
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For an output voltage pulse width of .13078 inches, the output 
shaft travel at maximum slew rate = .13078 

10 
= 13.08 m rad. 

This corresponds to an angular shaft travel of 13.08 X 10-3 X ~O 
o = .749 . 

The corresponding warning time 

10.0 INCREMENTAL PULSE WIDTH 

.749 

. 1033 
7.25 sec . 

Using a Sprague hall effect device for each incremental sensor, 
an output pulse will be-produced as the magnet passes beneath. 
From the curves of Appendix E-16, Figure 8, the width of the output 
pulse will correspond to the distance between the operate point 
and release point, or about 0.10 inches, in this case. 

Assuming that the shaft speed is 1750 RPM and that the coupling 
diameter is 1", the surface speed will be: 

1750 
60 X 1T = 91.63 in/ 

sec 

At this surface speed, the magnet will transit the 0.10 inch 
distance in: 

0.10/ 
91.63 = 1.09 milliseconds 

Thus, the incremental sensor pulse width will be 1.09 milliseconds 
for ()Y'I€ inch of coupling (magnet support) diameter. 
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MOUNTING DIMENSIONS 

Hall effect sensrng 
Single aigital output . .. current sinking 
or current sourcrng 
3 prn soloer quick-connect terminals . .. 
easy wlrmg as remote sensor 
Internally threaded flux concentrator . .. 
channels more of available flux denSIty 
from magnet into sensor. Also used as 
mounttng means 
4.5 to 5.5 VDC or 6 to 16 VDC supply 
voltages 

Connectors for soldeness :"sra"atlon ";av 
be ordered from your ,oea, ~MP ::~s:r'::l;
tor. AMP catalog number 'or 1 oeo ::llece 
roll is 62041-1. 

Absolute MaXimum Ratlncs Callbra:ed 
Hall Element information. ac:~allon. n~er· 
faCing. Sinking and sourClngniormatlon' 
see pages 16 thru 18. 

r~~'i~i~ I 
o If I " / 

: 3,6 OIA 
J4 

.:) c 
'-' '--

2,4(3) -' -w
.09 J 3,9 ~ 

.15 \ 

I - 4-40 UNC-2B (3 THOS MIN) 

~
. MAGNET OR FRONT SIDE OF 

_1.2-1 b PACKAGE 
.05·- 0,3 

.or 
\~ 1,02 DIA HOLE (3) 

.040 

Supply 
Voltage 
(VDC) 

4.5105.5 

61016 

Supply 
Current 

(mAmax.) 

4.0 

13.0 

Type 

50urce 

5ink 

50urce 

5ink 

5SS MAGNETIC CHARACTERISTICS 

Magnetic Characteristics & Temperature 

Oto70·C -40to 100"C -40to1S0·C 

Catalog Max. Min. Min. Max. Min. Min. Max. Min. 
Listing Op. Rei. Dlt. Op. Rei. Dlt. Op. Rei. 

55S16 500 30 25 - - - - --
555S16 370 70 25 370 30 55 - -

5125516 320 105 25 330 85 25 340 30 

5135516 320 105 25 330 85 25 340 30 

5175S16 115 -115 25 125 -125 25 140 -140 

Current 
per Catalog 

Output Listings 

20mA 55516 

8mA 555516 

20mA 5125516 

5135516 

5175516 

2S·C Typical 

Min. Typ. Typ. Typ. 
Dlt. Op. Rei. Dlt. 

- 245 150 95 

- 245 150 95 

25 230 170 60 

25 230 170 60 

25 35 -35 70 



Sensor Type. Actuation 

Supply Voltage 

Supply Current 

Output Type 

i 

I 

Terminals 

...,.. Features 

I 
I 
[ 

Sensor Type. Actuation 

: Supply Voltage 

Supply Current 

Output Type 

Terminals 

Features 
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Hall effect sensor selection guide 

. . . 
- - . , . "'\ ~ 

. - -

Hall eHect. magnetically operated 

4.5 to 5.5 VDC and 6 to 16 VDC 

2 mA typo (4.5 to 5.5 VDC). 6 mA typo (6 to 16 VDC) 

Sink or Source. 4 to 20 mA J Sink. 4 to 20 mA 

Solder qUick-connect 

Large flux concen- Optional flux 
trator for tightest concentrator 
magnetic range 

Miniature sensor 
for remote mounting 

Sino Ie output Dual outputs 

. J::SR Series JCOSR Serles 

Hall eHect. magnetically operated 

4.5 to 5.5 VDC and 
6to 16VDC 

2 mA typo (4.5 to 
5.5VDC) 
6 mA typo (6 to 16 VDC) 

Sink or Source. 20 mA 

Leadwires 

Threaded aluminum 
bushing 

Solder/quick
connect connector 

Thermoplastic 
housing 

Locating boss 

Printed circuit board 

Standard or precision magnetics 

Printed circuit board mounting 

Dual outputs I Single output 

:;"V Series J.AV Series 

Hall eHect. ferrous vane operated 

6to 16VDC 

6mAtypicai 

Sink. 4 to 20 mA 

4.5 to 5.5 VDC and 
6t016VDC 

2 mA typo (4.5 to 
5.5VDC) 
6 mA typo (6 to 16 VDC) 

Leadwires. solder/ PC board. leadwires. 
quick-connect connector block 

Magnet and sensor in same rugged package 

Sealing meets NEMA 
3. 3R. 3S. 4. 4X. 6. 
12.13 May be gang mounted 

UL recognized 
housing and 
leadwires 

Single output Single output Single output Single output -Ieadwires 
Dual outputs - others 

I 
! 
i 



ABSOLUTE MAXIMUM RATINGS (HALL EFFECT SENSORS)* 

Parameters Type 4.5 to 5.5 VDC Circuit 6 To 16 VDC Circuit 

l Supply Voltage N/A -1.2to +10VDC - 1.2 to + 20 VDC 

Voltage Externally Sink + 10 VDC max. (OFF only) + 20 VDC max. (OFF only) 
Applied to Output - 0.5 VDC min. (ON or OFF) - 0.5 VDC min. (ON or OFF) 

Source ... 6.5 VDC max. (ON or OFF) + 6.5 VDC max. (OFF only) 
- 0.5 VDC min. (ON) (Vs + 4) VDC (ON) 

Single Dual Single Dual 

Output Current Sink 20mA 10mAloutput 40mA 20mAoutput 

Source 40mA 20mAloutput 20mA 20mA/output 

Rise Fall Rise Fall 

Switching Time Sink 2.0 1.0 1.5 0.5 

II" sec max.) Source 1.0 1.0 0.5 2.0 

Temperature N:A - 40'C to ... 100cC - 40cC to ... 150'C 

Magnetic Flux NA No limit. Circuit cannot be damaged by magnetic overdrive . 
• Hall effect sensors will not be damaged unless these ratings are exceeded 

Preferred operallng characteristics are Included In prOduct Order GUide 
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APPENDIX II 

INTEGRATED CIRCUIT 
ENGINEERING BULLETIN 

UGN·3020T 
(Formerly ULN ·3020n 

UGS·3020T 
(Formerly ULS·3020T) 

TYPE UGN-3020T and UGS-3020T SOLID-STATE 
LOW-COST 'HALL EFFECT' DIGITAL SWITCHES 

Features: 

• Operate from 4.5 V to 24 V doc power supply Vee 

• Operable with a small permanent magnet 
• High Reliability - eliminates contact wear, contact 

bounce; no moving parts. 
• Small size. 
• Consta.nt amplitude output - independent of frequency 

DESIGNED to provide contactless switching or 

~ .•. '.10.'19 

FUNCTIONAL BLOCK DIAGRAM 

position sensing, the Type UGN-3020T and 
UGS-3020T solid-state sensors utilize the Hall effect 
for determining the presence of a magnetic field. The 
increased sensitivity of these de, ices allows them to' be 
used with smaller magnets or with increased magnet
to-sensor spacing. The UGN-3020T device is in
tended for operation over the temperature range of 
O°C to + 70°C. The UGS-3020T is designed for use 
over an extended temperature range of _40°C to 
+150°C. Both devices will typically operate up to a 
100 kHz repetition rate. 

regulator permits circuit operation over a wide range 
of supply voltages. The output stage can be easily 
interfaced with bipolar or MOS logic circuits. 

Each circuit is a silicon monolithic integrated cir- The UGN-3020T and UGS-3020T Hall effect digital 
cuitincorporating a Hall cell, differential amplifier, switches are supplied in a low-cost 3-pin single output 
trigger, output stage, and voltage regulator. The plastic package. 

ELECTRICAL CHARACTERISTICS; Vee = 4.5 V to 24 VDC, TA = 25°C 

Limits 
Characteristic Symbol T est Conditions Min. Typ. Max. Units 

Magnetic Flux Density 
"Operate Point" Bop - 300 350 Gauss 
"Release Point" BRP 50 2l{) - Gauss 

Hysteresis BH ZU 9u - Gauss 
"0" Output Voltage VOUTIO) B > 350 Gauss, loUT = 15 rnA - 85 400 mV 
"I" Output Current IOUT(1) B < 50 Gauss, VOUT = 24 V - 0.1 20 p.A 
Supply Current Icc Vee = 4.5 V, output open - _~.5_ 9 rnA 

Vee = 24 V, output open - 7 14 rnA 
Output Rise Time t, Vee = 12V, Rl = 820 n, - 15 - ns 

Cl = 20 pF 
Output Fall Time tf Vee = 12V, Rl = 820 n, - 100 - ns 

Cl = 20 pF 
-

Page 

Note: Magnellc flux density is measured at most sensillve area of deVice. This area is located 0.042" ",0.001" (1.07 ",0.03 mm) below the front sur· 
face of package. 

SEMICONDUCTOR DIVISION 

SPRAGUE ELECTRIC COMPANY 



TYPE UGN·3020T and ULS·3020T 
, HALL EFFECT' DIGITAL SWITCHES 

ABSOLUTE MAXIMUM RATINGS 

Power Supply, Vcc ................................. 25 V 
Magnetic Flux Density, B ....................... Unlimited 
Output "Off" Voltage, VOUT(1) ........................ 25 V 
Output "On" Current, IOUTlo) ••••.••..•.....•.....• 50 mA 
Storage Temperature Range, T5 .. " ...... -65°C to + 150°C 
Operating Temperature Range, T ... 

UGS-3020T .......................... -40°C to +150°C 
UGN-3020T.. ............................ O°C to +70°C 

OPERATION 

The output transistor is normally "off" when the 
magnetic field perpendicular to the surface of the chip 
is below the threshold or "operate point." When the 
field exceeds the "operate point," the output transistor 
switches "on" and will sink 15 mA. 

Page 19 

The output transistor switches "off" when the mag
netic field is reduced below the "release point" which 
is less than the "operate point." This is illustrated 
graphically in the transfer characteristic curve. The 
hysteresis characteristic provides for unambiguous or 
non-oscillatory switching. 

'" . ::; 12I---:~r-""'! 
~ -, IO.P. 

Note: In the illustration, the magnet's axis is on 
the center line of the packaged device and the magnet 
is moved toward and away from the device. Also, 
note the orientation of the magnet's 'south pole in reo 
lation to the side of the package which is marked with 
the part number. 

~ 9 : i I 
~ : 
~ 6 I 

~ " It: ~ 3 " 
... I P.' 

5 o~~~~;:::;;::;:;i~ o 100 200 300 400 500 600 
MAGNETIC FLUX DENSITY 

IN GAUSS 

!*G. tID, .... 10. 320 

The simplest form of magnet which will operate the 
Hall effect digital sensor is a bar magnet as shown. 
Other methods are possible. Design information cov· 
ering these methods is found in Sprague Engineering 
Bulletin No. 27404.1. 

Copyrlehl CilfT7. '-EIKlrk Company. North Adam •. _. 

3110 

... 
100 

o ... 

-2-

.... ttJ." -
",oOC' - ~~ ~ -~ ----....... ~cc",1Y 

• ,00 ••• • •• ......... 



n .. f U6N-;SU:ZU I anG ULS-;SOZUl 
'HALL EffECT' DIGITAL SWITCHES 

GUIDE TO INSTALLATION 

1. All Hall effect integrated circuits are susceptible 
to mechanical stress effects. Caution should be exer
cised to minimize the application of stress to the leads 
or the epoxy package. 

2. To prevent permanent damage to the Hall cell 
I.C., heat sink the leads during hand soldering. For 
wave soldering. the part should not experience more 
than 230°C for more than 5 seconds and no closer 
than 0.125" to the epoxy package. 

PACKAGE INFORMATION 

, ~J----I~--I-~ 
0.64 f 

0.080 

f 
• 0.002 

.116 -0.000 

+-0.075 

t 

MAGNET 
SOUTH ,U 

1 
, 

,.t., 
' . ... ~.~-
' . 'f.' 
i 

0.500 MIN. ~ ... 
--'--~ _D] D 

Lo.I~7" 
I 2 3 

NOTES: 1. All dimensiOM are in inches. 
2. Holl cell is centrally located. 

J 

11 
...ll- 0.015 so 

M.IO. 14'761 II 

f 
u(~:~ 

+-1.91 

t 
12.10 MIN 

MAGNET 
SOUTH rOLE 

1 
, 

"~'" 
.. --,:- ... -1-- .. 

'-~.: 

i 

~ ..... 

NOTES: I. All di,"",iOftl ore in ".iIIi".."es 
2. Holl cell is centrally locoted. 

2.03 

J 
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nents ducribed, to. 
full intent of t', 
specification will :. 
m.t. The SPrl,e' 
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APPENDIX III 

HICOREX 

Hicorex is the Hitachi Magnetics Corp. trade name for a new family 
of rare earth cobalt high energy permanent magnets. Hicorex magnets 
are fabricated by pressing small particle rare earth cobalt powder 
properly aligned by the influence of a magnetic field, then sintering 
to high densities and heat treating to optimize properties. These 
magnets have a preferred direction of magnetization. Powder preparation 
using high purity materials assures magnetic and physical quality of 
the finished magnets. They can be pressed to size for many shapes, 
thereby reducing the amount of finish grinding. 

Typical Room Temperature Properties 

Property 

Residual induction (B ), gauss 
r 

Coercive Force (H ), oersteds 
c 

Intrinsic Coercive Force (H .), oersteds 
C1 

Energy Product (B'H) Max, mgo 

Recoil Permeability 

Required Magnetization Field (H ), oersteds 
s 

Hardness, Vickers D.P.H. 

Density grams/cm 3 

Tensile Strength, p.s.i. 

Resistivity, p, micro ohm-cm @ 25 0 C 

Thermal Conductivity, K,(Cal.cm)/(oc.sec.cm2) 

Thermal Expansion // to Orientation, cm/cm,oC 

Thermal ExpansionJLto Orientation, cm/cm,oC 

Hicorex 90A 

8200 

7500 

30000 

16 

1.05 

20000* 

500 

8.2 

5000 

50 

0.025 

5XlO-6 

l3XlO-6 

Hicorex 90B 

8700 

8200 

15000 

18 

1.05 

15000* 

500 

8.3 

5000 

50 

0.025 

NA 

NA 

* Magnetization requirement based on having a magnet that has been 
thermally demagnetized. Higher fields are required if demagnetized 
state was achieved by a magnetic field. 



Temperature Effects 

Reversible Losses 

Stabilized magnets change properties with temperature, 
but these changes are completely reversible, and the 
properties return to the initial values when the magnet is 
back at room temperature. Temperature changes cause a 
reversible displacement of the Hicorex demagnetization 
curve, producing a slight decrease in properties at ele
vated temperatures, and conversely, a slight increase in 
properties at low temperatures. 

Reversible Temperature Coefficient, Percent per °C 

H .~ 2D ·C to 20 ·C to 20 ·C to 20 ·C to 20 ·C til 20 ·C to 
ICorlX -100 ·C 50 ·C 100 ·C 150 ·C 2OO·C 250 ·C 
Grldl 

911A.908 +.033 -.040 -.042 -.045 -.046 -.048 

Irreversible Losses 

Hicorex exhibits a permanent or irreversible loss in prop
erties when exposed to high temperatures. The mag
nitude of the loss depends upon the temperature and 
permeance coefficient (SIH) of the magnet. Prior exposure 
to high temperature for several hours stabilizes the mag
net, and recycling does not produce additional irreversi
ble loss. Stabilization at a few degrees above the expected 
service temperature is effective. We recommend that a 
service temperature of 250°C not be exceeded for Hicorex 
materials. 

Irreversible Loss, Percent 

Hi_IX TIIIIp. lint = Yc lint = V. lint = 1 lint = 2 lint = 10 
Grldl ·C 

!CIA 50 -0.9 -0.4 -0.4 0.0 0.0 .. -0.9 -0.4 -0.4 0.0 0.0 

!CIA 100 -1.8 -0.9 -0.8 -0.1 0.0 
108 -0.9 -0.8 -0.1 0.0 

!CIA 150 -2.7 -1.6 -1.4 -0.25 0.0 .. -3.0 -1.4 -0.25 0.0 

!CIA 200 -5.5 -2.5 -2.0 -0.5 -0.2 .. -7.0 -2.0 -0.5 -0.2 

!CIA 250 -10.0 -4.0 -3.0 -1.5 -0.7 .. 
These are typical values. Changes in geometry, weight and composition cause some 
variation in irreversible losses. 
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To eliminate irreversible less in service due to 
temperature change, it is recommended that the 
magnet be cycled in the magnetized condition 
through a temperature range somewhat greater 
than that expected in service. 

If variations with temperature cannot be toler
ated, and it is not possible to maintain constant 
temperature, compensation can be made. The most 
practical method employs a temperature-sensitive 
shunt adjacent and parallel to the permanent mag
net. At low temperatures the shunt permeability in
creases, enabling the shunt to carry or direct more 
flux from the air gap. At higher temperatures, the 
reverse condition exists; the shunt permeability de
creases and less air-gap flux is diverted. For these 
applications, the most widely-used materials are 
30-32% nickel-iron alioys, often referred to as ~urie 
alloys. 
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HALL EFFECT SENSORS EVALUATION REPORT 

1.0 INTRODUCTION: 

2.0 

2.1 

2.1.1 

The purpose of this effort is to determine the locus of trip and 
release points for a Hall effect absolute position sensor. 

Two hall effect sensors, one manufactured by Microswitch 5l3SSl6 
and the other for Sprague UGN3020T, are used in conjunction with 
a Hitachi Samarium Cobalt permanent magnet (.08 inch square X .04 
inch thick) for this test. The change in the operate and release 
points due to the change in power supply voltage 'Vcc', distance 
between sensor and magnet 'SO' and offset distance between sensor 
and magnet '0' are studied. 

A Mitsui Seiki Jig boring machine model No. 4B was used for this 
test. This machine is of double column planer type construction 
as shown in Fig. 1. Coordinate measuring and positioning are 
obtained by an Elm Systems Readout. Standard scales are mounted 
on the table and spindle saddle. 

Jig Boring Specifications 

Measuring Capacity 

a) Standard scale graduations 1 dive 0.05 1n. 
b) Auxiliary scale graduations 1 diVe 0.05 1n. 
c) Screen graduations 1 dive 0.005 in. 
d) Minimum reading on micro-drum 0.00005 in. 
e) Displacement accuracy 0.00012 in. 

2.1.2 Machine Size 

a) 
b) 
c) 

d) 
e) 

Length 
Width 
Height 

Maximum height 
Height of table surface from floor 
Net weight 

74 
67 
83 

1n. 
in. 
in. 

90 in. 
50 3/4 in. 

5500 
lbs. 

z 
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-rES, SET UP FoR MICRO SWITCH HALl. £ FFECr SENSOR 

+ Vee 

+ 
• o~----------~ 

5/3SS/6 o 

o 

TEst SET UP FOR SPRAr;,UE )..lAt.&. EFFECT SENSOR 

U6,N 3020; 2 

3 

/1<. 

\J = + 4'5 To 2.4 V.Dc. vce 



s 

lEST SET uP 

DIRC'TIDN CF TRAVEL 

• 

REL.cASE POINT 1 
lJIR£C,TION OJ:' TRAVEL. 

~ 

i 

! 

NOTE: 
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2.2 Elm Systems Readout 

The Elm Systems Readout is designed for use in machine tool and 
process control applications. This system can be used in any 
application where accurate, reliable measurement and display of 
position is required, such as, milling machines, jig bores and 
lathes. 

Total System accuracy 

Resolutions available 

Repeatability 

Traverse Speed 

Alignment 

3.0 TEST SETUP 

.00005" per foot @ 68°F 

.0001" and .00005" 

.000025" 

l200"/min. 

Elm glass scale and head have a unique 
optical system which removes all first 
order eff~cts of contamination and 
misalignment between scale and reading 
head. 

3.1 The magnet is held by a 3/8 inch diameter cylindrical piece of 
cold rolled steel in a Jig Borer Chuck and, the sensor is mounted 
on the Jig Borer bed and held by two-sided tape on a plastic piece 
(for Sprague Sensor) or by a screw through the plastic piece (for 
Microswitch Sensor). A picture of the Jig Bore machine used ~s 
shown in Fig. 1 and the test setup is as shown in Figs 2 and 3. 

3.2 The Microswitch 5l3S8l6 sensor is mounted as per para 3.1 then 
the magnet is moved over the sensor from right to left at various 
switching distances lSD' (distance between sensor and magnet) 
with no offset distance between sensor and magnet 'D' (i.e., magnet 
and sensor centers are aligned) and at a constant supply voltage 
'V '. For each switching distance 'SD', ten readings for operate 
an~crelease points are taken as per Table I. 

3.3 All the readings taken in 3.2 are repeated for various supply 
voltages 'V 'as per Table I. 

cc 

3.4 For a fixed supply voltage 'Vee' of +10 Volts and Switching distance 
"SD' of .015 inch, the operate and release points are recorded for 
various offset distances 'D' between sensor and the magnet on either 
side as per Table I. 
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3.5 All the readings are tabulated per Table I. The average operate 
point, release point and distance between operate and release 
points are calculated as shown in Table I. 

3.6 Various curves showing the effect on operate and release points 
due to a change in supply voltage 'Vcc', switching distance 'SD' 
and offset distance 'D' between sensor and magnet are plotted as 
shown in Figures 4 through 6. Also a repeatability span curve is 
plotted as shown in Fig. 7. 

3.7 The Sprague UGN 3020T sensor is mounted as per para 3.1. Repeat 
the whole procedure of para 3.2 through 3.6 for this sensor. Results 
of these tests are shown in Figures 8 through 11. 

4.0 Comparing the results of curves for both Microswitch and Sprague 
Sensors, the Microswitch sensor gives better performance for operate 
and release points. 

The desired supply voltage 'Vcc' and the switching distance 'SD' 
for Microswitch sensor shall be +lOV and .015 inch respectively 
as can be seen from the curves. 

I~ 



APPENDIX 

TEST DATA 

TABLE 

I For Microswitch Hall Effect Sensor 5l3SSl6 and Hitachi Samarium 
Cobalt Permanent Magnet .08 inch square X .04 inch thick. 
Following tables show the test results like Offset distance '0', 
Supply voltage 'Vee", Switching distance 'SO, Operate point 
'dop ', and Release point 'dRP". The average operate, release 
and the distance between operate and release points are also 
shown in the table. 

II For Sprague Hall Effect Sensor UGN 3020T and Hitachi Samarium 
Cobalt Permanent Magnet .08 inch square X .04 inch thick. One 
of the magnet corners broke during this part of the test and 
hence this part is repeated and continued in Table III, using 
new magnet. 

III For Sprague Hall Effect Sensor UGN 3020T and Hitachi Samarium 
Cobalt Paermanent Magnet .08 inch square X .04 inch thick. New 
target magnet was used for this part of the test. 

IV To find if there are more than one Operate and Release Points, 
Sprague Sensor and new magnet were used. 

V To find if there are more than one Operate and Release Points, 
o after orienting the magnet by 45 , Sprague Sensor and new magnet 

were used. 

VI To find if there are more than one Operate and Release Points, 
Microswitch Sensor and new magnet were used. 

'h 
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