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This memosummarizesmeasuiementsmadeon theunwired Gil shaftof
Probe14k, atangentialhannonicprobeintendedfor usein Lab 22.

Specified Dimensions: Table 1 shows the names and specified
azimuthalangles,depths,widths, andlengthsof the longitudinalgroovescut into
the surfaceof the Probe14 shaft. The specifiedtoleranceson thegroove angles
are±5 minutesof arc -±1.5 mrad, or ±75 mils, with no cumulativetolerance.
Groovedepthsandwidthshavetolerancebandsspecifiedas shownin theTable 1.
Groove lengthshave ±.005 inches tolerancespecified. The probe shaft has
diameter1.000±.005".

Groove
Name

Azimuthal
Angle

deg.min.sec

Depth
inches

Width
inches

Length
inches

T÷ 11.32.13 .0285 - 0290 .0355 - .0360 9.566

T- 348.27.47 I’ " "

A+ 174.15.39 .0285 - .0290 .0355 - .0360 9.390

A- 185.44.21 " " "

RBi. 90.0.0 .0245 - .0250 .0280 - .0285 9.574

BB- 270.0.0 II U ‘I

D1+ 45. 0.0 .0160 - .0165 .0105 - .0110 9.832

Dl- 225.0.0 II H It

D2+ 135.0.0 .0160 - .0165 .0105 - .0110 9.718

D2- 315.0.0 " "

Table 1. SpecifiedDimensionsof Probe14 TangentialProbe

1Drawing0102-ME-263941,two sheets.
2&eTS-SSC91-066for the inspectionspecificationsfor this shaft,and
TS-SSC91-088for alist of the numericaldesignationsof newharmonic
probesbeingmadefor Lab 2 at this time.



Descriptionof Groovesand Wires: The IN- and T- groovesform the
primarytangentialwinding. A+ andA- form an auxilliaiy tangentialwinding with
1/2 thesensitiveareaof theprimarytangentialwinding. A 20-conductorLitz wire3
with meandiameter.035" will be usedfor thesetwo windings. All 20 conductors
will beput in seriesin thesewindings.

BB+ and BB- areusedfor dipole winclings which buck theprimary and
auxilliary tangentialwindings. The wire usedwill be a 7-conductorLitz wire.
Fourof theconductorswill bewired in seriesto buck theT+- winding. Two of the
remainingthreeconductorswill be wired in seriesto buck theA÷- winding.

TheDl÷, Dl-, andD2-i-, D2- groovesareusedfor two dipole windings at
right anglesusedfor furtherbuckingto removeeffectsdueto manufacturingerrors
in the T, A, and BB windings. The wire usedwill be 10-mu diameterwire
availablefrom stock.

3SecTS-SSC91-090for detailedinformationon theLitz wires usedin this
probe.



MeasuredDimensions: The measurementsmade on the groovecut in
theProbe14 shaftweredonein theLabD qualityassurancelab by Tom Van Raes
on April 14, 1991. His work Appendix 1 was done in accordancewith the
specificationsgivenin TS-SSC91-066. Furthermeasurementsof groovelengths
weremadeatLab 2 by C. HessandA RusseAppendix2.

i. Azimuthal Positions: Measurementswere made of the azimuthal
positionsofeachlongitudinalgrooveatthreepositions1 1/2", 5 1/2", and9 1/2"
along the-‘1 1" shaft. Two setsofindependentlysetup measurementsweremadeat
eachof the threepositions. Table2 gives the numericalvaluesof the measured
deviations.

Groove Name Azimuthal
Deviation
at 1 112"
Position mrad

Azimuthal
Deviation
at 5 1/2"
Position mrad

Azimuthal
Deviation
at 9 1/2"
Position mrad

T+ -0.2. -0.4 -0.5, -0.7 0.3, 0.2
T- 0.3, 0.1 0.7, 0.1 -0.2, -0.3
A+ 0.3, 0.3 -0.7. -1.5 0.8, 0.8
A- 0.2. 0.9 0.2, -2.1 -0.9, -0.6
BB+ -IA, -13 -3.4, -3.9 -1.4, -1.7
BB- 2.4, 2.3 3.0, 2.4 1.9, 1.6
Dli- -4.1, -3.9 -4.7, -5.3 -3.4, -3.3
Dl- -1.1, -0.9 -1.0. -1.8 -1.7, -1.8
D2+ -5.0, -5.3 -7.1, -7.9 -4.5, -4.4
D2- -1.6, -1.6 -0.3, -1.0 -2.4, -2.5

Table2. MeasuredAzimuthalDeviationsofLongitudinalGrooves

Themeasurementsof thegrooveangleswererecordedin degrees,minutes,
secondsnotation,andhavebeenconvertedin thetableandfiguresinto milliradians.
At 0.5 inchradius,.1 inradcorrespondsto .05 inches. The±5 minutestoleranceis
equivalentto ±1.5 mrad. Out of tolerancemeasurementsareshownin boldprint.

TheTangentialandAuxilliaiy groovesare all within tolerance.TheBelly
Band andDipole windings are out of tolerance.The worst values,for theD2+
grooveat the5 1/2" position,correspondto a deviationof about4 mils from the
requiredposition.



ii. Groove Widths, Depths, and Lengths:

Longitudinal groovewidths weremeasuredat the samethreepositionsas
the azimuthalpositions. Groove depthswere measuredat five positions 1
1/2",3 1/2", 5 1/2", 7 1/2", and 9 1/2" alongthe shaft. The lengths of the
longitudinalgroovesweremeasuredatLab D, exceptfor theDl andD2 grooves,
for which asmall enoughtool bit was unavailable.At Lab 2, a different technique
mounting theshafton a lath bedwith precisionindexinghead,andmovingthebed
pastamicroscopewasusedto obtainvaluesfor groovelengths.Table3 givesthe
measuredaveragedepths,widths, andlengthsof the longitudinalgrooves.

Groove Name Average
Depth
inches

Average
Width
inches

Length
inches

Lab 2 in
bold print

T+ .0284
.0285- .0290

.0360

.0355- .0360
9.5640, 9.561
9.566

T- .0289
.0285- .0290

.0362

.0355- .0360
9.5638, 9.561
9.566

A+ .0310
.0285- .0290

.0361

.0355- .0360
9.3893, 9.3860
9.390

A- .0305
.0285- .0290

.0361

.0355- .0360
9.3897. 9.3870
9.390

RB-i. .0255
.0245- .0250

.0291

.0280- .0285
9.5733, 9.5665
9.574

BB- .0251
.0245 - .0250

.0291

.0280- .0285
9.5728, 9.5690
9.574

D1÷ .0166
.0160- .0165

.0114

.0105- .0110
9.840
9.832

Dl- .0184
.0160- .0165

.0114

.0105- .0110
9.840
9.832

D2+ .0186
.0160- .0165

.0115

.0105- .0110
9.714
9.718

D2- .0162
.0160- .0165

.0114

.0105- .0110
9.713
9318

Table3. MeasuredGrooveDepths,Widths, andLengths
of TangentialProbe14 SpecifiedValuesin
Parentheses

The averagevalues for groove depth look quite close to the specified
depths. The Auxiliary + grooveis 1.5 mils deeperthanthemaximumspecified
depth. The Dipole 2 + groove is 2.5 mils deeperthan the maximum specified
depth. The groovedepthsvary along the probe shaft by -.5 mils, as shown in
Figures6 - 9.



The Belly Bandgroovesare-‘.6 mils wider thanspecified,andtheDipole
groovesare.4- .5 mils wider thanspecified. Thegroovewidths show no position
dependence.

The longitudinal groovelengthsare the most difficult to measureof the
measurementsspecifiedin the inspectionprocedure. Nevertheless,they are all
within 10 mIs ofthespecifiedvaluesfrom thedrawing.



iii. "Spiralling" of Longitudinal Grooves: An attemptwas made
to measure"spiralling" of the longitudinalgroovesaroundtheshaftby measuring
theverticalpositionof theT+ grooverelativeto aflat surface, If this is positionis a
constant,and if the anglesof the other groovesrelativeto the T+ groove are
constant,thenthereis no spiralling for anygroove. The verticalpositionof theT÷
groovewas measuredto be2.1149± .0001".

Conclusions:The as-builtvaluesof Probe14 dimensionsare adequateto
proceedwith coil winding andtesting. Measurementshavenow beenmadewith
Probe14 at Lab 2 on several50 mm modelSSCdipole magnets,bothwith theLab
2 Magnetometersystemand the newerHAL2 "harmonicsat Lab 2" system.
Valuesof thedipole field andthefirst allowedharmonicssextupoleanddecapole
appearto be in goodagreementwith theLab 2 standardMorgancoil probe,Probe
1 1.

4M. Lamm, privatecommunication.


