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LEGAL NOTICE

This book was prepared as an account of work
sponsored by an agency of the United States
Government. Neither the United States Govern-
ment nor any agency thereof, nor any of their
employees, makes any warranty, express or im-
plied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process
disclosed, or represents that its use would not
infringe privately owned rights. Reference herein
to any specific commercial product, process, or
service by trade name, trademark, manufacturer,
or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favor-
ing by the United States Government or any agency
thereof. The views and opinions of authors ex-
pressed herein do not necessarily state or reflect
those of the United States Government or any .
agency thereof. '

Lawrence Berkeley Laboratory is an equal opportunity employer.



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ENGINEERING NOTE JLO83S5™ | 15983 1or 9
AUTHOR DEPARTMENT LOCATION DATE
JEOJAURIT ZEN |MECHANICAL ENE. BerreleEy | SERPT. 22,1982
PROGRAM — PROJECT — JOB
SFL-

VUV AMOCNOCCHROAMATOR

GCraTING PosiTiow ACTUATION
TITLE

FLEXURAL PIVOT CENTEF

T HE
IAS

SHIFT EVALUATION

VI PLANE  GCRATING MONO CHAROMATOR
OFSICN PARAMETERS 7THAT INCLUDE
VERY PRECISE MECHAA/CAL NNOT7T/ONVS.

ROTATION OF JFTAE GCRAT/INGS /S ONE

SUcCH Mo7/enN THAA T  TALS  ENGINELF/NG
NOTE Wrild ADD FESS.

FIGURE 1
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA CODE SERIAL PAGE

ENGINEERING NOTE SLOB3S | M5983 2.3

A DEPARTMENT LOCATION

ED AR 7ZEN |MECHANICAL ENE. |BERKELEY | SERPTT 22,1982

FI/IGURE 1  SHOWS THE  PATH OF
CSYNMCHROTRON RAD/IATI/ION W7 RESPECT]
70 THE GCRATI/INGS AND THE/R  AX/S
OF ROTAZ7/0N. 7HE GCRATINGCS ARFE
CREQUIRED 70 RO7ATE A T7O7AL OF
40° AND TRACK, OR FOLLow EACKY
OTHER 70 A TOLERANCE OF T Zur
(£ 0.2 ARC SEC.) « 7THAU/S /S FURTHER
COMPLICATEL BY A YAW AND ROLL
TOLERAN CE OF =+ .05 /o, (Z/0 ARC SEC.).
SEE F/GURFE 2 FOR YAW AND FROLL .
THE GCRATINGCS , MOUNTING STRUCTURE
AN FRC7AT/ION AL  PIVOTS ARF FEQUIRED
70 CPRERATE /N AN LT RA H/GH
VACULAM ©OF / x s0 =" 7ORR AND HE
ABLFE 70 W/THSTAND A FAKkE - OV OF
2CO °C. LDURING OPRPERATION OF 7 HE
MENO CHRCINATOR /7T IS EXPECTED
THE  CERATINGCS Wrild EF ARAREQRU/IRED
70 INOEX, FOTATE, IN D/ISTI/ANCT S7EAS
OF ZFaer+ e Sr (0.24RC SEC. TO
Z ARC SEC.). |
7O  PROVIOE ROTATION FOR THE
GRATINGS A FPiver OFR BFAR/NG MUST
BE PROVIDELD. THA/E FIRST SUCH DLEV/ICE
THAT  COMES 70 MinNG /S 4 EFAlL
BEARING SYS 7EM . BALL EBEARNCS HAVE
BFEN SCUCCESSFeLLY CSEO /N~ UMYV
SYSFTEMS , BU7T 7 REFQUIRE SPEC/IAL CARE.
STANLES S STgEL  MUST BE CSED WI7TH
SPRECIAL TREATIMMENT OF TI/FE SURFACE
70 AROVIOE SMOCTH ROLLING, 7O
ACCO/NMO LATE THE AR EFQUIREMENTS
QUTLINED EFARLIER, 7HE BALL EBEAR/NES
Wowen AAVE 70 BF /6 TOLERANCE,
PRELOADEL AND POSS/ELY FARE-LC/LT

W74 SALRPDBHIZE  FBALLS.

‘sana_xaoan RT.-2290 A (Rav. R/7T8)
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ENGINEERING NOTE SLog3s™ | w1 9

DEPARTMENT OCATION DATE

JED ) AURIFrZE |MECHANICAL Ene. ERKELEY |SERPT. 22,/982

THE VERY SMALL ROTA7/ O AL
MOYEMEN 7 REQUIREFL  NECESS/TA7TES
THE ELIANVSYATZ70N  OF ST/ICA~ SLIP  S7T/ICk-
SLiP 1S A PHENOMENON THA7 OCCURS
WHEN MO TION /S IN/T/ATED BETWEEN
7 WC OB TFEFCTS Wirskt FRICTION PRESENT:
/TS LIKE PUSHING O THE SIDE OF
YOUR FILE CAB/NET 70 MOVE 77 .00/
NO MORE, NO LESS. YoU OVER- SHOOT
EECAUSE OF S7T/Ck- SLrspP. ST/Ck~ SLipP,
AL THOUGL NOT  ANUCEH, /S PRESENT /N7
EALL BFEARINGS . |

ONE DEVICE  THAT EL/IMINVATES SOME
OF THE EAlLL BEAR/NGE PROBLEMS /S THF
FLEXORA L PINVOT. BU7T NO7FT SURPRISINMELY)
THIS DEvCE  COMES Wy 74s PROEBLEMS CF|
ITS O, FICURE F2 SHOWS A BEND/X |
CORR FLEXURAL P/IVOT. -

FIl1GURE 2

7ANO-K5424R RI.-3220A (Rev. 6/78)
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ENGINEERING NOTE  [Stog3s™ |Mm93 |4 9
MECHANIcAL ENG. |Berkziey |SEFPT-22,/982

AUTHQR
[ED JAVURITZEN

FIGURE %2 1S ODIFF/CULT 70 UNDER-
STAND W/ THOLUT ONE OF 7KHE AP/VOTS
/N YOUR HAND, BU7T FI/IGURE *3 SHows

THE CON CEFLPTS

FROTATION JTAKES FPLACE WHEN THE
ME T AL ST RAR/IPS [FLEX. TAH/S T YRE
CF DEVV//CE A4S AMANY FEATCURES.
THE L EXURAL PO IS A FERICTION-
£ESS DEV/CE SO 7 /S FREE OF
ST/Ck~ SLi,, T 7T FPRPEQRUWRES NO
LUBR) CAT)ON, AS SUsr7A8LE FOR
VAC Uunn  «SE, HAS ZERO GACKLASH
AND VERY RERLEATAELLE. 745 OANE.
PROBLEAG /77 DOES  AAAVE /S C ENTER
SH/E 7T VS.  ANGULAR DEFLECT/ON, AS
T TURNS  DUT, THIS WouLld BE
ACCERT ABLE /F FLEXURAL FP/VOTS

Mann_&Anan BNT..2990 A (Rov &ITR)
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ENGINEERING NOTE SLOB3S | Ms983 o
FEE T ausmsr2En | MECHAMICAL ENG.  |Berkmey |SEAT, 22,/982

ARE REALLY REREATALLE ANE  THEIR
CEN 7L~ SA/ T V3. AANGLLAR

DF FLECT /0N /& NEAR S DOEA T CAL
A/ AN Crv&E PO T 70 ANO TAS/F .,

THE FOLLOW/NE /S A TEST RO CLFEFOURE

THAT WAS SEL 7O TEST THE P/voTS.
LIRS T CF AL WE ARE LOOKSNE FOR
REPEATABILITY , THEA JDENT/CAL

EFHAV /IO~ EBETWEEN AF/VO7TS. 7o
TYARES , OF SER/IES, COF P/VOTS WERE
TESTED. ONE  P/vor- /S A CANT/LEVER
COR SINGLE SHEAR TYPE , 7THE OFHES
/S A DOUELE ENVND OR  DOUELE SHEAR

TS FlEURE 4
FIXED H ROTATED
END - - END
- I Fe—

CAN 7/ LEVER
EEN L/ X SO 24 -FoO
LTS DA x S.RA00 Y Lo
Z* 20° FOTAL SO TATI/ON

FIXEL

m——re -

= o

Z{FPOTATED

DO U A~ L £ LN D
BEND/IX 6024 -858CO0

L7507 o/4. = /. 2007 LON&

== GOt FOTAL FROTATI/ION

'7600-54246 RL-3220A (Rev. 6/16)
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ENGINEERING NOTE SLOB3S™ | M5983 C.

TES AR I rzEN |MECHANICAL ENVG- SRKELE Y |SEPT= 22 ,/982

THE FAIVOTS WERE ROTATEL /N 2°
N CREMENTS VP 70 4 70744 OF
PO THE P/NOFS WERE THEN  ROTATED
SN THE OPLPOSITE L/IFRECT/O0n ANV Z°
INCREMENTS R T A TOTAL  OF
RO% A TOTAL OF 40° ROTAT/ION /S RrFG.
TS WAS DONE S A SPLPECIAL F/X 703?5 ~
MOUN TED N THE T TALYRONGY
I EASUR /INVE MACHINGE, THE A4 LY LOND
IS LAOCATEL /N THE RPRE C/S/OA SKHOR
FLOGC. T 7. THE TALYROND WAHAS INTENIED
7O NSNEASURE O UANDNESS ANDL O
Lo 7 TAE - ROUNONVESS OF THE
OBTECT7T HBE/NGC TEST7FLH O A
QIR C L LA CRAFLA. SINCE THE
FLEXURAL PIvOTS ARE ROLND /77 WAS
LOES/IBLE 7O ERALH THE AOTA 7//VE
AT OF THME PINVOT A7 THE DOIFFERENTT
AAL LA TR SE7TTINGCS. WAHEA MORE
TAAAANS OAE T~)ACF /S DLoONE ON 4N
AN LIV D AL CARA L You CAr SEE
ANE AMEFASURE THE CENTER SIHIFT
BY THE BLELATIVE LOCATZONS OF
THE TR ACES. AFTFTER A SER/IEFES OF
T RACES WERPE DovE o A SINGLE
CRALH, THE PI/IVOT WAS FROTAT7ED
BACK 70 /75 FIPST ANGULAR
oS/ T/ on AN L RE-LonNvgE, T/ THE
O TS O AT RESLEAT, Yo WoOULD
EFXPFCT 70 SEF 4 SECoND T7RACE
MISALIGNED  WITA THE  OR/G/INA L
TRACE BY THE AMouwnNT  OF Nowv-
/SPELEATARILITY -
TRE  ERA P SO ON  LAGCE T
/S REPRRE of://r,zv TAVE OF JHE DOATA
TAKE N

vana_ Rao4r RT.2990 A (Rev. 6/78)
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ENGINEERING NOTE SLO&3S™ | mses3 |7 .. 3

AUTHOR DEPARTMENT CATION

JED JAURITZEN WIECHANICAL ENG. ERAELEY | SEPTT 22,/982

THE A BOVE ERARY IS RELRE SENTATIWVE
OF THE PATA TAKEN CON THE FLEXURAL |
FIVOTS. LFACH D/IVI/IS/IOA ON THE GRALKY
EQUALS 00025'” A TRACE WAS MAHUDE
AT SES 7, 08, /9° A/\/ﬂ PO . THE RVor
WAS ARESET 7'0 /6° ANO  AEW TRACES
WERE MMADE ON THE SAME GRAPH.
THE SECOND TRACES, /E6° TARY 20°, FELU
ExAcT Ly (SCOPERIMPOSED ) O THE FIRST
TRACES WITRN  THE  THICKAESS OF JEE
TR CE LINVES. TS AEANS  THAS AVoT
PEFEATEL TO TR TACANESS OF A
TARACE LINE, OR For TS SCALE ,

e OO0 007 37 . /7 WAS ANoT POSSIBLE
70 CHART T/HE FEFRPEFATABILI 7Y BECAUSE
ALl 3 PONOFTS TESTED LI/ILE THE SAMALE
GCRALPH, FI/ICCRE &, ABOYVE. FOL T7H/S /Z57
THE  PIOTE MERE A0 CVCLED, SO AT

PPRESENT / 7’ IS NOTT AANOWAS O FEPEATALIIIT)
DF (/4 0 o> AATH S E

7ann.54246 RL-3220A (Rev. 6/78)
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ENGINEERING NOTE S10835 | s

AUTHOR ) DEPARTMENT

18 ..9 |

- PAGE

CATION
JED J AR TZEN |MECHANICAL EE NG

ERKELE™ %EPH 22,982

FLEXURAL PIVvOT | 7O7AL  CEMIER SHIFT
NCINE E R K\ ; S
C.C. N C.w.
5024-800 .0049 o R
602 4-600 2 006 5" L0067
GO24-8ac #*2 .0066 .co57”

= 7O AL
CE/A T ER SH/F7 C~

SHIFTT TAE  CENTER SH/IFT /D
S EEM Vs,
BOTA  LDOUEBLE ENO  TVRPE LrveorS
ARLPE L NES 70 SHIFT
DirzCTroN/,, BO74 P/vO TS
APPSO X, L0005 ”

7C THE XA A MMOVENMEN T

TS TEST WAS O ANOT SRPECIFICLY SE
THE LIRLECT /ION OF THE

THE ANACN) TUOF
OF THF CENMTER SHIFT IV THE RANA
SO°  Jn THE SLANE OF AANA X /N UA

FoLtlow A CSL/eH4T7T CURVE.

N THE  SAME
ALSO MNMOVED
SN THE  PLANE 907

7800-54246 RL-3220A (Rev. 6/76)
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This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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