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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. 
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DATE 
SEPr: 2~~/982. 

AUTHOR DEPARTMENT 

Il;-J) l..AUR I r Z/rN MECUANICA L ENe:. 
LOCATION 
BE,f'XEiCY 

PROGRAM - PROJECT - JOB 

S F 1.. - V U V MONOCI-4ROAAA-rO R 

(;:RATIN(;.. POSI-rION A CTVATIO N 
TITLE 

FLEXURAL PIVOT CENTER SI-IJFT EVALUATION 

rUE vuv P.LANe GRATING MONOCHRoMATOR 
!-lAS DcS/6-/V PARAMETERS TI-IAT INCLUDE' 
VERY PRECISE MECh'A/V/CAL /\/lOTIONS. 
ROTA TIO/V OF THE GRA T/NGS /.5 ONE 
SUCH MOTION rNA T THIS ENGI/I/EER/M 
Norc 0//LL ADDRESS. otl 

j/p01P 
Sij/~/()I" 

. f?~OIA 

y 

~ YAW 

fIGURE 1 
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LOCATION DATE 

eNtr. BERKELey SEPT." tE R~ )982. 

FIGURE t SHowS THE PA TI-l O,F 
SYNCHRO TRON ..RA.o/A T/ON W/T/-I RESPECT 
/'0 THE GRAT/NG-S AND THEIR A/LIS 

OF RCJ TA //0/\/.. TNc GRATINGS ARe-
REG UIReD TO HO rATe A· 70 rAL (j,;C" 

4-0° AND rRACK; OR ,FOLLOW EACFI 
orN£.!=? 70 A TOL-ERANCE OF.:r ~~r 
(:£ 0.2. A·RC SEC.) • TP/S IS FUR THER 
COMPLICATED By A YAVV AND ROL.L 
TOL£PANCE OF :::i:;:. 0 S- //?r (::t: /0 ARC sec). 
S Et!- PI6-URE .L ,FOR YAW A./I/l) ROL.L • 
T#E (;'RA71/\/GS -' MOUIVrING- STRUC TURe.J 
AN.o ROTA TION AL PJVOTS ARE REQUIRED 
TO OPEJ?A Te /N AN U L TR A 1-11(;-1-1 
VA CuVM c)P / x /0 -II TORR AND BE' 
ABJ..I3.~ TO w/r#STAND A BAKe-our o,c 
2.00 °C~ DU/:::;:/NG OPERATION dr THE 
MO)vc; Cl-/RD I\/l A TOR I r ,IS EX PEC T/?"L) 
T/-I'E GRA7~I/VG..s W/LL 8e R£GiV/RED 
rO INDEX; ROrA7EJ /N D/Sr/NCT STE,DS 
01:- f/AI- T(J o./Ar (O~2'ARC SeC ... /6 
.t ARC SEC~) ~ 

TO PROVIDE RO TA TION POP. THe 
GRA 77/vG-S A PiVOT OR 8EAR/NG /V1VSr 

8E PR'OVIDEu., T/-/E F/P.S r SUCH oev/c£, 
TJ-IAr COMES TO MIND IS A -BALL 
BEAR/N& SYS rC""M a BAL.L 8.r=ARINC-S /-lAVe 
BEEN SUCCF.sSFULLY USED IN UJ-/V 
S YSrL:/ViS ~ BUT RE(p.UIRc ..sPeCIAL CARE .. 
STAINL~--SS STc"EL MUS r 8E USED )A//TN 
SPeCIAL. rREAT/V1EA/T OF 77--/£ SURFACeS 
ro P/~O\/ILJ£ SIVlOOThI ~OLL//VGe TO 
A CCOA/P /Yl 0 DATE' THe RcQu/;Q£ MeN' rs 
curL/NEZ) cA RL./ER.J T#c 8AI.. L Be-AR/A/c;.S 
WOULD HAVf TO BE )-1/(;/-1 TOLERANCE) 
PR£LOADeD ANt:? PoSS/B.LY PE-8UILT 
W/7H SAPP)-IIP£ BALiS. 

"'Ann _ II: A '>A If 'AT._1??n A ('RPv. j:; 17Ft) 
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~THOR DEPARTMENT 
ED L Al.,o::urz..E/t./ MEC#ANICAt. EN(;', 

~CATION DATE 

IJERI(ELEY oEP /,22.) /982 

TJlE VERY SMAiL. RO TAT/O/l/A '­
MoveMENT REQU/PED· NECeSS/7;4 rES 
THE EL/.0/J//YA 770NO;'= STICK- SLIP. snc):'­
SLIP 1.3 A PI-!ENOM£/vO/v rNA r OCCURS 
WIlEN . /Vi 0 7JON /S //v./ T/A rED 8ETWeE,AI 
TVtlO 08 vEe 7S V'//T..t-/ ~/;,JCT/ON PRe-SEN .. 
I r)s - L/KE PVSH/NC-ONTH"E ~/DE OJ=' 

1/ 

YOUR FILE CAg/#C'" T /() MOVe / T .00/ • 
NO MORe ~ NO -LESS. yOU OYE/?- SHoor 
BECAUSE OF rSTICK- SLIP.- STlCK- SLIP.I 
A'- 7HOUGI-I /VOT /VIUCH') IS PRESENT /N 

BALL. EEARJN(;'S. 
Ol'IC' OFV/C.t:; T#AT ££/M//vArES 80ME' 

OF T/--IE 8A /"I..BEARIN~ - PROBI-EMS JS T)/£ 
PLEXURA L Pj VOTe BUT /VorSVRPRJSJ,N(;.L) 
THIS l)-EV)Cc COMES w/rA/ PRoBLeMS OF­

ITS 0\/.//1/. /':/(J:.VRc #2 S/-IOWS A 13E/V/)J~ 
CORR FLE)(UPA L P/\/Or 1& 

. . 
FIGURE 2. 
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CODE. 

SL083.s-
I".QCATION 
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SERIAL PAGE 

M5983 4 OF .9. 
9,.ATE 

-:;cPT. RId; 1982 

FIGURE # e2 IS 
STANiJ WITHOUT 
//'>/ YOUR HAjVL) j 
TAlE CONCEPT: 

DJFF/CUL r TO UNL)ER­

ONE OF'T,hIE p/vors 
Bur ~/GU'Re #3 S)lOWS 

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

\ , 
\ 

\ , , 
> --,-.. -

\ " 
\\.. .. ;..--' 

FfG-URE 3 

ROTATION TAk£S PLACe lNI-;I£N T#E 
M'ETAL STRIPS FLeX. TH'/S TYPe 
OF DE)//C£ hlAS MA/l/Y FEA -rURE0. 
Thle FLL:. ..>tVRA L P/\/or IS A ;CPIC·T/ON-
LESS DEV/C£ SO // /s ;REE o;=:-

. S TICK- SLIP. I r PEQU/RES /VCJ 
LuBRI C/~ T/O/v.; /S SC//TABLE FOR 

VACUU/1"'. USE" NAS ZERO 8AC,t.(LASH 
AND VE>?Y RePEATABLE. THE OA/E. 

PPOBLE/t/; /T£)OES "L/A Ve ·IS CEIVTER 
SH/.~ T VS.. A-NG-ULAR DEFLECT/O~ AS 
/7' rUR/t-/S OUT.) /#/$ l/\/OUL!J BE 
ACCEPTA8LE IF" FLEYURAL PJVOTS 
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iHOR DEPARTMENT 

E.D jAURFrZeA! MEeNANICAL G'Nr;.. 

ARE REAL)'Y REPEArAB~E AND Th/E//P 
CEN TER 6J-//Fr V~O ANGULAR 
DEFLECT/ON /8 NEAR /OL;:"#7/CAL 
FROM O/'vc /::::;)/VOT TO A/VOTHEA. 

T/-Ie /:CJ.I.L6M///l/G /S A "TEST PROCEEDORE 
T/iAT WAS USEO 70 TEST TN£'" jCJ/VOTS'O 

r/PSr C.c A~L VI/'/: ARE "C;OK//V~ P"Q.19 

AEPEArA8/L./7Y,) THE/v /D,E/vT/CAL 
BEHAV/OA 8ETWEE/\/ P/VOTS. TWO 
r-Y,PES y Or SERIES) or p/ vaTS weRE 
TES7E!).. (J/vE P/vor J-S A C~NT/.LEVeR 

OR S)NC-L E o Nt: A A TY PE.J r.l-lE CJT#L::~ 

IS A DOt../'BiE /:/VD OA DOUB1.E 6)-!EAR 

EIGf./RE' 4-

~-d-- ~ _~:n 
CAN TI L£VEA 

BENI.J/..-Y SO.2 4- -6'00 
II 7So U J)./A. x /.200 F/ LONG 
:::/: 30" TOTAL /90 TA T/O/V 

FI XE!.J --.... 
~ 

(.ROTA T£;J 
DOUBLE END 

BEND/X 6"024 -800 
,,750" D/A. A /.200// LONG 

RO TA T/ON 

7600-54246 RL-3220A (Rev. 6/76) 
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AUTHOR -,DEPARTMENT 

IE'£) /AVRrrz~ MEeHAN/CAL. S'IVtr· 

T/--/e-:- P/VOTS 0/ER.c fiorA TeD /A/ 1 0 

/N CRE/Y1£/\/TS UP TO A 70TAL OF" 
20 ~T#Z P/VOTS VtlE?E T#cN ROTATED 
//'/ THE OPPOS/TE O/ReCT/ON /.A/ ..t 0 

INCREMENTS UP TO A TorAL 0.1=" 
.20~ A TOTAL- OF- 4-0° ROrATJ()p/ /3 -PEcQ .. 
T,R/3 WAS DCJ/"ve /N A opec/AL P/XTUI'PE' 
MOUNTeD //V 7#£ ""~Ly'RO/l/oi) 

_ /VIEASURI/VC;- MA C)-I//Vc. -r-#E 7;4 LY/?O/VL) 
)3 -L.OCA7ED ,IN THE /'::)AEC/S/OA/ S/-lO~ 

8L Dc;.. 77e T"L/:: 7A L)lRO/Vl) t-VAS //VT£NIJED 

TO /'VIEASljRE AOU/V£)/vcSS AN£> /0 

PLOT T#E ROUNDNE.sS· c)1= THE 
08rTEcT BE//Vcr-- rES TFLJ o/V A 
C//?C{/LAR G-RAPN. S//vCE 7h1E 
FLZ,)rVRA L P/\/ors ARE ROU/\/O /;- f/\/AS 
paSS/a.!E 70 ,G=PAPH T//£ ROTA T//V~ 
PA Rr or: 'TNe p/ vo rAT r#E D/~F£/?EN7 

A/t/(;-ULA R oE TT/NtrS .. W/-/EA/ /Y10RE 
Th:AA/ CJ/v'E TRA CE /$' ,{)O/\/E ON AN 
//\/D/V/OUAL ~RAP# yoU CAN S~E 

ANO /v1EASURe 77-/c CeNTER 3/-//;:-T 
8Y 7/-/c RELA T/YE LOCAT/ONS 0; 
T/IE T/c::(A CES <!l AJ=rER A SERIES 0/= 

rPA CES Vl/ERE LJO/VE ON A 0/,NG-L E 
G-R.AP/-;: T/-I,E p/vor WA-S ROTATeD 
EA-CK TO /75 7"/,RST ANGULAR 
Pos/ T/O/V' AND Re- £)ONE.. IF T#E 

p/ VO TS D/O /YOT REPEA /J yOU WOUlD· 

EXPECT /0 0'£F A SECOA/D TRACE" 
/I/l/SA L JG-/vED vV/TH THE DRJG-/NA '-
rRA Cc By 7/-/e AMOUN-r OF' /Vo/v­
Rc.PEA r-A8/L/TY" 

T#E GRAPH' SH()tA/A/ CJ/V PAG-E 7 
/S REPRE Se/,/T.A T/Ye OF r#E DA rA 
T,Ll K e /\/,. 
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le-~ LAUIUr-ZEAI ECHAN/CAt.. cN6-. 
~CATION DATE 

CJER~L..&Y SePr. ~ 2 j /982.. 

T#E A aOVe G-RAP...4' /3 ,;CtEPRE S£NTA771/.. 

OP T#L=-- OA rA TAKEN ON T/-/c= FLE"XURAL 
?/VOTS',. EACH I.)/Y/S/ON ON T/./e G.RA.P# 
EGVAL$ • 000;2' S "II'. A TRACE WAS MA.DE 
AT /6": /7".; /8; /3 () ANi) 20'.. T//.e P/VOT 
WAS ReSI:;-T To /0' 0 A~/D NEW T/PACES 
WEH'E : MA.DE ON THE SAME GRA ?/-I. 
T/-/E SECO/v.o Tfi>ACES.J /6° T///?(/ 20°.J FELL 
eXACTLY (SUPEJ?/MPCJSElJ) ()N /?/E F//?ST 
T;RACES l///TA//# T//E T,,4//c-<-/Ve-SS OF /WE 
/RACE L//VES. T'///S MEA/Vu /#/..5' p/VO 
REPEATED TO T#£ //-//CJ</Y'ESS C).J= A 
TRA Cc ~/NC/ (J/2 Fe/: T///S SCALE-, 
.000 001 3// • IT WAS A/Or p(JSSJe).J; 
TO eRA RT T/";c /T'ePEATABJLJTY gE'CAVS 
ALL 3 PJvoTS T~S TEO L/KE T.4E" SAMPLe 
GRA ~I-I~ FJr;;URE b-'p ABove. FCJ~ T#/S TL'T 
r#E P/VOTS J,1/E/Pe: /\/0 r C YC LED.) SO A T 

PRES£/I/T IT /$ /VOT ~>VOW,A/ /.,IO(,{! I?EPEA7ABli)T 
DE f;:'/~4 £) £..;,' ~/v/ r H t,./ S E, 

~ROO_!l4246 RL-3220A (Rev. 6176) 
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AUTHOR IDEPARTMENT 

leI) 'j AtlR.lTZEN MECU .... ~,NICAL.. E:N~ .. 
r 

FLEX URA L PIVOT J TO TA L CENTER S)-IIFT 
/VV/VI e E A I--~----r---~-. -=-----1 

C"CoJM c. w. 

5"024 - 800 .004-:; /j -

602 4- BOo -P-.1 .006 S" , 0 0 6/ n 

6024 - BOO .0066 .. 0 OS- 7 ./I 

T/I/Q TES TWAS /;,/07 uPECIP/C~ Y SET 
UP TO F//I/£) r~E DJREC r ION 0;: T#E 
CE/vTER SHIFT OR T//£ /VlACN/ rUDe 
OF T//f Cc./I/TER SJ..//F r /JV T/-/,e P..LA/I£ 
90(.7 ra T/IE PLA/\/E 0;::; /",./lAX//Y)UM 
\3J-I/FT: /#E CE/V/E/? S/-//~T L)/L) 

r5EE/v1 7-0 POLLOW,.4- oLJrrA!r C(/R}le~ 

8,::JThI DO(j8LE eNO TYPE P/I/ors 
A PPE:A ;;'::-'££1 TO SU/F 7 J)</ 7/-/? SA}l/}£· 
L)/RL-:C~,~oA/~ 8CJ/~ P/vors ALSO MOVEL> 
APP)Po/\~ t1 ~ 000 S // //Y T/-/E PLANE 9c;'o 
TO 7// e /V/;I.j x /'/'1/1 V/iI1 /'/lOVEME/VT. 

7600-54246 RL·3220A (Rev. 6/76) 
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