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Development Report for High Speed Flywheel
Katsuhiko IZAWA* and Shinichiro ICHIKAWA*

Abstract

We have developed an advanced reaction wheel based on a study for a reaction
wheel with high torque and low disturbance characteristics since FY2001. The
advanced reaction wheel is characterized by small and high performance in
comparison with a current domestic wheel and will be supplied to various satellite
missions. In FY2004-2006, we have completed Qualification tests for an advanced
reaction wheel type M(Middle size) and type L(Large size).

This report describes principles and design of Flywheel and engineering knowledge

acquired through development of High Speed Flywheel.
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T 5, HHIEENIBW T, BIREENRaWEEoER AT, (A9 XTFr=0L7=bDT,

K i A A
L+ Q Lt =0 (A-10)
0 1. 1l¢ -1, 0]|¢ 0 k,|lo

EH & LaplaceZBHL LEFEZ RO 5,

2
s I, +k, s, |[|0 _0 (A-11)
-sQA, s, +k, ||
RO R,
(s°1, = +k,)(s°1, +sQA,, +k,)=0 (A-12)

Mo T, EQOEARBEDOAEZESE 1y F 7T — FOBAIREIEIL,
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w, =% 1,/ 21,) 2+ ((1,2/2I,))7 +k,/1, (A-13)
ZIZT,  Q; nlEsH
FHE0DM D1 v % o Ve — ROEFIESSZ., o/=K,/ T, 1,/ 1,=235¢L
cJBHmOFtEz v % E— R (forward precession
* 7~ ldpositive whirl) B

w =+ Q42" + 0, )

< JBHmO%BIET X%V E— R (backward precession

> (A-14)
¥ 7~ l¥negative whirl) JEEH

;

wpb:_‘Q+ Qz+w02 )

BRFEICL>TE, ADEFRREBEZER L 0,,L HFEERICH LU TOE— FE2%IBon
xR E—RELTVS,

C()pb:+ AQ_'\'QZ +(D02

(A-14) UL [EHEEEL N0 DB . [EAEEIEN o, & 720 . [N KX < 725 Epositive whirld
E— FOEAREEDEEIMN L, negative whirl ®EA IRENEIIEAD T 5,

(f) HEYEIAR O —fRA 7280

X7V T ) A REOFRET HERUIT, ARV EOLIICKRE I LEHENET S Z LI3HL
W, LALRDBS 2RO DEEIZOWT S, MERIIRET D, 22T _XT VT A X%
. REIY GV K DHEEL & [FIER, BHESE O 2 LB L, [BERERD A 45O B OEEL A2 A7
HEREL, LTFTOLOIRETNVERE L,

m(t) = Z":C,.QZ sin(h, 1)
i=1

2T, QUEIARA —VEEE, A TR A — VEHEROSE (B o N—F =2 25) | Ci
ITEELORE E~DRETH D,
FNEND A KT D C,OfIE, ERFECIVRESND, o,

Al D EE . CITEFH L OEN R A0 S WEIZR D,

T D OEELNEHET DHEER~DH D L LTERT 2 EMRET 5 &, EEGRzILUT O
L2127 %,

(7T NWACHEZENE x| [EHRZENL 0 (B 2 B TR, v, o (BT 2 TR AUTE )
n
M +ci + ke =—U Q2 sin(Qt) — Y. C:Q? sin(h, Q1)
i=2
1,0 +cd*0+Qd + kd*6 = U ;0> 5 .02 ‘
0 +cd 0+ Qd+ kd 0 = U Q7 cos(Qr) + Y, C;Q" cos(h;Q)
i=2 (A-15)
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EXT, A1 ORRE,  CRUL. FRRFUETS, o ~=h;Q LT, x. y. ¢. 0
WZOWTHES &, LFD L 51875,

i) A
Q= o \ZHT DR ELTOL 128 (EEE AT 5 R bIFET 503, EHIK
BECIEHEL TS E L, o, 258l TR S D BROAICHERT5).
X, (1) = 4, sin(h, Q1) + B, cos(h, Q)

_ — (A-16)
Y, (0) = C, sin(h,Qt) + D, cos(h,Q1)

(A-15) 3l D #EE T FE U (A-16) ZRA L, LT OReE T RAE 2 %,

k—(hQ)*M, ~hQc 0 0 A, -C.Q°
h.Qc k—(hQ)’* M, 0 0 B| | 0
0 0 k—(hQ)’'M, —h,Qc C, 0
0 0 h.Qc k—(h,Q)*M, || D, c,Q°
(A-17)

FREENT, A-17) RKOREL Ai~Di ZRD D L |

QM 2
X, (6) = — C; M, _|@? - 0})sin@.0) + 20, 0, cos(@ )]
(wi _wT)+(2wi§TwT) 9
COP M (A-18)
P (t) = ——— r_|w, 0,8 sin@,) - (@ - 0 )cos(@ 1))

(@ —ap)+Q@.50;)

xpi, ypI ITENZEN 1 FEBON—F =2 AZxHIET D X, Y HAOWHEES TH 5,
wi= k/M,
e o/ Quwyp

RN FEAET D EHEEIILL T L2 D,

@} =w0;(1-280)+28,0,1& 1 (A-19)

OB FOAITEED T v 7 e— R, FETRREO T v T — NI 5,
WEDIREEIZLA T & 72 5,

x(t) = x, (0 + Y %, (1)
= (A-20)

YO = 3,0+ Y, 0

FRCWEEE AT L - IXEFIREET x, )=y, ()0 L35, £i=, WHEEILIZE
PSRl Z 23T T, LR TRO B D,
F.(t)= kx(t)
F,(t)= ky(t) (A-21)
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i) [Alds
h; Q=0 \THT 2RI TO LS ICB (BREEZAT 2 - RBOAFET 205, EF
IRETEHEL TS E L, 0i DB TMIRSNDRMORERT D),

0, (t) = A4, sin(h,Qt) + B, cos(h,Ct)

_ — (A-22)
9, (1) = C, sin(h,Qt) + D, cos(h,Qt)
0, « ¢,ildiB/HDON—FT=2 RTHIET DAL,
A &[RRI (A-15) D[RO ER) FHERAUMA L, U TORMETRAZES,
k,—(hQ)’1, —hQc, 0 ~h Q|| A 0
hiQCG k& _(hiQ)zlrr hiQZIzz O E _ _CiQZ
0 hQ* k,—(hQ)* 1, —hQc, C, Cc,Q°
—h, Q%1 0 h.Qc, k,—(hQ)*1, || D, C0
(A-23)

A-23)XUILL T X o R\ A ZF D, 2 naitE, %iEoo v 7€ — ROEA IR
BIZwhT 5,

’ kar2
o . = \/ (A-24)

EROBBOSHIE, RO v & VT — FOBAESHEIINN—F=7 ADOEHE 720 LI
T@J: 9 \—?/%Vt]__éo

_ h.k,
(@:)" = i, +1_
i (A-25)
(0+ 2 _ ig
( ”) hiIrr_]zz

ZIZT, o, o, EENENRE, BiBOoRrvX o E— REAEERTH D,
FERICEFNEFNDE— ROX L THEZ U TFTO L HICERT S,

_ hc,
i mv(hlw+1 )
(A-26)
§+ — h CH
" 2w (I, 1)
2T, G0 EL IRENENEE, BiBon vy X SE—ROX VU RS L
TW5%,

FREO LD BB AR L, i, RIBOw v %2 7 E— RIZOWT(A-23) ADREZ KD,
TNENDOE— FOBREMZRDD & LT L5,
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2 —
0 (1) = — MC2 L, = 1) b e sin(@, 1) - o — (@) cos(@, 1)
{ZD’i _(a);) } +(2wi é:;a)ri)
hC.2*/(h1, —1_) 5 )
(1) = | D~z Qo™ —(0)) }sin(w. t)—w. E w' cos(wm. t
e e L CA L CORL AT D)
(A-27)
_ hCQ>/(hI —1.) o ) o
0 .(t)= L e 2. & o sin(w, t)—{w — (@) }cos(a. t
. (0) {w;_(wﬂ)z}u(miﬁwzz[ en, sin@, )~ (@} — (@) hoos(@, )]
_ hC Q> /(hI —1.) 5 L o
(1) = o = Qo — (o) }sin(w.t)—a. £ w, cos(m. t
b0 = o s o £y 2 @) sin@ )@, £ cos(a 0]
(A-28)
ZIZT, 0, 0, b L ¢ 1T i BHON—FE=7 RATKHGT HAME, RiBOR
X TE— RICHIST HDAZENMO . ¢ THD,
WEEAZAT LR, (D) FELEZO T, AEMICHT H5EEMIILLT LD,
0(1) = 6,()+ D (0,,(1)+6,,(1))
"zln (A-29)
#(0) = 8, ++D_ (4, (D) + ¢, (1)
i=1
WEHEEZAT 5 MR, (1), o, OITEFERTIZ, 6,0, ¢,(0)>0 &L,
R ELIZLL T Ckd Hivd,
I(t)=k, 0 (1)
(A-30)

T,(t) =k, ¢ (1)

(235 3CHK]

[A-1]Development of Emprical and Analytical Reaction wheel Disturbance Model . Rebecca
A.Masterson and David W.Miller.  40' AIAA/ASCE/AHS/ASC Structures., Structural Dynamics and
Materials Conference, AIAA99-1204, April 1999.

[A—2]SERCH4-99 Development and Validation of Emprical and Analytical Reaction wheel Disturbance

Model, Rebecca A.Masterson and David W.Miller. June 1999.
[A-3]GSFC Contract Review Development and Validation of Emprical and Analytical Reaction wheel

Disturbance Model, Rebecca A.Masterson and David W.Miller, May 27. 1999.

This document is provided by JAXA.



82 FHMIZENTTE P ST JEBA S WS JAXA-RR-07-025

8% B
2 X RVIZETIL
FEEDORA —MTiT, BEEIZ L 5 X (Friction), w7 v X (BHSHED 0 £725) KD
LB X D a2 (Stiction) 22 EMBH D, N bHE LR KHTIET TN 2oh, #2E
INTEL., ¥#H72ET /L (Static Model) L &EIH72E7 /L (Dynamic Model) IZ3¥E S5,
By 2 2 b— 3 VETOMNT - BEFHRFICEE L CIE, Friction, Stiction ZEVAATE
TNAEMEHLT, KOFEMRIT 2175 Z ENEE LU,
ZDOXOREF NI EHRET VL LTI Karnopp EF AN S D, BIRET L E LTI,
Dahl EF /L, ZDIRETH D LuGre T N2 ENH 5,

D Karnopp ET /L
Karnopp €7 Wik, BT Fr 2RO X HI2FRKT, vIdEEilim O 2R E CTH 5,

{F;‘tick |V| S &
Fr= (B-1)
Fy |v| > &

Fo i DSEIIR D stiction THY ., IkF S IRETOBRERETH D, F,  IWKIERT S FIi2k-
THRY

F,  ExF,
thick (F:z) = F; F; < F; (B_Z)
— I F, < —F,

LERED, TTTEDT L%, stiction force VM9,
Fo,bk, @ —E I (stiction F, F72I1%, Coulomb /] F, ) &KEMEEEEE I (viscous force) O
e LTERKEND, ROEIRETAN—KTH D,

\

(i) F,, =F,sgn(v)+kv

(i) Fy, = Fsgn(v) + kv ’ (B-3)
M

(i) F,, ={F,+(F.—F)l-e™) jsgn(v)+kv )

InbE vOREE L TRRTAE, KB-1DOXHITR5,
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Fs//p Fs//p Fs//'p
A A A
FS K /:S - - = F - - = —
s
=y e =y =y
_Fc .
/ _/:S _FS s

(i) (ii) (iii )

B-1 Karnopp 2 A hL 7 EF )L

TOLIBRBHETAOEE, BEKL I 2L — 2 ar TEBRLES ETHE, cORD, BRI
B EBEITOROPEORBTHEVIE L T 720,

FEFICREME/2ET L E LCE, KB 1(i)ITHYTHETLE LT, IB2DEIRETANEZD
na,

T4

B-2 fEilg k. L7~ Karnopp 2 A "NV EFADTay 7 XA T 7T A

ZIT, LI B-1 O FIHYT 5, £72 LIFKOMESITHET 52 812725, B2 O JidAA
—LDIEMET— R FCh D, oldEEEL— R~ TAFRAE MY . HRRAAEHECH S,

i B AR FRAT I IEIX B2 & FIVAUE R, 7272 Ly Bk & D I3 MAe v 2 2 b—v a3 VAT O A
72 IRV TEIEL W, WL ODOBINTTFADEZ BTN,

@ Dahl =7/

Dahl EF /WX, Y alb—a il LizBE LTE XL, BET) F, 2 BEEE O R x
(v=X)DOBE¥ELTHZD2LDOTHD, 722, 22T Frix F,, DHERLTEY | REIEEERE L
BLEMZ TRIEDOET VNHK D,

CZ’ = 0[1 —%sgn(v)] (B-4)

c
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o IXMIMERREL, a3 XT A —2Th s, XIZLIUE, a=1 BHoEt LB HWSLND BN
TWb, Y2 2b—3 T, UTFTOETAEZRAVIIERV,

ar, _ 4k V=0V l—ﬂsgn(v) (B-5)
dt  dx F

c

Z® Dahl EF NS OYEEE L LT, Bliman-Sorine &5 /L, LuGre BEF /L7 Y3 h 5, M. &%
SCHR [B-1] &= & [E,

IRV 2 b— 3 VU TOMEROBICIX, Dahl TF AR EEMBANTEL A F 7 AET V%
ANWTI I 2b—3 g U ETRIERV,

(275 3CHk]

O L
[B-1] Astrom. K. J.. 7“Control of Systems with Friction”, MOVIC 98, Zurich., Switzerland,
1998, vol.1
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