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An "EneinEsrk’s NoreB8ook'? Keil,
NOo7 EXACTAY. EVELYTHING HERE )J REWORKED
FRoM ROUGH MNOTES, ROUGHKER SKEFeHES,
SCEATCH SHEETS, AA/D_ KIAHATNOT INTO THIS Fok ),

A Yo-Yo DESIGNED, MANOEALTrOXRED AND
I A PLAYEE 'S HAND "winDs orP” wirK PHYSICAL
CHARACTEL)ITIOS KMICH, WITH FHE PLAAYER'S
SKILAAMND STEING ELFELTS, DETELMINE /1S
PERFORMANCE., CEEIAIN OF THE CHARACTER -
(3T10S ARE KEAA AND DIEEATAY MERSCRED,
OFHERS ARE CONAERPTUAL (IMAGINARY) BOT
CAN BE RECKOMNED USING QOMMON LPHYSICS AND
MATHEMATICS TEQHNIQUES. THE MoMENT OF
ZNERTIA AND 7HE RADIS oF GYRATION ARE
SPECIFIC TARGETS IN THIS MOAMNOGRAPHM.

T STROMNGIA INDEBTED 70 Tom KoMA,
BRAD COONTEYMAMN, AND DALE OLIVER, FOR.
PEOFESSIOMNAL ASSIGHMENTS OVER THE PAST
TEN YEAXS WHERE THESE TECHANIQUES AND
OTHERS HAVE BEEMN OF SOME ULE. [FERMISSION
To USE NON-PEOCPEIETARY INFOIXMATION rFROM
CEEIAIN OF THEIR PRODULCT S /4 GRATEFLUAALY
ALKANOKAEDGED — A5 ARE THEIR MANCK CoNT—
RIBOTIONS 7© THE Yo-Yo AZT AMD CUATOLE
ovexr. 7THE YEAR S,

o

q9«}17&/ 2P



KADIvS ok GYRATION

In "Arouns rHe WoksiD” A Yo-Yo oF com=-
MoN WEIGHT ok MAass (M, 5o grams) FLIES
ABOOT THE PLAYER S HAND /N A C/IRCULAR PATH
AT A BADIOS oF GYRATION K, (Lmeter, A
TYPICAL STRIAG LENGTH), ZNTHIS 3/TUATION THE
MomMENT or INekT/A (d, kilagraom-meters?)
For THE Yo-Yo 15

A=Mkr= Jax/o'skﬁ-(jm)z
A = Soxsekq-m*

M, Ko, AND Ay oNCE DEF/NED, DONOY
CHANGE ; THE NUOMBERS Ex/ST WHETHER THE
Yo-Yo FLIES (No MATTER How QUICKLY O S40K AY)
OR SITSAT REST.

IN ANOTHER SITUATION KMHNELE THE
Yo-Yo SPINS ABOOT /TS INTERNAL AXIAL CENTEER
THE MASS (M) REMAINS KMOWIAN , BT THE
RADIUS oF GYRATION (Kao) 18 IMAGINALY. THE
FOLROKIING TrECNN]QUE ACCURATELY YIELDS
Ko FOR A Yo-Yo /N HAND o Fok A Yo-Ye ©F
PROPOSED DESIGM ¢

1l DETERMINE THE DIMENSIONS FOR THE
Yo-Yo PEOLIAE AND RESOAVE T7MHAT PROFILE
INTO CONSTITUENT AREAR EAEMENTS.

2. VisoALIZE THE BoriD o< REYOAOT/ION
THAT CAN BE GENERATED FOR EACK ELEMENT ;



FIND THE VOLOME o7 BEACH S0A1D AND, FEoM
DENSITY OF THE MATEKRIAA, THE WEIGHT ok
MAass (M) oF =ACH.

3. U)M@ YHE DIMENSIONS OF BACH AXEA
ELEMENT AND THE MASs ©F 174 Soh'D o Key-
OAUTION , CARCUAATE 7THE MoMENT o/ THERTIA
(1) For. ZAcH HAoriD.

4 SUMMARIBE THE T7OTAL MASS AND THE
7OTA, MOMENT 0/ ZNEETIA FoXk THE Yo-Yo
FEOM 178 CONITITOENT VAAVES.

5. FIMALLY, CALCUAATE Ka FOX THE Yo-Yo
FFEOM 475 Hokl KNOWMN TOTAZ M AND ToTAN -2

ke = (‘,L,i)%m

A 7YPICAL Yo-Yo MIGHT HAVE A MASS oF
S0x/0"2 kg AND A MOMENT oF INEXT/A OF
20000x/0"? ka-m? 7o yiELD:

Nz L
0000 x/0 2
Ko = W,) = (#o00¥18°)"

= 20,00 u/o""”m/;t,.af,4x/o.'zm//h"é
Ko = 0.787 In
T

M Ln 7HE STUDIES Foddow/1alG, THE ENGAISH
Sysrem (inches, pounds) 12 USED wiTH THE
INTERNATIONAL SySTEM (meters, qrams);
THE LATTER. COMMOMALY STANDARD /N THE
SC/ZNTIFIC COMMUMNITY AMD 178 REFER ENCES,
THE FORMER STIAA COMMON /4 Ui 3. ENCINEERING .



LEVEERAGCE: S7RING 7o Yo-Yo

Lus 175 PATH ABO OT THE PLAYER'S HAND IN
'UooP THE Lo op FAIGHT, THE STRING HAS BEEN
ALMOST FOARY REWOUND , THE Yo-Yo EXECOTES
A AATERAL HALE-/LIP, AMD THE SPIN ABOUT 175
OWMN AXIS CEASES THEN BESTAETS AS IT MOVZS
UNDER. 7HE HAND INTO THE NEXTACOR (SEE8 AT
FICHT). THE Foper or TEus/oN (T) HErgs 15
EXERTED BY 7THE HAMD 770 ACOEAERATE THE
TPIN VEAOLCITY (W) ACGAIMIT THE RorATION AL
INERTIA OF 77HE Yo-Yo.

TH= TENS10M (T) ACTS AT THE KlooND
STRIMG EADIOS (s, 050 /n) AGAINST THE
MomenT orF Inerer/A (-, Recooxs/o Ykq-m2) o
THE MASS (M, 50x%0672ka) ACTING AT THE (AAE-
GerR) RADIUS oF CYRATION (ko, °.80in).

The TENSI0MNLT) /15 Moy FUALY EFFECT -
IVE 1M ACCEAERATING THE SPIN VELOCITY (W)
/T 1S REDUICED BY THE A&VEEAGE (A7),

STRIMG 70 Yo-Yo !

n o 1 50
L= "—'k’ X/00 Yo = ‘—’—Z ”X/oo%
o ¥

LZQ = (3%

ASSOME T7HE ZPIs) ACCEIERATION AT THIS
ABEVEERGE |S JOST ENOUGH TO AlLoki 7HE
Yo-Yo 70 Lo P 00T “FAAT ! ot NEAZLY s, 17



LEVERAGE:

[L_%z —’1{)‘/0070

ry=o.50 in.

ey
“crar”

P
-"/NKII

RM

=0.
*Aoamuc PATHS k,=0.890in.
BEAOW THE HAND 1 =20000 %159 kq-m*

M =Soxiad kg

ACOPING DyNAmMIcS

Norg; TuTHlS ACTION PICTURE = KIHILE ALLTHAT .
“eavin') “ErATTIN ok YSIMKIN'! 12 Going oM,
THE MASS (M), MormENT oF INEETIA (), Anp Rapivs
OF GYRATION (ko) ARE BUILT-IN PHYSICAL CONSTANTS.
THEY "se7 7HE STAGE" Fok THE Yeo-Yo PRk FoLM—
AMCE KWHILE THE PHYS/QAL CHALACTER,STICS
ORTHE STEING AND GAP JN WHICH 1T KR DS
PEOVIDE (WITH THE PAAVER) THE FIMAL SHOW.




FOLAOKIS THAT REDOCING TTHE WolND STEING
FADIVS (Ps) kt)TH A WIDEE SYE/IN G GAP OXK
BY OSING SHOETER (/& THINNEL) STRING
RESOUATS I LOWER AEVERAGE AND AESS
ACCEAEEATION. THOS, AT THIS QZI7TICAL
TIME , TRE STEING ONWINDSE AT A AZSSER
LATE AND 7HE AQoPIANG PATH PoLrs Nor
FARTTEN @O T; I'HE Yo-Yo WIAL“FLY! Usiae
AMARROWER. STERING CAF, LOMNGEL o R FATTER
STERING, HAS THE RS/ ELIE EFFECT, ALACKIANG
THE ITEING 70 OMWIND MOXE RAPIDAY ; THE
Yo-Yo THEN Witk “SIxKY

Za ANY Yo-Yo DESIGHN, EXISTING oF PEoO-
AECTED, THE AKELY AEVERAGE (L) MAY
B® USED 70 GooD APVANTAGE AS A 'FIcurs
OF MEER) 7" 70 EXPAAIN ok PEED)CT THE
QUARITY OF ACOPIMG ACTION. THE PHAY=s|-
CAL CHAZACTE)STICS OF THIE Yo-Yeo AxE
MEEDED HEXRE, ESPECIALLY THE RADIUS oF
Gyearion (ko).

PAAYERS LOOK FOR Mors /1N A ‘Good
LOOPER" rHAM A0S THE Yo-Yo's 7ENDENCY
7o AV " ok ‘S kY L girNER ©F FHOIE
CHARARTERIST/CS ARE STEOMGAY £VIDENT,
THE Yo-Yo «~ /N THEABSENCE OF SOME OTHEL
SAVING CRACE — MAY BE PUT AS/DE. A Yo-Yo
NEED pfoT BE AGooDd "LAooper” ro 3s AN
OTHELEWISE GRE[/T PELFORIMER,



SOLID OF REVOLOTION
VOLOME

THE CENTER oF GraviTY (C.G) OF A
DEFINED SORFACE |5 THAT POINT IN THE
SORFACE WHERE SUSPENISION ©F THE s/~
FACE FINDS /T PERFECTLY BAAANCED IN
ALL POS)TIOANS,

OM THE FOLANOKING PAGE, THE VOLUME
(Vis) oF THE 40410 BoDY (3) FORMED BY rRE-
VOLYVING THE SURFACE (Q) ABOUT 7HE AX/S
(R~A) EQUALS THE AREA (X-4) MULT/PIIED
By THE AENGTH (L) orF rHe PATH oF 173
CENTER oF GRAVITY. THE DEF/INED SUR-
FACE MAY BE OF ANY (FART) SHAPRE , BOT
MUST LIE WHOALY ON ONE S/1DE OF AND IN A
PLANE Wi TH 7HE AXIS OF REVOAUNT/ION.

THE PROFIAZE 0F A Yo-Yo CAMN BE
SEPARATED INFo AREA EAEMENTS. 7THE

SorD O0F REVOLOTION VOLUME AND WE]GHT
FOR EACH ARE THEN CAACUAARTED ; THEN THE
MoMENT OF ZNEETIA Fok& EACH IS DETEX -
MINED,. [FINALLY, THE TOTAL WEIGNT AND
THE ComBINED MoMENT oF Inucrr/A oF
THE Yo-Vo ALE JSED 76 FIND THE RADIVS
oF GYRATION.

THE Yo-Yo 18 ITSEAR AN ULTIMATE
“Sortp or EEVOLOTION I THO USUALLY
JDENTICAL HALNVES oM A COMMON AXAE,
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AREA SOLID OF ECVOLAOTION
ELEMEANT Voromeg
Y
1. mﬁ,é ro =4
Lox
q=x.a V:(x,ﬁ);grf.%
I ~ 44 by Fo= {0+ A)
¢ 2 T n’_"_ o= =
i ¢
el V= (% ) 20 (e )
a=x'g
o Pi4 X
oL . : %y il re = (r+o.424 x)
] g
N 1 ¢
s X ( L) zre: (r+ot24x)
q= X2
2
0. 424X
Iz, A -r*, Fo= (r+o0.424x)
T £
_.":r{.:_ ( ) 210 (rvo424%)
Q= —45-?
Z. /R Fo = (ot 4)
| I'JT“T Lr"ﬁ
x| 1 V=(E8) 2 (r+d)
g=2X4



/0

SOLID 0F REVOLUT)OAN
MOMEMNT ofF INERT/A

THE MAs5 (M) OF A ROTATING BoDY CAN
BE CONSIDEEED CONCENTRATED AY THE
RADI0S oF GyEATION (Kedi AT THATZ BADIUS
THE Momeany or INERTIA () 13 DETER -
MINED ACCORATELY 76 BE MKq.

ON THE FOANOWING PAGE, EAEMENTS
I AND IT CENERATE LIMPAE CYAMNDEES
(s04ID AND HoLtoW)., Fork £ACH, THE
MOMENT OF INERTIA 14 QALCUAATED
DIRECTAY OSING THE REAL RADIAL DIMEN=
K10/ S oF THE AREA ELAEMENT.

[FOR, THIE MORE COMPLEX AREA ELE -
MeEnTS I, TU, AND X (AnD OTHEES) Ko MAY
BE CLOSELY APPEOXIMATED AS Mg , THE
RADIAN DISTANCE 70 THE ABREA LAEMENT
CENTER oF GRAVITY. IN THESE CASES,
CARE MUOST BE TAKEN 70 AVOID JNTED =
DUCING SIGNIFICANT EREOR. /il THE VAAVES
DETERMINED FOR MOMENT oF THNEETIA.
ELROES MAY BE INSIGHNIFICANT For SMALL
MASSES ANY KIHELE , (FOE MASSES NEAR
THE AXIS OF RETATION, AND EVEN FoR THIN
MASSES ANEAR THE /M,

SeE "MoMeNT oF INEETIA ACCORALY ¢
Ko== Fe” For GUIDANCE IN APPAY /MG
THIS SIMPAIFEYING APPROXIMAT/ION.



AKCEA
ELEMENT

1y
- T ¢
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SOOI OF EEVOALOTION
MOMENT OF TNEET/IA

A= LMl r2)

A=Mk2 = MGrvortarsd

A=ME=m (r'+o.424x)"

A=MkE=MG+3)

¥ nore: Po ACCATE S THE AXEA CENTER o0/ GRAVITY Fok
Eremenrs I TE, AND X. Ko FOR THE Soii1b or £EZVo -
LOTION 1.5 SIIGHTAY AMRGER, Foke I SIGMNIIICANTRY
GEEATER THAN 0.4Z4X ok 4/3, EXKOES IN Ko AMD A ArE

NEGAIC/IBAE,




IR
MOMENT 0F INERTIA ACCUVRALCY:
kod Mo

AREA EAEMENT MOMENT oF Tusrria (1)
CALLUAATIONS ARE CORREQT For TryrPes LAnD
L. TyrPes lU_', IZ, AnD ¥ (AuD oTHERS) AZE
TUFFICIENTAY ACCURATE ONAY WHERE:

L. Mars35 (M) For THE SeiriD oF ZEVOLUTION
138 SMALL; /.8, THE ELEMENT 18 THIN RADIALLY ok
NARROW AXIALLY,, ok BoTH, ok

A, THE £ADI105 (M) ToTHE BASE OF THE
CLEMENT IS SMALL; 118, THE ELEMENT /3 AT oK
NEAR THEAXIS o0 RoTATION; OR.

3. THE RADIUS (") /13 LARGE e, THE ELE-
MENT 15 AT OR NEAK. THE /M,

ANY ONE oF COMBINATION oF rHESE
GREATLY /MPROVES THE ACCOKALY o< THE CAA-
COUATED MomEeNT oFf INERT/IA FORE THE Yo-Yo,

WHREECEVER AM EAEMENT |5 SUSPELT, CAL-
CUAATE | ForE A COMPAXABLE RECTANGULAL.
ELEMENT /N TKIC WAYS:

A, UsidS M= AND, KITH ¢ AS THE RAD/~-

AL DIMENSION , I'a = (P+4), CALLULATE
dx £ (K24 1Y) {15 corracT.
B. U3/NG INs =(r‘+-f;—), CALRUAATE X rals
J Wik BE LESs THAN THE corEECT
VALVE .
THUS,

—
A/OERROK7‘-( - -i-:;-{r' -2 WA



/3
THIS ERROR , CAACUAATED Ror 7HE

COMPARABALE RECTANGOIAK EAEMENT, IS
AALGCER THAMN THE ACTUNL EXrEOR FOLE YHE
SUSPECT ELEMENT. IN THESE ERROR AL
CURATIONS, MASS (M) /S Nor A FACTOKX.,

For REFEREMNCE

L A 7YPICAA Yo-Yo wHEES { AnD M
ARE 20000 kq-m?2 AND Soxic kg KESPECT -
IVELY

AT 20000 X109 £ N
Ko = (_/\T 1= ‘}?IIZ’T') = (qoox/6 €)%
= Ro.0c0x/0"°m /2-5’.4 x/0”Im/in

Ko = 0.787 in

Assommne A 2% ERECR INTHE compos/TE
CALCOAATED ' For THIS Yo-Ye (AL =19600)

1 [c" e
1 1A'\ _ [19600xs0 ! )z _ PN
Kai = (‘m‘ 1‘( soxio-? = (3892x/5 )%
= /9,80x%/0 Y254 30"
/ L
ko = o, 780 I N
e
FPor THE 2% Errox 1ia A THE cREOXR
IN THE YARGETED RADIVS oF GYRATION /3

%Ezzog,k, - 5 X/00 %

= o007 o/.

% EerroR ke = 0.89 Y < 1%
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UNITS OF MEASOEE

I THE FHEEE Yo-Yo STUDIES oM THE
FOLLOKI/NSG PACES

~ Voromz (V) 13 F12sT FoduD /4 ind
THEN KIEIGHT o MASS (M) IS DETERMINED
FroM MATER /AL DENS 177 ¥ 18, gm/in3

- MoMENT oF ZnekT(A () 15 DETEE-
MINED IN Kg=-m* wirH 1qm= Lx102kq AND
L/in= 2854x/0"3m.

— RADIU S oF CyRATION (£s) Fox EACH
Ya-Yo 14 FIRST FOOND 144 m, THEN GIVEN

IN In it Im= L/(25 4x1073m/in).

DEMNSITIES

REFERENCE DENSITY
MATER /AL VALOE ConversioN (gm/in3)
MAPLE/BizCH — 44) Ib : i3 4sseam 12
PrASTIC 75| £4271728in 16 20
Arominom 0098} . 4osgam 44
SrEEL 0.283\ 7 X T b =1l/28
BrASS 0,300 /36

*‘Norsz AL NON=METALAIC DENISITIES
AXE APPROXIMATE. WHERE PoS5/BAE,
CHESCK BY WEIGHING THE PALT.
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TEADITIOMNAL Yo—- Yo PROFIAL

Yo-Yo WEIGHT
ELEMENT VoruMeE (@ 12gm/in?)

@  vetopoan s
= (6.375+°0.750) - [T+ ——
V= c.663 ind XIZ = 7,94

@ V=G&-gq-amd

=(0:250-0.875)-2711-
Y= 0.60/1 /n? X 2

00756

(-2 974‘
~

7.1

@ V"( ) AT (F 0. 424 %)
e E.z’fﬁ ‘27 (0,750 + (0. 424-0,375))

= 0.63/ /n3 xX)2= 7.57
@ ('"'") RTC-(r+ 0,424 x)
——943—-‘-'2- - 27C: (0.875 (0,424 -0,25°0))
= 0.303 /n% X/ = 2,64

Yo-Yo Harrs, M = 24 .38 qm
Y°°y°)M = sz . 33"!
e ———  — o ———————%

MNord! THE Yo-Yo S12ES AL E O/ MAPLE AND 7AF
AXAZ 1S 0F BIRCH ; BoTH moODS HAYE A NOMIN A A
DEMNSITY 0F /2 4m[iN? THE SMAKL Vo105 AT THE
ANAE EpD AND THE REDUCED AX AL D)AMETEL. /i)
THE STEING GAP ARLE /4S/IGNIFICANT,
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TRADITIONAL YO-YO PROFI,LLE
A AND ke CALCOAATION
Yo-yo

~f
ELEMENT

MOMENTY o ZNERTIA Cka-m"xs5%)

@ A= M’ M= 7.96%0 % kg
4 -3
= m‘;&'z_. (0.7.50 285 Ax1o72)>

= /444 x107? kg-m* 1444

@ A=Ltmrt M= 7.2/x /O'3k3
s
= 7_".?:_’5’:.5.‘.’.?._.(0.37:45.4):/5')’“

=/78/ %10 kgm? 1781

@ A= MrE = m G+ o124

= (7.57%s63) - ((0. 150+ (0. 424+ 0.375)) 254 %00 2 Y
= 40885 xs0”"? Kkg-m*

4035
@ = Mko* =i (r+ 0. 424X)
= (3.64x15%) - (0.875+ (0424 0. 280)) 25,4 x5 2)*

% xzaox/o"’kg—m* 2260

}’o-YO/-(AAF,»I = 9520
Yo:-YO,—J =42040
kg-m* xse” 7

J\z
RAPILS oF GyrATIoM, Ko =(‘;T)g

= (1960 40x/57%/52.8 x/o"-”)“'
-2 Lin
= /4.0 %/ M L N
? from x 25, 494%x/03m
Ko= 0,75 /n
— S
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WHEN YoU CAN MEASOLE WHAT Yoo
ARE SPEAKING ABOOT AND EXPRESS 17 /N
NUMBERS YOO kMOW SOMETHMHIANG ABoOT
/7, Bor KHEN YOO CANNOT EXPrESS 17 /1N
NOMBERS YOORK KMOWILEDGE O/ )7 /18 OF
AMEAGEE AND YUNISATISFACTORY K/A/D,

WIAAIAM THOMSOMN, LORD KEAV/IAN
/824 - /907

* K *
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R0

0,570
0,070 8.320 . /20
J 0. 255K
OS2 8
0
4234 |lal N
af o & $ N 9
i -d 03 \ S
o % o N
q_ ] ‘/% \
%
ol | * % ]
h " -
0{ |
4 M g |
'@
“Q
¥*o0.320 0. A
EQUIVALENT
NUT DIAM. M=20.7 4m
SEAT
\ \ 4/
- 0,/20
- ©./50
0./40
— =

EIM~-WEIGHTED (PAASTIC)
Yo—=Yo PROFIAE
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CONTEMPORARY Yo-Yo PROF/LE

Yo-Ya WeE)GHT
EIEMENT VOLOME (@ 2o 3m//'n3)
@ v=(E)ar-(rros24%)

= E%_“ﬁ. 270 (0.88D+(0.424+0.25%))
V= 0.634/n3 %x20 = /2.68

@ V= (x4). 210 (r+ &)
= (0.320-0.050) 217- (0.830+ 25— 22
V=o0.08¢ /n* x20= /), 72

@ V= (x-4) 2~ (r+ )
={0./20:0.690)-271- (e- 190+ i‘;’ﬁ)
V= 5,278 jin? X 20= 4,56

@ Y=gz e d)
= (o150 0.160) 277+ (8.080+
V=o0.02¢ /In® %X 20 = 0,88

0,/60
_T-)

@ V=(x-4)- 210 (r+2)
=< (0./40+0.080) « 277 (o,
Y= o0.04in% X220 = 0,28

0,080
r

YorYoHALE M = 20,72 g4m
Yo-Yo HALVES ,M = A4(.4 4m
——  — ——————————————

Noer&: THE Yo-Yo HAAVES PLASTIC MATER /AL HAS
A KHOKIN MOMINAA DENSITY 6F 20 gm/in’
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CONTEMPORAKEY Yo-Yo PROR/ILE
 AMp Ko CALCULATION
Yo-Yo ~
ELEMENT  MoMENT o ZNEKTIA Chg=m*s70 1)

@ A = MLE= MO0, 42450 M=12.08 x 16 kg
=/2,68x/07 ((0:880¢ (o424 0,280 125, 9x15 )"
A= 7987 xs0™? kg-m* 7987

@ A=EMr 2+ r]), M= 172 %00 2%g
= _’_'La_’)_,’.?:.’-. (e.830% 4 0.880%). (25,4 /0" )"

= 8/R xf0" P kg-m* 812

@ il =J{ Mlr*+ n:),/q-—.f.“ ®to kg

= &5 ‘;’"". (o0.190% +0.880%) - (z&4x/o")°‘
o /4J4xlo"kg-m’~ 1454

@ A =EMerd) M= o 4oxs kg
= 2'.'.’.!%‘-’-’—.:. (o.080*+ 0,218 ) -(a5.4xs073)?

= /0X /o"k’—m’* /o

@ A= M@ L) M=o.28x/07kg
= ’_""-2;4"—'-'- - (0,160 0.240%) 25,4 x 107%)*
= 8 x/0”% kg-m* 8

Yo-Yo Hares, A = /ozn*
Yo-Yo {ALVES, - = 20642

kgm* 207t

SEE PAGE 2-4.
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NOTS?

0.308 X~FrATS
0,345 X-CoORNERS

0./854D.

©. . © .
t08 | | oc.6H | 2:/08

L. 7640.
*

0.860

0.378D.

_;J _J[_ f R 7Z

0.8/
0,040 et >

o)
Yo-Yo INSEET AXLE BCREK 4 NOTS

(CARD, m=2.09m) (sresr, m=3.794m)
AN D
AXAE SLEEVE
(Bi1rcH, M =o.3qm)

COMPOMENT WEIGHT
Yo- Yo HALVES 11,4
INSERTS 4.0
AXAE SCREW ¢ NUTS 3.7
AXAE SAEEYVE -3

Yeo-Yo ‘forAL! M= 49.4gm




R4
Yo-Yo Harves Ao54+2

Insekrs (R cAzDS, M= 4.0 gm)
=L Mr*
» 4’°;'°" « (0.082 2574 x10°%)"
= 1004 %1077 kg-m* loo+4

AxsE Saxsw (STEEK, M=2.09m)

A =Lmp*
-3 -
= 22U (5,776 254110 3y*
=4 xr0? kg-m™ 4

Nors Breel, M= [.7q9m)
A =mlrrer?)
¥ i'-?-’;—"-’z'@&??' ol 0'160’9-(15,4#0”)"
A =17 x10°? kg-m? 17

Axie SLEEVE (BIRCH, M=0.34m)
A =2Mr2r2)
=‘i’;’.;7"_’3.(o.oao‘+ 0.189%)-(as,4xs6°)*
A=4x5kg-1m? 4

Yo-Yavoras A = 21571

& -m""xm'i

4

L
RADIUS oF GYRATION, Ke= (-;%-)a

=(21571 x15 Y49.4%/0°% )k

= S Ain
20,9 xr0 sz.fo/o"m

kg = O 92/.”
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NOTE; SEENEXT PAGES ROk
FORTHER HOB AND R\ DETAIA,

01?38
a.9%90

N
N

t
H
N
R. 240

\
AN

TS NS S SO

hac— 0,050R,

o.o{ok.—/ Y

rYP. ()

o.490

MODERN TRANISAXLE

Yo-Ya PROF/ILE #*
K arosminum



J.120O
©.T7]

;22\5%
/ *
4 [y
g °
1T @G
0,053
L . 3070
M
h o
o Rf-
o ®
Q9

©.219 _ |

”
| 0.052
|
s
o3

.0.038
. 0A7

“I

¢

@ R ELEMENT) SEE PAGE 35, REFERENCE No. &
AND PAGE 58 THEEEIN FOK. THESE DERIVATIONS

34,150,
q =L R3e.01745a-si8a) g:%.,T_lﬁ SINTO. S
= L+ 0iage™ (6,017450122) - 41 122) =3%. 0.250%. 5,461
o

g=0.040 /n*

RIM, WEB, AND LIP ELEMENTS
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RIMNM HER, AND LIP ELEMENTS

Yo-Yo WeEISHT
ELEMENT VoLOME (® 44-9m/in®)
@ Y= a-27C:-Ke

= 0.040:27-(0.870%0.174)
= 0,262 In® X44= 1].53

®

’ Y
v=(E3) are-(r+ 3)
= 2:22‘:%’-0—'17—1 e 27T~ 60,1'Q+2’;_ﬂ.)

= 0.031 in* x44= [, 36

V=0x-q): 210 (r+ )
= ©.038:0.77! .21(.(,,1,“.‘2%2!
= o0./11 in? x44= 4.88

V=(552)-2e. e3>
= 2:070:2:072. 277 (0,936  2-%252)

= 0.0// ind X44 = o,48

V=(x-q) -2 (r'+-f‘,:—)

= 0.053: 0.052- 270 (0. 938 .4.‘.’:%42_)

= o.al7 in3 X44= o,75
= (X2, o 1o,
4 ( %+ ) 2TV (4 0.576X)

= 1 :m’; 270+ (.9364 (0,576 0.052)
V= o0.013 /n* X44= 0.57

RIM, WEB, AND LIP EREMENTS, M = 19.57 an



RIM WEB, ANDALIP EAEMENTS
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Yo-Yeo -
ELEMENT  MOMENT OF INEETIA Cka-m2uss?)
@ A=M ko", Ko= 1044, M=/(.524m
= /. 53%46 % (04425, 4 x107%)*
A= 8/08%/07% kg-m* 8l08
@ A= MhkE2 M+ LY M=136am
= ).36x107% (@.2194- 0';"')'(:!.!Aotu:'a))’~
A= 199 %07 ka-m? 199

KIM, WEB, AND 1P ELemeanTs, L = /1 0)3

[
A=zmlrt4r2), M=4.68am
= '3~_.°;_’£'3. (0,219 + 0.990%) (a5 4xse"")?
= /618 xs0"? kq-m*> /1618

A =Mk 2 M3, M= 0,48 am
=048%6%({6.938+ -’4’—’;‘,3-’:3-)‘(15.1«/5 )
A= 298 %077 kg-m™ 293

A=E M@ 0), M= 0 753m
I ‘3-'?%3-‘-"’—'—"@.430“-4. 0.990%)-(2 8,480 )>
A= 450x /077 ka-u™ 450

A= Mk =2 M (r+o.576 43 M= 0.57 4m
=0, 57416 % (09384 (0.576+ 0 .0 52)) 254w D
A =325 345

Ke-m2xs0”1



30

ELEMENT

@

@

— <A 9 ~
[odl HOINRE:
S N i B
{ -
N=H® 3l
I Q
o
\l HuB
a,2/0 — *9._060
___o.250 _| . ©.280
. WEIGHKT
Vorume @1 4gm/i%)
A=5xg,ke=2y
\/=%.(x-g)-?~ﬂ-%’g
= g—'(o.z!o'o;zl‘))u‘lﬂ-%' 0.219
V= 0.019 [n® x44= o0.84

e 4
V= (x-¢) 20 5
= ©0,210+0.050 AT

V=o0.002/n%

V= (. q)-21C(r+4)
= 0,220+0,077 277 (0.1424-—-,-_——
V=e0.019/n

V =0¢q). 2 (r+ )

.Q5"
= 0.060¢ o,o:g.zrr.(o./éo-r-?—?i)

YV =0.004 /n?

0.050
———

2

x44= (0.09)

01077)

X44=

X444 =

HuB, M =

0,85

0,18

/- T8 aqm




Yo-Yo

3/
HuB
~

EAEMENT MOMENT o LNERT/IA (kg-m*xs5%)

@

®

2
J=Mko’“~"-’-M(-33“i-), /M=0.84am
= 0,84w0?. (3:220 2. a5 4x/0)

A= 3.66x,0°? k4-m* 3.64

-
A =ZMrE M= 0.693m
- o.oQ:zo'_‘ (p.050:25,4x15%)"
A = o07xikg-m™ (o.a7)

J"A‘M(ﬂ,"*h:), M= ©.85am
= 20854072, (5, /42%4 0,214 D (2 54%107)?
A =78.68%0714.m? /8.68

[]
A ='i'M(r‘.1*r':), M= 0,18 am
=282, o ets 0.2192) - (25,4 165

3
A= 427216 ka-m> 4.27
26.54

H03>_,l = 27,0
(karm*x1071)
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TREANSAXLE PAXTS

o
SRk
"~
7 Q
“—t_,
N
. S
g ] 9
.49/
AXSCALE

GAP screEwW (2)

0,980

AXICALE

AXLE SCREW

3

2. )19_,
>

0.185é

o./.u‘l
4 XSCANLE

BALL-BEAR/I/NG-

*

M = f.30gm (ZACR)

A=EmCr2er?)

L3oKie?

2 *(o.065% o, 142%)

r(R5A w1073
A = oxs0”Vkg-m*

M= /.30 q@m

A =tmer*
=.l.3°ax/o“'". (o.absa)
(84 x10)
A = 2x/0"%q-m*

0.063

2

»
M= o040 gm
A=tm ™)
- %;1433' (o.12P 1 0.15¢%)
‘(254 )tlo")%

A = gxsoteg-m

NOTE! OUTER RACE ROTATES oMLY

IN STRI)NG UNKIIND AND REWI/ND,
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MODEEN TRANSAXLE Yo-Yo
M, -, Anp Ko Sommary

M ~

Yo-Yo Harves (kg x/57%) (kg-m*x16%)

Zim (2) 23,04 16216

WEB (2) /2.4-8 3634

Lip (2) 3.60 2176
Hos (2) 3.56 s 4%
TRANSAXAE PAERTS

GApP Screw (2) 2.60 a0¥

AXLE Scr&Ew /.30 2%

BALL-BEARING 0.70 s

ToTAL: 47.30 22/07

1= 22107 x10" % kg-m*
—_———— e

\E_ /22/07%/0"9\% L
- < —— a-— ol -‘
ko= (M T\ 47.3x /d") = (467x/0°)?

= AL&xs0mx Linfasi4x0m
Ko= 0.85 /n
—————_

Fho Exror FoRk (680K ING THESE A VALOES |4 NECLIGIBLE -
FOK IGNORING THE COMPANION M YAAUES 13 oveEr 1o% ]
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Avrror!'s Nore

AFICIONADOS MAY REQOCNIRE THE
Yo-Yos ANALY ZED HEX E.

THE TRADITIONAL Yo-Yo HAT /T3 EARAY
BoOTS IN ANTIQOITY. THE EMBODIMENT
HEEE MOST CAOSELY APPROX/IMMATES THE
WHAT '3 NEXT Laj@. SOAID AND ARMINATED
MAPALE Yo-Yos IN CORRENT PRODUST/ION.

THE CoNrEMPoR ARY Yo-Yo ANALY S/5
VAES THE SPINTASTICS "TECHMIC! MoDEL
A POPULAR STYLE IN TODAY 'S MARKET.

THE MODERMN TRANSAXAE Yo-Yo HERE
/15 7PHE Tom KOHN S1AvEL Bouriar 2.

THE AvrHor HAS HAD NO PART /N THE
DESIGN O PRODUCTION OF THE FIEST TKIO
ENTEIES., THE SBRA PEOFILE /3 A Tom KUHA
CREATION FIRST PEODULCED /1) HIS FAMO O
FIXED Axi& SBL.

THESE THEEE STYAES ARE GooD REPEE-
SENTATIVES QR Ya-Yos tN WooD, PLAST/Q,
AND AAUMI/NOM. No SRIGHr OF THE MANY
OTHER F/NGE PEODULTS /d /INTENDED OZ
INFERRED.

Haprpy DAYS -

Worn s Tz




T T WSS —

LXg

REFERLEMNCES

3.

MACHINERY!S HANDBoOK, 23%° £DiT/0M,
/988, TNDUSTIRIAL PRESS LiC., NEKl YORK N Y.

FUNDAMENTALS 0F PHYSICS. HALLIS4Y
AND RESNICK. , THIED ED)T/ON, /P88, (oHN
WILEY AND SONS, NEW York AY.

MECHANICS, A.P. DEN HAZRTOG, /F6/,
DOVELE POBLICATIONS TNC., NEW YorK NY,

TECHMICAM PHYS1CE. ABAMES . SOLAIVAM,
1488, (oHN WKIIAEY AND SOMS, MEW YOEK MN.Y.

ENGINEERING FORMULAS, FEAMK S/MS,
1999, INDUSTRIAL PEESS TNC., NEW YoRK N.Y.

THE CALCUAUS TOTORING Book.. CALOA
ASH,RoBERT B.ASH, 19185, rHE TNSTITYTE
OF EAELCTRICAL AND ELAELTROMNIC ENGINEERS,
NEW Yok NY.

* %%
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CLA/MERS/DISCLAIMERS

1. 03146 THE APPROXIMATION ko2 Ps (PAGES
10, I, AND EASEWMHERE) UNDEESTATES THE
MOMENT ©F INERTIA A ABOOT R Ve AMD
THE RADIOS 0F GYRAT/ION ke AESS THAN RDs
FoXR EACH oF THE YoYos ANALYZED, CUIE
OF MORE COMPLEX AMD FLIGCHTAY MOoXE
ACCUXRATE TWNrEGKAL CALCYADS DER/ VA~
T/OoNS | S AVOIDED, Ax 13 SIGAKIF)CANTAY
CEEAPEXR EFFORT,

R, 7O MY KNOWALED GLE AND AFTEE MUCH
CHECKING, CROSS-CHECK/ING, CORRECT/NG,
AND KECHECKRING, THE METHOD S AND THE
AZITHMET /L PREESENTED AL CORRELT,
MY APOACGIE S 70 ANY READEXR.  FINDIA G
ANY ERROR(ST), AND MY APPRE/IA IOA
IF YOO KIAL WRITE TOo ME oKX ANY FOUAD,

8. UIEXRS oF THIS METHOD MOST ASIOME
FPOAA RESPOMNSIBILLITY FOR RESOATS
OBTAINED ok THI/IS AND OTHEL ENG) -
MNEERING APPAICATIONS,

4, MEASUREMENT DATA FOE THE Yo-Yos Q/7&D
HERE MAY DIFFER SICMNIFICANTRY /N THE
MARKETED VERES/ONS.
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