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Due to the fact that machinery consists of many mechanical parts which have their
own tolerance; therefore, the assembly of all parts with regard to tolerance causes a
variation in both the function and the shapes of the machines. One of the most important
factors, in terms of mechanical functions is that of kinematics. The kinematic model is very
hard to develop for more complex assembly. Hence, in this research, a neural network
model to predict changes in the displacement, velocity and acceleration of machinery is
introduced. This neural network model could be applied in both simple and complicated
assembly. The experimental results indicated that the proposed model can predict the
kinematics of machinery with a high degree of accuracy for both nominal size case and
parts with dimension tolerance case. The benefit of this neural network model is that
designers can estimate changes in displacement, velocity and acceleration of assembly
parts very easily when the dimension tolerance of each part is changed. In this paper, the
back propagation neural network (BPNN) model for predicting changes in displacement,
velocity and acceleration of the elements of machinery were introduced. A real industrial
case study employed a crankshaft with a connecting rod and cylinder. It was found that this
method could provide the most accurate results in terms of displacement, velocity and
acceleration, for both the nominal size of machine parts and machine parts with dimension
tolerance. However, the new method introduced in this paper can only be used for
dimension tolerance and cannot be applied for geometric tolerance. The kinematics of this
mechanism for thirteen conditions was employed for training in the BPNN model. These
conditions included displacement, velocity and acceleration of point “A” at the degree of the
crankshaft (9) = 0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330 and 360 degrees.
There were thirteen sets of training data and by employing these thirteen training data sets,
ten BPNN models were used for training. The average accuracy level for each model found
that the five-six-three structure was the most suitable. Obviously, since the average

accuracy of the five-six-three structure is 95.130%, indicating satisfaction and value.
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2.2 Tassadszamiisanaznisdszand lof
2.2.1 lassinedszanifion (artificial neural networks)
Aalutaanivamaaaasnialulaan19nauiiees#1nsulIEulaNa
FUIMLLLABUUATWIAES (connectionist) Liad1aasnsrinuvadtaIadnulszannluanes
6 1 =) a A v o
sued laslasstisdszanifisaiinnuainisnluninSouinisaadzduuu(Pattern
recognition) LazN13§$19AMNILMA (knowledge extraction) LFuAEITUAMNEINITANT N
6 & [ a A % dl dl a a v
suasuusd lasnildudinsiianzdlasauniadiioimyauisnnazfauazianzild
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. a v o & A
ugmﬂugﬂLLuumaaIﬂsamwzJﬂszaﬁwLwyu AL WMI WV Taat I8N (nerve cells) o9
Ad A a . oA
V139N BNL1991 %130% (neuron)
a n' (% a a‘i’ v =S [ Y a
wuIRaINdwranafiaitlaniainnisanelasedns WA G AW
. . .& v a
(bioelectric network) luanas TiUsznauale taslszan wIe "HI5au" (neurons) LAy "34)
UszaulszaIn” (synapses) waaztoasyszanisznaudisdanalunissunszuadszann
A ' . . A = . ) A '
3un31 "awlasri” (dendrite) Toiilu input azdanslunsasnszuadszanisonin "uaawau”
& & A 6 6 0 c‘lp o 2 Aaana LY a di a
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A A o o o o oA A ) A A A o o o v
FevzdanwmeaaronuduldfdnaannlufudazisuazsnniBenlosnudrodrdn lag
fudsznaunisvinaunanaesinsdssandetsaadszan LLazmjmLsﬁaa‘ﬂi:mwﬁfmzﬁmi
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awlunuy ldiduduass (non-Linear) uazdLNaNagaTnEaanin
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WMy ad1eNn agelsidmasdszamenasssumaninuaiisiudsznauiugiu 4
\ A [ ' , A a A A A | & . '
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https://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%94%E0%B8%A5%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%84%E0%B8%AD%E0%B8%A1%E0%B8%9E%E0%B8%B4%E0%B8%A7%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%AD%E0%B8%99%E0%B9%80%E0%B8%99%E0%B8%84%E0%B8%8A%E0%B8%B1%E0%B8%99%E0%B8%99%E0%B8%B4%E0%B8%AA%E0%B8%95%E0%B9%8C&action=edit&redlink=1
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Dendrites

‘) Svnanses

AMWLsznay 81 LEAIANNRNNLTVRITZULUIEEINNG 4 &% (Maureen Candill, 1989)
ﬁm: http://kb2tmp.psu.ac.th/psukb/bitstream/2553/2132/8/284819_ch3.pdf
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http://kb2tmp.psu.ac.th/psukb/bitstream/2553/2132/8/284819_ch3.pdf
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1) mM3Fuud (learning) lasstnadszananuianiSauinnger naaun lavi
ﬂ'm”Jaulﬁ’lmmhsﬂs:mmﬁmfléﬁ‘%smj
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U = =1 U g; a % 1 =)
AU L LUTERINNNTUTE A NAL U LA AN AU T ANy Te RN g
1. MIUTNIBHALLLAILEY (traditional approach)
& a 6 v 6 o gﬁ [ 6 (%
Lﬂuﬂﬁml,ﬂﬁ:ma;&aimmws muumwmnimgﬂngﬂ‘[ﬂumiwwm
% Aa KR
aanasnuuazldsunya
2. Mmsdszananauuulassinedszanifien (neural network approach)
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WANE 9 LAaUIZEN TIGNNULLLAILAN Ao magmzmu"[ﬂu%mummm MINuAaYA
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Ao uszuudsainaunis (fault/error tolerance system)
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Wandanwnoly wazandaunITuNay m&umsa%’ﬂﬂma*ﬂq gilvernioulwi el e

G131 3 URAITDLANGIIY El{'lﬂ’]ia@]LLﬁJ‘]JIﬂiﬁﬂi’] gz NINLUNLNNIAATIADUNILG E]?(
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Process digital data in binary form.

Process analog signals that fluctuate

continuously

Make yes/no decision based on

mathematical or logical functions.

Make weighted decision based on fuzzy,

incomplete and contradictory data

Rigidly structured sequence of operations

with predictable results.

Independently formulated methods of data

processing.

Definitive answer, given enough time.

Approximate answer to highly complex

problems.

Sort large databases for exact matches

Sort large data bases for close matches.

Specific data storage.

Associative data storage.

2.2.3 BanmI¥inew
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Fayanisnasasludeaiulduaasliiduinaaddizamniadaine,
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Output Path

Transfer é:

W,

Processing
Elements

Xy

o 6 =
AMWUIENaY 82 LRAINMINRIBILTANU IR NN N

‘ﬁm: (Dave Anderson and George McNeill, 1992)

2.2.4 M3 Tawsvadlassanulszrnifiay (learning of neural network
¥ g



63
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2243 ﬂ’]iL%ﬁlujL%Gﬁdﬁu (reinforcement learning)
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31N (Dave Anderson and George McNeill, 1992) wIAAUBILTRRUITEIN
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1521AN A%
2.2.5.1 dsztann1Ianalen (prediction)
2.2.5.2 dszlnnM A0 URNIANY (classification)
2253 ﬂizmwmﬂ%aﬂm{fagﬂa (data association)
2.2.5.4 Y3zlANNIZLIBNIINTNANAA (data conceptualization)

2.2.5.5 diAnmInawniaddaya (data filtering)
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shalaseing 1as91e msld
Back-propagation I%Gi’lﬁuvgmﬁaﬂ’]mm
Delta Bar Delta Lm@M@l
n1IAALAN Extended Delta Bar Delta
Prediction Directed Random Search
Higher Order Neural Networks
Self-organizing map into Back-propagation
Learning Vector Quantization 1‘5@1"15%1/!@11,17\16
MIIANRNIAN Counter-propagation MAUANITIARUIANY

Classification

Probabilistic Neural Networks

A o
mimauimma;&a

Data Association

Hopfield
Boltzmann Machine
Hamming Network

Bidirectional associative Memory

WA auNU Classification
LL@iﬁ%’%:ﬁ]@]ﬁ‘i’]"ﬁaHa‘ﬁﬁ

error @‘T'] |

NITUIBNITRINANUAG

Adaptive Resonance Network

'ﬁmﬂzﬁ’éuwmﬁ anny

Data Conceptualization Self Organizing Map ANFY
MINAUNIBITNA Recirculation lREyImaune
Data Filtering Bouailaue

‘ﬁm: (Dave Anderson and George McNeill, 1992)
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N19A1ALA" (networks for prediction) ®3a TmoqhmLLum’Jau"lﬂ*‘ﬁ’m%ﬁﬂ@ﬂﬁmiﬁmuiuuu

daunsu uugnamludud 1970 lasannais 9 wnsauazdunsauiamiiunuadng

83z 1o uiuﬂagﬂuamﬂ@ ANITNLDANTON Lﬂ%'u%%aLLmJLLwiﬁauﬂﬁuﬁLﬂuﬁﬁwqaq@ LR

v A A a 2 o A ' o o & v o o ' P P
gINUTZENTAINNN SQNQ\‘]UG&I@Y}W&N’]Uﬁ’]ﬁiﬂﬂqiLﬂu@uLLUUaﬂ%iUIﬂiﬂmqﬁﬂizaqﬂLﬂﬁuﬂ

L v J d [ a Y ¥
ﬁﬂ’)’]&l‘ﬁﬂ‘]ﬁa%&ﬂﬂmuﬁLﬂ%LL‘]J‘]J‘Iﬁﬂ’]ﬂLﬂLEIE]% IG]ULY]ﬂ%ﬂﬂ’]iLLW'iilﬂ%“llE]\‘iﬁﬂ’lﬂ(ﬂ ANIINLUU D
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wuldgnlflunasuanniiadudioiu uazdilinaderiavaslasstnsrwalngludiuvas
UMM Anuandiuwly innzlaudandrdyveanaiia fa STmaihauuuyld
a [% . Aa ' [y Aa | @
\B9Ldw (non-linear) NAANIRINzRUAan LA ywInday ldTaian
lasstnsdseanifisunne o asabLUUARN T N NHUAULLY Ao
AIUIURIITUBUNG (input layer) WilaTulandwa (output layer) uazatnaaunibaTusan
. AL o . a & A Y o @ A o &
(hidden layer) T9ansmzaadlasstnadszanifiouns WiTasnaningejdesiwiusasni
] , @ o A & & . & ° { o i
Tow LAAINLUUABRL LI NINHITURIaFaITULYIN %Y Lasu1In s wiuidyni
Fudanazdasiiodidoungadsu (MUTutaw NURIITULONANA) wiazTwTandanuTun

AN AILEAIlwNIWLIznaY 83

Outputs

Output Layer
Hidden Layer

Input Layer

mMwisenay 83 snnilaunituvaslasiangdszanine s
fw: (Chester, M., 1993)

91N (Dave Anderson and George McNeill, 1992) ‘ffu %guauv!mmz%mmﬁv!m
madimoﬂi’]Uﬂizm‘ﬂL‘ﬁmmuﬂummamﬁaﬂ’ﬁ”l%amaoﬁaya (information) lsn3zuIUNNTVD
M33ondnsanisunsnau lagnisisongniin LﬂumzmumiﬁﬁaHa%uwmﬁiﬂsaﬂwﬁ
lésunsHnaanuan LLa:Sa%'uﬁmauﬁLm@Tv!mI@mmmﬁyuLﬁﬂmhmwmmmhw%a@h
anwRanaanmIunidaunaulutiwainiszundn la mzl%‘l,mmzmmmhﬂﬁﬁaL‘%wﬁ
afmﬁayaq@ﬂﬂaau $1antnuazdrwanlnnalundaztruwimdulnad an15h19wa e
Tm\ﬂhﬂLL'um’Jau"l,ﬂ‘*ﬁﬂmﬁﬂLLa:ﬁmiL’%miLLwiﬁauﬂﬁu TogFsmaniiluisnazidonsausnn
waziudsdzvasinesnuuulassing laslifdaauiianadivssuineniwiunisesnuuy
Taseaing a:ﬁLﬁmﬂgﬁ"qvlﬂﬁﬁfﬂ%%'ﬁLLazﬁmﬂsmulmy'ﬁﬁuﬂﬂ%umu,azﬁmmﬂgﬁ?u
sadialuil
npfi1 Lﬁ'aﬁagaﬁuwmLLasz@T‘vg@ﬁéfaomsﬁmmﬁwﬁufﬁ%’uﬁaumﬂﬁu

o ' &, Y
JUIN mawmﬂﬂsxmawaslu*’ﬁwﬁauﬁmﬁ]zmnmumﬂ
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ngN 2 danszuannmIsensauandunasIwaanls NeaIRITRTo WA
nzuIwMI LN TaLs N uTwaaw larw Nunadn lda1avinlwaunnandatneine le we
22 Wl TN I53I0eN

P a v =] [ ] & )
nyn 3 ﬂimmmagﬂamiﬂﬂaﬁw BULVAVUYDINRWT UﬂiﬁN?ﬂNﬂl%‘ﬁ%‘ﬁa%

mMwisznayu 84 lassrnulszaniieunuy feed forward Back
nun: (Dave Anderson and George McNeill, 1992)

2.2.7 anwalassinsdssamiisuuuuunisownay
. o i & 4
lasstn sl aMABULUDLNITaUNAY RIDUULINESITNATOURRUTUDI
Il wauiduaduh anumenan g askae
2.2.7.1 S1IRTU69 9 lasstnedszanifisnazdsznaualutudni s fa
& o & 4 U &
TUBUNALBANG LA TUTOUTIILDEITNIWNTUBUNALAZTULD1ANA
A ) ) & & A o P &
2.2.7.2 MITaNdaIZAINTUAN G wu wTansmznnn g nualuTu
dunanuazdidyyralldinn g lnualusuden uaznng lnualutugauazriinises

>

%
fyanmdie ldslnualutuiondwa
2.2.7.3 Myhauastudng g wu lusudunaszliinslzananale 9
niEw i fiisauaiudygraniedeyaiiudinszaseanlddudazlnualusudou
. & & & & s & Ada P & =
gauTudanuazsuiarawau utuninisdszutana lasawd 84 azdunisuaasiia
> 1 g: & v g; a
snwuzvadlarnadszamifisauu e Sawa TauLULRAETY T99zliznauduTUuduna
TUFaUIWIN 1 T8 uazTUsaoGHalasudazlnuaszgniendenuiulassiny

228 ﬁmsﬁﬂufuumwiﬁauﬂé'u
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[

1T LU ULN AT L TN A TA WL L LR AU TUR IR DUAAITh A9 btb
Mwudsznay 85

N\ L Wit . ;
L ’: ‘k _Wes ;_f .\ % ? '7 > 1 &
\ \ J
X, \__“/ ¥ f N oo, 2z,
- X, WX o — WX X -
& \.' ¥\ a O\ e, L
—4( A ) % » G a p— c - ’
X, N/ 9. VANV 7 4 Z
XN AWK/
X3 " \; re= Y ¥ -~
{ N : ‘f/ \n Yy \- e, !
—_ > | S i ¥ e( — > i —
X 3/ N/ N , 4 z
g S s OUTPUTS
N W N\ e ,
—f ¥ > ¥ o ) > -
1 J \
Xy N 1 Nz o =, B
' U
N ’
: “';: \'\l( ;i‘l'\? MIDDLE LAYER  OUTPUT LAYER DESIRED
. NEURODES NEURODES OUTPUTS

NODES

mMwilsznay 85 annilasnITnwadlatitng e e iU ULNTTa Nl
nu: (Winston, Patrick Henry 1992 : 443-469)

AMURNEVILU A9 9N 1T Laasauladng g wisuanunang
x, = Bunalnuafl n Inivua N laua
Sn= LONANATBITUT AU NauinmIUTuAT (activation) 1w vy,
Y= WONGWATDITUT AU NAITINIUTDADRIlRUAT m dTsnua M Tnua
v = LOAWATRITIENGNA raurinIUTuA (activation) 1T z
' (3 AV oo [ ' v & & A LA &
7= Aanawaf levinusududizestmandwalnuad j insmaa J aua
. ¢ ds e ¢ 4. Al
t = dandwandasnsnTmandnalnuad j insmua J lnua
Wi = WIARNUBIEWTONTEWINTUDUNS NUTUT U
Wy = thwinvedduTonszwinetugau nuTwa1dne
(% a vl ] 1 =3
n = 8aNIauuiA1agIzINg 0 A4 1
o P o = v A & o PN
r = wnuwsauiiasyinmaiFoui § R iudwiwsaufiimue
q = Swnugavasiayadied § Q ludiivue
= drflawanavasdayadiatng

E= mﬁ@wmmﬁumﬁwaﬁa;&aﬁaama

229 {l’u@]’r]%ﬂ’]iL%El%ﬁ“lleIﬂid"lhil'i.]itﬁ*ﬁ‘ﬂL‘ﬁ HNULULNITDUNAL
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wiaduiuaaudssolus

2.2.9.1 ﬁmum‘hmﬂ%u@lu%uﬁwm (n), ﬁﬂuauIﬁu@1u§uLawﬁw@ (),
srwnlrualususan (m) I1WI% 1 TuTam LLazﬁmum‘hu’mﬁagaEuw‘@LLafzﬁaa&aLm@M@
@iamﬂ‘lfm:ﬁﬂmiﬁmum‘hmmaugjmq@ﬁﬁlzﬁﬁmsﬁwﬁ (r) senRanaafivansyle

2292 ﬁmu@@hmswﬁLmaﬁ‘maaé'mwmiﬁﬂui (n ﬁa%ﬂuﬁ'sa [0, 1]

2293 m‘za;'(m{mﬁm’%'wﬁulﬁﬁunﬂ gdwdanlpamelulasitnadszam
el 2 oo laslieagszwin (-1, 1]

2294 %’umﬁuvgmaﬁa%lamLLsﬂ%‘%mTayaLLmLLsﬂ ol lunsduaamn
Anandwavaslasitnudszannifiua

2.2.9.5 AAnAANaTINYEI Inua luTwton (sy) MAWHIINIIUILANTING L
ﬂaﬁ%’um:@ju (Activation Function) WdnTuTnaasa %aazvlﬁmmaﬂﬂumlu%”'wﬁauﬁagjislmi'm

[0, 1] laadeaziduaasgums 2-1 59 2-3

ﬁﬂLawﬁw@mao%’usﬁauﬁauﬁ’lmiﬂ%'um AIFNNNIN 2-1

W =

Sm =E;'.='. Hy  Wom (2'1)
mLm@Tvgmaa%’wﬁau%é’aﬁmwﬂ%’um AIRUNIN 2- 2

v =f{
v_=f (5,

) (2-2)

WInTunlTUsua f(x) asgumsn 2- 3

flx)= (2-3)

1o

f(x)
1 A

_/

¢) SIGMOID
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MWLTzNal 86 LRAIFNN LAANNWIRTUENNDLG

2296 @‘hmm@hLm@T‘vgmaﬂﬂu@hfmmﬁwmﬁaanmﬁﬁ 2-4 NHIHN
msﬂ%’umwﬁmmi”';mﬂaﬁ%’um:@uﬂo%’w‘?jﬂwami‘ aagun1In 2-3 Tz laarvalnna i

dWaNag9 [0, 1] z%m%’ummaomé’wﬁ‘lﬂ%uwaﬁmmﬁwmﬁu RAININTUTUALER

it
m=1

mLmﬁvgmawﬁ'w,a’]ﬁvgwé’aﬁwmsﬂ%’um AIRNNIN 2-5

AIFNNTN 2-5

z;=tf “\'J.} (2-5)

2297 n'ﬁmﬂ"m's'mﬁ@wmmaa‘[mﬂuﬁmmﬁw@Lmzﬁwmsﬂ%'uﬁmﬁfﬂﬁfu

o 6 d' o v A 1 a s 6 d' o (% d' 1 a

I@ﬂmsml,mmgmﬂmmm"lmsal,ﬂmumyunmm@wmﬂmv\u@% N ARIANIANURANIIAV D
ﬁa%m I@]Uﬁﬂmﬁ@wmmaaﬁagaﬁaﬂﬂfhmﬁ@wm@ﬁﬂaw%'uvL@TLLﬁaﬁfuImmhyﬂim’]mﬁ gun
ﬁlzﬁﬂmﬁuﬁagat‘qma"LﬂLﬁﬁgﬂmwhﬂ Taga lulavinnsdsusinnnnusinulassinglszamn
LﬁumzﬁwmﬁuifagaLLmﬁ'@VLﬂLLa:azﬂé'uvLﬂﬁﬁa 2295 LL@iﬁﬁLa"Juﬁagamq@ﬁmmam]”a;da
wa2ti 32 lUvinta 2.2.9.8 mmmﬁ@wm@lmmammmaaﬁaga AIFNNNIN 2-6

'.i‘:;):; Tf_ ) ':t_i' Z} 3§ (2-6)

- =

msﬂ%’uﬁmﬁfmzmwﬂﬁu@lufwﬁauuax"ﬁmm@Tvg@l AIRNANTN 2-7

wizl= vt Za (192) [2¥ (1) v i (y)lis ) 29
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2298 ﬁ’]mm@hﬁ@wmmmmﬁﬂ (mean squared error : MSE) lunﬂ 9
untaya lasiARanaavaiudsunIvITatayanTINAY wdvmamaaae Waldle
msma%aaudwaﬁwﬁ(mamﬂ 9 ?Ta%msl,mwiazsamfuﬁ@hﬁa ﬂﬂ’h@hﬂmwm@ﬁﬂaﬁuvléjlunﬂ 9
umdayaniald lasdn  drenuRanaeseauivldliantond A fenaNuRanNaaLaaY
mﬂﬂ'j’]mﬁzlaw%’u"l,d’l,ﬁmmaau*hvlﬁﬁ']m‘n‘%muﬁmumuﬁnmm’mﬁﬁmu@vl,’?ﬂ%a"l,&i asuy
udr aumaioud wdddsldasulinauldvinda 2.2.9.4 nal %aﬁﬁaﬁuﬁumﬂ%ﬂujiaulmj

NMIAANANRIATINULRNEY GIRUNIIN 2-9

1 A
- Zaic (2-9)

ToAuAzTLFEUDINITUUTUULUNWINAL (Dayhoff, 1990)

W06 Ao mu’%muiuuuLLWi’ﬂé’uﬁfm:ﬁmwummmlumiwﬁﬂgﬂLLmJ
& v ] Qs { v Q Q v v
mmiﬁﬂuguuuLL‘WiﬂmJmmmﬁﬁ]zﬁﬂugmmauwuﬁmaagﬂuuu"l,mnﬂmﬂ Tmmiﬁmug
LLUULLwiné'm‘Taaﬂﬁéf’aaai'mgﬂl,muﬁa:ﬁmj mmﬁwsqiumaan’m%mujagjiﬁmmvsmﬂvﬁmm
lunseanuuumaiandls 9 1ow wauan @wdanles Siwiunlnualundazowi larinnns
o ; =1 1 dq’ o v s v ] = U 6
AAUAT Immmmﬂqumm vinlw nsEsuiiuuunwinaumunInuidaywaudszynd
leagnsannuiy

U o a =} 1% =] 1 = v A

da31na Aa NIskIaNInlwn T nrawlasstnedszaninanliiie

MIREUE MU EsRIUAT Y
2.2.10 M3IAUTRNTNN

?ﬁﬁmuumﬁagaﬁﬁﬂmygﬂ *100

Aanugndadadtays (%)

ﬁﬂmmm’rﬁagaﬁmm

2.2.11 miﬂszqﬂ@ﬂﬁmﬂhUﬂizmmﬁwlumuﬁm@m g
Wasananumuinlunistou n13aedn wazdinawgdnssunig
. A o 2 A oy x> ' A =
mﬂmwmaas:uuiﬂiamwﬂﬂs:mwmwmnmagaﬂg@Nﬂaauwﬂauiﬁﬂuiﬂiqmﬁﬂ Fadung
AT wNTUTow Lazlwd 1wNan1IHi19 %09 1A 79918 U T8N 83 T ﬁﬂﬁ‘%’uﬁagam‘s
=2 Ao & ' A ° Y ' o o AaA
Hngaunanu lassinsdszannifionazaunsainanulueuengg fniuTanasaunilenany
] o =3 v Y o v (% dQ/
waindngs ﬁmVLmJ;dmmﬂszgn@ﬂmmﬂmﬂ%mﬂ 9%
% % 6 (% L% 1
2.2.11.1 mulumumaamsaﬂ@aaﬂmmgmﬂgmmagamm@‘lmy
2.2.11.2 muluﬁmmaamﬁma‘hgﬂLLuuﬁﬁmm"LmLuuau LT R8N

ULTUG AN L
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2.2.11.3 uluaun sl md W Is T urIan1TU TN AN NTNNUT
(laa@nsimuadunauaziandne LL(v’ivL&ivLﬁﬁﬂ’ﬁS:‘qu’j’lauV!@LLQZLE]’WTV!GI%% SaNUFNNUT
nuagls)

2.2.11.4 awuluﬁwunwﬁwmwyj’LLa:mSLLsmLm:’éwaw%"ﬁaya

2.2.11.5 nuludwmnsvimwg u wensaiema wensoliu

2.2.11.6 Nuludrunsdszgndldlasiiisdszamnifisuiunisaiugu
AsTUIwMINELed las3wennsaliuudiaad (Model Predictive Control)

2.2.11.7 nuludrumsdszendlilasidvdszanifisuuuuuninizag
ﬂé’ulunﬂsﬁﬂuwmwé’amumm?auﬁamua%iiué'aaﬂﬂws

2.2.11.8 Nuludruwnshilasstrsdseamioslunsmlolaswasnmin

msﬂi:qﬂ@ﬂ%ﬂwﬂmmzuuﬂixmﬂmuqm:uu HVAC

2.3 NINRAIWIANNIIIAAIEAS

NnHRWITETIRI AR auivasnalniwatainissdrsllsunsy NX Motion
Simulation 18918168 (2555) G9rinn1san s le g s 1ouuy 39 Il g wLUU LS8 9N
Lﬂ%‘lau"l,mﬁwiﬂmmu Unigraphics NX 7.5 Motion Simulation ﬁUﬂ’liﬁ’lu’Jmﬂ’ldﬂﬂiﬂﬁ 14
anuLAnas i el [ arIAT STBENIMITIAREUA AN LAZANLE 2999 NFU e
Lwm‘*iTam%mm‘;uﬁmmmﬁamﬁ' 1200 soudawf Galwnnssiaasnisadenlnald
mmﬁu%uﬁmmﬁﬁa 7200 degree/sec (1ludn default vaalilsunsv), uazlfanuindiyu
A9fida 125.66 Radian/sec #1MSUN1IEIWITE WansAnEAINLITanulnddsetuuin ue
ndieilaslueaduuuilismamnasgin Gednmnlildmnuadianuamaaionms

a o o A‘y a ﬁ [ a 6 o s J
LIV TUAATNNIAIZN ISO 2768 RN1AIUTUITNITI DIRNNUINURUNITAIU

ALLAUS (Position)
S =rcos8+/1° 1% sin” 8 (2-10)

A21UL37 (Velocity)

r sinfeosf

v =-rsin B - (2-11)
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A3 (Acceleration)

r-cos @ =58 1 sin” @ coz” 9
a=-1cosb-/——- /—— -— 5 (2-12)
WITresmT 8 - smT 8 (V12 s 8)
P
lagf
A = A a o & @ 2
S fa 3$U$ﬂqﬂﬂ§ﬂfgﬂl’ﬂﬂﬂ%ﬂ (3@@]’]1]LL%Q?@ﬂuﬂﬂﬂqﬂLWﬂ’]TaLﬁ’JUG@]’]?JLL‘W)

Lé“umugmﬁﬂmaﬂiw angu)

| AB ANNINIMBFY (TTUEWNTERINRANINFUNURANTUGL)

X Ao qwauwmﬁamfﬁ'm

r Ao szszmnfg@ﬂuﬁﬂmwauwmﬂ’amfﬁm FusatIagwinaIGIwL
POIWA T BLAD B9

v Aa ANUIIVBIRANINUFY (i'mmul,l,mag@guﬁﬂmameﬂ’am%mmmm

\WuRBguInaINITUaNgY
a A8 ANMULTHIVDIFANTIUFY (FAAULIIIAAUENATINITRIRI LI WU

WU BEUENAINIZUANgY)



UNN 3

ASALHBN1TIVY

1umﬁﬁ°fzm%'aﬁ§3%'ﬂ"lﬁﬁwmLLuuﬁwaaom‘%aﬂimﬂs:mmﬁwém%’umsﬁmw
NANITNULY GD&T @aN1TYN9Nua8Ina btNANTawIsd laawaTatodseanifoun s lu
a a‘lpdl . = a A P a g
N13738UAa back propagation neural network TIFELWITNTUINIILARDUNVDILATBIINTINAL
ATDUARULANIEATITNIZIA AINLTI UAZAIALTY Lﬁ'a°1hﬂiﬁgaaﬂmeﬂ%aﬁmﬂmwmm
ANUARIAIARaUTaITUEIULARE TN aNazAaulRANARIaIRaUTIN (THIUIAUAS
3U3) 29LATBITNTNAUU N FINANTENUIRT AN AR O UNUAZFNTANIINAVBITUEIN

LA3899NINAAA LN design specification @3N WUIznay 87

MmMwilsenay 87 ﬂ’]Wﬂa‘lﬂLWﬂﬂﬂTﬂL%%ﬂ\‘i

1. gulnsatdmSuaRnanian

1.1 \3asnaufinians 1 10309 lddmsumsrnuussUszananazasldsunsy

1.2 lsunsuladalisa (solidworks premium 2016 sp1 x 64) LElumsvinwuy
cad modeling

1.3 1U5un33 microsoft matlab version 2016 Ma319uuLdIaaIAIaT8Uszaniiy
fNIUNIVWINENIENUVDS GD&T

1.4 1U5un38 microsoft excel version 2013 lfﬂszmawaua:umﬁayaﬂﬁmﬂmi

AU



74

2. NTALRBINBIDE

MIANENMINA WDV IR8AT28UsEa NN oUFIRITUNN TN ONANIENLVB 4
GD&T donsindaniiuazauiianionasasiudinaiassnsna SneazBuauesmsansnns
nanod i
2.1 fwuamsanelagidanna lniwandaiwdes Lfial,wmﬁam’ilmmuﬁwmﬁm%a
a9f 1200 s0UAaUT %alumﬁhaaamsmﬁauvlmslifmwL%u%wwmﬁﬁa 7200
degree/sec (Lfluﬂ"] default maﬂﬂnmm), wazltause L%agumﬁﬁa 125.66 radian/sec
fINIUNIR WA
2.2 FmIenEMIsaNLULLALIMHATWAasTuEIwNa Inwan laurd
221 tWaTawded (crank shaft)
2.2.2 MuFU (connecting rod)
2.2.3 gngu (piston)
2.2.4 nyzuangy (cylinder)
225 LLiﬁia (bearing)
2.3 ﬁ’m'ﬁﬁﬂmmmgmﬁlﬁflummsﬁlumiﬁmu@ﬂ'ﬂmmmm@mﬁauma
edialagiianldunasgiu 1ISO 2768
2.4 ¥nm3ans3ITnslalusunsy lodal3se (solidworks premium 2016 sp1 x 64)
lun3¥iuuy cad modeling
25 ﬁﬁmsﬁﬂmmii:qmmSﬁmmﬂm@mﬁaumaLimmﬁmimLﬁﬂﬂW@iWﬁ@]iﬁN
ISO 2768 - 91313 4 “71' tolorance class - m (medium) LLazaaﬂLLuuéumuﬂ'atlﬁ%UIﬂiLLﬂm

lo8ai3sa (solidworks premium 2016 sp1 x 64) AMNAITIIAIHE

319 5 A1ANARALAR WY DITUI

AANUANALAROUTBITUINUA - ISO 2768

TUIT
nominal minimum maximum
@ crank shaft (mm) 60 59.7 60.3
@ connecting rod (mm) 60 59.7 60.3

connecting rod length (mm) 120 119.7 120.3
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2.6 M3ansITnslalusunsy lodai3se (solidworks premium 2016 sp1 x 64)

lun13¥in assembly kaz¥innNs assembly TURIBLBHANAITIE 5 GUa19%

@179 6 NMINRWALLUNNT assembly VaITHRIULDEY

ANANNARIALAR O UVBITUIN AN - 1ISO 2768

HHE @ crank shaft (mm) @ connecting rod (mm) connecting rod length (mm)
1 60 60 120
2 60 60 119.7
3 60 60 120.3
4 60 59.7 120
5 60 59.7 119.7
6 60 59.7 120.3
7 60 60.3 120
8 60 60.3 119.7
9 60 60.3 120.3
10 59.7 60 120
11 59.7 60 119.7
12 59.7 60 120.3
13 59.7 59.7 120
14 59.7 59.7 119.7
15 59.7 59.7 120.3
16 59.7 60.3 120
17 59.7 60.3 119.7
18 59.7 60.3 120.3
19 60.3 60 120
20 60.3 60 119.7
21 60.3 60 120.3
22 60.3 59.7 120
23 60.3 59.7 119.7
24 60.3 59.7 120.3
25 60.3 60.3 120
26 60.3 60.3 119.7
27 60.3 60.3 120.3
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2.7 fm3ans3ITnslalusunsy lodai3se (solidworks premium 2016 sp1 x 64)
14n13¥i1 motion simulation
2.8 ¥NI%UA link, joint constrain Was driver WANUTUEIUL B8 AGBINIYN

motion simulation ﬁdLLamluﬂﬂWﬂizﬂau 88

AWU3znay 88 MIANUA joint constrain LAY driver

o . . . o v v dl I s n/ d' ‘é
2.9 11 motion simulation I@] Elﬂ'?ﬁﬂ']ﬁ%@lﬁﬁl‘ﬁLWﬂ']“llaL%'J It uaIvULIARDY T

o o A & ' P A e ' v Aa K
ﬂ’]‘ﬁu@]@nLL‘L]TY]Lﬂ%ﬂqﬂﬂﬂﬂlﬂﬂﬂqiﬂﬂﬂaﬁuﬂ,@LLﬂ mu’mmm@ngu TUSITHINITUWILBNBIDN

& o A & o = o & '
@‘@ﬂ%ﬂﬂﬂ’]dﬂlﬂ\‘iLwa'}TﬂLﬂﬁﬂlﬁ I@]Elﬂ']iﬂ@]ﬂﬂ\‘]%"ﬂzbl"ﬁﬂ?']lllﬁﬁiﬂﬂLﬂiaﬂﬂ%@]“ﬂ 1200 JaUqD

a A P P = . i P . )

WINEWBARTIIZUESNINNITILARNBUN ﬂ’nmmLLaxmmmlumimaau‘nma\‘ig}ﬂgu lumuﬂlao input

d' . , v .
Alrlwn13¥i1 simulation Laa9 @139 BRI

AN319 7 Aaulsuaza1aannbrlwniy solve enalisunsy

Input

Velocity(constant) 7200 degree/sec
Time 0.10 Sec

Step Size 360 point
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2.10 M 3ans 3 snsialysunsy lodaiisa (solidworks premium 2016 sp1 x 64)
Tuns¥in export result 91NN1T¥11 motion simulation layls plot to spreadsheet export 1
microsoft excel 2013

2.11 ¥i1 motion simulation S1AILAUD 7 - 10 ABATUNG 27 BWUULRIRIAIVDUEN
LRZTAUUBYDITLYENIINITIARAUN ANLSILAZTANNLTIVAINITINRAINITLARAU LA IE
lusunsy lodaiisa (solidworks premium 2016 sp1 x 64)

2.12 NAWILUUIIRDILAT 0T8T NN S VR IR TUM IR W ONENTNUVEd GD&T

' A A = A o A ' a a Av A
AONIILARAUNVAITWRIWLATAIINING laulaIatnalszrIniAeunlTluni13Iuiaa back
. o A | ' { o
propagation neural network éﬁoa:wmim’mwmﬁauﬁmaaLﬂ%ao'«amﬂaa:mamﬁ;uLa,ww:ms
[-% 1 té a v v
N3220 AN LAZANNLIS TININIWIIINGA A 1ugﬂ°m<mu,
FRTUMINAWINAIUILUU1 8890301 8T RINN DN RITUM TN U LHANTENY
\ A A o 4 A o e Al . &
a9 GD&T @anN1ILARDUNVAITURIWLATAIINING Lol TITlATIIN LN SITNATOULLLRANE
& Aa A [y Y v Aa @ ° @ A . > v
TUNUNMIIDUIUDUUNILDUNAUVIUNNTBYS 91WI% 5 ToYauazde bias 1viNU 0.5 Tt
Suvgmnn ﬁm%’uauw‘wﬁagaﬁ 234 U8y 5 fa L&%Nﬁ%ﬂuﬁﬂmwaame*’iTam"im LAUER
guﬁnmwaaﬁmgv mmmaﬁmguLLazQulumiwummﬁ”mgu ANAIAL
nnInanaluwuna 2 ﬂ'wad’éuvg‘m?aaga‘ﬁ%amiﬁmu@mwws’]ﬁL@la%maaéme
a o A R o & a Y g Aa a A a o
Mg (N) ‘naglwma [0, 1] muuwamaaau‘vgmaga*‘ﬁmmmmm@ﬂﬂmwmau‘vg“nmaga

A = v [ ,_-3’
N2035 ﬁ']&l']iﬂﬂ’]vl@]"ﬂ’]ﬂﬁ&lﬂ'ﬁ@du

2" input unit {apd] ek i‘h??ﬂ"’““""‘“‘ (3-1)
3" input unit: iaput = o cmgir;jd s (3-2)
4" input unit: input = Emeem:g:;d Tenpth (3-3)
5" input unit; jnpur = 228 efeemeding g (3-4)

2

o o o & A =< A A o a o ~

fmivdwnlnualutugaulidnan 2 s 2141 (laof | AedwrnzasBunndays) o4
lusudenuinazgniasanlugdaumadauduasiainsdg (y=x) waannunazRa s lasls
MIMAUBAAINATINY I AU L UTUT B (S,,) ﬁauﬁwmsﬂ%’umnuﬁaﬂﬁaﬁ%’um:ﬁu (activation

. a a & 7N g; 1 d 1 1
function) Wirituinuand Tsazldewaslnualususeunaglugi o, 1]
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NNVBLLVANINAWILLUINRDILATBT18U Tz a N A UFIRTU NI BHANTEND

289 GD&T AansinfannaasTuaIniaIadsdning lasiasadnsdamnifsunlslun1idsh
. < A d { { o

fa back propagation neural network 749z RINTUINILAROUNVBILATOIINTNAILATOUARY

LAWIZNNINTZAN AU LRZAIULIY %Gﬁ’]&l’]iﬂﬁ’]u?m%’]@‘hLﬁﬁﬁ?‘i“flvl,@ﬁ’mﬁllﬂﬁiﬁdﬁ

st il . . dsplacerment of | o - _
1% output unit:  displacement = T80 003 0.5 (3-5)
2" output unit:  velacite = e ofA g 5 (3-6)

dx 13 08E

aceeleraton of &
-+

4% A60E36150

L¥

3" output unit:  acceleration = (3-7)

AwUsznay 89 31] LL‘]JUﬂ’]iL%EJ%?:iLﬁ%LL‘]J‘]JLLW?IETEJ%ﬂf;‘]J
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2.13 ﬁmamsmﬁauﬁmaam‘%'aﬁmﬂaa:mauﬂqumwlzmimzf{'}'@ AN UAY
AWLTI IINMIFRIBTIIFUNIIN A BaAaas U oUTA U WA aRN T IAY
windlunsAwImasITNINAMILLUI IR AI e BUSTENIA BN RS LN U
HANTENUVDY GD&T famTladoufiuastuiinea3osinina

214 aﬁ;ﬂwa"nmmsmaaa

3. LHWAINAIIANLRWBNITIVY

3.1 WNBANULRAII WA UNIINARDIAILALINABIWLETIFUNTZUINNNT

MAUANIINARD

\ 4

ﬂ’]‘iﬁ’]‘ﬁ%@&n@liiﬂ%ﬂ’nwﬂaﬁ(ﬂLﬂﬁ@%ﬂ%‘ni"ﬂ’]ﬂtﬁ@l

\ 4 \ 4 \4

&34 cad part §319 cad part #3749 cad part

(AMANIATTIN) (WWAAFA) (VWDFIRA)

\4

§379 cad assembly lag
F8U part Mwua Ly 27

S AT

v

‘ cad motion simulation ‘

.

‘ export to excel ‘

A

‘ plot A lunsw ‘

A

‘ RGP RG RSN ‘

\ 4

a [3
‘ ALAINCHNALLRS a‘gﬂwa ‘

MWUIzNaU 90 TUAaWNITVNNIHIBATUNTZLIBNNT



3.2 WNBNWEBEUBINTRINNUULTUIN WaZ motion simulation solidwork
3.2.1 MI&314 cad modeling va3Tuantas laslsldsunsy

solidworks premium 2016 sp1 x 64

creat cad modeling

sketch

v

l

solid part

save

mMwisznau 91 TuaawN1TRINN cad modeling

80



sp1 x 64

3.2.2 NMI83 cad assembly laglalisunsn solidworks premium 2016

open assembly

!

insert part to assembly

|

-

create part constraints of part

~

fixed concentric center

/

+

solid model

save

mMwysznay 92 MIUIzNauTUINU assembly modeling

81
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3.2.2 mysnuuuinaadlagld assembly modeling ¥in motion simulation lag

11513 solidworks premium 2016 sp1 x 64

open cad assembly

!

start to motion simulation

A\ 4

create new simulation

A\ 4

set environment

analysis : type kinematics

}

create link

y

create joint

A

create driver (constant)

|

solution setting

|

sovle

result

animation graph

MMWUIzNay 93 N13¥i1 motion simulation



UNN 4

HANIIIVYUAZIATIEHRRNANIITIVY

LR LN % NITWA WILUUFI8 90T 18U T2/ ININ S UFIRTUNIIVI U Y
\ a nd' =&, a o Yo ' &
NANTENLUAY GD&T @an1TtARawNUaITwa1wlaIadanIng 1935 lasstinaiwasionasa iy
& da a o 7 o Ao ' A A o = o
WS ITOUIUD DLW IS UNAY AlNadanITIARannvaIng lniwaTaswled lagld
{ =) & U
INARANUANIALARAUNNILIVIAHATITUIAIZ 1N ISO 2768
1 ANIRINANTENUVDITLHZNIINITATARA A0S InazA LTI lwnITIaRa Y
angu lasldinandaamisaududduiafoun lasifivununainmue 62 d1 lasld time step
= o
= 360 TIVUFAIAIUNANIINAFDI AT

AT 8 ATUFAIAITZLLNINNITLAROUN AIUAULLN 1 - 9 (W28 mm)

Crank (°)  uuuN1  uwyui 2 wuuf 3 wuun4  wuui 5 wuui 6 wuui 7 wuuh 8 wuui 9

0 170.000 169.700 170.300 170.000 169.700 170.300 170.000 169.700 170.300
6 168.321 168.020 168.622 168.321 168.020 168.622 168.321 168.020 168.622
12 163.683 163.379 163.988 163.683 163.379 163.988 163.683 163.379 163.988
18 156.441 156.132 156.750 156.441 156.132 156.750 156.441 156.132 156.750
24 147.140 146.825 147.456 147.140 146.825 147.456 147.140 146.825 147.456
30 136.472 136.150 136.793 136.472 136.150 136.793 136.472 136.150 136.793
36 125.196 124.870 125.522 125.196 124.870 125.522 125.196 124.870 125.522
42 114.050 113.722 114.379 114.050 113.722 114.379 114.050 113.722 114.379
48 103.659 103.331 103.988 103.659 103.331 103.988 103.659 103.331 103.988
54 94.467 94.141 94.793 94.467 94.141 94.793 94.467 94.141 94.793
60 86.722 86.401 87.043 86.722 86.401 87.043 86.722 86.401 87.043
66 80.509 80.194 80.823 80.509 80.194 80.823 80.509 80.194 80.823
72 75.802 75.493 76.111 75.802 75.493 76.111 75.802 75.493 76.111

78 72.529 72.225 72.833 72.529 72.225 72.833 72.529 72.225 72.833
84 70.611 70.310 70.912 70.611 70.310 70.912 70.611 70.310 70.912

90 69.993 69.693 70.293 69.993 69.693 70.293 69.993 69.693 70.293
96 70.658 70.357 70.959 70.658 70.357 70.959 70.658 70.357 70.959
102 72.631 72.326 72.936 72.631 72.326 72.936 72.631 72.326 72.936
108 75.974 75.664 76.284 75.974 75.664 76.284 75.974 75.664 76.284
114 80.771 80.455 81.088 80.771 80.455 81.088 80.771 80.455 81.088
120 87.098 86.775 87.421 87.098 86.775 87.421 87.098 86.775 87.421
126 94.975 94.647 95.303 94.975 94.647 95.303 94.975 94.647 95.303
132 104.307 103.976 104.637 104.307 103.976 104.637 104.307 103.976 104.637
138 114.823 114.492 115.153 114.823 114.492 115.153 114.823 114.492 115.153
144 126.055 125.728 126.383 126.055 125.728 126.383 126.055 125.728 126.383
150 137.357 137.035 137.679 137.357 137.035 137.679 137.357 137.035 137.679

156 147.977 147.661 148.293 147.977 147.661 148.293 147.977 147.661 148.293




A3 8 (§d)

Crank (°) LL‘IJ‘IJ‘?; 1 lLiJiJ"?; 2 LL‘IJ‘IJ?; 3 LLUU“?; 4 LL‘IJ‘IJ?; 5 LLUU“?; 6 l,l‘]J‘iJ?; 7 LI;iJlJ‘?; 8 l,l‘]J‘iJ?; 9
156 108.492 108.176 108.808 108.492 108.176 108.808 108.492 108.176 108.808
162 117.667 117.357 117.976 117.667 117.357 117.976 117.667 117.357 117.976
168 124.715 124.410 125.019 124.715 124.410 125.019 124.715 124.410 125.019
174 129.107 128.806 129.408 129.107 128.806 129.408 129.107 128.806 129.408
180 130.515 130.215 130.815 130.515 130.215 130.815 130.515 130.215 130.815
186 128.836 128.535 129.137 128.836 128.535 129.137 128.836 128.535 129.137
192 124.199 123.894 124.503 124.199 123.894 124.503 124.199 123.894 124.503
198 116.956 116.647 117.266 116.956 116.647 117.266 116.956 116.647 117.266
204 107.656 107.340 107.971 107.656 107.340 107.971 107.656 107.340 107.971
210 96.987 96.666 97.308 96.987 96.666 97.308 96.987 96.666 97.308
216 85.711 85.385 86.037 85.711 85.385 86.037 85.711 85.385 86.037
222 74.566 74.237 74.895 74.566 74.237 74.895 74.566 74.237 74.895
228 64.175 63.846 64.503 64.175 63.846 64.503 64.175 63.846 64.503
234 54.982 54.657 55.308 54.982 54.657 55.308 54.982 54.657 55.308
240 47.237 46.917 47.558 47.237 46.917 47.558 47.237 46.917 47.558
246 41.024 40.709 41.338 41.024 40.709 41.338 41.024 40.709 41.338
252 36.317 36.009 36.626 36.317 36.009 36.626 36.317 36.009 36.626
258 33.044 32.740 33.348 33.044 32.740 33.348 33.044 32.740 33.348
264 31.126 30.825 31.427 31.126 30.825 31.427 31.126 30.825 31.427
270 30.508 30.208 30.808 30.508 30.208 30.808 30.508 30.208 30.808
276 31.173 30.872 31.475 31.173 30.872 31.475 31.173 30.872 31.475
282 33.146 32.841 33.451 33.146 32.841 33.451 33.146 32.841 33.451
288 36.490 36.179 36.800 36.490 36.179 36.800 36.490 36.179 36.800
294 41.287 40.970 41.603 41.287 40.970 41.603 41.287 40.970 41.603
300 47.614 47.291 47.936 47.614 47.291 47.936 47.614 47.291 47.936
306 55.491 55.163 55.818 55.491 55.163 55.818 55.491 55.163 55.818
312 64.822 64.491 65.152 64.822 64.491 65.152 64.822 64.491 65.152
318 75.338 75.008 75.669 75.338 75.008 75.669 75.338 75.008 75.669
324 86.571 86.243 86.898 86.571 86.243 86.898 86.571 86.243 86.898
330 97.873 97.551 98.195 97.873 97.551 98.195 97.873 97.551 98.195
336 108.492 108.176 108.808 108.492 108.176 108.808 108.492 108.176 108.808
342 117.667 117.357 117.976 117.667 117.357 117.976 117.667 117.357 117.976
348 124.715 124.410 125.019 124.715 124.410 125.019 124.715 124.410 125.019
354 129.107 128.806 129.408 129.107 128.806 129.408 129.107 128.806 129.408
360 130.515 130.215 130.815 130.515 130.215 130.815 130.515 130.215 130.815

84



: di a & : = .
@199 9 @NTWURANANTELENNNIILARDUN AILALUUN 10 - 18 (WWIY: mm)

Crank(°) wuu10  uwwwi 11 wwui12  wwui 13 wwui 14 wwuR 15 wuui 16 wuuR 17 woudi 18
0 170.000  169.700 170300 170000  169.700  170.300  170.000  169.700  170.300
6 168.321  168.020 168.622 168321  168.020  168.622  168.321  168.020  168.622
12 163683  163.379 163988 163683 163379 163988 163683 163379  163.988
18 156.441  156.132 156750 156441 156132 156750 156441 156132  156.750
2 147140 146.825 147.456 147140  146.825  147.456 147140  146.825  147.456
30 136472 136.150 136793 136472 136150 136793 136472 136150  136.793
36 125196  124.870 125522 125196 124870 125522 125196  124.870 125522
42 114050  113.722 114379 114050 113722 114379 114050 113722  114.379
48 103.659  103.331 103.988 103659  103.331  103.988  103.659  103.331  103.988
54 94.467 94141 94793 94467 94141 94793 94467 94141 94.793
60 86.722 86.401 87.043 86722  86.401 87.043 86722  86.401 87.043
66 80.509 80.194 80.823 80509  80.194  80.823 80509  80.194  80.823
72 75.802 75.493 76.111 75802 75493 76111 75802 75493 76111
78 72.529 72.225 72.833 72520 72225 72833 72520 72225  72.833
84 70611 70.310 70912 70.611 70310 70912 70.611 70310 70912
) 69.993 69.693 70203 69.993  69.693 70293  69.993  69.693  70.203
9% 70.658 70.357 70959 70658 70357 70959 70658  70.357  70.959

102 72.631 72.326 7293 72631 72326 7293 72631 72326 72.936
108 75.974 75.664 76284 75974 75664  76.284 75974 75664  76.284
114 80.771 80.455 81.088  80.771 80455  81.088  80.771 80.455  81.088
120 87.008 86.775 87.421 87.008 86775  87.421 87.008 86775  87.421

126 94.975 94.647 95303 94975 94647 95303 94975 94647  95.303
132 104307  103.976 104637 104307 103976  104.637 104307  103.976  104.637
138 114823 114.492 115153 114.823 114492 115153  114.823 114492  115.153
144 126.055  125.728 126383 126055 125728  126.383 126055 125728  126.383
150 137.357  137.035 137.679  137.357  137.035  137.679  137.357  137.035  137.679
156 147.977  147.661 148203 147977  147.661 148203  147.977  147.661  148.203
162 157.151 156.842 157.461 157151  156.842  157.461 157151  156.842  157.461
168 164199 163.895 164504 164199  163.805 164504 164199  163.895  164.504
174 168502  168.291 168.893 168592  168.291  168.893 168592  168.291  168.893
180 170.000  169.700 170300 170000  169.700  170.300  170.000  169.700  170.300
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A3 9 (¢9)

Crank (°) uwuufi10 wuu 11 wwui12  woudi1z  wuui 14 wwufi1s wouiite  wwui 17 wwwdiis
186 128.836 128535 120137  128.836  128.535 129137 128836 128535  129.137
102 124199 123894 124503 124199  123.894  124.503 124199  123.804  124.503
198 116.956 116647  117.266 116956  116.647  117.266 116956  116.647  117.266
204 107.656  107.340  107.971  107.656  107.340  107.971  107.656  107.340  107.971
210 96.987  96.666  97.308 96987 96666  97.308  96.987 96666  97.308
216 85.711 85385  86.037 85711 85385  86.037 85711 85385  86.037
222 74566 74237 74805 74566 74237 74805 74566 74237  74.895
228 64175 63846 64503 64175  63.846  64.503 64175 63846  64.503
234 54982 54657 55308 54982 54657 55308 54982 54657  55.308
240 47237 46917  47.558  47.237 46917  47.558  47.237 46917  47.558
246 41024 40709 41338 41024 40709 41338 41024 40709  41.338
252 36317 36009 36626 36317 36000 36626 36317 36009  36.626
258 33.044 32740 33348 33044 32740 33348 33044 32740  33.348
264 31126 30.825 31427 31126 30825 31427 31126 30825 31427
270 30508 30208  30.808 30508 30208  30.808  30.508 30208  30.808
276 31473 30872 31475 311473 30872 31475 31173 30872 31475
282 33146 32.841 33.451 33146 32.841 33.451 33146 32.841 33.451
288 36490 36479 36800 36490 36179  36.800 36490 36179  36.800
294 41287 40970 41603 41287 40970 41603 41287 40970  41.603
300 47614 47201 47936  47.614  47.291 47936 47614 47201  47.936
306 55.491 55163 55818 55491 55163 55818 55491 55163  55.818
312 64.822  64.491 65152  64.822  64.491 65152  64.822  64.491 65.152
318 75338 75008 75669 75338 75008 75669 75338 75008  75.669
324 86.571 86243  86.898  86.571 86243  86.898  86.571 86.243  86.808
330 97.873 97551 98195  97.873  97.551 98.195  97.873  97.551 98.195
336 108492 108176  108.808  108.492  108.176  108.808  108.492  108.176  108.808
342 117.667  117.357  117.976  117.667  117.357  117.976  117.667  117.357  117.976
348 124715 124410 125019 124715 124410 125019 124715 124410  125.019
354 120107  128.806  129.408 120107  128.806 129408 129107  128.806  129.408
360 130515  130.215 130815 130515 130215  130.815 130515 130215  130.815
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AT 10 MTNURAIANIZEZNNNITAROUN AIUAUULN 19 - 27 (W8 mm)

Crank (°) uwwwufi1e uwwufi20 wwui21  wwui 22 wuui 23 wouii 24 woufi2s  woufi2e  wuwd 27
0 170000 169700  170.300 170000  169.700  170.300  170.000  169.700  170.300
6 168.321 168020  168.622  168.321 168020  168.622  168.321  168.020  168.622
12 163683 163379 163988 163683 163379 163988  163.683 163379  163.988
18 156441 156132 156750 156441 156132 156750 156441 156132  156.750
2 147140 146825  147.456 147140 146825  147.456  147.140 146825  147.456
30 136472 136150 136793 136472 136150 136793 136472 136150  136.793
36 125196 124870 125522 125196 124870 125522 125196  124.870 125522
42 114050 113722 114379 114050 113722 114379 114050 113722  114.379
48 103659 103331 103988  103.659 103331 103988  103.659 103331  103.988
54 94.467 94.141 94793 94467 94141 94793 94467 94141 94.793
60 86.722 86.401 87.043 86722  86.401 87.043 86722 86401 87.043
66 80.509 80194 80823 80509  80.194 80823  80.509  80.194  80.823
72 75.802 75493  76.111 75802 75493 76111 75802 75493 76111
78 72.529 72225 72833 72520 72225 72833 72520 72225  72.833
84 70.611 70310 70912  70.611 70310 70912 70.611 70310 70912
) 69.993 60693 70293  69.993  60.693 70293  69.993  69.693  70.293
9% 70.658 70357 70959 70658 70357 70959  70.658  70.357  70.959

102 72.631 72326 7293 72631 72326 7293 72631 72326 72.936
108 75.974 75664 76284 75974 75664 76284 75974 75664  76.284
114 80.771 80455  81.088  80.771 80455  81.088  80.771 80455  81.088
120 87.008 86775  87.421 87.008 86775  87.421 87.008 86775  87.421

126 94.975 94647 95303 94975 94647 95303 94975 94647  95.303
132 104307 103976  104.637 104307 103976  104.637 104307 103976  104.637
138 114823 114492 115153 114823 114492 115153 114823 114492  115.153
144 126.055 125728 126383 126055 125728 126383  126.055 125728  126.383
150 137.357  137.035  137.679  137.357  137.035  137.679  137.357  137.035  137.679
156 147.977 147661 148293  147.977 147661 148293  147.977  147.661  148.293
162 157151 156842  157.461 157151  156.842  157.461 157151  156.842  157.461
168 164199 163895 164504 164199 163895 164504 164199 163895  164.504
174 168502 168291  168.893 168502 168291  168.893 168592 168291  168.893
180 170000 169700  170.300 170000  169.700  170.300  170.000  169.700  170.300
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A1379 10 (§18)

Crank (°) uwuufi19 uwuui20 uwwui21 wuufi2zz  wuui 23 wwufie  wouii2s  wwui 26 wwwd 27
186 128.836 128535 120137  128.836  128.535 129137 128836 128535  129.137
102 124199 123894 124503 124199  123.894  124.503 124199  123.804  124.503
198 116.956 116647  117.266 116956  116.647  117.266 116956  116.647  117.266
204 107.656  107.340  107.971  107.656  107.340  107.971  107.656  107.340  107.971
210 96.987  96.666  97.308 96987 96666  97.308  96.987 96666  97.308
216 85.711 85385  86.037 85711 85385  86.037 85711 85385  86.037
222 74566 74237 74805 74566 74237 74805 74566 74237  74.895
228 64175 63846 64503 64175  63.846  64.503 64175 63846  64.503
234 54982 54657 55308 54982 54657 55308 54982 54657  55.308
240 47237 46917  47.558  47.237 46917  47.558  47.237 46917  47.558
246 41024 40709 41338 41024 40709 41338 41024 40709  41.338
252 36317 36009 36626 36317 36000 36626 36317 36009  36.626
258 33.044 32740 33348 33044 32740 33348 33044 32740  33.348
264 31126 30.825 31427 31126 30825 31427 31126 30825 31427
270 30508 30208  30.808 30508 30208  30.808  30.508 30208  30.808
276 31473 30872 31475 311473 30872 31475 31173 30872 31475
282 33146 32.841 33.451 33146 32.841 33.451 33146 32.841 33.451
288 36490 36479 36800 36490 36179  36.800 36490 36179  36.800
294 41287 40970 41603 41287 40970 41603 41287 40970  41.603
300 47614 47201 47936  47.614  47.291 47936 47614 47201  47.936
306 55.491 55163 55818 55491 55163 55818 55491 55163  55.818
312 64.822  64.491 65152  64.822  64.491 65152  64.822  64.491 65.152
318 75338 75008 75669 75338 75008 75669 75338 75008  75.669
324 86.571 86243  86.898  86.571 86243  86.898  86.571 86.243  86.808
330 97.873 97551 98195  97.873  97.551 98.195  97.873  97.551 98.195
336 108492 108176  108.808  108.492  108.176  108.808  108.492  108.176  108.808
342 117.667  117.357  117.976  117.667  117.357  117.976  117.667  117.357  117.976
348 124715 124410 125019 124715 124410 125019 124715 124410  125.019
354 120107  128.806  129.408 120107  128.806 129408 129107  128.806  129.408
360 130515  130.215 130815 130515 130215  130.815 130515 130215  130.815
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91

a9 11 arssusasaanudlumsedand asuduuud 1- 9 (W8 mm/s)
Crank (°) lL‘iJ‘iJﬁ' 1 lL‘iJ‘iJﬁ' 2 LLiJiJ‘ﬁI 3 LLU]J“?; 4 LLiJiJ‘ﬁI 5 LliJ‘iJ“?l' 6 LliJ‘iJ“?l' 7 LLUU"?; 8 LLiJiJﬁI 9
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 -1919.447  -1920.791 -1918.110 -1919.447 -1920.791 -1918.110 -1919.447 -1920.791 -1918.110
12 -3609.610 -3612.134 -3607.098 -3609.610 -3612.134  -3607.098 -3609.610 -3612.134 -3607.098
18 -5026.053 -5029.427 -5022.697 -5026.053 -5029.427  -5022.697 -5026.053 -5029.427 -5022.697
24 -6065.025 -6068.737 -6061.334 -6065.025 -6068.737  -6061.334 -6065.025 -6068.737 -6061.334
30 -6660.197 -6663.584 -6656.831 -6660.197 -6663.584  -6656.831 -6660.197 -6663.584 -6656.831
36 -6796.187 -6798.544 -6793.845 -6796.187 -6798.544  -6793.845 -6796.187 -6798.544 -6793.845
42 -6515.263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491
48 -5909.536  -5908.541 -5910.525 -5909.536 -5908.541 -5910.525 -5909.536 -5908.541 -5910.525
54 -5096.782  -5094.260 -5099.288 -5096.782 -5094.260 -5099.288 -5096.782 -5094.260 -5099.288
60 -4189.231 -4185.763 -4192.677 -4189.231 -4185.763 -4192.677 -4189.231 -4185.763 -4192.677
66 -3270.055 -3266.351 -3273.738 -3270.055 -3266.351 -3273.738 -3270.055 -3266.351 -3273.738
72 -2385.589 -2382.297 -2388.863 -2385.589 -2382.297  -2388.863 -2385.589 -2382.297 -2388.863
78 -1550.338 -1547.947 -1552.716 -1550.338 -1547.947 -1552.716 -1550.338 -1547.947 -1552.716
84 -757.059 -755.878 -758.233 -757.059  -755.878 -758.233 -757.059 -755.878 -758.233
90 13.782 13.610 13.954 13.782 13.610 13.954 13.782 13.610 13.954
96 786.970 785.451 788.482 786.970 785.451 788.482 786.970 785.451 788.482
102 1587.153 1584.448 1589.843 1587.153 1584.448 1589.843 1587.153 1584.448 1589.843
108 2433.299 2429.742 2436.836 2433.299 2429.742 2436.836 2433.299 2429.742 2436.836
114 3331.238 3327.349 3335.104 3331.238 3327.349 3335.104 3331.238 3327.349 3335.104
120 4263.655 4260.116 4267.173 4263.655 4260.116 4267.173 4263.655 4260.116 4267.173
126 5179.793 5177.332 5182.238 5179.793 5177.332 5182.238 5179.793 5177.332 5182.238
132 5991.192 5990.380 5991.997 5991.192 5990.380 5991.997 5991.192 5990.380 5991.997
138 6581.448  6582.487 6580.417 6581.448 6582.487 6580.417 6581.448 6582.487 6580.417
144 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377
150 6654.157 6657.781 6650.555 6654.157 6657.781 6650.555 6654.157 6657.781 6650.555
156 6012.114 6015.996 6008.254 6012.114 6015.996 6008.254 6012.114 6015.996 6008.254
162 4928.460 4931.935 4925.004 4928.460 4931.935 4925.004 4928.460 4931.935 4925.004
168 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176
174 1762.104 1763.460 1760.756 1762.104 1763.460 1760.756 1762.104 1763.460 1760.756
180 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720



A9 11 (69)

92

Crank (°) LIJJ]J"?II 1 lL‘iJ‘iJﬁ' 2 LLU]J“?; 3 LLU]J“?; 4 LLU]J“?; 5 lliJ‘iJ“?l' 6 lliJ‘iJ“?l' 7 lliJ‘iJ“?l' ] LL‘iJ‘iJﬁ' 9
186 -1919.447  -1920.791 -1918.110  -1919.447  -1920.791 -1918.110 -1919.447  -1920.791 -1918.110
192 -3609.610  -3612.134 -3607.098 -3609.610  -3612.134 -3607.098 -3609.610 -3612.134  -3607.098
198 -5026.053  -5029.427 -5022.697 -5026.053  -5029.427 -5022.697 -5026.053 -5029.427  -5022.697
204 -6065.025  -6068.737 -6061.334  -6065.025  -6068.737 -6061.334 -6065.025 -6068.737  -6061.334
210 -6660.197  -6663.584 -6656.831 -6660.197  -6663.584 -6656.831 -6660.197 -6663.584  -6656.831
216 -6796.187  -6798.544 -6793.845 -6796.187  -6798.544 -6793.845 -6796.187 -6798.544  -6793.845
222 -6515.263  -6516.040 -6514.491 -6515.263  -6516.040 -6514.491 -6515.263 -6516.040  -6514.491
228 -5909.536  -5908.541 -5910.525 -5909.536  -5908.541 -56910.525 -5909.536 -5908.541 -5910.525
234 -5096.782  -5094.260 -5099.288  -5096.782 -5094.260 -5099.288 -5096.782 -5094.260  -5099.288
240 -4189.231  -4185.763 -4192.677  -4189.231 -4185.763 -4192.677 -4189.231 -4185.763  -4192.677
246 -3270.055  -3266.351 -3273.738  -3270.055  -3266.351 -3273.738 -3270.055 -3266.351 -3273.738
252 -2385.589  -2382.297 -2388.863 -2385.589  -2382.297 -2388.863 -2385.589 -2382.297  -2388.863
258 -1650.338  -1547.947 -1552.716  -1550.338  -1547.947 -1652.716  -1550.338 -1547.947  -1552.716
264 -757.059 -755.878  -758.233 -757.059 -755.878 -758.233  -757.059  -755.878 -758.233
270 13.782 13.610 13.954 13.782 13.610 13.954 13.782 13.610 13.954
276 786.970 785.451 788.482 786.970 785.451 788.482 786.970 785.451 788.482
282 1587.153 1584.448  1589.843 1587.153 1584.448 1589.843  1587.1563  1584.448 1589.843
288 2433.299 2429.742  2436.836 2433.299 2429.742 2436.836  2433.299  2429.742 2436.836
294 3331.238 3327.348  3335.104 3331.238 3327.348 3335.104  3331.238  3327.348 3335.104
300 4263.655 4260.116  4267.172 4263.655 4260.116 4267.172  4263.655 4260.116 4267.172
306 5179.793 5177.332  5182.238 5179.793 5177.332 5182.238 5179.793  5177.332 5182.238
312 5991.192 5990.380  5991.997 5991.192 5990.380 5991.997 5991.192  5990.380 5991.997
318 6581.448 6582.487  6580.417 6581.448 6582.487 6580.417 6581.448  6582.487 6580.417
324 6831.994 6834.627  6829.377 6831.994 6834.627 6829.377 6831.994  6834.627 6829.377
330 6654.157 6657.781  6650.555 6654.157 6657.781 6650.555 6654.157  6657.781 6650.555
336 6012.114 6015.996  6008.254 6012.114 6015.996 6008.254 6012.114  6015.996 6008.254
342 4928.460 4931.935  4925.004 4928.460 4931.935 4925.004 4928.460  4931.935 4925.004
348 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176  3475.732 3478.302 3473.176
354 1762.105 1763.460 1760.756 1762.105 1763.460 1760.756  1762.105 1763.460 1760.756
360 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720




AT 12 ATHLEAIAIANNSUANTIAREUA AILALLLN 10 - 18 (BWIE: mm/s)

Crank () wuufi 10 wuudi 11 wwwfl 12 www@d 13 woufl 14 wwud 15 woudl 16 wuud 17 wwud 18
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 1919.447 1920791 -1918.110  -1919.447  -1920.791  -1918.110  -1919.447 -1920.791  -1918.110
12 -3609.610  -3612.134 -3607.098  -3600.610  -3612.134  -3607.008  -3609.610 -3612.134  -3607.098
18 5026.053  -5020.427 -5022.697  -5026.053  -5020.427  -5022.607  -5026.053 -5029.427  -5022.697
24 .6065.025  -6068.737 -6061.334  -6065.025  -6068.737  -6061.334  -6065.025 -6068.737  -6061.334
30 .6660.197  -6663.584 -6656.831  -6660.197  -6663.584  -6656.831  -6660.197 -6663.584  -6656.831
36 6796187  -6798.544 -6793.845  -6796.187  -6798.544  -6793.845  -6796.187 -6798.544  -6793.845
42 6515263 -6516.040 -6514.491  -6515.263  -6516.040  -6514.491 6515263 -6516.040  -6514.491
48 -5009.536  -5908.541 -5010.525  -5900.536  -5008.541 -5910.525  -5900.536 -5008.541  -5910.525
54 5006782  -5094.260 -5099.288  -5096.782  -5094.260  -5099.288  -5096.782 -5094.260  -5099.288
60 4189231  -4185.763 -4192.677  -4189.231  -4185.763 4192677  -4189.231 -4185.763  -4192.677
66 -3270.055  -3266.351 -3273.738  -3270.055  -3266.351 -3273.738  -3270.055 -3266.351  -3273.738
72 2385580  -2382.207 -2388.863  -2385.580  -2382.297  -2388.863  -2385.580 -2382.297  -2388.863
78 1550338 -1547.947 1552716  -1550.338  -1547.947  -1552.716  -1550.338 -1547.947  -1552.716
84 757059 755878 -758.233  -757.059  -755.878  -758.233  -757.059  -755.878 758.233
90 13.782 13610  13.954 13.782 13.610 13.954 13782 13610 13.954
9% 786.970 785.451  788.482 786.970 785451  788.482 786970  785.451 788.482
102 1587.153  1584.448 1580.843  1587.153  1584.448  1580.843  1587.153  1584.448  1589.843
108 2433290 2429742 2436.836 2433290 2420742  2436.836 2433290 2420742  2436.836
114 3331238 3327.349 3335104 3331238  3327.340 3335104 3331238 3327.340 3335104
120 4263655  4260.116 4267173 4263655  4260.116 4267173 4263655 4260116  4267.173
126 5179793  5177.332 5182238  5179.793  5177.332 5182238  5179.793 5177.332 5182238
132 5091192 5990380 5091.997 5991192  5090.380  5991.997 5991192 5990.380  5991.997
138 6581448 6582487 6580.417 6581448  6582.487 6580417 6581448 6582.487  6580.417
144 6831.094  6834.627 6820.377  6831.994  6834.627 6829377 6831994 6834.627  6829.377
150 6654157  6657.781 6650.555  6654.157  6657.781 6650555  6654.157 6657.781  6650.555
156 6012114 6015996 6008254 6012114 6015996  6008.254 6012114 6015996  6008.254
162 4928460 4931935 4925004  4928.460  4931.935 4925004  4928.460 4931.935  4925.004
168 3475732 3478302 3473176 3475732 3478302 3473176 3475732 3478302  3473.176
174 1762104 1763460 1760756 1762104  1763.460  1760.756 1762104 1763.460  1760.756
180 -82.720 82720  -82.720 82,720 82720  -82.720 82720  -82.720 -82.720
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A3 12 (619)

Crank (®) uwufl 10 wuufl 11 wwudl 12 wou@l 13 wwud 14 wwed 15 woufl 16 wuu@d 17 wuu@l 18
186 1919.447 1920791  -1918.110 -1919.447  -1920.791  -1918.110  -1919.447  -1920.791  -1918.110
192 -3609.610 -3612.134  -3607.008 -3609.610 -3612.134  -3607.098  -3609.610 -3612.134  -3607.098
198 .5026.053 -5029.427  -5022.697 -5026.053  -5029.427  -5022.697 -5026.053  -5029.427  -5022.697
204 .6065.025 -6068.737  -6061.334 -6065.025 -6068.737  -6061.334  -6065.025 -6068.737  -6061.334
210 .6660.197 -6663.584  -6656.831 -6660.197 -6663.584 -6656.831 -6660.197 -6663.584  -6656.831
216 .6796.187 -6798.544  6793.845 -6796.187 -6798.544 -6793.845 -6796.187 -6798.544  -6793.845
222 6515263 -6516.040  -6514.491 -6515.263 -6516.040 -6514.491 6515263 -6516.040  -6514.491
228 .5909.536 -5908.541  -5910.525 -5909.536  -5908.541 -5910.525 -5909.536  -5908.541  -5910.525
234 5006782 -5004.260  -5099.288 -5006.782  -5004.260  -5009.288  -5096.782  -5004.260  -5099.288
240 4180.231 -4185.763  -4192.677 -4189.231 -4185.763 -4192.677 -4189.231 4185763  -4192.677
246 3270055 -3266.351  -3273.738 -3270.055 -3266.351 -3273.738  -3270.055 -3266.351  -3273.738
252 2385580 -2382.207  -2388.863 -2385.580 -2382.207 -2388.863 -2385.580  -2382.297  -2383.863
258 1550.338 -1547.947  -1552.716 -1550.338  -1547.047 -1552.716 -1550.338  -1547.947  -1552.716
264 757059 755878  -758.233  -757.059  -755.878  -758.233  -757.059  -755.878  -758.233
270 13782 13610 13954  13.782 13.610 13.954 13.782 13.610 13.954

276 786.970  785.451 788.482  786.970 785451 788482  786.970 785451  788.482
282 1587.153 1584.448  1589.843  1587.153  1584.448  1580.843 1587153  1584.448  1580.843
288 2433200 2429742  2436.836 2433209 2420742  2436.836 2433299 2420742  2436.836
204 3331238 3327.348  3335.104 3331238  3327.348 3335104 3331238  3327.348  3335.104
300 4263655 4260116 4267172 4263655 4260116  4267.172  4263.655 4260116  4267.172
306 5179793 5177.332 5182238 5179.793  5177.332  5182.238 5179793  5177.332  5182.238
312 5091192 5990.380  5991.997 5091192  5090.380  5091.997  5991.192  5990.380  5991.997
318 6581448 6582487  6580.417 6581448  6582.487  6580.417 6581448  6582.487  6580.417
324 6831.094 6834.627 6820377 6831094  6834.627  6820.377  6831.994  6834.627  6820.377
330 6654157 6657.781  6650.555 6654157  6657.781  6650.555  6654.157  6657.781  6650.555
336 6012114 6015996  6008.254 6012114 6015996  6008.254  6012.114 6015996  6008.254
342 4928460 4931935 4925004 4928460  4931.935 4925004 4928460  4931.935 4925004
348 3475732 3478302 3473176 3475732  3478.302 3473176 3475732 3478302  3473.176
354 1762105 1763460  1760.756 1762105  1763.460 1760756  1762.105  1763.460  1760.756
360 82720 -82.720 82720 82720 82720 82720  -82720  -82720  -82.720
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1319 13 MTHLEAIANANNTIIUMTIAREUN AILGALLURA 19 - 27 |WUa8: mm/s)

Crank (°) wuufi 19 wuudi 20 wwud 21 wwud 22 wuudl 23 wuud 24 woudl 25 wwud 26 wwu@ 27
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 1919.447 1920791 -1918.110  -1919.447  -1920.791 -1918.110  -1919.447 -1920.791  -1918.110
12 -3600.610 -3612.134 -3607.098 -3609.610  -3612.134  -3607.098  -3609.610 -3612.134  -3607.098
18 -5026.053 -5020.427 -5022.697 -5026.053  -5020.427 -5022.697  -5026.053 -5020.427  -5022.697
24 -6065.025 -6068.737 -6061.334  -6065.025 -6068.737 -6061.334  -6065.025 -6068.737  -6061.334
30 -6660.197 -6663.584 -6656.831 -6660.197  -6663.584 -6656.831  -6660.197 -6663.584  -6656.831
36 -6796.187 -6798.544 -6793.845 -6796.187  -6798.544  6793.845 6796187 -6798.544  -6793.845
42 6515263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491  -6515.263 -6516.040  -6514.491
48 5000536 -5908.541 -5910.525 -5009.536  -5008.541 -5910.525  -5009.536 -5008.541  -5910.525
54 5006782 -5094.260 -5099.288  -5096.782  -5094.260 -5099.288  -5096.782 -5094.260  -5099.288
60  -4189.231 -4185.763 -4192.677 -4189.231  -4185.763 -4192.677  -4189.231 -4185.763  -4192.677
66  -3270.055 -3266.351 -3273.738  -3270.055 -3266.351 -3273.738  -3270.055 -3266.351  -3273.738
72 2385580 -2382.297 -2388.863 -2385.580  -2382.207  2388.863  -2385.580 -2382.297  -2388.863
78 -1550.338 -1547.947 -1552.716  -1550.338  -1547.947 -1552.716  -1550.338 -1547.947  -1552.716
84 757059 755878 758233  -757.050  -755.878  -758.233  -757.050 -755.878  -758.233
90 13.782 13610 13.954 13.782 13.610 13.954 13782 13610 13.954
9% 786.970 785451  788.482  786.970 785451  788.482 786970 785451  788.482
102 1587.153 1584448 1580.843  1587.153  1584.448  1580.843 1587153 1584.448  1580.843
108 2433200 2420742 2436.836 2433200 2429742  2436.836 2433200 2420.742  2436.836
114 3331238  3327.349 3335104  3331.238  3327.349 3335104  3331.238 3327.349  3335.104
120 4263655 4260116 4267.173  4263.655 4260116  4267.173 4263655 4260116  4267.173
126 5179793 5177332 5182.238  5179.793  5177.332 5182238  5179.793 5177.332  5182.238
132 5091192 5990380 5091.997  5991.192  5990.380  5991.997 5991192 5990.380  5991.997
138 6581448 6582487 6580.417 6581448 6582487  6580.417 6581448 6582487  6580.417
144 6831.994 6834627 6820377  6831.094  6834.627  6820.377  6831.094 6834.627  6820.377
150  6654.157 6657781 6650.555 6654157  6657.781  6650.555 6654157 6657.781  6650.555
156 6012114 6015996 6008.254 6012114 6015996 6008254 6012114 6015996  6008.254
162 4928460 4931935 4925004 4928460  4931.935 4925004 4928460 4931.935  4925.004
168 3475732 3478302 3473176 3475732 3478302 3473176 3475732 3478302  3473.176
174 1762104 1763460 1760756 1762104 1763460  1760.756 1762104 1763460  1760.756
180 82720 82720  -82720  -82.720 82720  -82.720 82720  -82.720  -82.720
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A3 13 (619)

Crank () wuufi 19 wuufl 20 wuudl 21 wuwd 22 woudl 23 woufl 24 wou@ 25 wuu@l 26 wwwd 27
186 1919.447 1920791  -1918.110  -1919.447  -1920.791  -1918.110 -1919.447  -1920.791 -1918.110
102 3609.610 -3612.134  -3607.008  -3609.610  -3612.134  -3607.098 -3609.610  -3612.134 -3607.098
108 5026.053 -5029.427 -5022.697  -5026.053  -5029.427  -5022.697 -5026.053  -5029.427 -5022.697
204 6065.025 -6068.737 -6061.334  -6065.025 -6068.737  -6061.334 -6065.025  -6068.737 -6061.334
210 6660197 -6663.584 -6656.831 -6660.197  -6663.584  -6656.831 -6660.197  -6663.584 -6656.831
216 6796.187 -6798.544 -6793.845 -6796.187  -6798.544  -6793.845 -6796.187  -6798.544 -6793.845
222 6515.263 -6516.040 -6514.491 -6515.263  -6516.040  -6514.491 -6515.263  -6516.040 -6514.491
228 5909536 -5908.541 -5910.525  -5909.536  -5908.541  -5910.525 -5009.536  -5008.541 -5910.525
234 5096782 -5094.260 -5099.288  -5096.782  -5094.260  -5009.288 -5096.782  -5094.260 -5099.288
240 4189.231 -4185.763 -4192.677  -4189.231 4185763  -4192.677 -4189.231  -4185.763 -4192.677
246 3270055 -3266.351 -3273.738  -3270.055  -3266.351  -3273.738 -3270.055  -3266.351 -3273.738
252 2385580 -2382.207 -2388.863  -2385.580  -2382.297  -2388.863 -2385.580  -2382.297 -2388.863
258 1550338 -1547.947 -1552.716  -1550.338  -1547.047  -1552.716 -1550.338  -1547.947 -1552.716
264 757059 755878  758.233  -757.059  -755.878  -758.233  -757.050  -755.878  -758.233
270 13782 13610 13.954 13.782 13.610 13954 13.782 13610  13.954
276 786.970 785451  788.482 786970 785451 788.482  786.970 785.451  788.482
282 1587.153 1584.448  1589.843  1587.153  1584.448  1589.843  1587.153  1584.448  1580.843
288 2433200 2429742  2436.836 2433200 2420742  2436.836 2433209 2429742  2436.836
294 3331.238 3327.348 3335104  3331.238  3327.348  3335.104 3331238  3327.348  3335.104
300 4263655 4260116  4267.172 4263655 4260116  4267.172  4263.655  4260.116  4267.172
306 5179.793 5177.332 5182238  5179.793  5177.332 5182238 5179793  5177.332  5182.238
312 5091192 5990.380  5991.097  5091.192  5090.380  5991.997  5991.192  5990.380  5991.997
318 6581448 6582487  6580.417 6581448  6582.487  6580.417  6581.448 6582487  6580.417
324 6831.004 6834.627 6820377  6831.094  6834.627 6820377  6831.094  6834.627  6829.377
330 6654.157 6657.781  6650.555 6654157  6657.781 6650555  6654.157  6657.781  6650.555
336 6012114 6015996 6008254 6012114 6015996 6008254 6012114 6015996  6008.254
342 4928.460 4931935 4925004 4928460  4931.935 4925004  4928.460 4931935 4925004
348 3475732 3478302 3473176 3475732 3478302 3473176 3475732 3478302  3473.176
354 1762105 1763460  1760.756 1762105  1763.460  1760.756 1762105  1763.460  1760.756
360 82720  -82720  -82720  -82.720 82720  -82.720 82720 82720  -82.720
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A3 14 ANTLRAIAIANNLTIINNTLAREUN AILAWLLN 1 - 9 (WWIE : mm/s?)

99

Crank (°) lL‘iJ‘iJﬁ' 1 lL‘iJ‘iJﬁ' 2 LLU]J“?; 3 LLiJiJ‘ﬁI 4 LLiJiJ‘ﬁI 5 LLUU"?; 6 lliJ‘iJ“?l' 7 lliJ‘iJ“?l' 8 LL]J]JﬁI 9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 -1071568.67 -1072341.82 -1070799.50  -1071568.67 -1072341.82 -1070799.5( -1071568.67  -1072341.82 -1070799.50
12 943790.80 -944417.70  -943167.48  -943790.80 -944417.70  -943167.48 -943790.80 94441770  -943167.48
18 74542250 -745796.75  -TA5050.88  -745422.50 -745796.75  -745050.88 -745422.50 -745796.75  -745050.88
24 -494566.04 -494581.46  -494551.43  -494566.04 -494581.46  -494551.43  -494566.04 -494581.46  -494551.43
30 218022.32 -217611.24 21843150  -218022.32 -21761124  -21843150 -218022.32 21761124  -218431.50
36 50533.86  51343.62 49728.95 50533.86  51343.62 4972895  50533.86 5134362  49728.95
42 277106.76 27815567  276064.62 277106.76  278155.67 276064.62  277106.76 27815567  276064.62
48 43765126  438683.02  436626.13 43765126  438683.02 436626.13  437651.26 43868302  436626.13
54 526182.94 52694860  525421.77 526182.94  526948.60 525421.77  526182.94 526948.60  525421.77
60 554489.86 554846.32  554134.91 554489.86  554846.32 55413491  554489.86 55484632  554134.91
66 543950.63 54388506  544015.10 543950.63  543885.06 54401510  543950.63 543885.06  544015.10
72 516067.27 51565517  516476.58 516067.27  515655.17 516476.58  516067.27 515655.17  516476.58
78 48705490 48640399  487702.16 487054.90  486403.99 487702.16  487054.90 48640399  487702.16
84 46690273 46611812  467683.32 466902.73  466118.12 46768332  466902.73 466118.12  467683.32
90 460636.18 45981149 46145676 460636.18  459811.49 461456.76  460636.18 45981149  461456.76
9 469706.64  468931.06  470478.18 469706.64  468931.06 47047818  469706.64 468931.06  470478.18
102 49248247  491852.63  493108.64 49248247  491852.63 493108.64  492482.47 49185263  493108.64
108 523578.56 52320443  523949.99 523578.56  523204.43 523949.99  523578.56 523204.43  523949.99
114 552328.98 55232184 55233528 552328.98  552321.84 55233528  552328.98 55232184 55233528
120 56155229  561984.88  561121.70 56155229  561984.88 561121.70  561552.29 561984.88  561121.70
126 528874.81 529720.88  528033.86 528874.81  529720.88 528033.86  528874.81 529720.88  528033.86
132 432889.79  433984.80  431801.95 432889.79  433984.80 43180195  432889.79 433984.80  431801.95
138 263214.62 26429177 26214451 263214.62  264291.77 26214451  263214.62 26429177  262144.51
144 28330.36  29130.60 27534.88 28330.36  29130.60 27534.88  28330.36 29130.60 27534.88
150 24536545  -244989.32 -245730.97  -24536545 -244989.32  -245730.07 -24536545  -244989.32  -245739.97
156 -522728.66  -522787.27 -522671.17  -522728.66 -522787.27  -522671.17 -522728.66  -522787.27  -522671.17
162 77025042  -770663.05 -769840.66  -770250.42 -770663.05  -769840.66 -770250.42 -770663.05  -769840.66
168 962061.94 96271588 -961411.73  -962061.94 -962715.88  -961411.73 -962061.94 -962715.88  -961411.73
174 -1081202.93 -1081989.73 -1080420.18  -1081202.93 -1081989.73 -1080420.1¢ -1081202.93  -1081989.73 -1080420.18
180 111855516 -1119379.69 -1117734.75  -1118555.16 -1119379.69 -1117734.7¢ -1118555.16  -1119379.69 -1117734.75




A3 14 (69)

100

Crank (°) Llilll"?; 1 Llilll"?; 2 LL]J]J‘ﬁ. 3 LLU]J‘ﬁ. 4 LLU]J‘ﬁ. 5 !,lall“lJ‘ﬁi 6 !,lall“lJ‘ﬁi 7 lL]Jl.I‘ﬁ. 8 Llililﬁ 9
186 -1071568.67 -1072341.83 -1070799.51 -1071568.67  1072341.83 -1070799.51 -1071568.67 -1072341.83  1070799.51
192 -943790.80 -944417.71 -943167.48 -943790.80 944417.71 -943167.48 -943790.80 -944417.71  943167.48
198 -745422.51 -745796.76 -745050.89 -745422.51 745796.76 -745050.89 -745422.51 -745796.76  745050.89
204 -494566.05 -494581.47 -494551.43 -494566.05  494581.47 -494551.43 -494566.05 -494581.47  494551.43
210 -218022.33 -217611.25 -218431.51 -218022.33 217611.25 -218431.51 -218022.33 -217611.25  218431.51
216 50533.86 51343.61 49728.94 50533.86 51343.61 49728.94 50533.86 51343.61 49728.94
222 277106.75 278155.67 276064.61 277106.75 278155.67 276064.61 277106.75 278155.67  276064.61
228 437651.25 438683.02 436626.12 437651.25 438683.02 436626.12 437651.25 438683.02  136626.12
234 526182.94 526948.60 525421.77 526182.94 526948.60 525421.77 526182.94 526948.60  525421.77
240 554489.86 554846.32 554134.91 554489.86 554846.32 554134.91 554489.86 554846.32  554134.91
246 543950.63 543885.06 544015.10 543950.63 543885.06 544015.10 543950.63 543885.06  544015.10
252 516067.27 515655.17 516476.58 516067.27 515655.17 516476.58 516067.27 515655.17  516476.58
258 487054.90 486403.99 487702.16 487054.90 486403.99 487702.16 487054.90 486403.99  187702.16
264 466902.73 466118.12 467683.32 466902.73 466118.12 467683.32 466902.73 466118.12  167683.32
270 460636.18 459811.49 461456.76 460636.18 459811.49 461456.76 460636.18 459811.49  161456.76
276 469706.64 468931.06 470478.18 469706.64 468931.06 470478.18 469706.64 468931.06  170478.18
282 492482.47 491852.63 493108.64 492482.47 491852.63 493108.64 492482.47 491852.63  193108.64
288 523578.56 523204.43 523949.99 523578.56 523204.43 523949.99 523578.56 523204.43  523949.99
294 552328.98 552321.84 552335.28 552328.98 552321.84 552335.28 552328.98 552321.84  552335.28
300 561552.29 561984.88 561121.70 561552.29 561984.88 561121.70 561552.29 561984.88  561121.70
306 528874.82 529720.89 528033.87 528874.82 529720.89 528033.87 528874.82 520720.89  528033.87
312 432889.79 433984.81 431801.95 432889.79 433984.81 431801.95 432889.79 433984.81 131801.95
318 263214.63 264291.77 262144.52 263214.63 264291.77 262144.52 263214.63 264291.77  262144.52
324 28330.37 29130.61 27534.88 28330.37 29130.61 27534.88 28330.37 29130.61 27534.88
330 -245365.44 -244989.31 -245739.96 -245365.44 244989.31 -245739.96 -245365.44 -244989.31  245739.96
336 -522728.65 -522787.26 -522671.17 -522728.65 522787.26 -522671.17 -522728.65 -522787.26  522671.17
342 -770250.41 -770663.04 -769840.65 -770250.41 770663.04 -769840.65 -770250.41 -770663.04  769840.65
348 -962061.93 -962715.88 -961411.72 -962061.93 962715.88 -961411.72 -962061.93 -962715.88  961411.72
354 -1081202.93 -1081989.73 -1080420.18 -1081202.93  1081989.73 -1080420.18 -1081202.93 -1081989.73  1080420.18
360 -1118555.16 -1119379.69 -1117734.75 -1118555.16  1119379.69 -1117734.75 -1118555.16 -1119379.69  1117734.75




@131 15 ANTILRAIAIANNULTIINNTLARAUA AILAWLLN 10 - 18 (WUIE : mm/s?)

101

Crank (°)  uwufi 10 wuufl 11 wuufl 12 wuufl 13 wuufl 14 wuufi 15 wuufl 16 wuufi 17 wuufl 18

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50
12 -043790.80  -944417.70 -043167.48 -043790.80 -044417.70 04316748  -043790.80  -044417.70  -943167.48
18 74542250 74579675 745050.88 745422.50 -745796.75 745050.88  -745422.50  -745796.75  -745050.88
24 494566.04  -494581.46 494551.43 494566.04 -494581.46 49455143  -494566.04  -494581.46  -494551.43
30 21802232 -217611.24 -218431.50 -218022.32 217611.24 21843150 -218022.32 21761124  -218431.50
36 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95
42 277106.76 278155.67 276064.62 277106.76 278155.67 276064.62 27710676 27815567  276064.62
48 437651.26 438683.02 436626.13 437651.26 438683.02 436626.13 437651.26  438683.02  436626.13
54 526182.94 526948.60 525421.77 526182.94 526948.60 525421.77 526182.94  526048.60 52542177
60 554489.86 554846.32 554134.91 554489.86 554846.32 554134.91 554480.86 55484632 55413491
66 543950.63 543885.06 544015.10 543950.63 543885.06 544015.10 543950.63  543885.06  544015.10
72 516067.27 515655.17 516476.58 516067.27 515655.17 516476.58 516067.27 51565517 51647658
78 487054.90 486403.99 487702.16 487054.90 486403.99 48770216 487054.90  486403.99  487702.16
84 466902.73 466118.12 467683.32 466902.73 466118.12 467683.32 466902.73 46611812  467683.32
90 460636.18 450811.49 461456.76 460636.18 450811.49 461456.76 46063618 45081149 461456.76
9% 469706.64 468931.06 470478.18 469706.64 468931.06 470478.18 46070664  468931.06  470478.18
102 492482.47 491852.63 493108.64 492482.47 491852.63 493108.64 49248247 49185263  493108.64
108 523578.56 523204.43 523949.99 523578.56 523204.43 523949.99 52357856 52320443  523049.99
114 552328.98 552321.84 552335.28 552328.98 552321.84 552335.28 55232898  552321.84  552335.28
120 561552.29 561984.88 561121.70 561552.29 561984.88 561121.70 56155229  561984.88 56112170
126 528874.81 529720.88 528033.86 528874.81 529720.88 528033.86 508874.81  520720.88  528033.86
132 432889.79 433984.80 431801.95 432889.79 433984.80 431801.95 432880.79  433984.80  431801.95
138 263214.62 264291.77 262144.51 263214.62 264291.77 262144.51 26321462 26429177 262144.51
144 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88
150 24536545  -244989.32 -245739.97 -245365.45 -244989.32 245739.97  -245365.45 24498032  -245739.97
156 52272866  -522787.27 522671.17 -522728.66 522787.27 52267117 -522728.66  -522787.27  -522671.17
162 77025042 -770663.05 -769840.66 770250.42 -770663.05 769840.66  -770250.42  -770663.05  -769840.66
168 06206194  -962715.88 -961411.73 -962061.94 -062715.88 96141173 -062061.94  -962715.88  -961411.73
174 1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73  -1080420.18
180 1118555.16  -1119379.69  -1117734.75  -1118555.16  -1119379.69  -1117734.75  -1118555.16  -1119379.69  -1117734.75




A3 15 (69)

102

Crank ?)  uwudl 10 wuudi 11 woufi 12 uwwfi13 wuufl 14 wuufi 15 wuufi 16 wuufl 17 wuufl 18
186 A071568.67  -1072341.83  -1070799.51  -1071568.67  -1072341.83  0799.51  -1071568.67  -1072341.83  -1070799.51
102 -043790.80  -944417.71 043167.48  -943790.80  -044417.71  }167.48 04379080  -044417.71  -043167.48
198 74542251 74579676 -745050.89  -7A5422.51 74579676  5050.89 74542251 74579676  -745050.89
204 494566.05  -494581.47  -49455143  -494566.05  -494581.47  1551.43 494566.05  -49458147  -494551.43
210 21802233 21761125  -21843151 21802233 21761125 343151 21802233 21761125  -218431.51
216 50533.86 51343.61 49728.94 50533.86 51343.61 728.94 50533.86 51343.61 49728.94
222 27710675  278155.67 276064.61 27710675 278155.67 064.61 277106.75 27815567  276064.61
228 437651.25  438683.02 43662612 43765125 438683.02 626.12 437651.25 43868302  436626.12
234 52618294  526948.60 52542177  526182.94 526948.60 42177 526182.94 526948.60  525421.77
240 554480.86  554846.32 554134.91  554489.86 554846.32 134.91 554489.86 554846.32  554134.91
246 543950.63  543885.06 54401510  543950.63 543885.06 015.10 543950.63 543885.06 54401510
252 516067.27  515655.17 51647658  516067.27 515655.17 476,58 516067.27 51565517 516476.58
258 487054.90  486403.99 48770216 48705490 486403.99 702.16 487054.90 48640399 48770216
264 466902.73  466118.12 46768332 46690273 466118.12 683.32 466902.73 46611812 467683.32
270 46063618 459811.49 46145676  460636.18 450811.49 456.76 460636.18 45081149  461456.76
276 460706.64  468931.06 47047818 469706.64 468931.06 478.18 469706.64 468931.06  470478.18
282 49248247  491852.63 49310864  492482.47 491852.63 108.64 49248247 49185263 493108.64
288 52357856  523204.43 523049.99  523578.56 523204.43 949.99 523578.56 52320443  523949.99
204 55232898  552321.84 55233528  552328.98 552321.84 335.28 552328.98 552321.84  552335.28
300 56155229  561984.88 56112170  561552.29 561984.88 121.70 561552.29 561984.88  561121.70
306 528874.82  520720.89 528033.87  528874.82 529720.89 033.87 528874.82 52072080  528033.87
312 432889.79  433084.81 431801.95  432880.79 433984.81 801.95 432889.79 433984.81 431801.95
318 263214.63  264201.77 26214452  263214.63 264291.77 144.52 263214.63 26420177  262144.52
324 28330.37 29130.61 27534.88 28330.37 29130.61 534.88 28330.37 29130.61 27534.88
330 24536544  -244980.31 245739.96  -245365.44  -244989.31  $739.96 245365.44  -244989.31  -245739.96
336 522728.65  -522787.26  -522671.17  -522728.65  -522787.26  2671.17 52272865  -522787.26  -522671.17
342 77025041  -770663.04  -769840.65 77025041  -770663.04  )840.65 77025041 -770663.04  -769840.65
348 .062061.93  -962715.88  -961411.72  -962061.93  -962715.88  1411.72 .962061.93  -962715.88  -961411.72
354 1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73 042018  -1081202.93  -1081989.73  -1080420.18
360 1118555.16  -1119379.69  -1117734.75  -1118555.16  -1119379.69 773475  -1118555.16  -1119379.60  -1117734.75
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1IN
Crank (°)  uwwufi19 wuufl 20 wuudi 21 wuufl 22 wuufl 23 wuufl 24 wuufl 25 wuufl 26 wuufi 27
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50
12 -043790.80  -944417.70 -043167.48 043790.80  -044417.70 -043167.48  -043790.80  -944417.70 -043167.48
18 74542250 -745796.75 745050.88 74542250 74579675  -745050.88  -74542250  -745796.75 745050.88
24 494566.04  -494581.46 494551.43 494566.04 49458146  -494551.43  -494566.04  -494581.46 494551.43
30 21802232 -217611.24 218431.50 21802232 21761124 21843150  -21802232  -217611.24 -218431.50
36 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95
42 277106.76 278155.67 276064.62 277106.76 278155.67 276064.62 27710676  278155.67 276064.62
48 437651.26 438683.02 436626.13 437651.26 438683.02 436626.13 43765126  438683.02 436626.13
54 526182.94 526948.60 525421.77 526182.94 526948.60 525421.77 526182.94  526048.60 525421.77
60 554489.86 554846.32 554134.91 554489.86 554846.32 554134.91 554480.86  554846.32 554134.91
66 543950.63 543885.06 544015.10 543950.63 543885.06 544015.10 543950.63  543885.06 544015.10
72 516067.27 515655.17 516476.58 516067.27 515655.17 516476.58 516067.27  515655.17 516476.58
78 487054.90 486403.99 487702.16 487054.90 486403.99 487702.16 48705490  486403.99 487702.16
84 466902.73 466118.12 467683.32 466902.73 466118.12 467683.32 46600273 466118.12 467683.32
90 460636.18 450811.49 461456.76 460636.18 450811.49 461456.76 46063618 459811.49 461456.76
9% 469706.64 468931.06 470478.18 469706.64 468931.06 470478.18 469706.64  468931.06 470478.18
102 492482.47 491852.63 493108.64 492482.47 491852.63 493108.64 49248247  491852.63 493108.64
108 523578.56 523204.43 523949.99 523578.56 523204.43 523949.99 503578.56  523204.43 523949.99
114 552328.98 552321.84 552335.28 552328.98 552321.84 552335.28 55232898  552321.84 552335.28
120 561552.29 561984.88 561121.70 561552.29 561984.88 561121.70 56155229  561984.88 561121.70
126 528874.81 529720.88 528033.86 528874.81 529720.88 528033.86 508874.81  520720.88 528033.86
132 432889.79 433984.80 431801.95 432889.79 433984.80 431801.95 43288079  433984.80 431801.95
138 263214.62 264291.77 262144.51 263214.62 264291.77 262144.51 26321462 264291.77 262144.51
144 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88
150 24536545  -244989.32 -245739.97 24536545  -244989.32  -245730.97  -245365.45  -244980.32 -245739.97
156 52272866  -522787.27 52267117 52072866  -522787.27 52267117  -522728.66  -522787.27 52267117
162 77025042 -770663.05 -769840.66 77025042 77066305  -769840.66  -770250.42  -770663.05 -769840.66
168 06206194  -962715.88 -061411.73 06206194  -962715.88  -961411.73  -062061.94  -962715.88 -061411.73
174 1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73  -1080420.18
180 1118555.16  -1119379.60  -1117734.75  -1118555.16  -1119379.69  -111773475  -1118555.16  -1119379.69  -1117734.75
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Crank (°) wwufi 19 wuufi 20 wuudi 21 wuufl 22 wuufl 23 woul 24 wwwfizs wuufl 26 wuufi 27
186  -1071568.67  -1072341.83 -1070799.51  -1071568.67  -1072341.83 -1070799.51  -1071568.67  -1072341.83 -1070799.51
192 -943790.80 044417.71  -943167.48  -943790.80 04441771 -043167.48  -943790.80 044417.71  -943167.48
198 -745422.51 74579676 -745050.80  -745422.51 74579676 -T45050.89 74542251 745796.76  -745050.89
204 -494566.05 49458147 49455143  -494566.05 49458147 49455143  -494566.05 49458147  -494551.43
210 -218022.33 217611.25  -218431.51 218022.33 21761125 21843151 21802233 217611.25  -218431.51
216 50533.86 51343.61 49728.94 50533.86 51343.61 49728.94 50533.86 5134361  49728.94
22 277106.75 27815567  276064.61 277106.75 27815567  276064.61 27710675 27815567  276064.61
208 437651.25 43868302  436626.12 437651.25 43868302 43662612 43765125 438683.02  436626.12
234 526182.94 526048.60  525421.77 526182.94 52604860 52542177  526182.94 526948.60  525421.77
240 554489.86 554846.32  554134.91 554489.86 554846.32  554134.91  554489.86 554846.32  554134.91
246 543950.63 543885.06  544015.10 543950.63 543885.06 54401510  543950.63 543885.06  544015.10
252 516067.27 51565517  516476.58 516067.27 51565517 51647658  516067.27 51565517  516476.58
258 487054.90 48640399  487702.16 487054.90 486403.99 48770216  487054.90 48640399  487702.16
264 466902.73 46611812 467683.32 466902.73 46611812 46768332 46690273 46611812  467683.32
270 460636.18 45081149 46145676 460636.18 45081149 46145676 460636.18 45081149  461456.76
276 469706.64 468931.06  470478.18 469706.64 468931.06 47047818  469706.64 468931.06  470478.18
282 49248247 49185263  493108.64 492482.47 49185263  493108.64  492482.47 491852.63  493108.64
288 523578.56 52320443  523949.99 523578.56 52320443  523049.99  523578.56 52320443  523949.99
204  552328.98 552321.84  552335.28 552328.98 552321.84 55233528  552328.98 552321.84  552335.28
300 561552.29 561984.88  561121.70 561552.29 561984.88  561121.70  561552.29 561984.88  561121.70
306 528874.82 529720.89  528033.87 528874.82 529720.89  528033.87  528874.82 520720.89  528033.87
312 432889.79 433984.81  431801.95 432889.79 433984.81  431801.95  432880.79 433984.81  431801.95
318 263214.63 26420177 262144.52 263214.63 264291.77 26214452  263214.63 26420177 26214452
324 2833037 29130.61 27534.88 28330.37 29130.61 27534.88 28330.37 2913061  27534.88
330 -245365.44 244989.31  -245730.96  -245365.44 24498931  -245730.96  -245365.44 -244989.31  -245739.96
336 -522728.65 522787.26 52267117  -522728.65 522787.26 52267117 52272865 522787.26  -522671.17
342 -770250.41 770663.04  -769840.65  -770250.41 770663.04  -760840.65  -770250.41 770663.04  -769840.65
348 -962061.93 06271588 -961411.72  -962061.93 06271588  -961411.72  -962061.93 -062715.88  -961411.72
354 108120293  -1081989.73  -1080420.18  -1081202.93  -1081989.73 -1080420.18  -1081202.93  -1081989.73 -1080420.18
360 -1118555.16  -1119379.69 -111773475  -1118555.16  -1119379.69 -111773475 -1118555.16  -1119379.69 -1117734.75
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FIATUNANITAIWIHAITLULNIINITEAROUN AL A2NNLTI VBINITINRAINTT

Lﬂﬁau‘ﬁmaaﬂavl,n INAT BRI URNNTIRANEAT

s=rcos(f) ++/1°> —r*sin*(0) 1)

r?sin(@) cos(6)
JIZ =rZsin?(6)

=—rsin@—- 4-2)

r’ cos’(6) r’sin®(0) r*sin®(0) cos®(6)
\/IZ r?sin’(6) \/IZ r?sin’(6) (\/I2 r®sin ((9))3

a=-rcos(d) —

=h.

lag
A P P A o & @ A
s @ SzHzNININFUIARIUN (1AMNUKIIAGHINALNATBLAILIAULY
WU BEUENAINITUANGY)
v A8 ANUTITAIRANIKEL (TAIUUKIIAgUINAINAITRLAILININU
LU BEUENAINIZUANGY
a o ANUTITIEINMUIY (FAMAULIIIAFRINANINITEIRIEIATNUN

La??umugiuﬁﬂmamzu angu)

AN 17 WANIANWI AT HZNIINITIARAWA ANULTY ANULTI VBINNTINRBINTLARAUN

maaﬂa"l,mwmiamfi BN FUNITIRFAITAS

AANMUANALARDY  ITLSNIINNTLARBUN (mm)  ANLS? (Mm/s)  ANNLIS (mm/s?)

mﬁamq@ 69.693 13.610 459811.490
AN 69.993 13.782 460636.180
an NINga 70.293 13.954 461456.756

2. WanIFanlaTITNlIERINIAD A
a o t:? U A T = = g; 1 1 U %
Tuswdduiltisnissanlatstnsdszaninan lagiTuwaawn1sgidrdanwnay L
NI BHRTUN DWNA INVAIVABATFATNINUA 13 Fa% LN LT I UNIZUIRNTIROMIA8AZARAL
@ = ' o a A v & A R = a
ARUBANIENNINIZAA ANTT wazanaisrasnadamissnlfidunsdifnsdasiiosenlu
nnyuasua (8) = 0,30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330 UAZ 360 8471
Taens 13 aamlumimuﬁﬁmﬂuﬁa;&aﬂnaaﬂﬁﬁuim&ﬂwuﬂizmmﬁﬂuimﬂﬁﬁu@aumma
v o ) & { 2 '
fnfaunay I@m:ﬁgﬂLL'LIUmiaau‘l,muiﬂmmwm%u@ 10 gﬂLLuuﬁgﬂlﬂuﬂﬁsaau TIwe
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ATLUUATANARIAI VLN BEILA NGNS b I@ﬂgﬂuuuﬁmmm%’ﬁmuu 5-6-3 919

! a P o P A A o & o @ & A
ﬂqLﬂa&lﬂ'l’]llLLﬂJ%f;l’lﬂJ’]ﬂ'ﬂq@]L&lQLﬂUUNﬂﬂWﬁﬂﬂﬂ’]‘Jﬂ’]u?m@'}Elﬁ&lﬂ’]i'i]auﬂ']ﬁ@]i A8 95.130%
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BPNN Structure

MWUTNaY 100 URAINAAINULABITNANITATWITHA ﬂIﬂ‘N‘li']&l‘]Jitﬁ’W]L‘ﬁEl&lﬁ’) ]
Iﬂidﬁ%’]dﬂﬁiﬁa%ﬁ@hdfﬁk

3. MILUTIUNLUNANITAIWI AN LATIIN DU TE NN U NLRSFUNITIAUANTAS
mManasasIuufisuaianmIdwIsnIngeuszns solve daalisunsy

s o J P o A U A [ o s gﬂ’
DIWWIATNIATITIUIINAIINN 16 A INININAFBILNLIALALD NﬂLﬂ%@GLLﬁ@NI%@’]SWG@N%
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TN 18 ATHURAIANTZEZNIINITIARE N ﬁ"i‘]‘@ A NMIAWIDbLAS Solve

a8 11lsunsn BPNN

aamluqumaameﬁam’im (%)

ANszeznen

ANszaznen

% ANANNARA

ATWIHATNBPNN  AMUIWINNFNNIT RO
(mm) AREFAS (Mm)

0 173.740 170.000 2.200
30 139.474 136.917 1.868
60 88.630 86.917 1.971
90 71.533 70.000 2.190
120 89.014 86.911 2.420
150 140.379 136.907 2.536
180 173.740 170.000 2.200
210 139.474 136.927 1.860
240 88.630 86.923 1.964
270 71.533 70.000 2.190
300 89.014 86.905 2427
330 140.379 136.897 2.543
360 173.740 170.000 2.200

I 19 ANTIURAIAIANLT ﬁﬁ;@] A NI WITRLAZ solve GT’)EJI‘LI'ELLﬂﬁll BPNN

s lumInuusoswaToInIss ( ©) fnuisaf fnusai % FINNNANG
q ANWIHKATNBPNN  fNUIHANNRUNIT nRan
(mm/s) ARAFNT (mm/s)

0 0.000 0.000 0.000

30 -6886.644 -6656.664 3.455

60 -4331.665 -4226.029 2.500

90 14.251 13.954 2.125
120 4408.619 4225.206 4.341
150 6880.398 6657.005 3.356
180 -85.532 -83.912 1.931
210 -6886.644 -6656.322 3.460
240 -4331.665 -4226.852 2.480
270 14.251 13.954 2.125
300 4408.619 4224.384 4.361
330 6880.398 6657.346 3.350
360 -85.532 -83.912 1.931
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1319 20 ANTIILRAIAIAINNLI ﬁ"i‘]‘@] A NNTATWITRLAZ Solve ﬁ’JUIﬂiLLﬂ?&J BPNN

aaﬂﬂuﬂﬁmumauwm%m%m (%) ANANNLTIN FNAMNLTITN % ANANANIA
ATWIHKANBPNN  fNUITHANNFNNNT \REw
(mm/s?) ANEIAS (Mm/s?)

0 0.000 0.000 0.000
30 -949220.503 -825265.609 15.020
60 295822.456 269677.247 9.695
90 924960.460 789552.249 17.150
120 -42114.629 -35625.453 18.215
150 -575663.745 -519739.748 10.760
180 -933261.113 -789460.824 18.215
210 -817484.433 -825366.685 -0.955
240 284109.854 269464.461 5.435
270 849347.396 789613.160 7.565
300 -37401.095 -35473.130 5.435
330 -559014.339 -519699.102 7.565
360 -882746.397 -789399.863 11.825




@179 21 annaifIouiisudiananandrasldsunsudiassmaafen g unuNIEWI BN N BHVEITTZNINIIARARN ANLTILES

ALY BdﬂavLﬂLWN’WTQ A28

2 lunInguIel @ wpanmde O maaﬁmgu aNNEML  MfifwImeIn  mfidmanen % anuaaa
eI (°) WIns (mm) (mm) U (mm) BPNN RUNNTIRATAT LnRan
28NN (mm) 0 59.7 59.7 120 170.068 170.000 0.040
60 59.7 60.3 120 92.483 86.722 6.643
120 60.3 60 119.7 89.726 86.775 3.401
210 60.3 59.7 120.3 105.430 97.308 8.347
AN (mMmis) 0 59.7 59.7 120 0.035 0.000 -
60 59.7 60.3 120 -4393.624 -4189.231 4.879
120 60.3 60 119.7 3853.957 4260.116 -9.534
210 60.3 59.7 120.3 -6863.858 -6656.831 3.110
ANLII (mm/s?) 0 59.7 59.7 120 0.013 0.000 -
60 59.7 60.3 120 527741.269 554489.860 -4.824
120 60.3 60 119.7 548564.681 561984.880 -2.388
210 60.3 59.7 120.3 -230128.517 -218431.510 5.355

LLL
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' { A 4 & @ o o £ = '

2,000 rpm) diatfiaslelaiifin 12 Talus madugUluweeldnszuaunsnuaugdanmanuin
Emzsl,%ai'mm:mmﬁﬁLmuoﬁﬁmu@ ‘Luﬁ'mwiazqmzﬂs:ﬂauﬁay‘luﬂ'ﬂ'{hmu 5 luasnw

Mwisznay 101 @8819uuLe 3 8 vadlunaay

1. A5NIIALRIN
1.1 lunwaaa
1.1 gnzwadaulunsrinmu
snzndaNEIMSUNslEuTS e a3asiisiuniadnde 1e3eswIatn
Foarinsunarsudsaaaarisin lasanzonmeduuuufoutn (Juanizanmadwiy
Usznd lny Tiaane uaznguszine CLMV)
1.2 auydguluniseanuuy
Lﬂ%ﬂﬂ%?@fﬁ’sﬁ%%ﬂﬂﬁ]tﬂédLﬁ%ﬂ’li%?@ﬁ’l’sﬁ%f na Hunan lasawsn
ﬂszﬂqﬂﬁﬁuwamﬁmﬁmammm‘é"ue] iin Tl la8ndas gmuannrmsvinausis luwa
auazThauessausisaulaitin 3,000 rpm (Femdsn@i 2,000 rpm) daudioslalaiin 12
Tl ms%ugﬂ’luﬁ'mﬂ%mzmunwﬁuﬁugﬂﬁnnmﬁnLLw'u gLawzifadﬁuLﬁlﬂz@wu@iwLmu&ﬁ'
fnua luWaudazgaazdsznaudisluiadiuim 5 lu
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1.35’aqﬁl,§aﬂ1°ﬁ
A A

’Ya@mLaaﬂWﬁ]:Lﬂu’Ta@;ﬁmdﬁyluﬂizmﬂ"l,mﬁa LRANUHLEN SS400 AiTa
AW 1.6 mm AL 2.0 mm
1. 4NN TIATIZRNIIAINTIY
1d¥inn13d1889678 Finite Element Method éﬁ%%ﬂiuﬁmmadLﬂ'%f'aam@"ﬁ’nju

s M o o o &
4 ‘V!G] emvlwamsmaaomﬁ

luﬁ'@mauﬂ%aom@iﬂjwﬂ@ 4

U98az9u0a9%h D, = 88.776 mm
D, = 264.088 mm
r =388.216 mm

Mass = 0.546 kg

Thickness = 1.6 mm

N = 2000 rpm (Pressure 213.3493 N/m?)
, (Centrifugal force2112.7907 N)

.
b5

AWUsznay 102 luﬁ'@ﬁm%'um%aammﬁnéu 4 va
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AMNLIznay 103 NaNISIASIZIAeIY FEM

A A . : Y
PARANTAATIER IATNN 103 9TWLT1 maximum stress NLAALUFEININAN yield

stress U89IRQALINORNAIT AIUBWIIFNNININ LU A A3 be

1.5 MIUTzNUAUNUNIIHES

NNMTUsTNmIINEDIBYSENa UNNT ﬁunummﬁmém%’uluﬁ@‘q@ 5 lu

(ATEUAANDY AUTI ARG FuaTadans uazdlnih) 31 4 Wa dunuzaas 850 LM
1.6 HaINNNINAASIBINATIAZANN 9 v lAifadanuaaatafanluluna
o v a [ a v o £ A o w a o & &
wiadldiAanssuluanaztiad A nUwaaing1 g muuummﬂumiﬂs:qﬂ@
AIHIUIUNANIENUVDI GD&T I@;Jawé’wé’nmﬁ@mjmNﬁ@ﬁmsﬁﬁuﬂuumﬁ@mfﬁéﬁ
aumsmamﬁ@mam‘?uﬁ@mjmamﬁmﬁﬁﬁmmlﬂé’lﬁmﬁ'ulmﬁ”ﬂwnm@ gﬂﬁmuazﬁmﬁfﬂ

dl v o A et U a a A
bW 81‘1’1 PIRTUWINRGN msﬁlﬂl“ﬁmmz LNAUIERNTNIN ifj(\‘} q@

1
=

44 3
2. ﬂi]ﬂgﬂlﬂﬂ')’llﬂﬂ

2.1 mmﬁ Monte Carlo Simulation

75283 Monte Carlo Aamilinsgudiativatigudn giunaaiadayandinas
ANAIMLULATHAAFENT AILULURUIADNINITNINNITIATIZRNIRAG L% N1TBONLUUNNT
Naay design of experiment (DOE) %38 NNTIATZANTDADBY (regression analysis) 1w

= % % 6 1 s L% d' a l Qs £Z A et a

ATANBIANUTNANRTIZNINF2INLUT AU IniIIanInanlsduniaalnlsdase
. . o [ A . @ .
(independent variable) tnuwa1g X anaaudInialsaninaaulsany (dependent variable)
LNWAIL Y Lﬂumsg}mwﬁwﬁuﬁhﬁﬂﬁaLLﬂs‘éaszLﬂﬁﬂuvlﬂLLﬁaﬁaLLﬂ‘immﬂﬁﬂuM@hsl
wialy SimavsandsnuardaadunaindsidelSinm AT RNINAnaRIANIDLT U
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a o ¢ > A 6 1
EllLLUU@’JW&]&NW%]STE]G&QG@’JLLﬂivlmugﬂmﬂdﬁNﬂqiﬂqiﬂ@ﬂaEl Gﬁdaﬂu’]iﬂWﬂ’]ﬂim@qvtéﬂu
U@ W%aaqquﬂﬂLL%QIﬁ&lTadﬁjLL‘]J?@H&]VL@TLﬁaLiqﬂiqu@iqé]”JLLﬂsaaiz mﬁl,ﬂi’]:ﬁﬂ’]i

A Ao a Y o = ) % o s o

nanaullalaILUTEIEn ALY TUazA YT NRWIGILYT  wen 1IN LU I NR LI
= L a 1 & s 1 a a .

LUINUeILYIBRITNINAINA IR LY S %L%Em’s’m’li’sLﬂi’l:ﬁﬂ’]iﬂ@ﬂﬂﬂL“NWiﬁ (multiple

regression) MITILATIEHNNTOANBOLTIEUDE191E WHUANNANNITUEAIANNFUN S b6

2
v A

a9t
Yi =By +BX +5 (5-1)

13a Bo mew:ﬁmmuy (y — intercept)
B LWNHANNUTUVBILFUOANAY  (slope)

matzanmdinnfiieesuuuaazas B, uaz f lEITMasmeiesfga wia OLS

4 .
(Ordinary Least Square) iAW ITUAIIN

n
SSE = > e} (5-2)
i=1

a < A
2.2 ﬂﬂHQﬂﬁiﬁ%ﬁ:L‘ﬂ )%

v
9 [

aunni FusIwnINarIoLassinTnard lURTRIFN NG BNNTIAAaUA (1T% W28
wialulunaauLian) uwazan wdanguld SrUUNINauNITEENTDawaziiouldiana d
3:1Jumonaffu;‘]ﬂm:¢;fu1ﬁ§uﬁ’aUmmﬁ@imﬁa M%aawgﬂﬁﬁlﬁ%’uﬁummmwanimma
w&vn sz uUN9nain1sAuRIa A auiinuudanwmeld s nwa d1easaualuaud

PN a ) a A A . A, < A L A o A
WAINTTUILALINY ISLILYNNIILARDUNEDUWITNNIIRUIELNDUNINNR DINRUNITAIU

. . f 2 T
I‘-r'[[f{—ctf{—hf{=zm-lr-lmsin[[(i-l} e R R )

= XL m; rosin(((-6) () +6,+X o) (5-3)

[
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Wa X Ao J=u2N9 (M)

M, Ao 183 (kg)
A o A
m, - m, Ao WIavaIluwan 1- 10 (kg)
A
ms fla uavaIwan (kg)
=
t fa 181 (s)
8, fa dranudaduuanniguadan (rad)
A =3 a
w Ao ANUTNTIYW (rad/s)
k, Ao dndsnaeIal3e (N/m)
C Ao fANAINRIAMUNRKIS (N.s/m)

3. ABADWNITALRWIH
3.1 N3NNI IUNALATDINIADIINTHAN 1N

1 -5 { & U,
3.1.1 nawisznay 102 wmﬂ@@ﬂuﬁﬂmamamaoluwaﬁﬁmuamaﬂ%ﬁ

sundzIwagluszuiun 1 uazszuwui 2 danwdsznay 104

mg
Plane-2 é

Awisznay 104 é’nwmzmimgumaﬂuﬁ'@é’n%%’um%aaumﬁn
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3.1.2 32wufl 1 wazszwufl 2 awuiu

3.1.3 unasrnifianssuszfiowsnanmanyulusiaf lisugs

3.1.4 dmunssuazifioutiasAinsannnyulunisiaasluiadi 15 asen uaz 90
83a1 aInwysznay 105

3.1.5 lumsndaluiaiedesuadnidasnunudn C, = 1.00

m;

. 901

mwilsznau 105 gwlumsa@ﬁﬂuﬂ'@

3.2 LUUIIRDINARAAIFASA28 Monte Carlo Simulation

3.2.1 qmﬁaﬂluﬁ'@Lﬂéadua@ﬁnﬁﬁﬁmﬂfﬂ%u@i 0.411 — 0.456 kg wuulifinng
wyanga warvin lddsznamdnluwainiasniadni LAIMNINIIRIAILENNRIAVBINTS
Fuzifion

3.2.2 ﬁﬂmsl,mdmjm{mﬁﬂﬁlﬂﬁl,ﬁmﬁ‘ulﬁagjﬁaUﬁuI@ﬁLLﬂdaaﬂLﬂu 2 nguuA?
%aﬁnmsmmuauwagmaamsé"uazl,ﬁau

3.2.3 ﬁﬁﬂﬁummjuﬁmﬁfﬂﬁlﬂ&ﬁmﬁ'ﬂﬁagﬁaﬂﬁuI@yLLﬂaaaﬂLﬂu 3 nduu
%aﬁnmsmmuauwagmaamsé"uazl,ﬁau

3.2.4 ﬁﬁmmﬂomém{mﬁfﬂﬁlﬂ&ﬁmﬁ'ulﬁa%iﬁfaUﬁ'ﬂ@mmdaamﬂu 4 nguLA?
'ffi\‘]ﬁﬁmim@hLLauwag@maoﬂﬂﬁuazLﬁau

3.25 ﬁmucﬂmLLauwagmaamsé’fua:Lﬁaumaﬂuﬁ'@m’%ﬁaqmwﬁnﬁaaﬁa ikl

0.1 mm # C, = 1.00 N3%e safety factor LONWAIAVBINTEURELNBH = 0.050 mm

=

3.26 ﬁﬁmiﬁﬁmmwmLLauwagmaam‘sé’uazLﬁauiuLL@iazﬂ@;umummﬁ\‘méu

MAUA
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3.2.7 NTNANEIWIRINFNNIFURELNAWNINALALLUT U NS LA A UI D

1¢1n33va9 Monte Carlo Simulation

NANNINARBIA83DVaI Monte Carlo Simulation LLa@\‘]VL@Téfx‘]Gnifm 21

AN 22 WANINARBINILIDTVDI Monte Carlo Simulation

2
AMWIBNIIULINGN winuwnuaacnaa

Llﬂwwaﬂﬂ%a\‘lﬂ’]i HAaN1INaaad
é'!l'uauﬁaugaqﬂ
1 G1: 0.411 —0.456 0.192 G1 laisw
G1: 0.411 —0.436 0.106 G1 lisw
? G2: 0.436 —0.456 0.117 G2 ladein
G1: 0.411 —0.426 0.041 G1 W
3 G2: 0.426 —0.441 0.049 G2 Hw
G3: 0.441 —0.456 0.087 G3 laeinw
G1: 0.411 —0.422 0.037
G2: 0.422 -0.436 0.040 o
4 NNNANNIY
G3: 0.436 —0.445 0.048 vl
G4: 0.445 —0.456 0.043

a A i aa i . o 4 Ao
WIPUINUUNANITNARDITEHIN9ID Monte Carlo Simulation NUAINAIBIUINN

FUNNITWRZLNDUNIING LFAILGAIATTI 22
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' Al o

011919 23 NANTIINARBIIZRINIAD Monte Carlo Simulation NUATNAIBIWINNTNNNT

FURZLNOUNING
Ltauwﬁgﬂmaamié’fuaxtﬁaugoqﬂ
w1Ibn2asluNe Tuz917a1 10 - 30 FIu17 (mm)
4' v ad 1 4' o
LATBININLN (kg) 35 Monte Carlo ANMNAIWIWINNANNTT
Simulation Andzinonwnna
ininvaslune

3aswaatf 1- 10 ;
N0k ﬂﬁiLLﬂdluﬂg;uﬁ 3 UBINNT

WL IWIU 4 NQY (i=4) 0.048 0.872
0.439,0.443,0.440,0.438,0.441,
0.442,0.442,0.445,0.437,0.440

a§ﬂ
& o A ' o ' A

mMaazyndnIeNanITnuvad GD&T NaInasaniIIvinInaadlunaLaIaIwia
41235 monte carlo simulation I@ymsf,jméhLamﬁn%ﬁfﬂﬁvl,@ﬂ’mﬂmiwamlm%aqmm'ﬂﬂﬁmmz
° ' ' e, T L) o A o Y ' a o ° A
‘mmmmnquluwawumm%uﬂlﬂammﬂuslmagluﬂqmﬂmﬂuﬂaummﬂi:ﬂau Wa
WIS U OUNU AN AU RN FNNTFURZLNOUNIINE WUINANANMIERNENIZNUUDI GD&T
@837 monte carlo simulation THHNANINALALINUAIN LAITNNITAIWI AU FUNITRURZLA A%

'ﬂ'mNamsmaa‘u@T@ﬂtoinmmmﬁﬂ"l,ﬂﬂszqﬂ@“lfﬁﬁmmq@m%mmﬁﬁaaﬁmmﬁ@
FusuluamiszlSanaanng iarinisdanguuasusiunlvmauazininilndifsnin

nawiin lUdsenaudluduswina L Lﬁ@ﬂiz%ﬂ%mwlumiﬁwmga Eg@@iavlﬂ
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L]
a§ﬂ BAYDLA DI

GREl

L]

’Y@]qﬂszadﬁﬂﬁﬂE%’m%fmm%ﬂf:ﬁa WAL LIS 8IS 1R IUN I W ENaNTENUV D4
GD&T #9N13RIBUBITUINRNIING FI91%ITBRLEVINNISAN BN WAIUILUDI180 9
YIWUA 2 LU A8 uuusmeaadetnelssanifionlasd® back propagation neural network
LASLDUSIR0INANTZNUTDI GDAT 61855 monte carlo simulation F99:RINTHINANS
Lﬂ’§auﬁmaam’%'aﬁﬂsﬂa“?‘imamsgumwwzmsm:é’f@ ANNISY LAZANLTILNTEL

MNWANIINARAIANNNIIEN ) TG UVILLUINNIEIATUNITAIWIBRNANTZNL
289 GD&T mmmagﬂﬁé’aﬁy

1. wuudaeaasatiolszanifisnlasds back propagation neural network

PNNNNIMARBITIBLLUINReATaT8UszaniieNlasdT back propagation neural
network @iamiLﬂaiauﬁmaaﬂaVLﬂme“ﬁamfjEI\‘] ( effect of GD&T on kinematics of crank shaft
mechanism ) HWWUIMLUIaeINTIAEauA0Ina lntwaTanssefisanuuulagands
mTﬂLﬂmsﬁmmammﬂé"aumawmmﬁwwmmgm ISO 2768 la TRRREICHISL TR
lass1Uszannifiss (learning of neural network) LLuuﬁpjaauiﬁﬁ'u‘[ﬂﬂmmﬁgmm 10
gﬂl,muﬁ'gnlﬂummau Faudazuuufasdauansanuuindwandrenwly Ia ﬂgmmuﬁﬁ
las9a9uuy 5-6-3 ﬁ]ﬁ:lﬁ@hmﬁ'ﬂﬂ’nmwjuﬂwmﬂﬁq@Lﬁmﬁywaﬁwfﬁumsﬁwmmﬁasl
FUNNTIRUAENS A8 95.130% TIRFIANNANALAR WIS UTGUITHE IRt as T Hadan1s
ndaunfiwainalninandomdas lususeoenimsaaewil A5 LazAULEs

2. WUUINRBINANTENUVEI GD&T 92835 monte carlo simulation

MMSEIUIENANITNUTEI GDT Adanadanisinuvaslunainiasniadnnss
monte carlo simulation I@ymiq'mé’hLamﬁ'mﬁfﬂﬁ'lvlﬁa'mmmamlul,%aq@m%mimm:v‘hmi
Lmom\juluﬁ'@ﬁﬁ@hm{mﬁfﬂlﬂé’lﬁmﬁ'uslﬁa%i‘lumjmﬁmﬁ'ufiauﬁnmﬂszﬂau WUINRINNY
LLﬁ@ﬂ&jwﬁa;&aﬁ”’ﬂm%a GD&T uaztinwinvasluiatedaswiadn ﬁiwmuﬂgi&lziaﬂﬁmﬂ%mz
daNa@iamiv‘mmmaaluﬁ'@ﬁﬁﬂmﬂi:nau‘lﬁﬁﬂizaﬂ%mwmiﬁﬁmuﬁga"fuuaza@muauwa
g@maqmié’uauﬁaulﬁﬁaym LﬁaLﬁyuﬁumsﬂszﬂauluﬁ'@LLuuvlsjﬁﬂﬂiLLﬂqﬂejuluﬂ'@ﬂ'asl
Favimsnveslunavesaiaswiadng 1- 10 lunsd miLLmlumjuﬁ 3 PBINITULLIWIB
4 ﬂ@:&l (i=4) 0.439,0.443,0.440,0.438,0.441,0.442,0.442,0.445,0.437,0.440 ﬁml,auw’é‘zgmm

< 2 AL o i Ao o A A
NMTRURELNOY 0.048 mm DIULUNIATNATUIUINNRUNITRFURSINAUNIINEAD 0.872 mm
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PoLEwaLRE ARSI VI8 InawIa6

NSRBI TEeINIRARILLUS0IeS T8 Usz RN s uEIn SNSRI
HANIENUVES GD&T FanIlnaauinazauiian1anaa9swaInaiassnsnallunyisond
ﬁﬁnimwmsmﬁ'auﬁmaal,ﬂ‘%'aaé'mﬂaa:mamgwLawwzmsmz%'@ AN WRTAINNLIY
YT ﬁnﬂmsﬁdLﬂ@ﬂw’um:maaowuéo‘ﬁ'mmmﬂ%uﬂgaﬁumiﬁ@umme‘haaa@ﬁﬁ

1, Lﬂ§mu%ummﬂmﬁ@‘é"uﬁLmn@mﬁ'uaaﬂvl,ﬂ@mJé’ﬂmm:mﬂfmﬂuq@mmﬁu
LT UBLABT ABNLNIELTDS T8 %udmluqmm%mmmumu@? WD ua

2. NARINGILLUTUANGIRT LTW NIFUEZLT AU szmnm‘lumﬂauﬂw?d nI032AU
PO FITINLARY UYL AT BIS NIV

3 lunshaanuuudusiutansng g éaﬁﬁaaszi’aﬁamsﬁ%mmmgmhﬂmsl,ﬁan
tolerance class M1LANZ &Y 11689N1IANNAZIBLAFI deILRanN tolerance class fazidoa
WNNI# 15w tolerance class  f (fine) Wazn13sNaasMIstaaanfiaasna lniwandomnissnas
924 safety factor Fdnsunslonuasely Lﬁaﬂaaﬁunavlﬂ'ﬁﬂgmﬁﬂmy

4. vnmnasaslasliymanmegasmnisudunanitgasnnisnzesinends
wawldlugasnnitnauine (i q@]m%ﬂﬁmﬂ%aﬁauwwﬁ DAFINATINDINAL
QAFNRNIINEUBUG TN

5. BANLULLAZRAWILLU18098% 9 draldsunsuiuand19nweazaIsiinig

Tl ~ 1 @ A o v a 6
WIguhaua1adIngaIwa mvl,@ﬂuaumsm\mm@mam
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Abstract

Currently, several thousond ol rice harvesters and combine
harvesters are assembled every year. These harvesters are sald
within Thailand and exported to the CLMV and South Asian
countrics. However, one of the major claims of these products
is broken bolts at the connection between fan blade and fan
shitfl, The investigation indicated that a cause of this failure is
high vibration of a fan unit. In order to climinate this failure,
vibration control of the fan unit is required, However, 8
production linc is a lot of time consumption for balancing a
fan unit of these harvesters because operators must do both
static and dynamic balancing processes for every single fan
unit. According 1o the primary investigation, the vaniation in
position and dimension of the fun blade s a major cause of its
unbalance. In order to reduce this varation, a new standard
procedure was introduced. This procedure was developed
bascd on an assumption that the vibration of the fan unit can
be significantly decreased if the standard deviation of the fan
blade’s weight ie eeduced, Experimental results indicated that
the new procedure can reduce time consumption for doing
static and dynamic balaocing processes of the fan unit
significantly. For example, in case of a 4-fi fan unit, the total
assembly time of the fan unit can be neduced for more than
50%. Currently, this new procedure has been used in several
production lines,

Keywords: Fan blade, rice barvester, combine harvester,
vibration, product grouping

INTRODUCTION

More than 10 years that Thai's manufacturers have produced
and exported their rice harvesters and combine harvesters

(Figure 1) te the CLMV and South Asian countrics, It was
recorded that there were many catastrophic failures at the fan
blade and a major cause of this failure was the vibration of fan
blade unit. Hence, manufacturers attempted to reducq the
vibration of fan blade unit by decreasing the variation of fan
blade weight.

Figure 2 shows a solid model of the fan blade unit. Each unit
consists of two sets of five fan blades, three ball bearings with
vibration absorber, four sets of blade holder, and one shaft. A
real fan blade can be seen in Figure 3.

According 0 the primary investigation, the varation in
position and dimension of the faa blade is a major cause of its
unbalance. Ideally, this problem can be fixed by doing the
static and dynamic balancing processes intraduced by several
experts [1-5). However, this method consumes a lot of
production time. Hence, the other methods that spead less
production time are required. The new method that can serve
this requirement is therefore introduced in this paper.

Figure 1. An example of combine harvester
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i

Figure 3. Example of fan blade
CASE STUDY

There are severs] milels of rice haevestess and combine
harvesters that are sold in the markets. However, in this
research, a fan unit that is used in both 4-ft model of rice
barvester and 4-ft model of combine harvester produced by a
Thai's manufacturer was selected a3 a case study. The details
of each fan blade used in the 4-f model arc shown in Figure 4,
while the details of each set of fan blades are shown in Figure

3. ‘

R20
\ c=
g /___\A s E
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Figure 4. Drawing of each fan blude
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The GD&T of parts of 4-ft model of rice harvester, including

From the forth assumption, the schematic of mass representing
dimension and angularity, meets the SO 2768 Standard [6]. the fan blade can be shown in Figure 7. It was also said that the
There is no any specific GD&T variation in angles at 15° and 907 of fan blade geometry affects

the distance “ry to rie” and angle “O to 60" which is mentioned
in Figure 5 and Figure 6.
-, PXsoee

L%

T I
- |

-

Figure .S Drawing of one set of five fan blades

Schematic of case study

T eccsnmmsmenmee—’ "

&,
4
According to Figure 2, the schematic of 4-ft model of rice
harvester can be expressed as shown in Figure 6,

Figure 7. Schematic of mass representing each fan blade

Major assumptions for this schematic shown above are:
1

The center of mass of first and sccond five blades is
assumed

The force vibration equation of motion that was de\'elop!d by
: L —~T using the first, second and third assumplions can be expressed
‘ o locate in plane-1 and plane-2, a3 follows:
respectively.
2.

Plane-1 and plane-2 are parallel, MX+eX+kX=

3. The source of vibration only comes from the retation

5
o g':mir,-wsin([(i - l)(Z_Sn) +0, + %] +ot) n
4. g::x:;{:;uo;;inﬁs at 15° and 90° of fan blade +2m,qmsin([(i—6)(25—n) +0, +§]+mt)
5. Tl production must be controlled under “Cp = 100, 7
r ™ M, = m + i-Zlmi @
Ta Where
X(1) displacement (m) ‘
M total mass (kg)
m; — o mass of blade no.1 to no 10 (kg)
m, mass of shaft (mg)
t time (S)
0, deviation from perpendicular line (rad)
w» rolating speed (rad’s)
ks wial spring constant (Nfm)
Figure 6. Schematic of case study &

total dampling constant (N.s/m)
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PROPOSE OF NEW PROCEDURE

The new procedure for reducing the vibration of fan blade in
tice harvester and combine harvester was developed in this
research end presented in Figure ¥. The concept of this
procedure was that the vibration of the fan unit can be
significantly decreased if the standard deviation of the fan
blade's weight is reduced.

For controlling the manufacturing cost, the product (fan blade)
grouping method instead of making precision fan blade is
selected.  After finish fan blade production, hence, the fan
blades need to be grouped, For each assembly of fan unit, all
blades must be taken from the same group. Additionally, for

cach fan blade group, the variation in the fan blade’s weight
docs not have to generate unaccepted vibration,

The Monte Carlo Simulation is used for finding the possibility
of vibration of fan blade unit at different conditions. By
employing the simulation results, the lower limit and the upper

limit of the fan blade’s weight for each group could be specified.

" However, this procedure can be used under & major criterion

3108

that the distribution of weight of fan blades must be pormal.

1

The experiment began with sampling the fan blades that were
produced in the production line, Then, the simulation was
carried out following the flow chart shown in Figure 8.

EXPERIMENTAL SETUP

In arder 1o verify the relability of the new procedure mentioned
in Figure 8, the experiment was sct as a schematic shown in
Figure 9. The maximum amplitude of vibration (Xi«w) in a
dwration of 10 - 30 seconds was collected by using a vibration
analyzer model SKF Microlog CMXA SI-IS with a sensor
attached at the middle ball bearing.

Figure 9. Schematic of tesling apparatus

RESULTS AND DISCUSSION

Preparing for simulstion

Since the manufacturer produces approximate 1000 fan blades
for the 4-ft model every year, at least 278 fan blades must be
swnpled. This pwnber of sample wis calculated according 10
the statistical recommendations (7-9). In this research, 278 fan
bludes were collected, It wus found that the maximum and
minimum weight of these sampled fan blades was 0.456 kg and
0.411 kg, respectively.

For checking the type of distribution of fan blade weight, all
weights of sampled fan blades were analyzed for their
distribution patterns by using the Microsoft Excel soﬂwarc* The
analysis results showea that the patterns of distribution could be
accepted as normal distribution, The mean value was 0.438 kg

The value of vibration amplitude that the manufachirer can be
accepted is 0.1 mm. This number was set as x.. However,
there were some errers in the vibration equation of mation
amplitude (Eq. 1), Hence, the value of 2 was used as the safety
factor.
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The simulation process was carried out according 1o the flow
chart shown in Figure 8, The Monte Carlo simulation was
done by using the Microsoft Excel software, The example of
using the Microsoft Excel software to do the Monte Carlo
simulation was introduced by Jeges [10]). There were twelve
parameters that must be employed in the Monte Carlo
simulation. These were angle of 15°+]1 shown in Figure 6,
angle of $0°41 shown in Figure 7, and weight of 10 fan blades
{my = myg). The rotation speed was fixed ot normal operation,
which was 2,000 pm.

The simulation results were shown in Table 1. In this table, if
the manufacturer needs to produce the fan units that have the
maximum vibeation amplitude lower than 0.1 mmat C, = 1.00,
these fan blades must be divided into ai leasi four groups. For
cach fin unit, all fan blades must be taken from the same group.

Tuble .1 Simulation results from proposed procedure

i Group Max, Amplitude Result
of Vibration
(mm})

1 G,: 0411 -0.456 0.192 G fuil
2 G : 0411 -0436 0.106

G:: 0,436 - 0456 0117 Gy, G fail
3 Gy: 0411 -0426 0.041

G:: 0426 -0.441 0.049 G, Gz pass

Gy:0.44] -0.456 0.087 G fail
4 Gi: 0411 -0422 0.037

G2 0422 -0.436 0.040

Gy 10,436 - 0.445 0.048 All group

Ga:0.445-0456 0.043 pass

1. Amplitude of vibration thit the manufaclurer in be
accepted 15 0.100 mm,

2. Amplitude of vibration in case of using 2 as safety
factor is 0.050 mm,

Table 2 Comparison between simulation and experiment

Weight of fan blades Max. vibration amplitude in

duration of 10 =30 s, (mm)

New Procedure | Experiment

mi — mio; case Gy of i=4 0.048 0.872
0.439, 0,443, 0.440,
0438, 0.441,0.442,
0442, 0.445, 0.437,
0.440

|
Verification of new procedure for_reducing_the effect of
vapaton i sl i ion_of fan_blade_in rice

In onder to venfy the relbility of the new procedure for
reducing the effect of variation in position and dimension of fan
blade in rice harvester and combine harvester shown in Figure 8,
the testing apparatus was set as a schematic shown in Figure 9.
Ten fan blades from the same group (in case of 1= 4) were taken
and then built as a fan unit, The comparison of the maximum
vibration amplitude in duration of 10 — 30 s between the
calculation following the new procedure and the measuring
resulls were shown in Table 2. It can be said that the] new
procedure indicated in Figure 8 can be used in the production
line for controlling the vibration of fan unit,

1t should be aoted that the vibration aniplitude of duration of ¢ -
10 5 was not considered because it was the waiting time for
steady state operation of the fan blade system.

CONCLUSION

According to the results in the results and discussion mentioned
above, it was found that the new procedure for reducing the
effect of vanation in position and dimension of fan blade in rice
harvester and combine harvester, which was introduced in this
paper (Figure 8), can control the vibration of the fan blade into
an acceplable level, Without the need of static and dynamic
balancing processes. this procedure can therefore save the
manufacturing time for assembling the fan blade l unit
significantly.
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An Application of Finished Test Piece Methods for Evaluating the
Performance of Computer Numerical Control Machining
and Turning Centers

™~

Kittichote Supakumnerd® and Chatchapol Chungchoo™*

ABSTRACT -

Currently, many mechanical parts are pradeced from computer numerical control (CNC)
machines including CNC machining centers and CNC tuming centers. In ozder to keep production costs as
low as possible, workpieces have to be rejected at the minimum rate. This can be done, but it depends on
many parameters. One important pacameter is adequate machine performance (o produce the workpicce.
In this research, a new technigue was introduced to evaluate the performance of both CNC machining
and turning centers. The first benefit of this technique is that manufacturers can evaluate a machine’s
performance themselves (no expert is required). The second benefit is that the approximate workpicee
dimensions can be predicted in advance. In addition, using the standard test picce, experimental results
confirmed that this new technique can be used in industry.

Keywords: finished test picce, machining centre, performance, turning centre

INTRODUCTION

Presently, compuler numerical control
{CNC) performance testing can be classified into
two categories—direct measurement methods and
indirect measurement methods.

With direct measurement methods, testers
usually employ the ISO 230 series (Intemational
Organization for Standardization, 2012} and
1SO 10791 series (Intemational Organization for
Standardization, 1998) as testing standards, For
CNC tuming centers, the popular testing standards
are the ISO 230 series (International Organization
for Standardization, 2012) and ISO 1304] series
(Intemational Organization for Standardization,
2005). Major equipment for these test methods

includes laser interferometers, ball-bars andfor
dial-gauges (Figure 1). The results from this testing
can be used for several machine adjustments.
Since most testing results are based on quast-static
errors, manufacturers are notable to determine the
extent of the difference between the true product
peometry and its design geometry,

For indircct measurcment methods,
testers usually use International Organization for
Standardization. (19981 o evaluate the performance
of CNC machining c¢enters, and employ
International Organization for Standardization
(2005) to evaluate the performance of CNC tuming
centers (Reference). These tests use finished test
picees to evaluate the CNC machine performance
(a piece either complies or does not comply).

! Departnent of Mechanicol Engineering. Foculty of Enginessing, Srinakhariswiret Unldversity, Nakhon Nayok 26120,
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Figure 1 Examplesoftesting instruments: (a) Laser interferometer; (b} Bnli-bnr, («) Dial gavge (Sourced
from: hitpz/mtsandtg.com, httpxwww.renishaw.com; and httpifiwww.rotagriponline.com; 20

May 2013).

Unfortunately, both meshods (dircet and indirect)
cannot tell whether o not the machine can produce
finished workpieces that follow the geometrical
product specifications (GPS) because nonmally,
the testing results are employed to adjust the CNC
machine tools (Chean and Geddam, 1997; Liv and
Venuvinod, 1999; Raksiri and Pamnichkun, 2004,
Zhu et al., 2012;),

Hence, in this research, a new technique 1o
evaluate the performance of both CNC machining
and turning centers was introduced based on
modifications to International Organization
for Standardization (1998) and Inlernational
Organization for Standardization (2003). This
technique involves a shorter testing time and a
lower testing cost compared with other lechniques.
Additionally, this new technique can predict
whether or not the machine can produce finished
workpieces following the geometrical product
specifications (GPS).

Relevant theory

The imporiant relevant theories are: 1)
ISO 10791-7 end 2) ISO 13041-6 (Intcmational
QOrganization for Standardization, 1998, 2005).

150 10791-7

1SO 10791-7 tests conditions for
machining centers and in part 7 covers the
aeeuracy of a finished test piece with regard to

the 1SO standard which details information as
broadly and comprehensively as possible on the
tests which can be carvied out for comparison,
acceptance, maintenance or any other purpose, It
can be used for numerically controlled milling and
boring machines.

There are two types of test piece. The
first i a positioning and contouring test picce.
The second is a face milling test piece, Examples
of both types of test piece are shown in Figures 2
and 3.

Tooling and cutting parameters {(culting
speed, feed rate and depth of cut), blank and
preliminary operations need to be done in
accordance with the standard. A coordinate
measiring machine (CMM) must be used as the
major measuring instrument,

Both types of test piece can provide
some useful information for evaluating machine
performance. This information includes: 1)
cylindricity of the holes—ihis is the tolerance zone
of holes created Ly two imaginary eylinders; 2)
straightness of the hole axis and the reference—
this is a form tolerance to control the hole axis and
the reference by using two imaginary parallel lines;
3) straightness of {l:e sides—this i5 the straighiness
of the sides of the test picce 4) squareness of the
sides—this shows variation from a 90-degree
angle; 3) parallclism—this indicates the relation
of the inspected feature to another datum planc;
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Standardization, 1998).
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6) circulanty—this defines the roundness between
two concentric circles; 7) concentricity—this is
used 10 compare two or more cylinders and to
ensure that they share a common center-axis; &)
straightness of the faces—this is the struightness
of the faces of a test piece; 9) accuracy of the
angles—this is the vanation in the specified angle
between a related datum and the angled feature;
and 10) flatness—this is the variation in the surface
of the part which is limited by the two, imaginary,
pericctly fiat planes.

150 13041-6

ISO 13041-6 tests the conditions for
numerically controlled turning machines and
tuming centers and in part 6 covers the accuracy
of a finshed test piece with regard to the ISO
standard which details information as broadly
and comprehensively as possible on tests which
can be carried out for comparison, acceplance,
maintenance or any ether purpose. It can be used
for both numerically controlied turning machines
and turning centers,

Inorder to apply ISO 13041 -6, reference
is made to IS0 230-1, especially for the installation
of the machine before testing, warming up of the
machine, description of measuring methods and
evaluation and presentation of the results.

There are four types of test piece. The
first is & ¢ylindrical teat picce, The sccond ia
the flatness of a surface test picce. The third is
a test piece machined under different kinematic
conditions. The last is a circular test piece, Some
examples of these test pieces are shown in Figure
4.

Tooling and cutting parameters {culling
speed, feed rate and depth of cut), and a pre-
machined blank need to b2 done in accordance
with the standard. A CMM must be used as the
major measuring instrument.

Using this 1SO standard, test pieces can
provide some uscful information for eveluating the
performance of a tuming center. This information
includes cylindricity, consistency of machined

T

o =]
-
‘HJ 2 T L2
[b]
“
b=
-
%
e|—1- = S
U (A
/_-—-——.
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L

Figure 4 Three finished test picces shown
in International Organization for
Standardization (2005): () Cylindrical
test picee; (b) Flatness of surface test
picee; {¢) Circular test picee,
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diameters, flatness, circelar deviation, sguareness,
parallelism, straightness, accuracy of the angles,
tne position of holes and concentricity of outer
holes to inner holes, as defined in the previous
section.

A new technigue for computer numerical control
machining and turning cénter performance
evaluation

The original idea for this new concept
was first introduced in 2013 (Chungchoo,
20133, 2013b), It ¢can be used for evaluating the
performance of both CNC machining and turning
centers. The concept involves converting the
tolerance values of the test piece 1o a tolerance
per unit length of cach tolerance type (as shown
in Figure 5). Additionally, the uncertainty of
measuring equipment is relevant 1o this concept.

For CNC machining centers, the test
piece is prepared following the ISO 10791-7
standard. However, the test picee for CNC wrning
centers is made under the recommendations of ISO
13041-6.

In a working length, there is variation
in the machine performance. For example, in
CNC machining centers, the straightness of the
Yeaxis on the left hand side is not the same as on
the right hand side. Normally, the usual working
zone has the lowest machine performance. If the

Tolerance values of test

Convert to

tested picce is located in this zone, the reparted
performance is the minimum performance of the
machine. Manufacturers need to used this worst
value 10 predict whether oc not the machine can
produce finished workpieces following the GPS.
The recommended testing position is at the center
of the table for CNC machining centers and at
the zone between the chuck to one quarter of the
working length in the z axis for CNC tuming
centers,

MATERIALS AND METHODS

Experimentation

Equipment and materials for computer
nomerical control machining center

Test pieces [according to International
Orpanization for Standardization, 1998) were
prepared using a CNC machining center (model
MCV1165; Micro-Tech; Tamil Nadu, India) which
employed two cutting tools. These culling tools
were a flat end mill with a diameter of 30 mm
(four flutes) and a face mill with a diameter of 63
mm (six flutes). The geometric dimensioning and
tolerancing (GD&T) values of these test pieces
were measured using the CMM machine {model
910; Mitutoyo; Kawasaks, Japan). The test piece

material was aluminam allay #5083,
s

Tolerance per unit length of
cach tolerance type plus
measurement uncertainty

Figure 5 A rew technique for computer numerical control machining and turning center performance

evaluation.
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Equipment and material for a computer
numerical controlturning center

Test pieces (according to Intemational
Organization for Standardization, 2005) were
made by employing a CNC turning center (model:
ST10; Hass; Tainan, Taiwan) which used two 100l
inserts. These inserts were WNMGOS0404MA (for
endface and youghness) and TNMG160304R2G
(for finishing). The GD&T values of these test
pieces were measured wsing a CMM machine
(modcl PMM-C700; Brown & Sharpe; North
Kingstown, R1, USA). The test piece matenial was
stainless stee] SUS304,

Experimental sct-up

Experiment for computer numerical
control machining centers

In this research, a small-sized contouring
test piece according to the International
Organization for Standardization (1988) standard
was used as a standard test piece. The method
for preparing the blank, including the selection
of the custing parameters, was done by following
the recommendations mentioned in the ISO
standard.

When the machining process was finished,
the test picce was assessed for its mcasured
tolerance vzlues using the CMM machine.
The 13 tolerance measurements (mentioned in
Iniernational Urgamzation for Standardization,
1998) were recorded. Then, these tolerance values
were converted to the folerance per unit leagth
of each tolerance type plus the measurement
uncertainty.

The design shown in Figure 6 was
used 28 a case study to test the concept of the
new technique for evaluating the performance
of a CNC machining center, Before production,
the calculated tolerance was used to predict the
dimension of the workpiece, After the machining
process was complete, the real and the predicted
dimensions were compared,

It should be noted that the number of
contact points required for CMM measurement
followed the recommendations shown in Table 1.

Experiment for computer numerical
control turning centers “

A cylindrical 1est piece, the flatness of
surface test piece and a circular test piece of the
1SO 13041-6 standard wath sizing in category 1
were used as standard test pieces. The method for
preparing the blank, including the selection of the
cutting parameters, followed the recommendations
mentioned in the [SO standard.

10
-
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Figure 6 Case study for workpicce produced by
the machining center.

155



e, —

Kazatzart J, (Nat, Sci.) 49(6) 957

As in the above section, when the
machining process was finished, the CMM
machine was used to measure the tolerance values
of each test picce. The four objects of tolerance
(mentioned in International Qrganization for
Standardization, 2005) were recorded. Then, these
tolerance values were converted to the folerance
per unit length of each tolerance type plus the
measurement uncertainty,

The design shown'in Figure 7 was used
as a cuse study to test the concept of the new
technique toevaluate the pecformance of the CNC
turning center. Before production, the caleulated
tolerance was used to predict the dimensions of
the workpicee, After the machining process was
finished, the actual and the predicted dimensions
were compared.

RESULTS AND DISCUSSION

Testing of computer numerical control
machining center performance

The performance of the CNC machining
center was assessed hy following Intemational

BT | e~

226
Caso

(]
LY

Figure 7 Case study for workpiece produced by
the tuming center.

Table 1 Recommended contact point for coordinate measuring machine measurement (Flack, 2001).

Mathematical

Geometric feature B Recommended amounts
minimum

Siraight line 2 5

Plane 3 9 (upprusimalely luee lines o oee)

Circle 3 T (1o detect up to six lobes)

Sphere 4 9 (approximately three circles of three in three parallel
planes) 2

Cone [ 12 {circles in four parallel planes for information on
straiphtness) ¢
15 (five points on cach circle for infarmation on
roundness)

Ellipse 4 12

Cylinder 5 12 (circles in four paralle] planes for information on
straightness)
15 (five points on each circle for information on
roundness) 3

Cube 6 18 (at least three per face)
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Organization for Standardization (1998). In this
work, a small-sized contouring test was used
(Figure 8), Using the CMM machine, the test
results were recorded and are shown in Table 2.
Considering Table 3 of International Organization
for Standardization (1998}, it was found that there
are some tolerance objects which did not mect the
accepted criteria. These were the squareness of (he
adjacent sides to basis B, the accuracy of the 75°

Figure 8 Exzmple of a small-sized contouring
test piece.

Table2 Small-sized contouring test piece,

angle to basis B, the circulanty, the accuracy of
angles 93° and 3° to basis B and the concentricity
of the inner hole to the outer hole D, Although this
machine can be used for producing low accuracy
workpieces, the owner needs to refurbish as soon
as possible. e

Asstated carlicr, the test results following
International Organization for Standardization
{1998) need 1o be converted 1o the tolerance per
unit length with uricertainty, The uncertainty value
¢an be determined from: 1) the actual uncertainty
of the CMM machine that is reported in the
certificate of calibration, or 2) the permissible
error of the CMM machine calculated following
International Organization for Standardization
(2009),

In this research, the uncertainty value
was luken from the permissible emor of the
CMM machine (International Organization
for Standardization, 2009). This value can be
caleulated from AU = £ (3.9 + 4 L/ 1,000) um.
Sinez the unit length that was used in this research
was 100 mm, the uncertainty is =43 um.

5 Measuring ~ Measuring value per unit length with
Object .
value {um) uncertainty (um}
Cylinéncity 8 2.9 pm/ 100 mm £ 4.3 ym
Squareness between the hole axis and 7 6.7 pm /100 mm £ 4.3 um
the basis A
Straightness of the side 10 6.3 pm/ 1 mm £ 4.3 um
Squareness of the adjacent sides to basis B 15 9.4 pm /100 mm +4.3 ym
Parallelism of the opposite site to basis B 5 3.1 pm/ 100 mm 4.3 pm
Straightness of the side G 3.8 pm /100 mm 1 4.3 pm
Accuracy of 75° angles 1o basis B 10 83 pm/ 100 mm £ 4.3 pm
Circularity 20 18.5 pm / 100 mm £ 4.3 pm
Concentricity of the external circle and 23 76 pm/ 100 mm 4.3 pm
the internal borehole C
Straightness of the faces B 2.5 pm /100 mm £ 4.3 um
Accuracy of angles 93° and 3° angles 4 25 um/ 100 mm 4.3 pm
to basis B
Position of the holes with respect to internal 11 21.2 ym/ 100 mm £ 4.3 pm
bored hole C z
Concentricity of inner hole to outer hole D 25 82.5 pm /100 mm £ 4.3 pm
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Predicting milling workpiece dimension nsing
the introduced concept

Employing the case study shown in
Figure 6, the predicted tolerance values were
calculated as shown in Table 2. Compared with
the real tolerance values measured by the CMM
machine (Figure 9), it was found that the new
concept, introduced in this research work, can be
used to predict the workpicee dimensions (Table
4). &

For the ¢case study, it should be noted that
only two objects (straightness and center to center
of two holes) were investigated as shown in Figure
6,

Testing of computer numerical control turaing
ceatre performance

Before machining these test pieces,
pre-machine blanks (Figure 10) were prepared
as recommended by Intemational Organization
for Standardization (2005). Employing the
cutling parameters specified in International
Organization for Standardization (2005), three
test pieces were made. Employing the CMM

machine to measure the test pieces (Figure 11),
the test results were recorded and ere shown in
Table 5. Considering Tables M1, M2 and M4 in
International Organization for Standardization
(2005}, it was found that there were some tolerance
objects which could not pass the accepled criteria,

Figure 9 Measurement of the case study using
the coordinate measuring machine.

Table3 Small-sized contouring test picce {21l dimensions in millimeters),

Tolerance Nominal Size

Object

Measuring instrument

320 160
Central hole
a) Cylindrieity nns nom MM
b) Squareness between the hole 0.015 0010 CMM

exis and the basis A

0010 CMM or straightedge and dial gauge
0,010  CMM or square and dial gauge

0.010  CMM or height gauge or dial gauge

Square
¢) Straightness of the sides 0.015
&) Squareness of the adjacent 0.020
sides to basis B
) Parallelism of the opposite 0.020
side to basis B
CMM = caordi hi

Tuble 4  Case study for concept testing,

3 Predicted Value Real Value
oue (pm) : (pon) ()
Straightness of the side (40 mm length) .52 1.3 221+ 1.24 31.2220.64
Center to center of two holes 119+18 983+1.24 17.39+£0.43
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being the consislency of machined diameters and
the flatness, From these results, the owner needs
to refurbish this machine as soon as possible
although it can be used for making low accuracy
warkpieces.

The uncertainty value was taken from
the permissible error of the CMM machine
(International Organization for Standardization,
2009), This value can be calculated from AU =

Figure 10 Example of pre-machined blank of a
flatness-of-surface test piece,

+ (3.9 +4 L/ 1,000) pm. Since the unit length
that was used in this research was 100 mm, the
unceriainty is = 4.3 pm,

The following steps show an example of
the calculation, Supposing, the flatness needs to
be converted into the: form of tolerance per unit
length with unceriainty. As shown in Table 1, the
measuring value js 15 pm for 132 mm length
(radius). For a length of 100 mm, the tolerance
value per unit length (100 mm) is (15 % 100/ 132)
= 114 pm / 100 mm (radivs) + 4.3 pm. The rest
of the converted valuzs are shown in Table 5,

Predicting turning workpicce dimension using
the introduced concept

Three of four test pieces were used in the
experiment. Hence, only four tolerance objects
(eylindricity, consistency of machined diameters,
flutness and circular deviation of a 100°) can be
estimated in terms of the tolerance value per unit
length (shown in Table 4).

The results of the case study shown
in Figure 7 showed that there are three GD&T
predictions of concern. However, only the flatness

- P -

Figure 11 Measurement of test pieces using the coordinate measuring machine: (a) Cylindrical test
piece; (b) Flatness-of-surface test picee; () Circular test picce,

Table 5 Cylindrical, flatness-of-surface and a circular test pieces

Obiect Measuring value Measuring value per umit length
) {um) with uncertainty (um)
Cylindricity 5 12.6 pm/ 100 mm (radius) = 4.3 ym
Consistency of machined diameters 15 « 37.9 um/ 100 mm (radiug) = 4.3 pm
Flatness 15 11.4 pm / 100 mm (radivs) £ 4.3 pm

Circular deviation of a 100° 25 50 pm/ 100 mm (radius) + 4.3 um
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can be predicted before machining because the
other GD&T values need to be predicted from
a lest piece machined under different kinematic
coaditions which was not done in this rescarch.

Using information in Table 4, the
predicted flatness was calculated. The value is
about 6,2 pm = 4.3 pm (calculated using linear
approximation). Compared with the real tolerance
values measured by the CMM machine (5.3 pm
0.8 pm), the result showed that the new concept
introduced in this research work, can be used to
predict the workpiece dimensions.

Limitation of the introduced method

The important limitation of the method
is that in this state, the proposed technique cannot
be applied in some cases such as: 1) the culling
conditions of the test piece differ from the cutting
conditions of the workpiece; and 2) the material
propesties of the test piece differ from the material
properties of the woskpiece,

CONCLUSION

The standard test piece was used as a case
study and the experimental results indicated that
the proposed technique can be used to evaluate the
performance of both CNC machining and turning
centers. In addition, by applying this technique,
machined port monufaoturers cen opproximate
the geomelric error of their product in advance.
Iowever, with the machining center, the difference
between the predicted value and the real value
is quite substantial (Table 4). Similar results
were observed in the case of the turning center.
Thercfore, this technique needs to be improved in
order to enhance its sccuracy for approximating
the geometric error of a product in advance
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TN 1 ATNUFAIAITZLENWNITLAROWA AIUALLLN 1 - 9 (WU8: mm)

Crank (°) lL‘iJ‘iJﬁ' 1 LIJJ]J"?II 2 LLiJiJ‘ﬁI 3 LLU]J“?; 4 LLU]J“?; 5 LLiJiJ‘ﬁI 6 lliJ‘iJ“?l' 7 LLUU"?; ] LLUU"?; 9
0 170.000 169.700 170.300 170.000 169.700 170.300 170.000 169.700 170.300
6 168.321 168.020 168.622 168.321 168.020 168.622 168.321 168.020 168.622
12 163.683 163.379 163.988 163.683 163.379 163.988 163.683 163.379 163.988
18 156.441 156.132 156.750 156.441 156.132 156.750 156.441 156.132 156.750
24 147.140 146.825 147.456 147.140 146.825 147.456 147.140 146.825 147.456
30 136.472 136.150 136.793 136.472 136.150 136.793 136.472 136.150 136.793
36 125.196 124.870 125.522 125.196 124.870 125.522 125.196 124.870 125.522
42 114.050 113.722 114.379 114.050 113.722 114.379 114.050 113.722 114.379
48 103.659 103.331 103.988 103.659 103.331 103.988 103.659 103.331 103.988
54 94.467 94.141 94.793 94.467 94.141 94.793 94.467 94.141 94.793
60 86.722 86.401 87.043 86.722 86.401 87.043 86.722 86.401 87.043
66 80.509 80.194 80.823 80.509 80.194 80.823 80.509 80.194 80.823
72 75.802 75.493 76.111 75.802 75.493 76.111 75.802 75.493 76.111
78 72.529 72.225 72.833 72.529 72.225 72.833 72.529 72.225 72.833
84 70.611 70.310 70.912 70.611 70.310 70.912 70.611 70.310 70.912
90 69.993 69.693 70.293 69.993 69.693 70.293 69.993 69.693 70.293
96 70.658 70.357 70.959 70.658 70.357 70.959 70.658 70.357 70.959
102 72.631 72.326 72.936 72.631 72.326 72.936 72.631 72.326 72.936
108 75.974 75.664 76.284 75.974 75.664 76.284 75.974 75.664 76.284
114 80.771 80.455 81.088 80.771 80.455 81.088 80.771 80.455 81.088
120 87.098 86.775 87.421 87.098 86.775 87.421 87.098 86.775 87.421
126 94.975 94.647 95.303 94.975 94.647 95.303 94.975 94.647 95.303
132 104.307 103.976 104.637 104.307 103.976 104.637 104.307 103.976 104.637
138 114.823 114.492 115.153 114.823 114.492 115.153 114.823 114.492 115.153
144 126.055 125.728 126.383 126.055 125.728 126.383 126.055 125.728 126.383
150 137.357 137.035 137.679 137.357 137.035 137.679 137.357 137.035 137.679
156 147.977 147.661 148.293 147.977 147.661 148.293 147.977 147.661 148.293
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AN 1 (68) MTUEAIAITZESNIINIIAREUN AIUALLLN 1 - 9 (WiIe: mm)

Crank( ° ) Llﬂll‘ﬁl 1 lL'iJ‘i_Iﬁ' 2 luJiJﬁ 3 lLiJiJ‘ﬁl 4 luJiJﬁ 5 lLiJiJ‘ﬁl 6 lliJ‘lJ“?l' 7 LLUU"?; 8 lliJ‘lJ“?l' 9
156 108.492 108.176 108.808 108.492 108.176 108.808 108.492 108.176 108.808
162 117.667 117.357 117.976 117.667 117.357 117.976 117.667 117.357 117.976
168 124.715 124.410 125.019 124.715 124.410 125.019 124.715 124.410 125.019
174 129.107 128.806 129.408 129.107 128.806 129.408 129.107 128.806 129.408
180 130.515 130.215 130.815 130.515 130.215 130.815 130.515 130.215 130.815
186 128.836 128.535 129.137 128.836 128.535 129.137 128.836 128.535 129.137
192 124.199 123.894 124.503 124.199 123.894 124.503 124.199 123.894 124.503
198 116.956 116.647 117.266 116.956 116.647 117.266 116.956 116.647 117.266
204 107.656 107.340 107.971 107.656 107.340 107.971 107.656 107.340 107.971
210 96.987 96.666 97.308 96.987 96.666 97.308 96.987 96.666 97.308
216 85.711 85.385 86.037 85.711 85.385 86.037 85.711 85.385 86.037
222 74.566 74.237 74.895 74.566 74.237 74.895 74.566 74.237 74.895
228 64.175 63.846 64.503 64.175 63.846 64.503 64.175 63.846 64.503
234 54.982 54.657 55.308 54.982 54.657 55.308 54.982 54.657 55.308
240 47.237 46.917 47.558 47.237 46.917 47.558 47.237 46.917 47.558
246 41.024 40.709 41.338 41.024 40.709 41.338 41.024 40.709 41.338
252 36.317 36.009 36.626 36.317 36.009 36.626 36.317 36.009 36.626
258 33.044 32.740 33.348 33.044 32.740 33.348 33.044 32.740 33.348
264 31.126 30.825 31.427 31.126 30.825 31.427 31.126 30.825 31.427
270 30.508 30.208 30.808 30.508 30.208 30.808 30.508 30.208 30.808
276 31.173 30.872 31.475 31.173 30.872 31.475 31.173 30.872 31.475
282 33.146 32.841 33.451 33.146 32.841 33.451 33.146 32.841 33.451
288 36.490 36.179 36.800 36.490 36.179 36.800 36.490 36.179 36.800
294 41.287 40.970 41.603 41.287 40.970 41.603 41.287 40.970 41.603
300 47.614 47.291 47.936 47.614 47.291 47.936 47.614 47.291 47.936
306 55.491 55.163 55.818 55.491 55.163 55.818 55.491 55.163 55.818
312 64.822 64.491 65.152 64.822 64.491 65.152 64.822 64.491 65.152
318 75.338 75.008 75.669 75.338 75.008 75.669 75.338 75.008 75.669
324 86.571 86.243 86.898 86.571 86.243 86.898 86.571 86.243 86.898
330 97.873 97.551 98.195 97.873 97.551 98.195 97.873 97.551 98.195
336 108.492 108.176 108.808 108.492 108.176 108.808 108.492 108.176 108.808
342 117.667 117.357 117.976 117.667 117.357 117.976 117.667 117.357 117.976
348 124.715 124.410 125.019 124.715 124.410 125.019 124.715 124.410 125.019
354 129.107 128.806 129.408 129.107 128.806 129.408 129.107 128.806 129.408
360 130.515 130.215 130.815 130.515 130.215 130.815 130.515 130.215 130.815
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AN 2 AITNUFAIAITZLENINITLARAUN AIUALLLN 10 - 18 (W8 mm)

Crank(°) wwufi10  wwwfi1t w12 wou13 woufi 14 wwedi1s wufi1e  wouii17 wuudi1s
0 170000  169.700 170300  170.000  169.700  170.300  170.000  169.700  170.300
6 168.321 168.020 168.622 168321  168.020 168622  168.321  168.020  168.622
12 163683  163.379 163988 163683 163379 163988  163.683 163379  163.988
18 156.441 156.132 156.750 156441 156132 156750 156441 156132  156.750
24 147140  146.825 147456 147140 146825  147.456 147140  146.825  147.456
30 136472 136.150 136793 136472 136150 136793 136472 136150  136.793
36 125196  124.870 125522 125196 124870 125522 125196  124.870 125522
42 114050  113.722 114379 114050 113722 114379 114050 113722  114.379
48 103659  103.331 103.988 103659 103331 103988 103659 103331  103.988
54 94.467 94.141 94.793 94.467 94.141 94.793 94467  94.141 94.793
60 86.722 86.401 87.043 86.722 86.401 87.043 86.722 86.401 87.043
66 80.509 80.194 80.823 80.509 80.194 80.823 80.509  80.194 80.823
72 75.802 75.493 76.111 75.802 75.493 76.111 75.802 75.493 76.111
78 72.529 72.225 72.833 72.529 72.225 72.833 72.529 72.225 72.833
84 70.611 70.310 70.912 70.611 70.310 70.912 70.611 70.310 70.912
90 69.993 69.693 70.203 69.993 69.693 70.203 69.993  69.693 70.203
9 70.658 70.357 70.959 70.658 70.357 70.959 70.658 70.357 70.959

102 72.631 72.326 72.936 72.631 72.326 72.936 72.631 72.326 72.936
108 75.974 75.664 76.284 75.974 75.664 76.284 75974 75664 76.284
114 80.771 80.455 81.088 80.771 80.455 81.088 80.771 80.455 81.088
120 87.008 86.775 87.421 87.008 86.775 87.421 87.098  86.775 87.421

126 94.975 94.647 95.303 94.975 94.647 95.303 94975  94.647 95.303
132 104307  103.976 104637 104307 103976  104.637 104307  103.976  104.637
138 114823 114.492 115153 114.823 114492 115153 114823 114492  115.153
144 126.055  125.728 126383 126055 125728 126383  126.055 125728  126.383
150 137.357  137.035 137.679  137.357  137.035  137.679  137.357  137.035  137.679
156 147977  147.661 148293  147.977 147661 148293  147.977  147.661  148.203
162 157.151 156.842 157461 157151  156.842  157.461 157151  156.842  157.461
168 164199  163.895 164504 164199 163895  164.504 164199  163.895  164.504
174 168.592  168.291 168.893 168592 1682901  168.893  168.592  168.291  168.893
180 170000  169.700 170300  170.000  169.700 170300  170.000  169.700  170.300
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AN 2 (8) MIUEAIAITZLZNNNITLAROUA AIUALLUN 10 - 18 (W28 mm)

Crank(°) wuufi10  wuufi11  wuwii12  wwwfi13z  woudi 14 wouf 15 woui1e  wwwufi17  wwwdi1s
186 128836 128535 120137 128836 128535 120137  128.836  128.535  120.137
192 124199 123804 124503 124199 123804 124503 124199 123894  124.503
198 116956 116647  117.266 116956  116.647  117.266  116.956  116.647  117.266
204 107.656  107.340  107.971  107.656  107.340  107.971  107.656  107.340  107.971
210 96.987 96666  97.308  96.987  96.666  97.308  96.987  96.666  97.308
216 85.711 85385  86.037  85.711 85385  86.037  85.711 85385  86.037
222 74566 74237 74805 74566 74237 74805 74566 74237  74.895
228 64175  63.846 64503 64175  63.846 64503 64175 63846  64.503
234 54982 54657 55308 54982 54657 55308 54982 54657 55308
240 47237 46917  47.558  47.237 46917 47558  47.237 46917  47.558
246 41024 40709 41338 41024 40709 41338 41024 40700  41.338
252 36317 36009 36626 36317 36009 36626 36317 36009  36.626
258 33044 32740 33348 33044 32740 33348 33044 32740 33348
264 31126 30.825 31427 31126 30.825 31427 31126 30825 31427
270 30508 30208  30.808 30508 30208  30.808  30.508 30208  30.808
276 31173 30872 31475 31473 30872 31475 31173 30872 31475
282 33146 32.841 33.451 33146 32.841 33.451 33146 32.841 33.451
288 36490 36179 36800 36490 36179  36.800 36490 36179  36.800
294 41287 40970 41603 41287 40970 41603 41287 40970  41.603
300 47614 47.291 47.936 47614  47.291 47.936 47614 47.291 47.936
306 55.491 55163 55818  55.491 55163 55818  55.491 55163  55.818
312 64.822  64.491 65152 64.822  64.491 65152  64.822  64.491 65.152
318 75338 75008 75669 75338 75008 75669 75338 75008  75.669
324 86.571 86.243  86.898  86.571 86.243  86.898  86.571 86.243  86.898
330 97.873 97551 98195  97.873  97.551 98195  97.873  97.551 98.195
336 108492 108176  108.808 108492 108176  108.808 108492 108176  108.808
342 117.667  117.357  117.976  117.667  117.357  117.976  117.667  117.357  117.976
348 124715 124410 125019 124715 124410 125019 124715 124410 125019
354 120107 128806 129408 129107  128.806 120408 129107  128.806  129.408
360 130.515 130215  130.815  130.515  130.215  130.815  130.515 130215  130.815
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AN 3 AITNUFAIAITZLENINITLARAWN AIUALLLN 19 - 27 (WU8: mm)

Crank(°) wwufi1e uwwufizo woufi21 woufi22  wuudi2zs  wwufize  woufies  woufi2e  wwwd 27
0 170000 169700  170.300  170.000  169.700  170.300  170.000  169.700  170.300
6 168.321  168.020  168.622  168.321  168.020  168.622 168321  168.020  168.622
12 163683 163379 163988 163683  163.379  163.988  163.683  163.379  163.988
18 156441 156132 156750 156441 156132  156.750  156.441 156132  156.750
24 147140 146825  147.456  147.140  146.825  147.456  147.140  146.825  147.456
30 136472 136150 136793 136472 136150  136.793 136472 136150  136.793
36 125196 124870 125522 125196 124870 125522 125196  124.870 125522
42 114050 113722 114379 114050 113722 114379 114050 113722  114.379
48 103659 103331 103988  103.659  103.331  103.988  103.659  103.331  103.988
54 94.467 94.141 94793  94.467 94.141 94.793 94.467 94.141 94.793
60 86.722 86.401 87.043  86.722 86.401 87.043 86.722 86.401 87.043
66 80.509 80.194 80.823  80.509 80.194 80.823 80.509 80.194 80.823
72 75.802 75.493 76.111 75.802 75.493 76.111 75.802 75.493 76.111
78 72.529 72.225 72833 72529 72.225 72.833 72.529 72.225 72.833
84 70.611 70.310 70.912 70.611 70.310 70.912 70.611 70.310 70.912
90 69.993 69.693 70203  69.993 69.693 70.203 69.993 69.693 70.293
9 70.658 70.357 70959  70.658 70.357 70.959 70.658 70.357 70.959

102 72.631 72.326 7293 72631 72.326 72.936 72.631 72.326 72.936
108 75.974 75.664 76.284 75974 75.664 76.284 75.974 75.664 76.284
114 80.771 80.455 81.088  80.771 80.455 81.088 80.771 80.455 81.088
120 87.008 86.775 87.421 87.098 86.775 87.421 87.098 86.775 87.421

126 94.975 94.647 95303  94.975 94.647 95.303 94.975 94.647 95.303
132 104307 103976  104.637 104307  103.976  104.637 104307  103.976  104.637
138 114823 114492 115153  114.823 114492 115153 114823 114492  115.153
144 126.055 125728  126.383  126.055 125728  126.383 126055 125728  126.383
150 137.357  137.035  137.679  137.357  137.035  137.679  137.357  137.035  137.679
156 147.977 147661 148203  147.977  147.661  148.293  147.977  147.661  148.203
162 157151  156.842  157.461 157151  156.842  157.461 157151  156.842  157.461
168 164199  163.895  164.504 164199  163.895  164.504  164.199  163.895  164.504
174 168.592  168.291  168.893  168.592  168.201  168.893 168592  168.291  168.893
180 170000 169700  170.300  170.000  169.700  170.300  170.000  169.700  170.300
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79N 3 (8) ATNUFAIAITZEZNINITLAREUN AIUALLLN 19 - 27 (Wie: mm)

Crank(°) wuufi1e  wuufi20 wwwi21 wwwufizz  woudi2z  woufi2e wouies  wwwufize  wwwdi 27
186 128836 128535 120137 128836 128535 120137  128.836  128.535  120.137
192 124199 123804 124503 124199 123804 124503 124199 123894  124.503
198 116956 116647  117.266 116956  116.647  117.266  116.956  116.647  117.266
204 107.656  107.340  107.971  107.656  107.340  107.971  107.656  107.340  107.971
210 96.987 96666  97.308  96.987  96.666  97.308  96.987  96.666  97.308
216 85.711 85385  86.037  85.711 85385  86.037  85.711 85385  86.037
222 74566 74237 74805 74566 74237 74805 74566 74237  74.895
228 64175  63.846 64503 64175  63.846 64503 64175 63846  64.503
234 54982 54657 55308 54982 54657 55308 54982 54657 55308
240 47237 46917  47.558  47.237 46917 47558  47.237 46917  47.558
246 41024 40709 41338 41024 40709 41338 41024 40700  41.338
252 36317 36009 36626 36317 36009 36626 36317 36009  36.626
258 33044 32740 33348 33044 32740 33348 33044 32740 33348
264 31126 30.825 31427 31126 30.825 31427 31126 30825 31427
270 30508 30208  30.808 30508 30208  30.808  30.508 30208  30.808
276 31173 30872 31475 31473 30872 31475 31173 30872 31475
282 33146 32.841 33.451 33146 32.841 33.451 33146 32.841 33.451
288 36490 36179 36800 36490 36179  36.800 36490 36179  36.800
294 41287 40970 41603 41287 40970 41603 41287 40970  41.603
300 47614 47.291 47.936 47614  47.291 47.936 47614 47.291 47.936
306 55.491 55163 55818  55.491 55163 55818  55.491 55163  55.818
312 64.822  64.491 65152 64.822  64.491 65152  64.822  64.491 65.152
318 75338 75008 75669 75338 75008 75669 75338 75008  75.669
324 86.571 86.243  86.898  86.571 86.243  86.898  86.571 86.243  86.898
330 97.873 97551 98195  97.873  97.551 98195  97.873  97.551 98.195
336 108492 108176  108.808 108492 108176  108.808 108492 108176  108.808
342 117.667  117.357  117.976  117.667  117.357  117.976  117.667  117.357  117.976
348 124715 124410 125019 124715 124410 125019 124715 124410 125019
354 120107 128806 129408 129107  128.806 120408 129107  128.806  129.408
360 130.515 130215  130.815  130.515  130.215  130.815  130.515 130215  130.815
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P : = a a4 & ' A .
AN 4 (ﬂ']i’]dLLﬁ@Nﬂ’]ﬂ']’]&lti’ﬂ%ﬂ’ﬁmaa%‘ﬂ GILALLUN 1 - 9 (WUIY: mm/s)

Crank (°)

12
18
24
30
36
42
48
54
60
66
72
78
84
90
9

102

108

114

120

126

132

138

144

150

156

162

168

174

180

1

=i

BRUY

0.000

-1919.447

-3609.610

-5026.053

-6065.025

-6660.197

-6796.187

-6515.263

-5909.536

-5096.782

-4189.231

-3270.055

-2385.589

-1550.338

-757.059

13.782

786.970

1587.153

2433.299

3331.238

4263.655

5179.793

5991.192

6581.448

6831.994

6654.157

6012.114

4928.460

3475.732

1762.104

-82.720

wuun 2

0.000
-1920.791
-3612.134
-5029.427
-6068.737
-6663.584
-6798.544
-6516.040
-5908.541
-5094.260
-4185.763
-3266.351
-2382.297
-1547.947

-755.878
13.610
785.451
1584.448
2429.742
3327.349
4260.116
5177.332
5990.380
6582.487
6834.627
6657.781
6015.996
4931.935
3478.302
1763.460

-82.720

wuui 3

0.000
-1918.110
-3607.098
-5022.697
-6061.334
-6656.831
-6793.845
-6514.491
-56910.525
-5099.288
-4192.677
-3273.738
-2388.863
-1652.716

-758.233
13.954
788.482
1589.843
2436.836
3335.104
4267.173
5182.238
5991.997
6580.417
6829.377
6650.555
6008.254
4925.004
3473.176
1760.756

-82.720

wuun 4

0.000
-1919.447
-3609.610
-5026.053
-6065.025
-6660.197
-6796.187
-6515.263
-5909.536
-5096.782
-4189.231
-3270.055
-2385.589
-1550.338

-757.059
13.782
786.970
1587.153
2433.299
3331.238
4263.655
5179.793
5991.192
6581.448
6831.994
6654.157
6012.114
4928.460
3475.732
1762.104

-82.720

wuun 5

0.000
-1920.791
-3612.134
-5029.427
-6068.737
-6663.584
-6798.544
-6516.040
-5908.541
-5094.260
-4185.763
-3266.351
-2382.297
-1547.947

-755.878
13.610
785.451
1584.448
2429.742
3327.349
4260.116
5177.332
5990.380
6582.487
6834.627
6657.781
6015.996
4931.935
3478.302
1763.460

-82.720

wuun 6

0.000
-1918.110
-3607.098
-5022.697
-6061.334
-6656.831
-6793.845
-6514.491
-5910.525
-5099.288
-4192.677
-3273.738
-2388.863
-1652.716

-758.233
13.954
788.482
1589.843
2436.836
3335.104
4267.173
5182.238
5991.997
6580.417
6829.377
6650.555
6008.254
4925.004
3473.176
1760.756

-82.720

wuun 7

0.000
-1919.447
-3609.610
-5026.053
-6065.025
-6660.197
-6796.187
-6515.263
-5909.536
-5096.782
-4189.231
-3270.055
-2385.589
-1550.338

-757.059
13.782
786.970
1587.153
2433.299
3331.238
4263.655
5179.793
5991.192
6581.448
6831.994
6654.157
6012.114
4928.460
3475.732
1762.104

-82.720

wuun 8

0.000
-1920.791
-3612.134
-5029.427
-6068.737
-6663.584
-6798.544
-6516.040
-5908.541
-5094.260
-4185.763
-3266.351
-2382.297
-1547.947

-755.878
13.610
785.451
1584.448
2429.742
3327.349
4260.116
5177.332
5990.380
6582.487
6834.627
6657.781
6015.996
4931.935
3478.302
1763.460

-82.720

wuuf 9

0.000
-1918.110
-3607.098
-5022.697
-6061.334
-6656.831
-6793.845
-6514.491
-5910.525
-5099.288
-4192.677
-3273.738
-2388.863
-1552.716

-758.233
13.954
788.482
1589.843
2436.836
3335.104
4267.173
5182.238
5991.997
6580.417
6829.377
6650.555
6008.254
4925.004
3473.176
1760.756

-82.720
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. C .
TN 4 (F8) MNTHUFAIAIANNIUMIARIUN AILAULLN 1 - 9 (UL mm/s)
Crank (°) lLiJiJ"?; 1 LL‘IJ‘IJ‘?; 2 Ll;llll“?; 3 Ll;llll“?; 4 Ll;llll“?; 5 Llsllll"?; 6 Llsllll"?; 7 Llsllll"?; 8 LL]J]J‘?; 9
186 -1919.447 -1920.791 -1918.110 -1919.447 -1920.791 -1918.110 -1919.447 -1920.791 -1918.110
192 -3609.610 -3612.134 -3607.098 -3609.610 -3612.134 -3607.098 -3609.610 -3612.134 -3607.098
198 -5026.053 -5029.427 -5022.697  -5026.053 -5029.427 -5022.697 -5026.053 -5029.427 -5022.697
204 -6065.025 -6068.737 -6061.334  -6065.025 -6068.737 -6061.334 -6065.025 -6068.737 -6061.334
210 -6660.197 -6663.584 -6656.831 -6660.197 -6663.584 -6656.831 -6660.197 -6663.584 -6656.831
216 -6796.187 -6798.544 -6793.845 -6796.187 -6798.544 -6793.845 -6796.187 -6798.544 -6793.845
222 -6515.263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491
228 -5909.536 -5908.541 -5910.525  -5909.536 -5908.541 -5910.525 -5909.536 -5908.541 -5910.525
234 -5096.782 -5094.260 -5099.288 -5096.782 -5094.260 -5099.288 -5096.782 -5094.260 -5099.288
240 -4189.231 -4185.763 -4192.677  -4189.231 -4185.763 -4192.677 -4189.231 -4185.763 -4192.677
246 -3270.055 -3266.351 -3273.738  -3270.055 -3266.351 -3273.738 -3270.055 -3266.351 -3273.738
252 -2385.589 -2382.297 -2388.863  -2385.589 -2382.297 -2388.863 -2385.589 -2382.297 -2388.863
258 -1550.338 -1547.947 -1552.716  -1550.338 -1547.947 -15652.716  -1550.338 -1547.947 -1552.716
264 -757.059 -755.878 -758.233 -757.059 -755.878 -758.233 -757.059 -755.878 -758.233
270 13.782 13.610 13.954 13.782 13.610 13.954 13.782 13.610 13.954
276 786.970 785.451 788.482 786.970 785.451 788.482 786.970 785.451 788.482
282 1587.153 1584.448 1589.843 1587.153 1584.448 1589.843  1587.153 1584.448 1589.843
288 2433.299 2429.742 2436.836 2433.299 2429.742 2436.836  2433.299 2429.742 2436.836
294 3331.238 3327.348  3335.104 3331.238 3327.348 3335.104  3331.238 3327.348 3335.104
300 4263.655 4260.116  4267.172 4263.655 4260.116 4267.172  4263.655 4260.116 4267.172
306 5179.793 5177.332  5182.238 5179.793 5177.332 5182.238 5179.793 5177.332 5182.238
312 5991.192 5990.380 5991.997 5991.192 5990.380 5991.997  5991.192 5990.380 5991.997
318 6581.448 6582.487 6580.417 6581.448 6582.487 6580.417 6581.448 6582.487 6580.417
324 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377
330 6654.157 6657.781 6650.555 6654.157 6657.781 6650.555 6654.157 6657.781 6650.555
336 6012.114 6015.996 6008.254 6012.114 6015.996 6008.254 6012.114 6015.996 6008.254
342 4928.460 4931.935 4925.004 4928.460 4931.935 4925.004 4928.460  4931.935 4925.004
348 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176
354 1762.105 1763.460 1760.756 1762.105 1763.460 1760.756 1762.105 1763.460 1760.756
360 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720
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173

ATNN 5 TILEAIAANISUMITIARaUN AIuALLUN 10 - 18 (Wi e: mmis)

Crank (°) uwuufi 10 uwwud 11 wwwdt 12 wuu@ 13 woudl 14 wwud 15 woudl 16 wuud 17 wuud 18
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 1919.447 1920791 -1918.110  -1919.447  -1920.791  -1918.110  -1919.447 -1920.791  -1918.110
12 3600.610  -3612.134 -3607.098  -3609.610  -3612.134  -3607.098  -3609.610 -3612.134  -3607.098
18 5026.053  -5020.427 -5022.697  -5026.053  -5020.427  -5022.697  -5026.053 -5029.427  -5022.697
24 6065.025  -6068.737 -6061.334  -6065.025  -6068.737  -6061.334  -6065.025 -6068.737  -6061.334
30 6660197  -6663.584 -6656.831  -6660.197  -6663.584  -6656.831  -6660.197 -6663.584  -6656.831
36 6796187  -6798.544 -6793.845  -6796.187  -6798.544  -6793.845  -6796.187 -6798.544  -6793.845
42 6515263  6516.040 -6514.491  -6515.263  6516.040  6514.491 6515263 -6516.040  -6514.491
48 5900.536  -5908.541 5910525  -5009.536  -5908.541  -5910.525  -5909.536 -5908.541  -5910.525
54 5006.782  -5004.260 -5099.288  -5096.782  -5094.260  -5099.288  -5096.782 -5094.260  -5099.288
60 4180.231 4185763 -4192.677  -4189.231  -4185.763  -4192.677  -4189.231 -4185.763  -4192.677
66 3270.055  -3266.351 -3273.738  -3270.055  -3266.351 -3273.738  -3270.055 -3266.351  -3273.738
72 2385580  -2382.207 -2388.863  -2385.589 2382207  -2388.863  -2385.580 -2382.207  -2388.863
78 1550.338  -1547.947 -1552.716  -1550.338  -1547.047  -1552.716  -1550.338 -1547.947  -1552.716
84 757059 755878 758233  -757.059  -755.878  -758.233  -757.059  -755.878 -758.233
) 13.782 13610 13.954 13.782 13.610 13.954 13782 13610 13.954
9% 786.970 785451 788482 786970 785451 788482 786970  785.451 788.482
102 1587153  1584.448 1580.843  1587.153  1584.448  1580.843  1587.153  1584.448 1589.843
108 2433290 2420742 2436.836 2433200 2420742  2436.836 2433200 2429742  2436.836
114 3331238 3327.349 3335104 3331238  3327.349 3335104 3331238 3327.349  3335.104
120 4263655 4260116 4267.173 4263655 4260116  4267.173 4263655 4260116  4267.173
126 5179.793  5177.332 5182238 5179793  5177.332 5182238 5179793 5177.332 5182238
132 5091192 5990380 5991.997 5091192  5990.380  5991.997 5991192 5990.380  5991.997
138 6581448 6582487 6580417 6581448 6582487 6580417 6581448 6582.487 6580417
144 6831.994 6834627 6829377 6831994  6834.627  6829.377  6831.994 6834.627 6820377
150 6654.157 6657781 6650.555  6654.157  6657.781  6650.555 6654157 6657.781  6650.555
156 6012114 6015996 6008.254 6012114  6015.996  6008.254 6012114 6015996  6008.254
162 4928460 4931935 4925004 4928460 4931935 4925004 4928460 4931.935  4925.004
168 3475732 3478302 3473176 3475732 3478302 3473176 3475732 3478302  3473.176
174 1762104 1763460 1760.756 1762104 1763460  1760.756  1762.104 1763.460 1760.756
180 -82.720 82720 -82.720 -82.720 82720  -82.720 82720 -82.720 -82.720




. L. .
ANTHN 5 (d8) ANTILEAIAIANNSUANTIAREUNA ASLALLLN 10 - 18 (AU mm/s)
Crank () uwuufi 10 wuud 11 woudl 12 wuudi 13 wuu@l 14 wwud 15 woud 16 wuud 17 wwudl 18
186 -1919.447 -1920.791 -1918.110 -1919.447 -1920.791 -1918.110 -1919.447 -1920.791 -1918.110
192 -3609.610 -3612.134 -3607.098 -3609.610 -3612.134 -3607.098 -3609.610 -3612.134 -3607.098
198 -5026.053 -5029.427 -5022.697 -5026.053 -5029.427 -5022.697 -5026.053 -5029.427 -5022.697
204 -6065.025 -6068.737 -6061.334 -6065.025 -6068.737 -6061.334 -6065.025 -6068.737 -6061.334
210 -6660.197 -6663.584 -6656.831 -6660.197 -6663.584 -6656.831 -6660.197 -6663.584 -6656.831
216 -6796.187 -6798.544 -6793.845 -6796.187 -6798.544 -6793.845 -6796.187 -6798.544 -6793.845
222 -6515.263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491 -6515.263 -6516.040 -6514.491
228 -5909.536 -5908.541 -5910.525 -5909.536 -5908.541 -5910.525 -5909.536 -5908.541 -5910.525
234 -5096.782 -5094.260 -5099.288 -5096.782 -5094.260 -5099.288 -5096.782 -5094.260 -5099.288
240 -4189.231 -4185.763 -4192.677 -4189.231 -4185.763 -4192.677 -4189.231 -4185.763 -4192.677
246 -3270.055 -3266.351 -3273.738  -3270.055 -3266.351 -3273.738 -3270.055 -3266.351 -3273.738
252 -2385.589 -2382.297 -2388.863 -2385.589 -2382.297 -2388.863 -2385.589 -2382.297 -2388.863
258 -1550.338 -1547.947 -1652.716  -1550.338 -1547.947 -1552.716 -1550.338 -1547.947 -1552.716
264 -757.059 -755.878 -758.233 -757.059 -755.878 -758.233 -757.059 -755.878 -758.233
270 13.782 13.610 13.954 13.782 13.610 13.954 13.782 13.610 13.954
276 786.970 785.451 788.482 786.970 785.451 788.482 786.970 785.451 788.482
282 1587.153  1584.448 1589.843 1587.153 1584.448 1589.843 1587.153 1584.448 1589.843
288 2433.299 2429.742 2436.836 2433.299 2429.742 2436.836 2433.299 2429.742 2436.836
294 3331.238  3327.348 3335.104 3331.238 3327.348 3335.104 3331.238 3327.348 3335.104
300 4263.655 4260.116 4267.172 4263.655 4260.116 4267.172 4263.655 4260.116 4267.172
306 5179.793  5177.332 5182.238 5179.793 5177.332 5182.238 5179.793 5177.332 5182.238
312 5991.192  5990.380 5991.997 5991.192 5990.380 5991.997 5991.192 5990.380 5991.997
318 6581.448 6582.487 6580.417 6581.448 6582.487 6580.417 6581.448 6582.487 6580.417
324 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377
330 6654.157 6657.781 6650.555 6654.157 6657.781 6650.555 6654.157 6657.781 6650.555
336 6012.114  6015.996 6008.254 6012.114 6015.996 6008.254 6012.114 6015.996 6008.254
342 4928.460 4931.935 4925.004 4928.460 4931.935 4925.004 4928.460 4931.935 4925.004
348 3475.732  3478.302 3473.176 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176
354 1762.105 1763.460 1760.756 1762.105 1763.460 1760.756 1762.105 1763.460 1760.756
360 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720

174



175

6 ANTHLAAIAANNTIIUMTIAREUN AILGALLLNA 19 - 27 (W18 mm/s)

b

A1

Crank (°) WUUM 19  uuUf 20 wuUN 21 WUUN 22 uwuudl 23 wuuil 24 WUUN 25 wuun 26 wuuh 27

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 -1919.447  -1920.791 -1918.110  -1919.447  -1920.791  -1918.110 -1919.447 -1920.791 -1918.110
12 -3609.610  -3612.134 -3607.098  -3609.610  -3612.134  -3607.098 -3609.610 -3612.134  -3607.098
18 -5026.053  -5029.427 -5022.697  -5026.053  -5029.427  -5022.697 -5026.053 -5029.427  -5022.697
24 -6065.025  -6068.737 -6061.334  -6065.025  -6068.737  -6061.334 -6065.025 -6068.737  -6061.334
30 -6660.197  -6663.584 -6656.831 -6660.197  -6663.584  -6656.831 -6660.197 -6663.584  -6656.831
36 -6796.187  -6798.544 -6793.845  -6796.187  -6798.544  -6793.845 -6796.187 -6798.544  -6793.845
42 -6515.263  -6516.040 -6514.491 -6515.263  -6516.040  -6514.491 -6515.263 -6516.040  -6514.491
48 -5909.536  -5908.541 -5910.525  -5909.536 -5908.541  -5910.525 -5909.536 -5908.541 -56910.525
54 -5096.782  -5094.260 -5099.288  -5096.782 -5094.260  -5099.288 -5096.782 -5094.260  -5099.288
60 -4189.231  -4185.763 -4192.677  -4189.231 -4185.763  -4192.677 -4189.231 -4185.763  -4192.677
66 -3270.055  -3266.351 -3273.738  -3270.055 -3266.351  -3273.738 -3270.055 -3266.351 -3273.738
72 -2385.589  -2382.297 -2388.863  -2385.589 -2382.297  -2388.863 -2385.589 -2382.297  -2388.863
78 -15650.338  -1547.947 -1552.716  -1550.338 -15647.947  -1552.716 -15650.338 -1547.947  -1552.716
84 -757.059 -755.878  -758.233 -757.059 -755.878 -758.233 -757.059  -755.878 -758.233
90 13.782 13.610 13.954 13.782 13.610 13.954 13.782 13.610 13.954
96 786.970 785.451 788.482 786.970 785.451 788.482 786.970  785.451 788.482
102 1587.153 1584.448  1589.843 1587.153 1584.448 1589.843 1587.153  1584.448 1589.843

108 2433.299 2429.742  2436.836 2433.299 2429.742 2436.836 2433.299 2429.742 2436.836

114 3331.238 3327.349  3335.104 3331.238 3327.349 3335.104 3331.238  3327.349 3335.104

120 4263.655 4260.116  4267.173 4263.655 4260.116 4267.173 4263.655 4260.116 4267.173

126 5179.793 5177.332  5182.238 5179.793 5177.332 5182.238 5179.793  5177.332 5182.238

132 5991.192 5990.380  5991.997 5991.192 5990.380 5991.997 5991.192  5990.380 5991.997

138 6581.448 6582.487  6580.417 6581.448 6582.487 6580.417 6581.448 6582.487 6580.417

144 6831.994 6834.627  6829.377 6831.994 6834.627 6829.377 6831.994 6834.627 6829.377

150 6654.157 6657.781  6650.555 6654.157 6657.781 6650.555 6654.157  6657.781 6650.555

156 6012.114 6015.996  6008.254 6012.114 6015.996 6008.254 6012.114 6015.996 6008.254

162 4928.460 4931.935  4925.004 4928.460 4931.935 4925.004 4928.460 4931.935 4925.004

168 3475.732 3478.302 3473.176 3475.732 3478.302 3473.176 3475.732  3478.302 3473.176

174 1762.104 1763.460 1760.756 1762.104 1763.460 1760.756 1762.104 1763.460 1760.756

180 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720 -82.720




AN 6 (d8) ANTILEAIAIANNSIUNNTAREUA AILAWLLN 19 - 27 (B mm/s)

Crank () wuufi 19 wuufl 20 wuufl 21 wwud 22 woud 23 www@l 24 wwud 25 wuudl 26 wwu@ 27
186 1919.447 -1920.791 -1918.110  -1919.447  -1920.791  -1918.110 -1919.447  -1920.791 -1918.110
192 .3609.610 -3612.134 -3607.008  -3600.610  -3612.134  -3607.098 -3609.610  -3612.134 -3607.008
198 5026053 -5029.427 -5022.697  -5026.053  -5020.427  -5022.697 -5026.053  -5020.427 -5022.697
204 -6065.025 -6068.737 -6061.334  -6065.025  -6068.737  -6061.334 -6065.025  -6068.737 -6061.334
210 .6660.197 -6663.584 -6656.831 -6660.197  -6663.584  -6656.831 -6660.197  -6663.584 -6656.831
216 6796187 -6798.544 6793.845 6796187  -6798.544  -6793.845 -6796.187  -6798.544 -6793.845
222 6515263 -6516.040 -6514.491 -6515.263  -6516.040  -6514.491 -6515263  -6516.040 -6514.491
228 -5009.536 -5008.541 -5910.525  -5000.536  -5008.541  -5010.525 -5909.536  -5008.541 -5910.525
234 5006782 -5094.260 -5099.288  -5096.782  -5094.260  -5099.288 -5096.782  -5094.260 -5099.288
240 4189.231 4185763 -4192.677 -4189.231  -4185.763  -4192.677 -4189.231  -4185.763 -4192.677
246 -3270.055 -3266.351 -3273.738  -3270.055 -3266.351  -3273.738 -3270.055  -3266.351 -3273.738
252 2385580 -2382.207 -2388.863 -2385.580  -2382.207  -2388.863 -2385.580  -2382.207 -2388.863
258 1550.338 -1547.947 -1552.716  -1550.338  -1547.947  -1552.716 -1550.338  -1547.947 -1552.716
264 757059 755878  -758.233  -757.059  -755.878  -758233 -757.050  -755.878  -758.233
270 13782 13610 13.954 13.782 13.610 13954 13.782 13610 13.954
276 786.970 785451 788482  786.970  785.451 788.482  786.970 785.451  788.482
282 1587.153 1584.448  1589.843  1587.153  1584.448  1589.843  1587.153  1584.448  1580.843
288 2433200 2420742  2436.836 2433200 2420742  2436.836 2433290 2420742  2436.836
294 3331238 3327.348 3335104  3331.238  3327.348  3335.104  3331.238  3327.348  3335.104
300 4263655 4260116 4267172 4263655 4260116 4267172  4263.655 4260116  4267.172
306 5179793 5177.332 5182238  5179.793  5177.332 5182238  5179.793  5177.332  5182.238
312 5091192 5990.380  5991.997 5091192  5090.380  5991.997 5991192  5990.380  5991.997
318 6581448 6582.487  6580.417 6581448  6582.487  6580.417 6581448 6582487  6580.417
324 6831.094 6834.627 6820377  6831.994  6834.627 6820377  6831.994  6834.627  6820.377
330 6654157 6657.781 6650555 6654157  6657.781  6650.555  6654.157  6657.781  6650.555
336 6012114 6015996  6008.254 6012114 6015996  6008.254 6012114 6015996  6008.254
342 4928460 4931935 4925004 4928460  4931.935 4925004  4928.460 4931935 4925004
348 3475732 3478302  3473.176 3475732 3478302 3473176 3475732 3478302  3473.176
354 1762105  1763.460  1760.756  1762.105  1763.460  1760.756 1762105  1763.460  1760.756
360 82720  -82720 82720  -82.720 82720  -82.720 82720 82720  -82.720

176



TN 7 ANTURAIAIANULTILBATAROUN AIUAULLN 1 - 9 (U8 : mm/s?)

177

Crank (°) LIJJ]J"?II 1 LIJJ]J"?II 2 LLiJiJ‘ﬁI 3 LLU]J“?; 4 LLU]J“?; 5 lliJ‘iJ“?l' 6 LLUU"?; 7 LLUU"?; 8 LL]J]JﬁI 9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 -1071568.67 -1072341.82 -1070799.50 -1071568.67 -1072341.82 -1070799.5( -1071568.67 -1072341.82 -1070799.50
12 -943790.80 -944417.70 -943167.48 -943790.80 -944417.70 -943167.48  -943790.80 -944417.70  -943167.48
18 -745422.50 -745796.75 -745050.88 -745422.50 -745796.75 -745050.88  -745422.50 -745796.75  -745050.88
24 -494566.04 -494581.46 -494551.43 -494566.04 -494581.46 -494551.43  -494566.04 -494581.46  -494551.43
30 -218022.32 -217611.24 -218431.50 -218022.32 -217611.24 -218431.50 -218022.32 -217611.24  -218431.50
36 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95
42 277106.76  278155.67 276064.62 277106.76  278155.67 276064.62  277106.76 278155.67  276064.62
48 437651.26  438683.02 436626.13 437651.26  438683.02 436626.13  437651.26 438683.02 436626.13
54 526182.94  526948.60 525421.77 526182.94  526948.60 525421.77  526182.94 526948.60 525421.77
60 554489.86  554846.32 554134.91 554489.86  554846.32 554134.91 554489.86 554846.32 554134.91
66 543950.63  543885.06 544015.10 543950.63 543885.06 544015.10  543950.63 543885.06 544015.10
72 516067.27  515655.17 516476.58 516067.27  515655.17 516476.58  516067.27 515655.17 516476.58
78 487054.90  486403.99 487702.16 487054.90  486403.99 487702.16  487054.90 486403.99 487702.16
84 466902.73  466118.12 467683.32 466902.73  466118.12 467683.32  466902.73 466118.12 467683.32
90 460636.18  459811.49 461456.76 460636.18  459811.49 461456.76  460636.18 459811.49 461456.76
96 469706.64  468931.06 470478.18 469706.64  468931.06 470478.18  469706.64 468931.06 470478.18
102 492482.47  491852.63 493108.64 492482.47  491852.63 493108.64  492482.47 491852.63 493108.64
108 523578.56  523204.43 523949.99 523578.56  523204.43 523949.99  523578.56 523204.43 523949.99
114 552328.98  552321.84 552335.28 552328.98 552321.84 552335.28  552328.98 552321.84 552335.28
120 561552.29  561984.88 561121.70 561552.29  561984.88 561121.70  561552.29 561984.88 561121.70
126 528874.81  529720.88 528033.86 528874.81  529720.88 528033.86  528874.81 529720.88 528033.86
132 432889.79  433984.80 431801.95 432889.79  433984.80 431801.95  432889.79 433984.80 431801.95
138 263214.62  264291.77 262144.51 263214.62  264291.77 262144.51 263214.62 264291.77 262144.51
144 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88
150 -245365.45 -244989.32  -245739.97 -245365.45  -244989.32 -245739.97  -245365.45 -244989.32  -245739.97
156 -522728.66 -622787.27  -522671.17 -522728.66  -522787.27 -622671.17  -522728.66 -522787.27 -522671.17
162 -770250.42 -770663.05  -769840.66 -770250.42  -770663.05 -769840.66  -770250.42 -770663.05  -769840.66
168 -962061.94 -962715.88  -961411.73 -962061.94  -962715.88 -961411.73  -962061.94 -962715.88  -961411.73
174 -1081202.93 -1081989.73 -1080420.18  -1081202.93 -1081989.73 -1080420.1¢ -1081202.93 -1081989.73  -1080420.18
180 -1118555.16  -1119379.69 -1117734.75  -1118555.16 -1119379.69 -1117734.7¢ -1118555.16 -1119379.69 -1117734.75




178

d' . . . 4 4 d' . 2
ANTINN 7 (7D) mswuammmmLialumimaauﬂ GNLALLUN 1 - 9 (WUIY : mm/s?)

Crank (°) LLU‘U‘?; 1 IsliJiJ“?; 2 ll;‘iJ‘i.I‘?i 3 ll;‘iJ‘i.I‘?i 4 LLUU‘?; 5 ll.llllﬁ 6 ll.llllﬁ 7 I.L‘i.lll‘?i 8 Llﬂﬂﬁ 9
186 -1071568.67 -1072341.83 -1070799.51 -1071568.67  1072341.83 -1070799.51 -1071568.67 -1072341.83  1070799.51
192 -943790.80 -944417.71 -943167.48 -943790.80 944417.71 -943167.48 -943790.80 -944417.71  943167.48
198 -745422.51 -745796.76 -745050.89 -745422.51 745796.76 -745050.89 -745422.51 -745796.76  745050.89
204 -494566.05 -494581.47 -494551.43 -494566.05 494581.47 -494551.43 -494566.05 -494581.47  494551.43
210 -218022.33 -217611.25 -218431.51 -218022.33 217611.25 -218431.51 -218022.33 -217611.25  218431.51
216 50533.86 51343.61 49728.94 50533.86 51343.61 49728.94 50533.86 51343.61 49728.94
222 277106.75 278155.67 276064.61 277106.75 278155.67 276064.61 277106.75 278155.67  276064.61
228 437651.25 438683.02 436626.12 437651.25 438683.02 436626.12 437651.25 438683.02  436626.12
234 526182.94 526948.60 525421.77 526182.94 526948.60 525421.77 526182.94 526948.60  525421.77
240 554489.86 554846.32 554134.91 554489.86 554846.32 554134.91 554489.86 554846.32  554134.91
246 543950.63 543885.06 544015.10 543950.63 543885.06 544015.10 543950.63 543885.06  544015.10
252 516067.27 515655.17 516476.58 516067.27 515655.17 516476.58 516067.27 515655.17  516476.58
258 487054.90 486403.99 487702.16 487054.90 486403.99 487702.16 487054.90 486403.99  487702.16
264 466902.73 466118.12 467683.32 466902.73 466118.12 467683.32 466902.73 466118.12  467683.32
270 460636.18 459811.49 461456.76 460636.18 459811.49 461456.76 460636.18 459811.49  461456.76
276 469706.64 468931.06 470478.18 469706.64 468931.06 470478.18 469706.64 468931.06  470478.18
282 492482.47 491852.63 493108.64 492482.47 491852.63 493108.64 492482.47 491852.63  493108.64
288 523578.56 523204.43 523949.99 523578.56 523204.43 523949.99 523578.56 523204.43  523949.99
294 552328.98 552321.84 552335.28 552328.98 552321.84 552335.28 552328.98 5562321.84  552335.28
300 561552.29 561984.88 561121.70 561552.29 561984.88 561121.70 561552.29 561984.88  561121.70
306 528874.82 529720.89 528033.87 528874.82 529720.89 528033.87 528874.82 520720.89  528033.87
312 432889.79 433984.81 431801.95 432889.79 433984.81 431801.95 432889.79 433984.81  431801.95
318 263214.63 264291.77 262144.52 263214.63 264291.77 262144.52 263214.63 264291.77  262144.52
324 28330.37 29130.61 27534.88 28330.37 29130.61 27534.88 28330.37 29130.61 27534.88
330 -245365.44 -244989.31 -245739.96 -245365.44 244989.31 -245739.96 -245365.44 -244989.31  245739.96
336 -522728.65 -522787.26 -522671.17 -522728.65 522787.26 -522671.17 -522728.65 -522787.26  522671.17
342 -770250.41 -770663.04 -769840.65 -770250.41 770663.04 -769840.65 -770250.41 -770663.04  769840.65
348 -962061.93 -962715.88 -961411.72 -962061.93 962715.88 -961411.72 -962061.93 -962715.88  961411.72
354 -1081202.93 -1081989.73 -1080420.18 -1081202.93  1081989.73 -1080420.18 -1081202.93 -1081989.73 1080420.18
360 -1118555.16 -1119379.69 -1117734.75 -1118555.16  1119379.69 -1117734.75 -1118555.16 -1119379.69 1117734.75




ANTHN 8 ATHUEAIAIANNLTIIUNTIAREUN AIUALLLN 10 - 18 (Wikae : mm/s?)

179

Crank °)  wwwii10 wuudi 11 wuudl 12 wuuii 13 wwwdi14 wuuil 15 wuuii 16 wuuil 17 wuuii 18

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 1071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50
12 -043790.80  -944417.70 -043167.48 -043790.80 -044417.70 04316748 -043790.80  -944417.70  -043167.48
18 74542250 74579675 -745050.88 -745422.50 -745796.75 74505088 -745422.50  -745796.75  -745050.88
24 494566.04  -494581.46 -494551.43 -494566.04 494581.46 49455143 -494566.04 49458146  -494551.43
30 21802232 -217611.24 -218431.50 -218022.32 217611.24 21843150  -218022.32 21761124  -218431.50
36 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95
42 277106.76 278155.67 276064.62 277106.76 278155.67 276064.62 27710676 27815567  276064.62
48 437651.26 438683.02 436626.13 437651.26 438683.02 436626.13 43765126 43868302  436626.13
54 526182.94 526048.60 525421.77 526182.94 526948.60 525421.77 526182.94 52604860 52542177
60 554489.86 554846.32 554134.91 554489.86 554846.32 554134.91 554480.86 55484632 55413491
66 543950.63 543885.06 544015.10 543950.63 543885.06 544015.10 543950.63 54388506  544015.10
72 516067.27 515655.17 516476.58 516067.27 515655.17 516476.58 516067.27 51565517  516476.58
78 487054.90 486403.99 487702.16 487054.90 486403.99 487702.16 48705490 48640399  487702.16
84 466902.73 46611812 467683.32 466902.73 466118.12 467683.32 46600273 46611812  467683.32
90 460636.18 450811.49 461456.76 460636.18 450811.49 461456.76 460636.18 45981149 46145676
9% 469706.64 468931.06 470478.18 469706.64 468931.06 470478.18 46070664  468931.06  470478.18
102 492482.47 491852.63 493108.64 492482.47 491852.63 493108.64 49248247 49185263  493108.64
108 523578.56 523204.43 523949.99 523578.56 523204.43 523949.99 523578.56 52320443  523049.99
114 552328.98 552321.84 552335.28 552328.98 552321.84 552335.28 552328.98 55232184  552335.28
120 561552.29 561984.88 561121.70 561552.29 561984.88 561121.70 56155229  561984.88  561121.70
126 528874.81 529720.88 528033.86 528874.81 529720.88 528033.86 508874.81 52072088  528033.86
132 432889.79 433984.80 431801.95 432889.79 433984.80 431801.95 432880.79 43398480  431801.95
138 263214.62 264291.77 262144.51 263214.62 264291.77 262144.51 263214.62 26420177 26214451
144 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88
150 24536545  -244980.32 -245739.97 -245365.45 244989.32 245730.07  -245365.45  244980.32  -245739.97
156 522728.66  -522787.27 -522671.17 -522728.66 522787.27 52267117 -522728.66  -522787.27  -522671.17
162 77025042 -770663.05 -769840.66 -770250.42 -770663.05 760840.66  -770250.42  -770663.05  -769840.66
168 062061.94  -962715.88 -061411.73 -062061.94 ~962715.88 96141173 -062061.94  -962715.88  -961411.73
174 1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081980.73  -1080420.18
180 1118565.16  -1119379.69 111773475  -1118565.16  -1119379.69  -111773475  -1118555.16  -1119379.69  -1117734.75




180

TN 8 (fD) ANTHUEAIAIANNLIIIUMTIAREUN AILALLLA 10 - 18 (WUe - mm/s?)

Crank (°)  uuufi 10 wuudi 11 woufi12 wwwit13 wuuil 14 wuuil 15 wuufi 16 wuufi 17 wuuii 18
186 1071568.67  -1072341.83  -1070799.51  -1071568.67  -1072341.83  0799.51  -1071568.67  -1072341.83  -1070799.51
192 -043790.80  -944417.71 04316748  -043790.80  -044417.71  3167.48 -043790.80  -044417.71  -043167.48
198 74542251 74579676 -745050.80 74542251  -745796.76  5050.89 74542251 74579676 -745050.89
204 404566.05 40458147  -40455143  -404566.05  -404581.47  1551.43 494566.05  -49458147  -494551.43
210 21802233 21761125 21843151  -218022.33  -217611.25 343151 21802233 -217611.25  -218431.51
216 50533.86 51343.61 49728.94 50533.86 51343.61 728.94 50533.86 51343.61 49728.94
222 27710675  278155.67 27606461  277106.75 278155.67 064.61 277106.75 27815567 276064.61
228 43765125  438683.02 43662612 437651.25 438683.02 626.12 437651.25 43868302  436626.12
234 52618294  526948.60 52542177  526182.94 526948.60 42177 526182.94 526948.60 525421.77
240 554480.86  554846.32 554134.91 554489.86 554846.32 134.91 554489.86 554846.32  554134.91
246 543950.63  543885.06 54401510  543950.63 543885.06 015.10 543950.63 543885.06 544015.10
252 516067.27  515655.17 51647658  516067.27 515655.17 476,58 516067.27 515655.17 516476.58
258 48705490  486403.99 48770216 487054.90 486403.99 702.16 487054.90 486403.99  487702.16
264 46690273 466118.12 467683.32  466902.73 466118.12 683.32 466902.73 46611812 467683.32
270 46063618 45981149 46145676 460636.18 450811.49 456.76 460636.18 45081149  461456.76
276 469706.64  468931.06 47047818 469706.64 468931.06 478.18 469706.64 468031.06  470478.18
282 49248247 49185263 493108.64  492482.47 491852.63 108.64 492482.47 491852.63  493108.64
288 52357856  523204.43 52394999  523578.56 523204.43 949.99 523578.56 523204.43 523949.99
294 552328.98  552321.84 55233528 552328.98 552321.84 335.28 552328.98 552321.84 552335.28
300 56155220  561984.88 56112170 56155229 561984.88 121.70 561552.29 561984.88 561121.70
306 528874.82  520720.89 528033.87  528874.82 529720.89 033.87 528874.82 52972089  528033.87
312 432880.79  433084.81 431801.95  432889.79 433984.81 801.95 432889.79 433984.81 431801.95
318 26321463 264291.77 26214452  263214.63 26429177 144,52 263214.63 26420177 26214452
324 28330.37 29130.61 27534.88 28330.37 29130.61 534.88 28330.37 29130.61 27534.88
330 24536544 -244980.31 245739.96  245365.44 24498931  $739.96 24536544  -244989.31  -245739.96
336 52072865  -522787.26  -522671.17  -522728.65  -522787.26  '671.17 52272865  -522787.26  -522671.17
342 77025041 -770663.04  -769840.65  -770250.41  -770663.04  )840.65 77025041 -770663.04  -769840.65
348 06206193  -962715.88  -961411.72  -962061.93  -962715.88  1411.72 .062061.93  -062715.88  -961411.72
354 1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081989.73 042018  -1081202.93  -1081989.73  -1080420.18
360 111856516 -1119379.69 111773475  -1118555.16  -1119379.69 773475  -1118565.16  -1119379.69  -1117734.75




ANTHN 9 MTHUEAIAIANNLTIIUNTIAREUN AIUALLLN 19 - 27 (Wiae : mm/s?)

181

Crank °)  wwuii19 wuufi 20 wuuil 21 wuufi 22 wuudl 23 wuuil 24 wuufi 25 wuuil 26 wuudl 27
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 1071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50  -1071568.67  -1072341.82  -1070799.50
12 -043790.80  -044417.70 -043167.48 .043790.80  -044417.70  -043167.48  -043790.80  -944417.70 -043167.48
18 74542250 74579675 -745050.88 74542250 -7A5796.75  -745050.88  -74542250  -745796.75 -745050.88
24 494566.04  -494581.46 -494551.43 494566.04  -494581.46 49455143  -494566.04  -494581.46 -494551.43
30 21802232 -217611.24 -218431.50 21802232 -217611.24  -218431.50  -218022.32  -217611.24 -218431.50
36 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95 50533.86 51343.62 49728.95
42 277106.76 278155.67 276064.62 277106.76 278155.67 276064.62 277106.76  278155.67 276064.62
48 437651.26 438683.02 436626.13 437651.26 438683.02 436626.13 437651.26  438683.02 436626.13
54 526182.94 526948.60 525421.77 526182.94 526948.60 525421.77 526182.94  526948.60 525421.77
60 554489.86 554846.32 554134.91 554489.86 554846.32 554134.91 554480.86  554846.32 554134.91
66 543950.63 543885.06 544015.10 543950.63 543885.06 544015.10 543950.63  543885.06 544015.10
72 516067.27 515655.17 516476.58 516067.27 515655.17 516476.58 516067.27  515655.17 516476.58
78 487054.90 486403.99 487702.16 487054.90 486403.99 487702.16 48705490  486403.99 487702.16
84 466902.73 466118.12 467683.32 466902.73 466118.12 467683.32 46690273 466118.12 467683.32
90 460636.18 450811.49 461456.76 460636.18 450811.49 461456.76 46063618  459811.49 461456.76
9% 469706.64 468931.06 470478.18 469706.64 468931.06 470478.18 469706.64  468931.06 470478.18
102 492482.47 491852.63 493108.64 492482.47 491852.63 493108.64 49248247 49185263 493108.64
108 523578.56 523204.43 523949.99 523578.56 523204.43 523949.99 52357856  523204.43 523949.99
114 552328.98 552321.84 552335.28 552328.98 552321.84 552335.28 55232898  552321.84 552335.28
120 561552.29 561984.88 561121.70 561552.29 561984.88 561121.70 561552.20  561984.88 561121.70
126 528874.81 529720.88 528033.86 528874.81 529720.88 528033.86 528874.81  520720.88 528033.86
132 432889.79 433984.80 431801.95 432889.79 433984.80 431801.95 432880.79  433984.80 431801.95
138 263214.62 264291.77 262144.51 263214.62 264291.77 262144.51 263214.62  264291.77 262144.51
144 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88 28330.36 29130.60 27534.88
150 24536545  -244980.32 -245739.97 24536545  -244989.32  -245739.97  -24536545  -244980.32 -245739.97
156 522728.66  -522787.27 -522671.17 522728.66  -522787.27 52267117  -522728.66  -522787.27 -522671.17
162 77025042 -770663.05 -769840.66 77025042 -770663.05  -769840.66  -77025042  -770663.05 -769840.66
168 062061.94  -962715.88 -061411.73 062061.94  -962715.88  -961411.73  -062061.94  -962715.88 -961411.73
174 1081202.93  -1081989.73  -1080420.18  -1081202.93  -1081980.73  -1080420.18  -1081202.93  -1081989.73  -1080420.18
180 1118555.16  -1119379.69  -1117734.75  -1118555.16  -1119379.69  -1117734.75  -1118555.16  -1119379.69  -1117734.75




TN 9 (A8) MTHUFAIAIANNLSIIUMTIAREUN AILALLLN 19 - 27 (Mo - mm/s?)

182

Crank (°) uwuuii1e  wwwii 20 wuuil 21 wuuil 22 wuufi 23 wuufi 24 wuuil 25 wuufi 26 wuudl 27
186  1071568.67  -1072341.83 -1070799.51  -1071568.67  -1072341.83 -1070799.51  -1071568.67  -1072341.83 -1070799.51
192 -943790.80  -044417.71  -043167.48  -943790.80 044417.71  -043167.48  -943790.80 044417.71  -043167.48
198 74542251 74579676  -745050.80 -745422.51 74579676 -745050.80  -745422.51 74579676 -745050.89
204  -494566.05  -494581.47 40455143  -494566.05 49458147  -49455143  -494566.05 49458147  -494551.43
210 21802233 21761125 21843151 -218022.33 217611.25  -218431.51  -218022.33 21761125 -218431.51
216 50533.86 51343.61 49728.94 50533.86 51343.61 49728.94 50533.86 5134361  49728.94
202 27710675 27815567  276064.61 277106.75 27815567 27606461  277106.75 27815567  276064.61
208 43765125  438683.02  436626.12 437651.25 438683.02 43662612  437651.25 438683.02  436626.12
234 526182.94 52604860  525421.77 526182.94 526048.60 52542177  526182.94 52604860  525421.77
240 554489.86 554846.32 55413491 554489.86 554846.32  554134.91  554489.86 554846.32  554134.91
246 543950.63 543885.06  544015.10 543950.63 54388506 54401510  543950.63 543885.06  544015.10
252 516067.27 51565517  516476.58 516067.27 51565517  516476.58  516067.27 51565517  516476.58
258 487054.90  486403.99  487702.16 487054.90 486403.99 48770216  487054.90 486403.99  487702.16
264 46690273  466118.12  467683.32 466902.73 46611812 46768332 46690273 46611812 467683.32
270 46063618 45981149 46145676 460636.18 45081149 46145676 460636.18 45081149 46145676
276 460706.64  468931.06  470478.18 469706.64 468931.06 47047818  469706.64 468931.06  470478.18
282 49248247 49185263  493108.64 492482.47 49185263 493108.64  492482.47 491852.63  493108.64
288 523578.56 52320443  523949.99 523578.56 52320443 52394999  523578.56 52320443  523949.99
204  552328.98 552321.84  552335.28 552328.98 552321.84 55233528  552328.98 552321.84  552335.28
300 561552.29 561984.88  561121.70 561552.29 561984.88  561121.70 56155229 561984.88  561121.70
306 528874.82 529720.89  528033.87 528874.82 520720.80  528033.87  528874.82 529720.89  528033.87
312 432889.79  433084.81 43180195 432889.79 43398481 43180195  432889.79 433084.81  431801.95
318 263214.63 26420177 26214452 263214.63 26420177 26214452 26321463 26420177 262144.52
324 2833037 29130.61 27534.88 28330.37 29130.61 27534.88 28330.37 2013061  27534.88
330  -245365.44  -244989.31  245730.96  -245365.44 244989.31  -245739.96  -245365.44 244989.31  -245739.96
336 -522728.65  -522787.26 52267117  -522728.65 522787.26  -522671.17  -522728.65 52278726  -522671.17
342 77025041  -770663.04  -769840.65  -770250.41 770663.04  -769840.65  -770250.41 -770663.04  -769840.65
348 -962061.93  -962715.88  -961411.72  -962061.93 06271588 -961411.72  -962061.93 -962715.88  -961411.72
354 108120293  -1081980.73  -1080420.18  -1081202.93  -1081989.73 -1080420.18  -1081202.93  -1081989.73 -1080420.18
360 111856516  -1119379.69 111773475 111855516  -1119379.69 -1117734.75  -1118555.16  -1119379.69 -1117734.75
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General Tolerances to DIN ISO 2768

+« The latest DIN standard sheet version applies to all parts made to DIN standards.
» Variations on dimensions without tolerance values are according to "DIN ISO 2768- mk".

GENERAL TOLERANCES FOR LINEAR AND ANGULAR DIMENSIONS (DIN ISO 2768 T1)

LINEAR DIMENSIONS:
Permissible deviations Tolerance class
in mm for ranges in designation (description)
nominal lengths f (fine) ™ (medium) ¢ (coarse) v (very coarse)
05upto3 +0.05 +0.1 0.2
over 3upfo 6 +0.05 0.1 .3 +0.5
over B up to 30 .1 #H.2 0.5 +1.0
over 30 up to 120 +0.15 .3 H).8 +1.5
over 120 up to 400 #).2 .5 1.2 2.5
over 400 up to 1000 .3 +1.8 +2.0 +4.0
over 1000 up to 2000 #).5 +1.2 +3.0 +6.0
over 2000 up to 4000 - 2.0 .0 8.0

EXTERNAL RADIUS AND CHAMFER HEIGHTS

Permissible deviations _Tolerance class

in mm for ranges in designation (description)

nominal lengths f (fine) - v (very coarse)
4 m (middle) || c(coarse) B

05upto3 0.2 0.2 || +0.4 +0.4

over 3upto & 0.5 0.5 || 10 +1.0

over & +1.0 1.0 || 2.0 +2.0

ANGULAR DIMENSIONS

Permissible deviations Tolerance class

in degrees and minutes designation (description)

for ranges in nominal :

lengths f (fine) m (middie) ¢ (coarse) || v (very coarse)

up to 10 +1° 12 £1930 I +37

over 10 up to 50 £0°30° 0530 R Il 27

over 50 up to 120 0020 0520 0530 I 119

ower 120 up to 400 010" +0710" 015" || 030"

over 400 +0%5' +0%5' 0910 I 0120




GENERAL TOLERANCES FOR FORM AND POSITION (DIN 1SO 2768 T2)

STRAIGHTNESS AND FLATNESS

Ranges in nominal

Tolerance class

lengths in mm H K " L
up to 10 0.02 005 || 0
over 10 up to 30 0.05 01 0.2
over 30 up to 100 0.1 0.2 0.4
over 100 up to 300 0.2 0.4 0.8
aver 300 up to 1000 0.3 0.6 12
aver 1000 up to 3000 0.4 0.8 16
PERPENDICULARITY
Ranges in nominal Tolerance class
lengths in mm " K L
up to 100 0.2 0.4 0.6
over 100 up to 300 0.3 0.6 1
over 300 up to 1000 0.4 0.8 1.5
over 1000 up to 3000 0.5 0.8 2
SYMMETRY

Ranges in nominal Tolerance class
lengths in mm

H K | L
up to 100 D5 || 08 || 08
over 100 up to 300 0.5 || 06 || 1
over 300 up to 1000 0.5 (] 0.8 || 15
over 1000 up to 3000 I 05 Il i Il 2

RUN-OUT

Tolerance class

K

0.2

0.5
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