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The School of Mechanical Engineering, Suranaree University of Technology, is now
carrying out research to develop a new internal combustion engine. This engine is a positive
displacement engine. The power received from the combustion will be delivered to a plate and
then transmitted to a connecting rod, a mechanism passing the motion and power to a drive shaft.
Both mechanisms play important roles in the engine and have to carry a time varying loads from
the combustion gas. Therefore, there is a high possibility that these mechanisms will fail before
other mechanisms in the engine. The purpose of this thesis is to analyze stress and strain
occurring in the plate and connecting rod under the specific load from combustion gas by utilizing
a commercial finite element program called Pro/MECHANICA. In addition, a Pro/ENGINEER
program is employed to simulate the 3-dimension model of these mechanisms. The result
indicates that the stress acting on both mechanisms exceeds the maximum allowable stress of
model. This shows that both mechanisms will fail under a specific load. However, the specific

load constitutes the worst possible condition, and occurs only rarely in the internal combustion

engine.
a a d’ =} d‘ v <K
1UIFIAINTTUATOINA Meilo¥o1nANY
. By
AUnsAnun 2545 AMeo¥9019155NUT N1

A A T 1
AeNFR0115INYTNBITIN

U



faanssulszma

ya o [V} dyd' 99 Y o = o [} A I
Aivevonsiuveunszam yana asae lHN lalddn/ine wugih wazaemaeily
1 = 09.: 9 a 9 A =& Y o a Aav a a :(dy o [
PR NIAUITINT tazaudus Fuiluwalimsautiuauiseluineidwusi dusagads
TUde8 o1y
S A o o A P S (=R Aa
- 994RNANII15 13001NABN. AT.AUATT T1UUTTANEY 191590 UTAB1INGN
a 4
UNUT
o a a 4 S (=R [l a a 4 @
- SOIMNANIINITE AT, NIV FATAVYIA 01913INUTNHITININGITNUT 1Az
9 [ d’ o v ]
v lasamsnavuaiessuadualnielunun vy
-4 d o A A o v A a
- 394ANANTI9158 UIIIBINIALDN. AT. ITWUD VINA AMVAFTIUNIFIIAINTTY
J ] 4 % o 4 o a
AEAAT 1AL FIOATATI0158 A5 10NFe TUNTA1T3 019150U TSI
=) tﬂ' =) U = =
AINTITVIATBINA WHMINBIaeNA Ty TaggIus
o v A ] Aav @ 4 4
- AuNsE23sn noly uaznaunaa andna AE0790 TATINIIRAIUIAT D8 UA
duanmelunuy vy
o a 1 a o 4 A A A o =
- quasns) Inadernsszigudinsealeinemaasuazimalulay
unIneaema lulaggsuns
o A v a v A a 4 F) Y A 0o o w A
- AUOINTUNIIA AIOAIINGY tazUNAl  INdaas WIKNlsedninIm
a 4 a [ = =
AINIsuAAas unIneauma lulaggius
Y

y A A 9q 9 g Yo o .
AANYU "]J@ﬂﬁ']‘]Jsuf’]l]_lW§$ﬂmUﬂ"|3J1ﬁﬂ']EjiwﬂTj@‘]inJLﬁfl\iﬂ jallvl\iiﬁﬂ'laqsl,ﬂLLaSﬁQ

q a

a9 = I 1 aa
@suAUMIAnE I Ue AT aNIN

<
TATY1 UAINT



ey

Y
Hin
UM RGO Y NG oo n
UNAATDNTHVOINNY oo oo e ee e eeeeee e e eeeeeeeseeee e eeee e Y
LT E et b 12 L f
S VL ST N
AR R T2 e N %
SR TR Y121 1 S ol
AN LN A A D O S V0 e, g
uni
VNN
1.1 ﬂﬂilﬁWﬁﬂJullagﬁNW@QﬂmV” ............................................................................. 1
[ 4 X%
1.2 ’mqﬂizﬁqmmgﬂmmﬂmmu’mﬂ ......................................................................... 3
as d' 9 d' [
1.3 Asmsn s lumsesnuuunalnveunieainTna o 3
I 9 a o
1.4 a0 unuean1s 15nounuaos lumSeonuuY_ o 4
o H 1 @
1.5 Use T a0 RS U e 6
au A4
135UNITNMAZ NIV TIN IV
A { o a o’ay [ u'/
2.1 Bmsmhnlslumsimnzvsudivvaz Iaseadwlaena 7
a e’ay ] 9 9 =1 as Jaa 4
2.2 MmauaeHIuaIUay Inseaswdeszdeou s W ludoamud 8
I~ = an Jaa 4
2.2.1 anuilumvesseou Zn W luAB WA 8
Y
a A ] [
2.3 MINATITHIUAIUNA LNINTNAAIY Pro/MECHANICA 12

2.4 35mima I ludoamuan e lunsins e unPro/MECHANICA Structure 15

v
Ay A A

2.5 Uﬂﬂ’JTﬂJLLﬁ%QTH’J%EJ‘VILﬂEJ’J‘i’JIEN 18

d [y
msaenam‘uuaﬁmswmaﬁmmm

Y
3.1 Tﬂi\iﬁ'%ﬁ\ill’d$%U1@Lﬁ@ﬁ$§1juﬂl’ﬂx‘lLLNH%‘ULLSQ 21

3.2 sﬁ’@ﬁmuﬂiumiaammmgm%’mm 22



a15iiey (D)

Y
H“U
d' " @ Yo
3.3 MTEATTUNMHUS DT RS U e 23
3.3.1 MIAUIUMHIMIIAUNNTEMIOUBHUTUNTS 26
3.3.2 MIMUIMNIQUUNNNTE N UHUTIUTS 34
34 mﬁmmzﬁuﬁuﬁ"mmﬁ"m Pro/MECHANICA Structure_... ..o 35
A ] ] I~ [
3.4.1 HamIuAEHUAUS NS wUuMsenssudlusedy 36
A ] ] I~ a
3.4.2 wamsamiwﬁgmmuLmuuumizﬂismﬂuqmmu _______________________________ 48
a 1 ] I [ a
343 wamsamiwﬁuwmuLmzmumizﬂiimﬂmmﬂuuaz’qmwgu ______________ 69
3.5 MTUATEHHAMTUATIEWUAUS UL, 81
a a 1 1% 4 I~ [
3.5.1 MIIATIEHHAMITIATIEHUHUS VIS Aoz sudlunsedy 81
a a [ [ 4 I~ a
3.5.2 mmmwzﬁwaﬂ15ammzﬁmusmwuﬁamszﬂssmﬂu’qmwgu _____________ 82
a a 1 1% 4 I~ [
353 ﬂ?i’JLﬂi"l%ﬁ’Nﬁﬂ"li'llm'ﬁzﬁLLNu3DLL§QLﬁﬂﬂTi$ﬂiill!ﬂul!ﬁﬂﬂu!mg
TRV 83
MIoONIUULAZINTIZHUVUTINES
Y da' 9 1 o W
4.1 TS9N VNALDAUVOIMUUAITNAS 85
42 Yot mualumsoonuuuMUUaSMEY e, 88
43 N T MUUAIE AU e, 89
43.1 myvanzalmAndvesnalnuuuasmas o 89
432 myvanzinlauniindvesanasmas 85
a 4 ana a 4 a 4 1T o w
433 fﬂi')!ﬂ'i1314‘I/INﬂuL?JGlﬂﬁlmgulﬂuﬁJﬂﬁﬂJ’fNﬂﬁ‘lﬂllﬂluﬁﬂﬂiﬁﬂﬁ’lﬂ
Pro/MECHANICA MOUON, , _......ocieeeeeeeeeeeeeeeeeeeeeeeeseeseseessaseesasneessseeens 102
I~ 9 a P
4.4 ﬂ’J”IiJL‘iJ“L!JJWJi’NﬂTiGL“D'ﬂ’mJW3!@]@31“ﬂ1§@@ﬂllﬂﬂ ___________________________________________ 106
dd’ a A Y 1w
44.1 nsaun 1 ﬂigﬁ‘ﬂ‘ﬁﬂTWﬂﬁLNT"lﬁianﬂ‘U 100%. oo 107
dd’ a A Y 1w
442 0399 2 Usz@NSMWMSR TSIy 70%. 111
dd’ a A Y 1w
443 N300 3 Usz@NSMWMSR TS0y 50%. 115
4.5 MIAATIZHHANMTUATIZHUUUTINIE 124



a15iiey (D)

Y
B

5. aydwamsdIdeuazdorauanmy
S ATUNAM T ATV e 127
5.1 AFUNAMTMATVERUAUTUUT e 127
5.1.2 AUHAMIAATIZHUVUTIIT e 128

d' a dgl o
5.2 AU R U S N e 129
5.2.1 Tayvuitoanm s IETUSUnTU 129

A ]

5.2.2 lyrwuitoannnuvasdoyaved \sunsy 130
T T O I0 BN e 131
NIANUIN

~ o d' d‘ 9 .
MARUIN N NYBY MIAIuNNeIToas Script file 1150055 MATLAB, ... 134
Y o A A ]
MANUIN U VDY A TAAT AN G e, 140
MANUIN A ATNHANIUATIZHUAZNANITIATIZHIIN Pro/MECHANICA 145
U O 00 206



AN

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.1
42
43
4.4
€.1
V.2
f.1
.2

7.3

f.4

f.5

=).

MUYMIN

padnEn 189103 31A5121 828 Pro/MECHANICA i 11, =100%
HadWS N 1891NMI3AT 12 A28 Pro/MECHANICA i n. =70%
HadWE R 1891NMI3AT 121 A28 Pro/MECHANICA i . =50%
HadNE N 1891NMI3AT 121 A28 Pro/MECHANICA i n. =100%
HadWE N 1891NMI3AT 121 A28 Pro/MECHANICA i N, =70%
HadNE N 1891NMI3AT 121 A28 Pro/MECHANICA i . =50%
HadWS i 189 1NMI31A31217 @28 Pro/MECHANICA i 11, =100%
HadWS i 189 1NMI31A31217 @28 Pro/MECHANICA i 11, = 70%
HadWE R 1891NM33A1Z¥ 828 Pro/MECHANICA i 11, = 50%
HaMI AT MeATAnFvesyana lnademas

a 4 1 o w {
NAINNITAATIEHUVUFINAT ATAUN 1

a 4 1 o w {
NAINNITAATIEHUVUEINGL NTAUN 2

a 4 1 o w {
NAINNITAATIEHUVUAINAS NTAUN 3

M3 NAUTVTANIINAYDI SKD11

A

maiouguaniannadumanuiesiag

a o A

9
NflﬂTi’JLﬂi13ﬁ%1ﬁﬂum¢]ﬂﬁﬂl@ﬁﬂﬁ1ﬂ%u% 3 @91}?]8 Pro/MECHANICA Motion

D.

9
Namiamswﬁmﬁﬂummﬁmmﬂa‘lﬂ%uw 4 @91}?]8 Pro/MECHANICA Motion

D.

Y
HamIIAI 1z lnunidndueana lnsun 3 @28 Pro/MECHANICA Motion

dd‘ a A 9J
AIUN 1 ‘]Jigﬁvl‘ﬁﬂTWﬂ"liLN"I"lWll 100%,

Ham ATz lnunidnduesna lnsun 3 @28 Pro/MECHANICA Motion

AIUN 2 ‘]Ji%ﬁ'“l/l‘ﬁﬂ?Wﬂ'liLN'lvlﬁiJ 70%

Ham ATz lnunidnduesna lnsun 3 @28 Pro/MECHANICA Motion

NIUN 3 ‘]Ji%ﬁ'“l/l‘ﬁﬂ?Wﬂ'liLN'lleN 50%

115

142

144

146

147

148

149

150



MIN

7.6

f.7

.8

=).

M3 YM319(610)

9 Y A A I o W A a 9
Llu'JI“L!1]GU’l’)\1ﬂ'J']llLﬂULMGLWN?}QWNWHTNQQLL%H@'Qﬂ'lﬁ\i“l/]ﬂﬁgﬁﬂ‘ﬁﬂ']Wﬂ'ﬁLW']ul‘ﬂll

101 100%, 151

9 y A A Vo o A a 9
umTummmmmumamummwmmmumummamﬂﬁzammwmimﬂwu

AU 70% 152

9 y A A Vo o A a 9
umTummmmmumamummwmmmumummamﬂﬁzammwmimﬂwu

AU 50% 153



msvslan

€
@
Sl

Qo
=
=).
=
=
>

@ ' ' ' @ I aa J 1
2.1 mmmmmmgﬂinamgmmm“ﬂﬂujmaﬂmﬂu@amummmNG]

v

aa 4 d' ] 9 = [ = ] ] ] o [
2.2 aamummmaammuaanﬂizﬂa1Jmﬂﬁqﬂmiﬂﬂum‘lummmag U AU

d‘ 1
IEEER

Qe

2.3 "lJ1!@]@1!fﬂii’)i’)ﬂLL‘]J‘]JLLﬁgl’ELﬂ'i1$ﬁ€]}381ﬂiLLﬂiM Pro/MECHANICA

Ed
3.1 mJuTﬂsmazﬁmﬁumamwu%’mm

3.2 UEAANAINIINMTMAUANTUIAVDULHUS LT

[

Ed ]
33 Llﬁﬂ\‘]ﬁuﬁi‘m!iﬂﬂi%ﬁ?ﬂli’NlLWHg‘UlLi\i

3.4 ANHAUTVOUITIAUNNTERINUUAUT VLT

35 ﬁwamw'u%’mmﬁ%’umizﬂiinmqmm?au

3.6 P-v diagram Y843 IN301MANINTTINODA 10

3.7 T-s diagram Y833 INTINANIATFIUORA 19
o U 9 a 1 o 9y 9 = 1 <
3.8 danmsmemanuiou lasmdsgmiviewn lndieudennusiseuves

A %
P393y UA SI

3.9 UAAININIZAAIVOIANMAULULAUS VLTI Fringe plot 7 N, =100%

3.10 LEAAINITNTZWAIVDIANMAUUULAUT LTIV Contour plot 1 1, =100%

3.11 HEAINIINIEIIAIVDIANINIATIAVUUNUT VLTIV Fringe plot 1 1, =100%

3.12 UEANNIINIEDBAIVDIANNIATIAVUURNUS VLT 3D Contour plot 71 M, =100%

3.13 HAAINITNTEIBAIVOINTVIAUULHUS VI AU Fringe plot N1 M, =100%

10

14

22

23

24

25

26

27

27



a3tz (a)

QaN
=i
=).

3.14 UEAINIINTEIBAIVDINITUIAUULHUT LT Contour plotﬁ N, =100%
3.15 HAAIMINTENIBFIVOIANIAUDULALSUUT WU Fringe plot 71 M. =70%
3.16 HLAAINTNTEBFIVOIANIAUDULAL U WU Contour plot 7 N. =70%
3.17 HARIMINTEIBFIVDIANUIAG BALULHL DS WY Fringe plot 7 N. =70%
3.18 LLAAINITNTZNIBFIVDIANIATIAUULHUS VLS9 Contour plot i M. =70%
3.19 LAAIMINITZYAIVOIN TUIAVULHUT LT IUUY Fringe plot‘ﬁ N, =70%
3.20 LAAIMINTZALHIVOINTVSAVUURUS LIS WUV Contour plot i N, =70%
321 HAAININTEIEFIVOIANIAUDULALSUUT WU Fringe plot 71 M. =50%
3.22 HAAININTZBRIVDIAIUIAUUULHL IS WU Contour plot i N, =50%
3.23 LAAINMINTZIIBRIVDIAITUIATIAU LIRSS WY Fringe plot M. =50%
3.24 LEAININTZIBRIVDIANUIATIATUIRLS DIV Contour plot i M. =50%
3.25 LAAINTNIZGAIVDINITUIAVULFNUS VLTI Fringe plot‘ﬁ M. =50%
3.26 UEAININTZIRIVOINTVTAL AL LU LY Contour plot 7 N, =50%
3.27 miu,ﬂﬁaumeqmwgﬁuuuv«'u%’mmuuu Fringe plot i N, =100%
3.28 miu,ﬂﬁaumeQmwgﬁuuuw'u%’mmuuu Contour plot 71 M. =100%
3.29 amznad lnamannudounuuruiunsed 1, =100% (@unii)
3.30 amznas lnamannufounuuiuiuns i 1, =100% (@)
331 amzna InameanudenuuuAusuusad 1, =100% (@wiid)
3.32 UAAIMTNTENAIVOIANMAUUUUAUT VLTI Fringe plot‘ﬁ n. =100%

3.33 HAAINITNTZIWAIVOIANMAUUUMHUS UL Contour plot 1 n. =100%

W

39

41

41

42

42

43

43

45

45

46

46

47

47

48

49

49

50

50

52

52



a3tz (a)

Qa
i
=h.
=
=
>

3.34 LIEAAINITNTZGAIVDIANUATIAVULFNUT VLTI Fringe plot n. =100%

3.35 HAAINITNIZIBAIVOIANVIATIAVUUNUT VLTI Contour plot N 1, =100%

3.36 HAAINITNIEIBAIVOINTVIAUULHUS VI AU Fringe plot N1 1, =100%

3.37 HAAINITNTENBAIVOINTVIAUULHUS VLI AUY Contour plot 1 1, =100%

3.38 Manlasuu)aagungiuuIHUS VUL Fringe plot 71 1, = 70%

3.39 Manlaguu)asgungiuuruS ULV Contour plot N1 M, = 70%

3.40 nzras nanmeanuouuunHuSunsan n, = 70% @)

3.41 nzvad Tvameanudounuurdusunsai n, = 70% @Euun)

3.42 agras lvaneanudeununrusunsai n, = 70% (@ uiia)

3.43 LAAINITNTZWAIUDIANMAUUUUAUT DU WD Fringe plot 1 1, = 70%

3.44 LEAAINITNTZWAIUDIANMAUUULAUT LTIV Contour plot 1 1, = 70%

3.45 HEAAINIINIEIYAIVDIANINIATIAVULANUT LT VY Fringe plot 1 1, = 70%

3.46 UEAAINITNIZIYAIVDIANINIATIAVULRNUTUT LY Contour plot N 1, = 70%

3.47 HEAAINIINIEIIAIVDINITVIAVULHUT LI Fringe plot N1 M, = 70%

3.48 UEAAINITNTEIYAIVDINITVIAVULHUT I Contour plot N 1, = 70%

3.49 Myasuulau AN UUIHUTULT U Fringe plot N 1. = 50%
E) QU g p nc

3.50 Manlaguu)asgungiiuuurus UL Contour plot 7l M, = 50%
q'/ul v o = o Y 9

3.51 AIZHAY AN NANUTOUVUBAUTUNTIN 1, =50% @O UHU)oo,

3.52 nznas lnameanudeunuudusunsai n, =50% @)

3.53 nnznad vaneanuounuurusunsai n, = 50% (@ wia)

q

53

53

54

54

55

56

56

57

57

59

59

60

61

62

63

63

64

64



a3tz (a)

QaN
=i
=).

3.54 LAAINTNTEAAIVOIANMAULUUAUS VLTI Fringe plot 1 n. =50%

3.55 LAAINITNTZWAIUDIANMAUUULAUT LTIV Contour plot 1 1, = 50%

3.56 ULEAAINITNIEIYAIVDIAIINIATIAVULFNUTUIT VY Fringe plot 1 1, = 50%

3.57 HEAANNIINIEIBAIVDIAINIATIAVULFNUTULT LY Contour plot N 1, = 50%

3.58 HAAINITNTEIBAIVOINTVIAUULHUST VLI AU Fringe plot N1 M, = 50%

3.59 HAAINITNTZIBAIVOINTVIAUULHUTULI VY Contour plot N 1, = 50%

3.60 LAAINTNTENEAIVOIANVAUUUUAUT VLT Fringe plot #1 n. =100%

3.61 LAAINITNITZIWAIVDIANUAUVULAUTUIT AU Contour plot A n. =100%

3.62 LEAAINITNTZGAIVDIANUATIAVULAUT VLT IUUL Fringe plot 1 n. =100%

3.63 LAAINIINTEIYAIVBIANUATIAVULHUS VLI ALY Contour plot N1 1, =100%

3.64 HAAINITNTEIBAIVOINTVIAUULHUST VI AU Fringe plot N1 M, =100%

3.65 HAAINITNTEDBAIVOINTVIAUULHUS VLI AUY Contour plot N 1, =100%

3.66 LLAAINITNTLWAIVDIANUAUUUUAUS VLTIV Fringe plot 1 1, = 70%

3.67 LAAINITNTZWAIUDIANMAUUULAUTDUITDY Contour plot N1 1, = 70%

3.68 LEAANNITNIZIBAIVDIANINIATIAVULANUT LTIV Fringe plot 1 1, = 70%

3.69 UEAAINITNIEIYAIVDIANINIATIAVULFUTULT LY Contour plot N 1, = 70%

3.70 UEAINITNTEIIAIVDINITVIAVULHUT LTI Fringe plot N M, = 70%

3.71 UEANIINIEIBAIVDINITVIAVULHUIT T Contour plot N 1, = 70%

3.72 HAAINITNTZWAIUDIANMAUUUUAUT DU DY Fringe plot 7 1, = 50%

3.73 LAAINITNTZWAIVDIANMAUUULAUT LTV Contour plot 1 1, = 50%

q

66

66

67

67

68

68

70

70

71

71

72

72

74

74

75

75

76

78

78



a3tz (a)

s Hi
3.74 UEANIINIEIBAIVDIANINIATIAUULFNUTUIT LY Fringe plot 1 1, =50% ... 79
3.75 HEAANNIINIEIBAIVDIANINIATIALULFNUTUIT LY Contour plot N M, =50% ... 79
3.76 UEAAINITNIEIIAIVDINITVIAUULHUT LI Fringe plot N M, =50%. ... 80
3.77 HEAANNIINIEIBAIVDINITVIAUULUHUT ULV Contour plot N 1, =50% ... 80
Aaa a 4 d’ d' 1" o W
4.1 lavzunsufilm@nd veeyanisna lnuuumsmaouiveuassa 85
9 Y [ v
[ Aa ] a A A9 G
42 UEAANANHAUTYRIFUAIUNA I YU 2 viTeVoiIed (Crank) 86
[ Qy 1 Qy d‘ A 1 o w
43 wandanyUTFUAIUND I FUN 3 HI0UUUAIRIAY (Connecting rod) ..o 87
[ Qy 1 Qy d‘ A
4.4 UAAENYUSFUAIUNA 1N FUN 4 W50 RoCKET ..o 87
4.5 l!ﬁmmWﬂWﬂﬂﬂm@@%ﬂﬂﬁqmlmi‘!f’hmﬁq ................................................................... 88
o 1Y a s aa a 4
4.6 waaleozunsunvesyana lndmsumsinsizinwalmand 90
47 amlsznovveana lnluduisntiusenseiinvudeasgega. 96
U QSI 1 1
4.8 giuaaanyuzMIaU9a (Free-body diagram) Vo¥uUaWaNe 96
3 A Qy ~ P v
4.9 ﬂﬁmlﬁ?lm?ﬂmmmﬂﬁqﬂwuﬂ RN i N L Ko 1 I N TR 102
A 244, \
4.10 AMUTUFIYUVOIND TNFUT 3 AFNNWAN oo 103
I3 Aa ay A A J
411 ANVFTUFIYUVINA INTUN 4 NFIWINNN e 103
A 244, \
4.12 ANWTUTFIYNVOINA INFUN 4 NV e 104
4.13 mummamsmswmgmmaaﬂmmﬂa"lﬂ%uw 3NN, =100% .o, 104
4.14 yinavousanszingaawaanvesna lnFun 30 n, =70% ooooooooooeoeo 105
o A o 2 4 4
4.15 yuavousanszingaaanvesna lnFun 30 n, =50% oo 105
o ' o @ o [ a 4
4.16 HUUIADWVUTIMAIT T UNTNATIZHAY Pro/MECHANICA Structure 106

B



a3tz (a)

QaN
=i
=).

4.17 twmuadou ludesmuanauadnvewudaig

4.18 15INTEMVULVUAINA

4.19 Llﬁﬂ\‘]ﬂ"ﬁﬂigil"lflﬁ’flﬁll’f)ﬁﬂfnlll?s‘ljuﬂlﬂﬂ von Mises VULV DIYUTIN ALY
. o
Fringe plot NN 1
4.20 Llﬁﬂ\‘]fﬂiﬂigﬁ]?ﬂﬁ’)ﬂlﬂﬂﬂ’ﬂlllﬁjumﬂﬂ von Mises VULV DIYUTIMN ALY
Contour plot nsaif 1
4.21 HAAININTTIBAIVBIANNIATANANFIGAV ULV IADIUYUEIRAIV
, o
Fringe plot NTUMN 1
4.22 HAAININTTIBAIVBIANNIATIANANFIGAV ULV IIADIUUEIRAWDY
Contour plot N3 an 1

4.23 LEAAINMINTZDYAIVDINTVIAUDAULVVTIQDUUUFINEA LUV Fringe plot

4.25 uﬁmmiﬂizmaﬁwmmm;ﬁumm von Mises Uullﬂﬂﬁ1ﬁ@\1llﬂluﬁlﬁﬁ15\1LL‘U‘U
, ~d

Fringe plot NN 2

4.26 Llfffﬂﬂﬂ'l‘iﬂ'igFl]'l‘c’Jg]J’JGlJENﬂ'HﬂJL‘f’S{HﬂIEN von Mises Uullﬂﬂﬁ1ﬁ@\1lﬁluﬁlﬁﬁ15\1LL‘U‘U

Contour plot NSAUN 2

4.27 HAAININTLNBAIVOIANVATIANANFIZAV ULV UIIADWUUAIMFIV Y

Fringe plot NSAUN 2

106

106

108

108

109

109

110

110

112

112

113



a3tz (a)

QaN
=i
=).

4.28 LEAININIZDIBAIVBIANUIATIANAN LAV UUVVTIADIUYUAITI AWV
, o
Fringe plot NN 2
4.29 LEAININIZIBAIVBIANUIATIANANGITAVUUUVIIABIYU AN AWV
Contour plot N a2

4.30 LAANINTNIZIAIVOINTUIAVDILLLINADUUUEINGS LU Fringe plot

4.32 LLﬁﬂ\‘]ﬂTﬁﬂ‘iZﬂWﬂﬁjﬂJ@Qﬂ31ﬂJlﬁjuﬂlﬂﬂ von Mises ‘]J‘L!LL‘U‘U%K‘TEJ\?l,lfllu’ﬁlxiﬁ15\1u‘1jﬂ
Fringe plot ﬂiiﬁﬁ 3
4.33 uﬁmmiﬂizmaﬁwmmmﬁumm von Mises ngmuﬁmmmmﬁ'w‘iﬁmuu
Contour plot N3 ﬁﬁ 3
4.34 1AAININTTIBAIVOIANNIATIANANFIGAV ULV IABIUUU IR AWV
Fringe plot ﬂiiﬁﬁ 3
4.35 HAAININTTIBAIVDIANNIATIANANFIGAV ULV IABIUUU IR AWV
Contour plot N7 ﬁﬁ 3

4.36 LEAAININTZNYAIVDINTVIAUDIULUVTIADUUUFINE LU Fringe plot

113

114

114

116

116

117

117

118

118

119



a3tz (a)

s Hi
4.38 aaulsvinaveauuaamasntiunsan 120

4.39 Lmﬂmuﬂﬁ'mmmmzﬁumm von Mises Lﬁammwuwamuu{imm HUUTINIAY

v Y
a K

LAY AFAUN 1 120

LAY AFAUN 1 121

AFAIN 1 121

NNV NN 2. 122

= A
INUYU NDTUN 2 122

TN 2 123

NUAY NTAUN 3 123

LAY AIAN 3 124

I 123

.1 31szneumsfmuIIAINe1IUBICoNNecting rod 136

3}



° a LY d °
ﬂ‘lﬂﬁ‘l]‘lﬂﬁﬂg!ﬁﬂ‘]&lm!!a%ﬂ]ﬂ'@

v v d
yanual
a = AMNYIIVOUINUS VLTI, m
4 1

A = NUNTUUTINTSRVOUNUT VLTI, m
AF = Air-fuel ratio
b = AMUAAIVB AT VLTI, m

' =
C = AN
C » = Constant pressure specific heat, kJ/kg. K
C, = Constant volume specific heat, kJ/kg.K
E = TugaaueIMIsangu (Young’s Modulus)

4 . g
a 4 { 1

F = NI NFUDINTENTTUNYAAD (Vector of nodal loads)

o o aa 4
N = Wandulsznameludamud
k = Isentropic index
k. = A1M511ANNTOU (Thermal conductivity), W/m.K

aa o a 4 . 2 dg’ 1o a
K = DAUNUAUNT N (Element matrix) “ﬂﬂﬂlu@gﬂﬂ%u@‘u@ﬁﬂﬂ]uWW
m = 1IN, kg
P = ANNAU (Pressure), Pa
Q = Sannudeu (Heat) , J
q = UYTiaanuious g (Specific heat), J/kg
R = Gas Constant, kJ/kg.K
r, = Compression ratio
T = Qiuﬁ{]ﬁ (Temperature), K
Vv = 151105 (Volume), m’
v = 15119353 1M1E (Specific volume), m'/kg
V., = Clearance volume, m’
V, = Displacement volume, m’
w = Usuaaud e (Specific work), J/kg



> @
e
o

D:
R
Il

©
Il

HV =

Sys =

Mo
BEM =
CAD =

CAE =

° a YKV} d o
Mesinadanyaiazf e (Av)

[

NAALNU x VOITZVULAY Cartesian
noALNU y UDNTEUULNY Cartesian
NAALUNY z YBITLUVLNY Cartesian
Y 1 1 o 1 { 1 4
@2 13im310A1 1150 Nodal unknown @ fumiisiigase luauns ' lua
an o d? (Y ~ o w A
paua yuegnuilyrinmainasan
AMUHUIUY (Density), kg/m’
@ ] 4 . .
n518711125%89 (Poisson’s ratio)
4
Fulszansmsvensdimennudon (Coefficient of Thermal expansion), 1/K
<3 Aa
ANV AT (Tensile strength), Pa
Uszansnmnsen udl
U5zansnINMIFIANNTou
UM IMNUYDIHUTULSA, rad

< Aa
AITULTWBIYY, rad/s

AT UFIYW, rad/s’

air

element

fuel

Fumaueadd 11ns1 (Nodal unknown) HAWNIA 1, 2, tag 3
Heating value

mixture

system BIHNGDITZUDAUMNT 11Dy

Boundary Element Method
Computer Aided Design

Computer Aided Engineering



° a YKV} d o
MesnadanyaiazA Lo (Ad)

CAM = Computer Aided Manufacturing
FEM = Finite Element Method

GUI = Graphical User Interface

MPA = Multi-Pass Adaptivity

SAE = Society of Automotive Engineers
SPA = Single-Pass Adaptivity



1.1 anmwihwnuazanudagesilam
o dy & A v w1 1Y ' A A Jd o
Tuilvgtiuil Wufseusunuiina lIndninaniee Tasmwizedgunieseudduaiil

23 < 1A o & 1 Aaa o w g [ 9
ma“lummmmammz"lwag llﬂfl”lllil”ll,‘ﬂLl@]i’)“lf?]@]‘ﬂiﬁ]"lfluslli’NiJlgBEJ’e)ElNﬂJ”lﬂ Ulll?]”li]%%f

o g o g

< o K o & 4
W’]Wugll‘ﬂ‘ﬂiﬂﬂ@nll NINNUD NINUT UAZNINDINIH u@ﬂﬁ]’]ﬂﬁ ﬂﬁlﬂuﬁUﬂTQQﬁTﬂﬂJm@%ﬂéﬂ\i

A 4

o 1 A Y ~ 9 o A 09/1 I a 9
i]ﬂﬂuqﬁﬁmﬂﬁumm msmﬂu@lﬁum‘ﬂm&flum%ﬂum’o‘umwumﬂum’imﬂumvmmmi

U 1% a o o = 1 A Y Y o A
LlfViﬁQWﬁQQTU’lﬂﬂWﬁﬁﬂm“ﬂﬂIﬁimEJll‘IJiSLﬂTWIN“] LL!’(’N%Tﬂﬂ’J"lll@]’ﬂﬂﬂ"lii“lfwaﬂﬂ"luﬂ"lﬂmiﬂﬂ

9

4 =\ dy 1A 3’ o A A ] =1 o o YA
suaved lanlnnvunnvae wallsnanihdudisedlulannilsnaanausu@erniu i lvu
a d' [y d' 79 YA a A Q' z:gl o YA o W 1 a A [
uuInNNAANIE WAL AToouA Inllszansamiuau Tassi Iniddunu@ursegand
' 9/3’ o/ 1Y Ay A a Sloy 7 dal a
g liiuludasindesas meanlsmamslnihduaemas
4 J o ~ Y ' o dy { T <3|
miosuadualmelunldiuegluilagiiui awisofvzutseen Idifludessznn
1 4 o o o 4 7 v &
1vq9 A9 1NT039NT AU (Turbomachines) HaziATosouANLn1TVIATUVIN (Positive
9 [ . J { Y v 1 ' [ 4 J
Displacement Machines) d115uia509guannunsodnsnaiu lasam Ingjaz 1dnumiossua
a d‘ d’ o 1 da'w =
yosmaeuuaz lugadvinssunisnaanszud I ilesnnaiosdnsmariinezivua

' Y 1T A A @ A J A ) @ A J v o A A 1
ﬂf]uell'NGl“HﬂlLiJf]WIEJ“]Jﬂ“ULﬂ‘i@\?EIUGIL!’UU@H ’(,’fTHi'IJLﬂi'éNEJ”L!G]L!’U'IJﬂWiGUi]@L“]JUU’JﬂﬂiJfJQGlH

o
E4 F4

o , < A @ A o A A ¢ & o
PJagtivdrIngazitluniowudunugng uNouNIay taznTewuALUUgNgUHTNIZ N
< 1 Y I d' Y] 9 o @ o Y] g an o o
wiunlgihuaiesdnsaumasdmsuginsaianes Turialsgiriuumunnilszian
d' 4 = vAa I d' v Y A A @ ] 1 d'
insesuAnDUgnguNlse IaaNuiluinneuuiusest) Insiaeddoriio
A A a a A I7q Y dg‘ 1 o [ A s A
iomulszansnmnTeseud 1dgeiu iy mswannszuuna lna1es nelunieseudiiie
A A Aa dg} o ad a d 9 [ o A ¢ A 9
aamsgdsNinayy MthszuudannsodnddnIyglumsiinuvounisdsuaiie 14
o Y 1 o dgl v A Y = YA A Yo o 1
Ao lduiudwnnunnszuuna lnfmeldeg saudaldlinmsneewiiog s iaaaiis v
A Y A ¢ Yy o A vo A /Y Y
HiBaavuIALazi M NYBUATEEUARINToUNUINLANYNUMU TN I Tos8ua 1T HAY
1 < A 4 INY o w 1 [ I~ Y (d'day
pg13 lsnaunTossuauuugnguniidesinasguin Tuhaziludunamansniisu

1 1 d' d‘ d' ] Qy o Y =2 = ] o d‘ 4 [
AIUAN ‘VILﬂﬁ@u‘VI@EJ‘Ha1EJGD”L!‘VIﬂfﬁﬂTiﬁ'ﬂWi@lﬂﬂﬂLm%ﬂﬁ“}f@M‘UTEQLﬂiﬂQﬂuﬁQﬂQUﬂ@u

= [ 9

Y} 2 ' & ' Y £ o 9y a A o '
VWNNIZHUEDU Wﬁ@hlﬂﬁ']ﬂglﬂuQTHﬂT'iﬂ18!1’]?]'JTJJ3@‘1«!“])’\‘11/]'lelﬁlﬂﬂﬂ'lﬁf;fﬂ]u!ﬁﬂv‘lﬁﬁ\ﬂuﬂﬂu

9 = o dy A A a dgl A 1 o )
VINYI mmQmsauﬂwﬂm@awmwmmnmuma“lum”luﬁuu“imcluuNsumzsummﬁmam

U



oo v d Ay 4O o & vo 19 o Ay g A A o 2

uazhdeinda ldifisuastiminveuniossuadiegludasn luduine lvvesisnsiin
v 3 E4
lawenemnazsulsaliaosiiu

Y a a 4 o v Aa a 4 a o

Tuvaziinau 3y Ianisunieina NI 3AINTINAMAAT ¥HI1INGIAY

o awv @ 4 Jd o [ a

maTuTaggsus lavimsideuazdaasrunieseuaduaidmelunuumsvdaiuuiniie

vdgl A o"dy =\ <3 ' A 4 o A A a Y Y
Gl,wmu T@mmmauﬁu%mmmaﬂmmimauﬁgﬂqum'lﬂ !N@Mﬂ‘iiﬂ@liﬁ@x‘i!ﬂfl?‘ihﬁ/ﬂ

v v

o = qu/ : 7 dg‘ day 1 A A A S 9 1 A 4 I 1
Al anNhWT NIV ULazIFUdIUNTMSIAasUNUoanIATeseuaang Ul ued19uIn

U U

9 Y
o = v @ v

' I 4 4 J yq./ 1 Ay o [ qgj
aemlliﬂmml,ﬁmmﬂm%qwwﬁmagiumm%ﬂwmmuazmﬁ%}n aﬂwaﬂqagiumumuﬂwi

a o

A Ao = ] A a = A o’dy Y a dyr:,' Aav
waniiasde luasaneztlamesivazideaveaunieseuat 1a Ineinusidunside
d’ a 4 1Y 1 d’ o’d’ U dy
WPBNLLLLALIAATIZHAA ININTNAVNEIUVDUATOIBUANNAINT
Aav dy | a o A o 1 9 9 1]
muateivzilumsesnuuunaz Insizvna Infihnued luaamuedeundienylu
) 9 4 7 o v o v W A o
wour IndiveunTessuaduailnielu Tasez Inanudingnuanuauisaigsunisy
A A dg} 9 ~ 9 o a I Qy A @ 1 [ 5 X o Y o
assunatu 1a na'lnn 1a%1n5 AT 194 2 Fu Ae “UnuTULTe” (Plate) Fa3ra04 111U
1 A 4 o Y A 4 12 [l [ A
oglunszUBNgUVBINIITUALAZ Izt NAdwengUuATi U  NazdnBuz Ainseen 11
waznalnn1Flumsdamdedaisondn “uvnaeniae” (Connecting rod) ntihnaerigelads

v 9 ] v
AU MIZNTTNALAUS UL AT DRI UIT0901NUTIAUNNADINNITOAA AL VO 1A 7

' P
a <K

» A ] 9 A a aa 9 Y o o
ﬂlmmmmgiuwmmﬂwu u,azmﬂmmqmwgnmwumuqqmﬂmaiuwmmﬂwm a5y
v ' v Y 1
HUUAIMAITUMTENTTUN 1ATUVILUANANINUTINTETNNAVUAVUANUS VLTI 1110991
1 o w =1 d’ d' 1Y @ Y d‘ o d’ Yo I
daidegiinsmasuiduiusiuna 1ndue 1Y Rocker and Crank 11590329119 185 vz 1
d' a d’ = . % . [ Y
HIINNAUBIINLUTIAN (Tension) 1ALt I9A (Compression) advunull
a 4 a a o"dy 9 o a o 9 = A a
msnasznalnludInednus i 1881 iasiemanudutazanuns sanna

Y Y ]
suvunalnisaes Taeldlsunsudmsizvine I ludsawuduisielunisdnsizd e

'
1 A o

Y Y v Y
NATOUTUAIUNRINTOONUUVUNUMT AT NFUTIUITI FaTsunsudlarnsoa iy
$1009@ AR LAZLAAINANTAATIEHMIANUAULAZANUATIALUID L1804

o a I3 ] 'Q 1 . .
msiueneununesurIelunIsesnuUIeNLeNi3ond1 Computer Aided Design
&2 & an a @ a 3 Yo o =
(CAD) Fuduismsoonuuuvediaing luilvgiiv uaznouiuaesn lasumswauiauiilse
a A d? ) [ o a 4 Y A A a d o L4
ansmwganiu dmiumsihasuiumesulailunioale lunsinsed dunsizn uas
o o Y 9 A AAa 9 z = 1 .
11015811 19 JAL DDA M IE T UAINNIAINTABINITHY (58131 Computer Aided
a L a Qy 1 $ 1
Engineering (CAE) 1azmslnouianes lumsniugumskansudiuioonuuy aziSonii
. . 1 I3 a 1 ya v a 4
Computer Aided Manufacturing (CAM) 86131308 33m5martiil 1dnuennuinneuiimes

I 9 Qy s}d'a a 4 v A A a 9 a J
Lﬂu@aammuwmm LW513Qj‘ﬂﬂﬂ'leﬂ313‘”LLa3ﬁﬂﬁu1ﬂﬂ@3ﬁ3ﬂﬁ@@@ﬂllﬂﬂ ADNNUADS LT



=\ A A Aa 9 o a 4 an Y Aa

lWENLﬂifNﬂJfJ“VI'Jﬁ'JﬂiGI,Gh'GI,ufﬂi?ﬂuﬁm HAZAUATICUATNUITNITUASTAINLIATDUNIAING
9 1 9 v

AU UANITY c?w'aslﬂiwaﬂnmuagﬁﬂﬁ’amiumiaamm’uﬁgmﬂﬁmﬂnmeﬁuumm

1.2 agilszasAnazveuunauise

9 )
[

Jd A Y = [ [ A
@i]“]J38ﬁ\‘iﬂﬂ/‘l’EJWTﬂfl”lllLﬂulla%ﬂ’ﬂi\lmiﬂﬂﬂuﬂﬁIlﬂi]ﬂ'iﬂa@uul@ﬁiﬂ

a a S A
IMNYTUANUTU U
A

v 9 ]
Aad a K A

9 ]
NUITINTLI 2 FUA AD mQﬁuu,azqmwnumﬂﬂmummmﬂﬂﬁmﬂwﬁuu%umum@m%’m

Rl

4 Qy @ 1" W 1T o a 4 Jaa
ﬂu@ﬁﬂﬂsﬁuﬁjﬂﬂuﬁ@ UNUTULTI LAY HUYUAINIAY TﬂEJGlGISf)T‘iJiLLﬂiﬂJ’JmiwwVINUM“lum)a
4
L?Jué{ ﬁ@ Pro/MECHANICA ﬁ”lﬂ”lﬁ:llﬂﬁ”lgﬁ’ﬁhlfﬂ')”Illlf’zljullagﬂa'llllﬂgﬂﬂ W%Jﬂilﬁ\ulﬁﬂ\iﬂ1§
o Yy Aa A o ] ]
ﬂjgﬁ]ﬂlﬂﬁj‘ﬂi’)\iﬂ')’]Nlﬂu‘ﬂ!ﬂﬂeﬂuﬂuﬂaqﬂ‘ﬂ\iﬁﬂq Llagisﬁiﬂﬁllﬂiﬂ Pro/ENGINEER Ghlﬂ”ﬁﬁi”N

o 9 o a 4
SUUDITINITUNITUNTIEN

1.3 'Jiiﬂ15ﬂ1‘§1ﬂﬂ15ﬂﬂﬂ!!ﬂﬂﬂﬁﬂﬂ‘ﬂ@ﬂ!ﬂi@@%ﬂiﬂﬁ
Y

A [ ~ 9 aAav Ag ya ] = Y]
mseonuuunalnveuniesdnsnanaz 14 luanuiteiineg 1435mssu@ernuns
a o = 9 1 A oA 9 o Av o ¥ o A Y
poNUUUNIIAINTTY Taena 11 nazdadinaTessuaiauzdimsiseiidsduiumsaing
' y { o ] o 4 J o 1 ]
ogluamzfivzlsznoudiena lnnde lididlasiwnldlwaTesoudduarlneluuneunam
lc?/l an 9 a o < A o 79 Y
uaTuAeULAZITMIMIoanuuuMUImNT TN Taen lUdawisafiezihulszgna ldluau
gy o
poAUDUT AUy

Y Y
TUADUMIODAULLNA INTNTNATAIL

E4
I A v

o o o o [ a a s A
1. f777/il!ﬂ?@7§11/5a‘3’ﬁ’\7ﬂ lumseonuyy: awmsuluIneinusi N?G}Qﬂizﬁﬂﬂlﬁ@@@ﬂ

9
LL‘U‘Uﬂﬁllﬂ%/ﬂiﬂaﬁﬂﬂﬂ)'u ﬁ@ UAUTVUT LA HUUFINIAY 1%@11%15'&%1«!%@5’!158

~ o 1A Aa wva o Ao I Y
ﬂﬁﬁll‘i’lll'lﬂﬁg‘ﬂ'ﬂﬂflulllLﬂﬂ'rﬂﬁ'JU@LLﬁ&’VﬂQTu@nNV]ﬂ’]WuﬂGlWllﬂ

afl a a o 3 dg}y 9 1
2. WJﬁi/%/ﬁ?j?Z!?Z!ﬂ75?!ﬂ57$7’i: “lwuuu@aammmmm@@mmugﬂi”lwmﬂa"lﬂ Tu

Y Y
iesdudenou uazdmuaiimsgnssurialamaiuiuna lnasnainte Tag

a

A Yy a 2 o 9 o 9 A A an
oz ldmaanalnilludagaiinla niounesrusmdoyarie@onisnislunis

q

a 4 3 o ~

AR5z Tagnssrusimdoyarivazm Idanmisde unanunsenIsnaaon
° ~ ° 3 Y A v A v A A Aan

e lueaataziihtuveyaiiesduioriglunsdaaulaasnisnmsluns

Y 1

=® =1

a 4 4 A a as a 4 o
a1z s 1inIumaNnaIUINMTENTTN F933mM T lumsiasizrionnila
ag [ a a o’dy Y A ad a Y
21935 nseenuuunalnininaludInednusi ldEdenITnsiaiizidle
a J Jan 4
Tdsunsuaasizeinma Il lusioamudane Pro/ MECHANICA

a a’aﬂl ! =~ a 4 @ as A A
3. UATIEHVUTIUNOOMNI 'Jlﬂ'ﬂgﬁﬂﬁhlﬂ%ﬂﬁﬂa@uf)‘ﬁﬂ’li‘ﬂm@ﬂ



Aa s A 4 ~ 9 a d
4. ﬁ'?Z/!!ﬁéi’?lF)iLf‘fﬁWﬁﬂ753!F)57a‘.‘57”f: ﬁéﬂﬂﬁﬂulﬂﬁﬂﬂﬂ1iﬂlﬂ51gﬁ NAUNOTURD
A 1 ~ 9 1 9 a g 1 a
'ﬁ'if]ul,ﬂJ mﬂwaﬂ”lﬂ"luﬁum@mma ﬁ@ﬂﬁlﬂ51$ﬁﬁ®31LW§1$LWﬂﬁlﬂ B1AUNAIINNIT
3 a 12 A a Y a eaj a 4 Y o a 4 cf’
manyﬁ;ﬂ;m"lm ﬁi@!ﬂﬂ"ll'ﬁ]WﬂWﬁWﬂiuﬂluﬁﬂuﬂWiﬁLﬂiW%W HAaININITAUATIS U
= o ' v @ A o vy o J
’é]ﬂﬂi\‘ﬁ]uﬂ’ﬂi]gvlﬂﬂﬁMlﬂﬂﬂiﬂfflVlﬁnﬂ3ﬂﬂ1ﬂ1uqﬂﬁ1hﬁﬁgﬂi$ﬂﬂﬂ
a cny 1 a a a J 4
MIANTIEHFUAIUNA INA8ITAMITHINARAFIIATIZH (Analytical solution) LD
E4 k4 E4
ﬁ"ll!"llef]@]ﬂiiiJ“V]Nﬂ"lﬂﬂTW uazﬂmﬂﬂmmLﬁ’uuazmmm’%’aﬂuu%umuﬁu HNINNBUTIU

A a ~ Ao ~ ¢ ' v 4 9 o A o
mwmimmgﬂmmcﬁucﬁ@u Llﬁgllﬂﬁﬂ‘ﬂizﬂ’f)‘]JWa"IEJﬁ’JuL"IJ"IiLI"ILﬂEJTJEU’ENﬂ‘]JﬂTiWmiﬂﬂ TN

9 9 k4 9
a K

Ifaumsnlduwendsanimanudu anunssainaiuluFudiuiuiinnugienuini

Qe

]
=1

9 a 4 dg‘ Y A v A A 4
wazldnarlumsimszviuindudie e lurareasen luaunsassvinamasFadins e
AA o 9 9 A o =1 I o 4
Mnnsdingudeuning 14 esnaumsinezdisdidluaumseyiusvateauns uaznms
o & 9y Y v T 09/1 9 o
winamasvesaumssuiudewnaumsoyiusianiulinionnu
o _Aad a o 1 =\ an Jan S =& I Y o Qy 1 A =
A151133M3Fad e 1y seideu 3T I luadamud saldlaanusuaiun il
ANNFUFOUNIINENMINTD dztsanilyrinnuguenuesaumsuadng lgnann sy
A 9 o o 091 091 QSJI A 0o A A 4 1
108 191999109z sA LI T urarens e ieiiTmsnansuiiunes el
1 Ay =\ o =2 o Y [ d? A o a SN Yo
drundesdinsiiuradteihldlsendanamnniu vazosluiligiiuneunuaes 1d5un1s
o Y A d%’ A o Y a a g Yo @ a 4
War IianueawsamuvuiGseeg M lvma ldsunsuaauniaesn 1¥d 115 unsIasIgH
= o . 1 & a P e A A
521118391571 Simulationvuu1nue Fa33n592 19 Tsunsumaniudlunseaiioluns
a o’ay [ A 9 1 ~ 9 ] I~ a A
ONUULLAZ AT IEHIUTIUKTO IATea319a199 waz 1Usunsunlgvzuyseonlu 2 ¥ila Ao
' 9 [ 9 9 o 09/' A Aana
Tdsunsusenmsesnuuy (CAD) @115 1w lunsas19uuud1a09 (model) 9Nl 2 14 uag
an (] . 3 9 a I'd Jaa
3 11 19U Pro/ENGINEER, Solid Work, I-DEAS 1udu uaz Tilsunsudmsizrinia Il ludoa

] 9 o A 9 a N ¥ ] o A K%
LlluWS]N%$’s’ﬂllTiﬂﬁiNL!“]J’Uiﬂﬁ@\HW@cl%ﬁluﬂ1§3lﬂ§1$1’iulﬂ LmLﬂugmumaawmﬂﬂﬂwu

U

< '

o 1 I
FDUNINI A 15U Pro/MECHANICA, MSC/NASTRAN, ANSYS 1 udu szt ud1lunis
a o"ay 1 A 9 = dse’ YR | [
AnsziFudiunie Inssadwluiliyiulinnuazainuiniiu wazdielsendanauazan
) 9
alFaelumsadrauuiiaensalunsiimsnaasuineiinisnaaeusuaiuuaz Ins

Y
aframaniy

| Y a
1.4 anuilunvesmslneuiiuneslumsesnuuy
a 3 Ay o w d‘ o ax ~ )
M39NLUYBIIAINT TugaALsne 11U NdednaluiFesveginsainazisnisnazii
Y A o 1 I (] [ 3 a Y = ya 1 1
nliensiiuraaee Wusdanin auiuiains lugaaug 33143501510 5zuanIneeg

Y o {y ¥ 9 o 3 o ' o 9 @
LLﬁ’J‘LﬂWﬁﬁ]’lﬂll'lﬁi'lﬁuﬂﬂiﬂﬁ@{l mﬂuuﬁqﬁﬂTi‘vmﬁammmmmmmmmmqm“lﬂmmmq



De

d A 1 d! = Y] 1 1 g}' 1 d' 9 c'd‘ I~
Uszasanso li Feazliminaasaazliulgsruaiuaisg vaeaisneuie ldgunsaindlu

)

9
A %

Y 9
[] 1 a o w 1 1 I~ 1
"l,ﬂmm;mgwmﬂ nszUIUMSIHaIHdUasenaal faeau uamﬂ%’mmﬂuammm
a == A am A J ] Y
’Jﬂ’Jﬂi%QWEﬂEﬂN‘W%$‘ViTJ‘ﬁﬂﬁ‘l’ii@QﬂﬂiﬂmN‘] 11952811052 UIUNTUDINTOONIUY AaoA

a 7o 9 vq ¥ o ) A v )
%uﬂ'liwa@]Qﬂﬂim"Uuq@ﬂ'lﬂclﬁﬁl‘]ﬂ?a1ﬁua\‘]L!agcl‘lf\iﬂﬂizN1mﬂu@ﬂaﬂn1iﬂﬂ@]a@ﬂ BN

S =

7 { a0 A a A o Y o Qs: 1 wa 4 <}
Qﬂﬂiﬂ!‘ﬂﬁ?llﬁﬂL“]JaEJ‘LJLHJaQ’J‘ﬁﬂHu‘LJﬂTiGU’EN’Jﬁ’)ﬂ‘i‘ﬂ!fl’iuvlﬂﬂfﬂﬂﬁﬂﬁ\ill@]ﬂ‘i%?@]ﬁ1ﬁ@]iu1ﬂ

Q

o3| a S
RN RETS T R Tl L RANAMIGR

Aa Ja 9 = a 1A <3| Y
ﬂi’)ll'W'Jmi’)iliﬂﬂﬂll"lllﬂﬂﬂ?ﬂiilﬂ?i@@ﬂllﬂﬂﬂl@ﬂ?ﬂﬁlﬂiiu%ﬁﬂﬂ f.71. 1950 WuauN

= ] qg.: a 4 <3| A ] a a @ ' v a9
%Qiuﬂf?ﬂlliﬂ‘] uuﬂ@llW?L@]@i‘dglﬂJulﬂﬁ@ﬂmu"lﬂiﬁigllﬁgﬂizﬁﬂ‘ﬁﬂTWﬂﬂllquxﬁJ']ﬂUﬂllﬂlﬂ

'
[ v A %

o Y 1 = 09// Y o W o/ o dy 9y o A
e lumsldaueguindnnedaiildegluieiiia aunsenailogiiuii lalimswaninios
a Jq YA a a dgl a < Y v A9 @
AoumImes IMlszaninmgeiunazivinaanas wieunuiigosnuuuazann Tasunsy
o < ~Nq Y @ A Aa 4 [ [ A o 1 o <
dusaginldTmnuniesneuiunesinedeaeiiios mswann ludiuveslisunsuduiogl
A 9 o T 3N Yo o 21} @ = v Aav
e ldlunsdiamaiaieg nldasunswannaatiumsdnyl do1iu3de uaz
o ' < 4 q g o £ qu v & ~
aouenrua1e mlan e li Tsunsuiianuawnsageain ldnuldhevumazinnugn
v £ oy & 2 Yy o Y o o I~ o o &
ApNTUAIY Feazmu laninmswaunnms llsunsudrearonysiugadida dalugn
E4
J ~ <
usna Tdsunswraifionalinnwerivareseswiiinszaiy uuilunis e Graphical User
¢ o o T 1 [~ v o
Interface (GUT) #9117 daunsofuamnaiaie 1a laeludesdouTdsunsuniuddnus
) 3 [ 3 @ ~ o {
Mgl T sunsudianuazainuiniu wdounuiuda lati TusunsuduiegUnaunsonaas
A A Y I o Qy 1 A o £ 1 dy
madou Tna e Idduanmmsihauvesudiuimimsoonuuy s ldsunsumaitioz
[} a o ' 4 1 1 o 4 | o
$aoliaransiiau ldieiu uazaaa ldnelumsadauuuiaeuienadon lauduau
: ) a 4 ' Qall a J
10 Famsihneunamesugielunisesnuuniiy lenEeni1 Computer—Aided Design 1130
CAD U194
13 ) ] @
CAD Do la3udun1511152 01 Computer 1328 Tun1sa519 msisudgaud o ns
a J 3R ° a .. . . !
AnT1H HIeuuagei Ifinan 1T UNI9N1T00NIUD (Optimization of Design) 1@
1 =) ISA 1 g = A A A 9 A A
26191507 5211 CAD AdenlluiisunielonsrelunisesnuuvvesdesniuunieIfnins
winnztiunlfunudesnuuunioinng
o 1Y Y a 4 A 09// A9 A ] 1 [
115 UMTPONIVVAIIABUNIADT N30 CAD Hulidoanarolsznis i $a0151
Uaud luaunimvesmsosnuu $readngiudoyalunsnan uaz Taomnizog 1983818150
a g 9 ] Y [ Aa [ 1 a 4
aanalumsimsiziaiee Idediann Tasmmezilymludnvaziinsliuuamsiimes

v [ v k4
A9 YoeszuuRlimsAuInigiendudeunaiinszuaumsiuiueuiu aunsoihwiieu

] 9 1 v 4
duldsunsuieannnugaonmaniulyld Fuiluwaldnnuawnsolumssaaiuannii



< ] Y A P 3 ' &
tazilunalin1seonUUUAIABUN MBI NAY UFIUNUIVDINTEUIUNITOONUV VYD
Aeny luilagiiu
A o qaj =\ 0o < A Aa A A A dgl A

lumsesnuvunieadnsnatiu Blsunsudusegnilszansmugannanuuuie

HaIBINITAININNI8Ya18 T 51NN 1999 MSC/NASTRAN ABAQUS LS-DYNA ALGOR
I~ o v A a 4 Y

ADINA ANSYS 1182 Pro/MECHANICA i udu dwsuianerdnusa ladonls Tdsunsy
Pro/ENGINEER d1%5uadquuudtansaiuiavedana ln uag Pro/MECHANICA §1%5U
a ' Y = A A dgl o o A v dgl A 1< 4 s
AATIZHHIANVAULALANNIATIANINAVUN VLUV 10N T3 199U (U991 usonNIsh
~ 3 Y = A A Aqu A
Tausiaswaz 19418 1az Pro/MECHANICA Huasosion lsweniseonuus Iagmnig

P a ¢ A 9 = 9 1 = 1
‘ﬂ)’\‘iﬁjuﬂ153Lﬂi"lgﬁﬁ/\lf’)(lﬂvli']‘]_lﬂxuﬂniuiﬁllﬂ\?ﬂ"lii’)i’)ﬂllﬂ‘ﬂfﬂlﬂll'lgﬁlﬁ/iii’)“lll

da (%)
1.5 Useleminmanaglasy
aw a a L{dyd! [~ ay 1 A J 1
FTINTUIVYUDIINYTUNUDU GINHJHﬂ?i@@ﬂl!ﬂﬂ%ut’f’)uﬂaqﬂﬂl@Qlﬂiﬂﬂﬂuﬁll‘ﬂ'ﬂi‘ﬁﬂ
A Y o o 1 A J Y Ay v a a o’dy
NITHINITDNANVDINNAN NG ﬂlmmimauﬁgﬂquaﬂ@ LLﬁ%Wﬁﬂllﬂ%'lﬂ’J‘ﬂEl'luW’H‘ﬁu%Zﬁ']iﬂiﬂ
) Y v A 4 % A Qs/' [~ ds' a 4
il ¥ runiesoudunuluildlasass uenmilenniuduiuiugulumsinzinaln
A A 4 ldyy 1A 9 o Y] A A a A
DU Glugﬂimﬂummﬂwnuma UINITUAITUABDINTTNAUN ﬂﬁﬂﬂqﬂﬁiﬂlWNﬂi%ﬁﬂ'ﬁﬂ'lW

A J Idyl
GU’E]\‘]Lﬂ5ﬂﬁﬂu@]l!ﬂﬂ1ﬂﬂuﬁ@1ﬂ1u@'L!'lﬂ@]



=).
S

un

% Y

av A
FTTFUNTINUASITUHIVSNINGIVO

=1

dy 1 = Ao ) o < Y A A
hluU°|/|ufﬂgﬂﬁTJﬂ\T\T]‘L!'Jﬁ]fJ'ﬂ‘IHI‘]J3!,Lﬂﬁllﬁuﬁﬁ]?jﬂﬂ’ﬂ%LﬂULﬂiﬂquﬂ Eluﬂ’]ﬁ@ﬂﬂl!llll

=<

a 4 kY a 3 o < 1 A A o o d? Y
UAZAATIEHITUATUIAINTTY “ﬂﬂjﬂﬁllﬂﬁﬂﬁ'llﬁﬂzﬂ@']\ic] LﬁiﬂJﬁJ“Vl‘]J'Wlﬁ']‘ﬂfgiJ']ﬂGUU1Uﬂﬂﬂﬂu

Taoii Tasunsudsagiisaiieonunludamndyd uag Tulsunsuilddusdrauns vanoiiog

bl

4

na1eT1sunsuA18Y 81N 1¥ U MSC/NASTRAN', ALGOR’, ANSYS’, Pro/MECHANICA
3 gy & v 2 Yo o A A o v A
Wudu Faldsunsuwart lanimsiauussenioin ldsuasunirnulduumssa
a o’d‘d v U dy d' o ] d'
apumasNNaNNaNTag suuilagiuTusunsumariannsofogineguunio
a Jd 1 cL yw [ [ Qs}l
asuiaaesdauyanani il 1d uenaniidalatinsdSudgeiaugduunazduaouns

o A Y Yq YA d? = 9 o [ av A A Y o
Maveslsunsuive Ingldlianuazanauionniudndie dmsuauitelueaai ldih

Y
a 4 1 [} 1
T1/50n51 ProMECHANICA 1114 1umsTmsiginazoonuuuauaiuaias 1y Jaeudie

¥ A & A Yo " 2 . - A 9
UDUIUBIN Pro/MECHANICA Lﬂuiﬂillﬂill‘ﬂllﬂﬁrﬂﬂ’liwwu'l"lluﬂ'lclﬂlll!agmﬁ’lﬂ’l“l/]ﬂ'ﬂu"]]'l\‘l

LN

a o a daw Q'J
2.1 AsmsnianlFlumsIanzrivuaiumazlassaalaanall
o o 9 = % A & < 9
MIMUIUNINTNIZIBAIVIANWAULAZANNAT oA TuTagiiduvowde dre

A Aa o = as g @ 1 an Jaa J -
nIsUABFIR MRl sarenwyu 35 1 luadamud (Finite Element Method, FEM) L1

A 4 an 4 I 1 <3 1A 4
351113915921U4 (Boundary Element Method, BEM) 111y usiazitin 1a3135mama lnl Tud

[

] 9 v
dawud lasuanuiivuannnit ilesnn W ludeawudensolszgnd 15 1dnusuduntizyl

U

' v 9 Y 1A 3- v o 9 3 =} ax Y
‘JN%‘]_IGBEJublﬂﬂﬂ’J”I amnmsmam‘mm’nmmﬂﬂuwmauﬂmﬁmuEm:rﬁ uaz%naﬂumi

o 9 1 dy =\ ax Jaa 4 o a (Qy 1 d'd
ATUIUUBDYININ 'Lli’)ﬂﬁ]”Iﬂ‘LlﬁSﬁL‘]JEJ“UTJTJHI,W]114!@]?Jmllu@]ﬁ’”IiJTiﬂﬂ1ﬂ1§3lﬂ51$ﬁ%uﬁ3uﬂuﬂm

1 a

MSC/NASTRAN Naﬁﬂﬂﬂ MacNeal-Schwendler Corporation
2 -

ALGOR Haf 18 ALGOR Incorporation
3 -

ANSYS W8 18 ANSYS Incorporation

4 a
Pro/MECHANICA Naﬁﬂﬂﬂ Parametric Technology Corporation



vAa Y] L] [] .. 9 ~ 4 Aaa 4 I Yo o A
antiAvesidnogusI9 Elasto-plasticity 19 luvaziiaisoamwudez 14 1dduTaqniing

A ] Y] 1 A 1 . 1 09/’
ﬂﬂwqu@ﬂuﬂ1uﬂwqu (Elastic) tM1HU

a ia 1 Y Y = asy daa d
2.2 msdnsznsuaIusazinssadedseszdouIsmalluadamua
4
o Jan 4 o o [ o
Pagiinl ludsamuduniivnumdidaylumsesnuuy uaz 185umssul5etu

A A qv  a s o a ) £ o 9 ya
UUTDY I,‘WE]GI,Wﬂ15’3Lﬂ5131/i1/13Jﬂ’J13J°]5‘]J611E)u3J1ﬂ"] Nﬂ'J’lngﬂ@@Q (Accuracy) @:Qﬂlu ‘I/lﬂﬂllﬂﬁ

9y
v v

@ A 3 Ay ¥
Uspilgaaznldsun)ansduaoumseonuuuiazHaansn 1A91NN1500NUDY LAZIINIST
@ Jan o’da’ o Iy @ A A o A A
warwed W luddamudil MldimsWeauuaiowiolumssruiunlanuaunsalums
o < 9 y & )

Auramazinudeya launniuawlidqe
2 daa dJ
221 anuduanvessziianIsmalvlunadaniue
Jaa J J a 19 J
T ludoawuaiilse Tewilumsuddymidun151530yWus (Differential
. 9 a 4 aa Jd ' A 14 Y
Equation) NN 1U3FINTsuANaasuazldndillued1aun 1103910mMsnaunIsn g
Qddyd Y [] A [y v A a = a A
wuTanuazadnuazlFie Tasmwized e luilegiiunaenininestilszansnim
4 4 { o 1 ] I a o
QuIusee nuilszgnaldlasdiulvgzduaunediumsingzd Insead
' 4 9 @ Aq ¥ ' Y
HAZBRNLUUL IFUMITBBALULBINIASIY 81UeUA Iasiasiaiagilelunisneadng
Y v & v y v ¢
Wudu sawnesmsunilyvnimiamsaadiunudeu (Heat Transfer) nasnaasvo lva
. . J < . . Y = an
(Fluid Mechanics) e NafA1aAIU8ILUS (Solid Mechanics) YJoav0dszizauITNa I
Jaa J I [ @ 1o o o
luvisamudne ansallszgnd lgnuszuuniotag 1a lidnagduuy 19 1dduilgm

£
% a

A o A A o .
WNQﬁﬂWﬁWﬂ%uﬂi&ﬂf]Uﬂu@QW?@ﬂigWWWNﬂT%@QLﬂJ@]WﬁNﬂu (Mixed Boundary

A3

4 [ v Y
Condition) tagasn e Idnuilymined ludiununal (Steady State) nagilyminiu
@ . A vAa @ 1 g a Y .
NULI01 (Time Dependent) uaz‘ﬂtywmﬂmﬁuummmﬂ‘lmﬂuwuau (Nonlinear
material properties)
av = an Jaa 4 9}@' a ,3 3 1 =
Mannmsvesszdovisma v luasamud 185mRauawea luil w.a. 2493
a y o v A % 1 ] I~
Tagisuanms Ineunymdmsvisins Inssadn e laoaulvgrzidums1d
~ an A ' Yy Aa & A S
52IeVITNOMIMIAINNUAUTNAYUTUAIY (beam) HTOIHANNOU (bar) THANIN
0911 a an [ os/' = Yy ) = ax Jan
MIAsAUUATIY 1 54 vaenniulszanad) we. 2499 latimahszdiends v ludoa
o aa @ I Aa % A J
wud 115 umsudtlyw 2 56 TaoWauulluaF direct stiffness method 935152

£4
2 @ A

9
< &Y 1
11 UNI5¥ structural stiffness matrix V]Qﬁilﬂﬂ]@ﬂiﬂﬁ\iﬁ%ﬁq LL’dﬂWb‘NLﬂﬂ?ﬂumm

9
= ad A

a J Aan I Yo 19 dg} A = ~ S Yo
ﬂﬂﬂJW'Jm@ﬁLlﬂﬂﬂ%@ﬂaﬂqﬂﬁﬂﬂ'ﬁwwuﬁlmu W9l w.A. 2504 52108U3T ﬂllﬂﬁllﬂ'lﬁ

7 A Y ' = v Aa 9 .
WGJJL!”ILWE’Jblslﬁff”Iﬂ1ﬂ’JTZJLﬂiEJﬂLLﬁ%ﬂ”IiﬂJﬁ]ﬂVIZJﬂWU’EJEJ (small strain 48 ¢ small



. A A a o A & o A & & a
displacement) WoNMINMITA WS INTEMNIT UL InTEMannd “]NL‘IJ‘IJWE]GIﬂiiiJ“U’EN

Y]

YaqlugmdanguFadu (linear elastic)
4 a I'4 % % Aa A g a, "d
Wenounumes 1dsumsdsulgaldiidsed@niamgediu szifeuisnmsinld
U U % Q' a a ‘é’ o U = % ad . .
SumsdSudgaianumulszaninmiuaud vy Tasliniswmu135n1s variational
4 o v I 4
formula Y ez lalimsvenemstszgna ldanludiuveslaseasiali ludmdug

1Y ¢ ' v ST
LBU muﬂamammm”lwauazmsmﬂmmmsau wWudu

9
o 4

~ as Jan < =1 A A A was 2 o Y
sudiouds W ludddmudiluszidevisnliduaoumsdianganu e la
I~ HPN 1 [ o o [ o’.l’ Jaa o
Wunieuld mazdeaen sy dmsuduaoums 1 i ludsawud lunsosn
[ A A o Y ) i’ Y Y = 0’.1’
suurasnnninmstruailymazaiuuuiasudesnuual Tasajlziduaou

g 1 :/l [ 4 o §
Wugueg 6 Yuaoudlenune (1Us1Tund mwesrln, 2537, uni 1)
99610

a o
DALUUA

HUVDE

H o [ 1 ] o I aa J 1
‘IJ‘?I 2.1 ﬂ'l’f)‘(’JNﬂ"lill“]_l\‘]?j‘]_liN'ﬁﬂHﬂlgﬂJ@QﬂﬂJﬁTGGﬂLﬂuﬂamuﬂLL‘]JUSEING]

caN

F4

& H 1 [} [V { v o
muﬂauﬁ 1 LL'U\Y’U?J‘UL“ll@l?lﬂiNﬁﬂ‘lslﬂlgﬂlﬂ\iﬂﬂJWWﬁgl}@\iﬂ15ﬁ]$1’ﬂNﬁﬁW‘ﬁuu
I aa A o ~ = o 1 I
aamﬂuaamu%am muﬁ@ﬂugﬂ‘w 2.1 G]Nﬂl@ﬂlm@ﬂﬂﬂﬁ’l’)ﬂ’lmﬂuﬂlﬂﬂm@]
a 1 1% ] [y ' <3
youilyiriaaiee iy dynivesnudanguuosuo s (Elasticity
' ' 4
problem) “‘ﬂmumﬁgﬁmeffmﬂuqmmmmzmm?au (Thermal problem) 3IUNN

Paymvesms lva (Fluid problem)



10

¢,

4‘ ana o d' ] 9 d‘ 1 =Y [ 1 ]
siUn 2.2 ﬂﬁlﬂu@]ﬁ"mmtﬁﬂmmﬂﬂEJN‘]Ji%ﬂ@‘]Jﬂ38ﬁﬂﬂ@]ﬂiﬂﬂh@]31ﬂ%i?ﬂﬂ1®g

Y

A AHUINYAAD

g’J d‘ A o o an 4 . .
VYHADUN 2 wenflenrumsiseununieludamua (element interpolation
. ] an rfd' d' d' d! aa v 1 Y
function) 11 damuAAMasY UM 2.2 FadAmwuadIna1Izlszneuae 4

1A o w ~ 1 dy I ) ] [ ] 1
yaaenlvuoausiny Taenyanothiludmiusvesdalinguai (nodal
@ [] 1 { 1 1 J I 1
unknowns) A9 ¢, , ¢,, O,z ¢, uazm”lummmﬁimmammﬁ o193l um
M38ANI01AAY (displacement) MInA1asnIsadymianudanguluves
< A IO N < = o ' P A g
ude viieomdumguugiminiduilynufernumsniemanuiou nie lun
o < A g A o Y @
odluanuiivesves lvadloduilynuneanums Ina Wudu dnyagms

o o ] 1 an u'dy =~ Y 1 d v
nizneA1veIAl linswa luddwudt awnsodeuldeglugdvesilandu

9
=1

mydsznamelunazdi linswangade 1das

(I)(X’Y): NI(X’ Y)(I)l +N2(XaY)¢2 +N3(Xa§’)¢3 + N4(X,Y)¢4 2. 1)

Taef N, (x,y), i =1,2,3,4 Aoilsndumsiszinaneludamus

e

Yo A

A = 9 ] a o
wiomouliod lugiveaunsndg Idaail

P,
_ % | _
¢(XaY)_[N1 N, N, N4] 0, _[}j&;({g}; (2.2)

¢,



11

Tas  [N]  Aewminduesilendumstszananeludamud
A s Y o 1 A 1 aa 4
uaz {0} Aennmesnszneudieda linswainyadevesdamua

g’J Y aa J . % 1
Tuaoui 3 o3 9ANMIOANUA (element equation) Feazidon1Hogluzl

K] {0} =1{F}. 2.3)

o s o o w ~ an saa S =&
Tuduaoun 3 dnednduwarlvddyvessziionds I luadamua Fans
aa A ] o

adwaumsdamuaneglugluuuvesaums 2.3) awnsildlae

- 35M3 1aeA59 (direct approach)

- 35MsusAU (variational approach)

Y

- 3%ﬂ1’§ﬂ’3ﬁﬁ1ﬁﬂ’ﬂlﬁ‘la|@lﬂﬁ}1i (method of weighted residuals)
g’l d' o 1 aa SN Y Y] 1 Y a
YUADUN 4 ﬂ'lfl"L!'l’ﬁllﬂ'lfl'ﬂl'i]\i!l,@]ﬁgﬂﬁluu@]ﬂllﬂﬂ'lﬂigﬂﬂﬂﬂu ﬂ't’]‘lﬂlﬂﬂ

9

Y
FTUVANMINT oAU (system of simultaneous equations) Glugﬂxm‘uﬁaﬁ

Z (elementequation ) = [K]SyS {d)}sys = {F}SyS (2.4

:’J d' o & A ..
VUADUN 5 mmiﬂizqﬂmwu"lwamw (boundary conditions) adluay

Y ) H
M3 (2.4) udrvadaumstiuien {p),, dulszneudiodnis hijrnga

U Q

1 % I~ J 4 Y o ] 1
#9 (nodal unknowns) Gdﬁﬁ@1%%$Lﬂuﬂ1ﬂl@\1ﬂ13lﬂﬁﬂu@’3 WU AU UIAN N VBN
J aa 1 1< { A @ 1

Tnsear$e visea1vesgquugingan1e vinduilywiimerdunisoiem
v A T < S o A4 o

AIUIDU ﬂﬁﬂ@?ﬁ]LﬂHﬂWﬂ?TNlﬁ?ﬂlfN‘UﬂQll‘ViaﬁTﬂLﬂuﬂﬂJﬁ"IVI!ﬂfJ’Jﬂ‘]JﬂTiulﬁﬁ

[

Hudu

1) a A o 1 A ' Y 9 & o '

VYUADUN 6 LUDATHUIUA TN N 'I/]i]ﬂ@]’E’Jﬂﬂﬂll'lul@L!ﬁ’Jﬂﬁ1il'l§ﬂ1/ﬂﬂ'liW'lﬂ1

]
=1

) . Y & ' & o .
DU Tlﬁﬂ\iﬂTiTlﬁ‘]J@ﬂ"lﬂhlﬂ U INTIUAINITIAADUAD (displacement)

-

o ] 1 9 o 9 .
Auruaanen veelassadrusianusosi il lumsmanunsena  (strain)
] v A A g aa ' 3 °
HaZANMIAY (stress) Iaae 1 wToiliogungiiigasieg NamsoMuINN

o 1 )] Y A A < 3 °
dasimsoramanuieuld wSewenswanuwsvesved lmanauisatirll

o [ 3 9y I Y
AMUIUMITATINT Trananua 1a 1Wudu



12

9

@ 1 dy 9 o Y 3 ] <3 A
mu@@ummu%ﬂ%naﬂum'imummm Lmezlﬂuﬂﬂmeq DAY [UBI

Y Y 1 2
nafumssnauuud Tdgun Famendsilymi ldvualdmsz i 14

asuiuwesuumiosd i uazluihyiuli TsunsududegUdsadonis v

taa s & 0 o Avg vy v 4 9 <
llu@]ﬂalllu@] Cﬁqsﬁjﬂaﬂlja11uﬂTﬁﬂTu’)mL!agmuﬁﬂuV]@Glsb'@]f‘]\uslnhlﬂ!ﬂﬂ?"llﬂqa\uﬂu

] o 1 o (% 1T Aaa o
DYNUIN LW’iWST‘]JiLLﬂﬁ?Jﬁ]SVIWﬂﬁﬁ%}Nﬁllﬂ”liﬁNo] !,LaSVI"Iﬂ”Iiﬁ]ﬂLL‘]JQ@ﬁLNu@]Glﬁ)IﬂEJ

o wa A I~ ] dy a A Aa A9 3 o
GQIHN@ L?J@L‘]_IHLGBHHQTHVILWﬁﬂﬂJ@Q’JﬁUﬂﬁWi@ﬁj@ﬂﬂllﬂﬂﬁ]%tﬂuﬂWiﬂTWHﬂﬂﬂJﬁT

v A Y o q’j a 4 9 =\ ax Jan 4
LLEI%LL‘]Jﬁﬂ’J”IiJ“H?J”IEJsUfNNﬁaW‘ﬁﬂhlﬂ muumiamﬁwTﬂahsmu&mﬁ“lmumamu@

daulvgdeidonlFlUsunsudniaguize Taol¥1Usunsussuy Computer-Aided

o o an 1 a 4 Jdaa
Design (CAD) Mmmsaauusiaeseuiaudida i lsunsudmszima W ludoa

J o a d
mmmmi:}mmwm'lﬂ

2.3 MIANZHTUEIUNAINININaAIe Pro/MECHANICA

T1/5un351 Pro/MECHANICA 15uTisunsudmsierima W ludsamudnilsznouaie

) @ a L4 a .
3 Til@l'ﬂ FrsuMIAnsIErtazeontuy I uIuNIfINT U ﬁ’ﬂ Motion, Structure LIS

Y
Thermal Iagls1eazioen lasaaull aeil

1.

2.

. I ~Aq Y a o A ~
Pro/MECHANICA Motion WuTuganldlunmsinszrinsnaeunves
&£ A P2 Y A o A
na'ln Faaztilse Towi ludumseonuunseddnsna ¥3emssonuuunaln
. . 1 dy o Y Y a 4
(Mechanism design) Tag Tugaaruiazi oo ntuuainisndnsignninig
A4 < . c A4 9 e A4 2,
MABUN AT AT LAZUTINTSINNEIVeINUMTIAABUNVDIFUFIU
1 A A d?l A [ 9 £ Aav A d o
A199 MnavTuUMAITeeInsuaznalnld Fanuitanieseudduaidaeluuyy
A A 9 a A ¢ o Ady vq Y e
Tl ugasuauvesnuineriinusativin 1814 Tugatilumsesnuvunag
¥y 2 o Aa A 4 A s A A 9 Y
A3 19 UFIUNANNTNMITIAADUNVOUATOIIUA LA NUIVOIVUIALLBIAUUDIFY
1 1 AAa o a a d v dyc:v' 9 a 4 9 dy
dauaee AR IuAIneInuspiuil o ldunnmsinigrna lnde Tugail
FUAY
I Aq ya 7Y A A Y o
Pro/MECHANICA Structure  (JuTuganlddinsiznaiunneivesiuniig
kY = [ a L4 dy 1 ] Yy
AU AUATEA 1AZN15VIA TaenT AT IzHYee Tugail azutiaeyesn laon 3
A
WU Ao
. . . B a 4 Y 9
- Linear static stress analysis 1%}1n153As1IEHANWAUNSIANTENTTY
[ Y a 4 ] a 1w I [ Aa
Tudnvagiluadaemansuazegldauuaguiiaqiluiaesudu

. . ya J [ 9y
- Bucking analysis 1951z imsguaatazAnyianuatosvesinsaadn



13

a ¢ A
- Modal analysis (mode shape L2 natural frequency) 151Uz Hine
A a [ & J A = Y
WANUAsTINMALarglIinInue  Fuilumseonuuuimeanyluaiu
MITUNINIAINTTY
& Aq Ya ') ' Y
3. Pro/MECHANICA Thermal HuTuganlsinsiznaiumsaiemanuiou
a 4 [ a I [
Tasa115a3A3124 18 lUd0IdnBaY ADNTAATIZH IUANINAIAT (Steady State
Analysis) wazluaninlunad? (Transient Analysis)
a 4 1 [
UBNIMTIDINMIUNT1ZHA0 TURAA1NY 11d) Pro/MECHANICA §afinnuaunsnlu
< da o - \ 2 N T
manlseumeumsesnuuuninslivleneazieauduvosFudIulaFuaIunie &9
I~ vaa Y= . A =1 = 1
HuaaauianlsanyinszuIumsoonuuy (design study) iorlsoumeuiimiasenuuyla
I~ { [ o ~ o {
HunmsesnuuuNHNZANAUMIMNUNMUANINNYA
a o’ay ~ [l 9 [ =
MIvanuUVLAzINITHFUNUNanagn1eldn1senssuuyua1ee luilagliui
a 4 1 I~ 4 a Jd
Tdsunsunouiinmesuinuenaiviseldiluaiesiislunseenuuuuaznsinsiz
I a 4 Jaa P 1 a [
Tusunsu ProMECHANICA 1HluTsunsudnsizvinia ln ludedwuaniildod lunminends
=S A& & A A a A A 3 A A ] (XY
maTuTaggsus suiunioadonamseonuuuniadanssunuunieyluilogiiv uads
1 [ A 9 1 9 1% 9 =S 09/’ 3 A o
Tuunsvareiieannsiaunanazmsldanuasudasugson dnnaudluldsunsunwaniu
2 d! 9q Y 1 ld' Y 1Y a wvAa 1
MNszUVURIans UNIX def ldaaulvainduaenuszuuilfianisuun WINDOWS vz i
' o A o @ 1 IS ) ' 9 ¥ Y Y} A o w
Avgwalaiinieenndideaiey sgidluwyranuaziuydes Taedldaeudt liidenaudiay
o q‘; [ 3 d! ] a A d’d 3 S 9 o a‘/
Mdunaniu Fazuanaannszuuliiants wiINDows nliduaeulumsisenlsaids
A9 NALAINNI
a 4 o 1 9 = Qs}l
Tumsuasruyudaeen1ee aellsunsy Pro/MECHANICA veildunouluns

a o’ay 1 Y] A
AATIEHFUAIN Aaaadlugili 2.3

De

) o

Y
M5V 10a2DIAVDITUADUAIIS WA

=

9 9
o v I
VUADUN MIA51VVT12049 (Develop the model) Tuduaeudisziiumsaiia

e

puusasauneNN e’ TaenaldausaldTdsunsy caD s 118 dwmsuluy

a a o'dy Y A 9 ° [ 9 o A
TVIﬂTHWHﬁullﬂlﬁﬂﬂjsﬁTﬂi!LﬂiN Pro/ENGINEER ¥ 3UNITHI1NUUVINODI LN

@ <

ANuazaInluralen a1u uazNdidynae 1U51unsu Pro/ENGINEER L2

v
= 9

dyc:# A o a s o o Y
Pro/MECHANICA ULTJUT‘IJ'iL!ﬂﬁil“l/lW@Ju"I"U‘lﬁ]"lﬂF{Jﬂaﬂﬁ']ﬂ!,ﬂﬂ?ﬂu Vl'lalﬁﬁJﬂ'J']llﬁgﬂ'Jﬂ
A vy = H g Y ° '
“lum'il,%um%ya iwam’ﬂﬂﬂﬂlumuﬂ@ummemmimﬂu@g“ﬂin VUIAUDILUD
% d'

9
o o . o a @ <
91993 NMUUATEUULNU (Coordinate system) ﬂ?ﬁuﬂ%uﬂﬂlﬂﬁﬂﬁﬂﬂi% nnduuns

o [ T < o v
AU UANNHUSUDITNTINUD ULV th'ﬂil%L‘]Jl.!ﬂ”liiﬁﬂTi%ﬂiﬁJ %}ﬂﬂiﬂuﬂﬂﬁ‘iﬁ]ﬂ Uag



14

3 t:yw o Y Y o S o a d [l
1umu@1auummmﬁaﬂmuﬂ”lmmﬂwLm‘umammﬂymwwqﬂuﬂmﬂuamﬂi

] I a o Y | 9
W UMSAATIEHANMAUDUTE U (plane stress) Wuau

*  huild your part

- +* define units and coordinate
Develop the — systems

[ Model J +  addmaterials, constraints,

i loads, contact regions, and

measures
*  create idealizations

define an analysis
run the analysis
+  review the analyvsis

Analyze the )
Results :}

1

- +  define design parameters
gg:e;ﬂsudel —-— and design variablas
g *  review and modify shape

i chanoes

+  define sensitivity and
Optimize the optimization studies
Model == run the studies
reviewy the study results

+  accept the optimized
design

9
%

51/ 2. 3 FumeumseanuULAZ TINT12HA8 115151 Pro/MECHANICA

v
(Y4

Y a o 09/’ Y 3 o ]
TUABUN 2  NISIATICHHA (Analyze the results) TuTUABUH LT UMITHIIMUAD
Ay = 9 Y 1 Y, 6o a ¢ A
wandoam oz 1519 191 deamanituannudauluamnesinseiannd nsons
1 d‘ a [ o I~ 9 IJyas a 4
MIAANDTTINYIA T THNAa199 vesuuudtass Wuau Tagez 1635053 1eH
a 4 ] 1 { [ &
HUDUNITIATIZH 0819918 H309 Pro/MECHANICA 1380731 Simple analysis %3411
) o 1 [ a df an Aaa o wvAa
$1a09 azgnimuanianyuzngauaalu 2 16 nio 3 1A tazimuaguaua
@ 4 o . an‘ o a L4
YoIiag Miznssunaziiouludon1mua (Constraint) 11N UILHINIAATIZHLLY
) an‘ I a ~ 9 9 13 1 ~ 9 I A
$1a09 nuaztumsdszdunai lavesdoonuuuiniuediels wan Ididuni
A [l Ay Y A a 4 Qy A a’/‘ dyd 9
wolavse I vinmad lailuiimela mydmsizdonszdugaiduaoniin1d nin
{ [~/ 1 < o a L z [
wan la lidlundosnianaziimsinszy luduaouas 11/
YuaauN 3  N1IMmvuadulsvesnuuIIaeaniinisasunaaa (Define model

9 a A A 1 .. A d a s A
changes) Tagl¥nisunsizriniGenin Sensitivity study ndumsuasiznimeing



15

A~ A J A Jd I Y A A a
ﬂigﬂ‘ﬂiﬂﬂiﬂﬂ WwoluMstasuudasmmsiumes sy e 1Wudu iwolmsseiiv
A P H A Y, Y A A ~ '
WaﬂWﬂﬂ’]i'Jlﬂﬁ’lgﬁﬁlu“Uu@]@u‘ﬂ 2 1187 91vvzAeNmsiasuudassisaziveauediu
° ' 3 4 o
VBIULVUITADI FU AITNUUT ATNETI YUIAUDIFIS Lﬂuﬁ}u Lﬁﬂﬂ']ﬂ']ﬁﬁﬂ‘kﬂwa
A 1w A a Jd A o tg v A
nsgnvvesnsasunlasmaiuls Iﬂﬂlﬁ@ﬂWTiTllm@i‘Vii@@]'JLL‘]JﬁleuﬂJ"l 1 9IN50
v o A qu a ¢ = ~ =
YINNIIUU LW'E’)UIGD'Gluﬂ"I'i'Jmﬁ131’7“'@3ﬂﬂHTNaﬂﬁgVlﬂﬂﬁnﬂﬂiuﬂ"ﬁlﬂﬁEJHLL‘]Jﬁ\W‘ni"I
a 4 U ;1 1 U 9 A a dgl v U a oS A
UIADIVTUU LBU mmmmuqafmmﬂmmslmmazmmmwﬁmmas‘m‘ﬂaEJuLLiJm

[ 1

o ] { A { a g 1 I
i) wiodumisiinamsviagegainlasumlasnmmiimesaie egrels Wudu
Y o a sy ¥ 09: =) =

LL'ﬁ'JL!']Wﬁﬂ'lﬁ')!ﬂi13Wﬂ1@ﬂﬂﬁﬂ@ﬂ1lﬂﬁﬂﬂlﬂﬂ‘ﬂ
o a = = ° o Y ya ° '
YHADUN 4 NMTVIYANHIETUNTAVDILUUITOD wmmﬂ‘w'lmmﬁmwuﬂm

a Jd A o o a = A 9 2/'
WWiWNLﬁ@iWﬁ@ﬁ’J!Lﬂiﬁlﬂﬁ]$1H§J1W%ﬁi1ﬂﬂ\‘lNﬁﬂi%“ﬂ‘U"UfJﬂﬂﬁﬁJﬁEluLL‘ﬂﬁﬂLLﬁ’J Gl'L!"lll.l

S o o Y = 1 = A o X ax
ﬁ@uuﬂi]%‘ﬂ1ﬂ1'§ﬂTViuﬂ"ll@ﬁﬂ‘HW’Jﬁ]%ﬁﬂHWﬂﬁlﬂaﬂullﬂaﬂiuﬁﬂ‘]ﬂﬂwjﬂ HFIITNII
a 4 dyd J . .. . £ a o Y dyoz o o
UATIEUHUUULTIYNIN Design Optimization «mmsamﬁww“luawmzum%mduw

1 a 4 4 o !
AOUADVINNITUATIEYILLUY Sensitivity study Lﬁammimmumﬁmmzammgmu
o o A I A A VA 1 o < 9
LRGN TﬂﬂmwumwuTmzﬂuﬂﬁaﬂmamuﬂmﬁu% LBU mamemuumaauﬂumu
£ a L4 . o 9 1 a J v 9/ A~
m“lummmmzmmu Sensitivity study fﬂ3‘1/]ﬂ“ﬁ‘VIiT]_l’JWWWﬁTiJW]’E)iGI?Glﬂ‘UNVIMNa

[ VoA [ 9 (% I~/ 9 [ QEJ} a 4
ﬂi%ﬂﬂ@]@ﬂTﬂﬁ‘H%} U UIA ANUAU LLIASNITUIA L‘]JL!WLJ ANUU Gluﬂﬁ’)!,ﬂﬂ%ﬁu‘llll
. .. . Y o 1 A o A o o I .
Design optimization TIEEATRERIY ﬁmmaiﬁéfmmmm1miﬂmumﬂu design
Yq ¥ I Yo ' = a s A v

parameter Llﬁ$I%ﬂ“lﬂ‘ﬂl!lf/dﬂ”l“l’i‘L!WB’NﬂﬁlﬂﬁﬂulLﬂﬁﬂﬂlﬁNWﬁTNmﬂiﬂﬁﬂfl@i’)ﬂﬂﬁ 10
o o a ' A A o Y Ay v 1A
uuT]Jmﬂiu%‘mmmmswzmmmau”lwmﬁu@”h uazwam"lmmﬂumwmmzau

a J 3 & 09/’ dy [ q’j v A A A
UBINIITUABDTUU «11ﬂumu@auuL‘}Jumumummﬂﬁu%Laaﬂmiaammﬂui}w

IMZANNGR

as daa a’d' a d
2.4 Bmsmalnlludsanuaildlumsimsizrivy Pro MECHANICA Structure
an Jaa o~ o 1 o a
mana W luddamuanldnueglaenaliil 2 aiia fio
I a Aa
1. H-type Finite Elements H30 Convergence of H-Elements HuAsMsuuuAaddn

£ 9 A o Yaa = < 1T Aa A I ¥ [ 4
NG mesh refinement H39MIM N0 UANVHIANAININAN LW@GlﬁhlﬂNaﬁ‘W‘ﬁ

Do

=\

Y
nliAnnugndeagaiu
I ax A o o 3
2. P-type Finite Elements 130 Convergence of P-Element TSN DI
1 aa o { aa 4
130 order Y94 Interpolation Polynomials VUUABLDAUUA LASNVUIAVDID AN UA

gUnuay



16

[ o Y 09/’ ax Aq v o A o A
1150 Pro/MECHANICA Structure La214 23M 5N 1¥lumssuininoinaans Ao

Y
[ (% 1

A Jaa o : o v o . . g
35 1 Tuadamuduuy P-type Fad M5 USMUIUFIgAVDY Interpolation Polynomials 321111

9 9
o v o

9 TagTdsunsvazuaniaanuranatnnnavu lurnadanivoIdIduIuNAINIINoULAZA1HIN

v
[

1 A a 1 { o <3 ) A o qu/ ana
ﬂWﬂ?TNWﬂWﬁTﬂﬁmUTQNTﬂLﬂUﬂUTﬁﬂTﬁuﬂ T‘]JﬁLlﬂillﬂﬁ]3'VI']ﬂTﬁLWNaTﬂU%uﬂl@ﬁWﬂ;uTNju@a

Y
o ~ 1

o" 1 Aa [ A % 1 qgj Q' o
wuanimaNuRanaInge Inedn Tula Falunaaziureamsmud1dDIuaZITon 1 pass 1IN
9 = o o qu/ Y o Y] 1 v 9 9 o 1
1dauds 9 dravtundrlymdsliansagdmwamanld Tsunsuazimsuivinaves
aa L = o 4 aa R Yo o 3 o 14
damud Iy Feazihldvunavesdamudanaazanmsaldaauiudig 1a
Y A Yas A
UoAVDINMS 1HI5NS Convergence of P-Element A1®
Y
o aa J 1 ] o . "
. WU ANUALDINIIVLHIIAANTENTTNMIAUIM (computational load) Tutiu
du'la
A - ] a ¢ s A v o ¢
2. 111039910 mesh YAABINZYNIFAADANITUNIIEN 1AZ mesh HILUANNAUNUT
Tasasenugilsvesuusiaes  Foildldsunsuannsai  Sensitivity uaz
. . . . ' { a 4 1 o
Optimization studies 18 TuszrIinimilmeszilsvownuiaes awsn
{ 1o & o ] o 1
nlasunadld TasTisunsulisuiludeaitmsadia mesh Inulumsmiuiame
:JI £ g Y o z
aznse Fuiluwaldnarlumssiviaszduad

o A

751311 Convergence of P-Element Hiogeu35a101U Ao

@ s A o v o -4
1. Uniform Polynomial Escalation N3 1WAANTIUAUAI0WUINEIAVAITUNN

9
1 % v

v 9 Y v
nou Tagia ldMuduazmiiny 1 vie 2 uaziid TasmudauTUYIN U

~ Y A

Yuiiaz 1 Nuaag pass ¥oamM 31119 1NN vou1u mesh udr9zvgaiiio 1da

e

v Y
auudududuldarmnsvuald uadsnis s 1 1d 19w Tl sunsy
Pro/MECHANICA (103010 Had0d1)szmsfo

o w 09.11 A 4 { @ v J
dszgmsusn SauduveInunNIuAnng voulumaudoaiu waans

Ay Ao o o 2 a 1 Ao & a
N @ﬂgua’IQUWUﬂU’]Mlﬂu@ﬁig (Degree of freedom DOF) 3J1ﬂﬂi]1“l/li]1l,‘ﬂuilﬂ°”]

4 1 1 I~ [ o v A [ 4
szmsiaed ludweealsfay Tusunsudinsdaaiinmsdadulaiie
1 o A o 1 ] o [ P Yo d'
Tnsagngaiiau niongatinislszuuainnuuiudiveswaawsn lasuie
Y
augansiauluuaay pass
Y
2. Multi-Pass Adaptivity (MPA) Tunmsiiau11ds5unsu Pro/ MECHANICA Yuinlu
as.l‘ 9 A yas A o w 09/' = 2 A
ARUUINIUHDONLULIADN 13T MPA UNUMSINUEIAUTUUDINY UINNALHTAN
[ ti' o o QEJ} 1 tﬂy d'
N9 vouluugag pass NH1N1IA AT Tas MPA azszynui lalunyy

v ' ' v 1 v
fﬁmmﬁéfmmimmmuuuéhmu tazAszusIAuTU la cdﬁamiﬁmwuﬁa:



17

Y]

& = o w 09/’ QEJ} = 2N Y A o A o o 09/'
WLNVIiﬂﬁ@ﬂaiﬂﬂﬂluﬁluﬂiﬂlﬂmﬂ‘lﬂ Vlmﬂt?ujﬂiLLﬂ’iiJ%LWiJmmJGUWUfNWﬂmN

o

v [ Y
@z luarundoIn AN UG UNANNTY
[ Y Y
msimuaveyladesmsudwurunruwiiu MPA aziinmsnlseu
(% [ Aaa 4 . H 1
MIUNTUTALAZNAINIUANNIATIAVOID AN UA (element strain energy) T pass A1
A o o [ VoA 9 1 9 3 A [ S P LR Y
ganiinmafmunumn 1 pass neuniiiv iwewaawin lagdigaigaiie
v A 2 A A 4 o WYe Yy & Yo 4 v 2
Al dalianuranaaiooniy Idiudldawnsadudimuaduinla danu
Aa dy I 9 anJ Y [ [ = Y
Aananatiornilulanaluglvesiesazuoinsuda wasnuanunion AL
A A
300U
4 1 [} 4
msnazld Mpa ldedragndes e19deserderlszaunsaivesdesniuy
' 1 v [ v Y
ol laundgsfineuigndes iiesain MPA Tdmaiialumsimudrduduveny

4

o aa 4 o v
W UNUMSUSUUHIAVRIDALNUA (refinement) uazmmmﬁﬂmﬁa‘uwaa‘wmm

k4
% %

1 o 1 z : o a U @ o
pass 81gANY pass NoUnT 1Y Feo1vrldinan1sgoonvesnadns 14 Aaiu
4 1 ] v JdY 1 1
Uszaumssivesdoonuuuidsliausaelumsudilywinnadns lugdh e
< Ay vo o A1y 1o Ly o oAy o I~
Isnaw e la5umadningiingmneunilands waansn Iden MPA uvziiy
o JAa
HAANENA

E4
9y a

Single-Pass Adaptivity (SPA) 111Ul Anan 1150054 Pro/MECHANICA 18

U

o ) 4 ~ 3 A A 1 =< A 1 .
mmmuzumazuﬂ”lmmu JUVUADUNANIT MPA 93158Nn71 Single-Pass
.. A A Ja A 9 z:? 1 a 4
Adaptivity Y150 SPA 1/11611313ﬂmngﬂmqmﬂmu‘lumﬁﬂizmmﬂmazwqﬁmmm

9 [ 4 Y] 9 a v ~ a
NADIVOINAANT Tagrannisuad 1UsunIsuagNasaIHINIMITINe Stress
) A A o 3 o quk A& a v 0 M
jumps Gluwummm‘ummmﬂﬁlmﬂwwumuuummgﬂmwmmiﬂm’;mm"lﬂ
v 24 . I A Y Ao o o
M8 ¥ Stress jumps NAD ﬂ’JHJLﬂ‘L!‘VIﬂTLl’JmIﬂﬂ@]iﬁnﬂﬂu‘wu‘ﬁﬂﬁﬂl%@
. . . A Aa ' £ = VA A
(Displacement derivatives) H39NEIYNI raw stress a9z JlaNuaeiiiaanvey
aa J . A~ Ay 1o A <3| o
VDD ALUUA LASVUIAUBINIT jump VDN stress ‘m;w"lmmumfazgﬂumﬂizmm
Y Y=
ANUYNADIVO stress 19A
@ . 1 09: o I Y1
1NNIIN stress jumps (KATHU il ldmdszunaves Local accuracy
[ P [ = [ 1 9 3 o [ . 9 [
VDINAAND “]N‘IliJvlﬂL‘VIEJ‘Uﬂ‘U pass NOUNUIUU T11 51U SPA algorithm ¥z 19nN1579
1 { . 1 aa J 3 v o 1 a aa
AURDYVDY stress jumps 39U UAAZA AN UA UAIMUUANIANUAANIAUDID]
d 1 o w 3 { 1 aa 4 :JI A 4 a
LUURA mumﬂmuwnmmawauﬁagiuaawuwuuc“| ﬂxmwﬁuﬁmammwmﬂ

1 v 4
idnn tazveuvesdamUARIMANUAANAIANINNIEIMTYERUTUNY



18

ww Tgendweuiiidannudanaiadindr druveniiisanuidanaindiog
Y o _ w Qg)/ < 12 A
a7 dravTununeg luimsnlasunilag
Y 3 1o 9 A Y 1A d? o
MINMInaaed naalimunmanugndesi ladiulvginatundiain

9
[ RY] a [ LR 1
pass LTAUDY Adaptivity a9 A3m3lumsmimaanidrulugezilseneudas

Q'Rld'lowz Ao & d-oui’ I Ao A

NITLTHAUNATATIAVVUWHUIINA FIog UMM UTHYTE U 3 Wuanannan
1 v Jdo a a o 3 o3|

qmw'mmmg]m?f@wmwaaw‘ﬁﬂuﬂszammwiumsmmm NN

mMsiadIfiMuadInuRaNa1AYIdaUATINNAANT tagiinsUSulge

v Y
~ A 1

o v o Y o o o a o oAy Y A < o &
a'lﬂL]JGUHWV!u’DJ ULAINIBINTVVUADULIAY Naa‘W‘ﬁ“Vlllﬂ o V]uﬂf]’)TlﬂuWﬁaWﬁq@

9
v o 1

9 a aa J o = o A Y 3 o
My 1AM UARIANINAANEIAYDIDANUAILYNMUIUDNATY 1 19l ud)
9 v H
! . . . vy Yy 9 Y9y
119% (global indication) YBIANYNABIVDA stress Taamash 1a udauanalvfosn
Y
uuldns
a I o o A o w usj v o Jou o
W NIMMIfmuamMaiuveIIduTUIUYeY  TANUdURUTAUA?

o 1 a aa J o o :JI % o 1 1 v J
NHUAAIANUAANDIAVOIDUUUATIUTUUDUUU Gdﬁmxgﬂﬂw“lﬁ’uuslmwaam

i
= 1

910 SPA vzlimAnugndesnaimanisuia alaldaelumsdmiosnin MPA

Y H
[ v =

A 9 3 A o Y o o
L‘Wﬂ‘ﬂﬂ11%%18ﬁﬂﬁiﬂlu®\1%1ﬂ1ﬂEJ‘V]’J]lﬂLla’l A1AUVUNYHUIUNUVDUUBDIULLDVITADN
1 % 1 o 1 A ] dy Aa ak Ao w usj 1 usj = 1
AIUNNUNISININY 3 mumeuwagiuwumnqsﬂm%um Umuq@mmumgu,ﬂu
$ruuilen
14 Pro/MECHANICA Structure 92 193505 Convergence of P-Element 2 I5Ae MPA
A a a o % o o w 092’ ! o
iag SPA Tﬂﬂﬁmwm%mmﬂﬁwmmu Quick check «?qmﬂuﬂammuwnum"Hmmu 3
12 A o w ng; £ Y o % A Y o
ngﬂZHlMNﬂWﬁLWMaTﬂUﬂJHWﬂ;HﬁJ Gm%ﬂ%mm‘umafﬂﬁammeu"lmﬁuemwummzmiz
A o Yo o 09/' Y 3 A o A 1 1 °
ﬂiii]'i/lﬂ'l‘l/iuﬂcl‘ﬁﬂ‘ULL‘U‘Uﬁ]'lﬁf)\iuugﬂﬂﬂﬂL‘].]“LWIEJ@‘JJi‘]JﬂJfNI‘]JﬁLLﬂﬁJﬁﬁ’E']llll NBUITNING
a d a g as A
AUATIZTUITIAIYITNITHUY MPA 11580 SPA
Ay Ay
2.5 UNANNUAZNHIVYNNYIVDY
aov d' o a c’ay 1 A 9 1 Y a J
TJVI?]'JHJ’J%EJ‘I/]‘I/Hﬂ’Ii'JLﬂi'ISJ’WG]fu’(ffﬂlu?iiﬁliﬂi\‘iﬁiNﬁN(‘] @1’)81ﬂ5!!ﬂ5ﬂﬂ15’3m51$°ﬂ
daa 4= 1 1 1 o ) Aw Aa Jd Y
ma”l‘ml"lumamum@guwwam LLG]ﬁﬂ"i'i“]J‘lJV]ﬂ’)nJ’J%EI‘ﬂ’JLﬂiW%“Viﬂ’)ﬂiﬂiuﬂiu
Pro/MECHANICA fiog lininin dwSuena1sNesuienaisnis 14 Pro/MECHANICA 1u
a o 1 1 ] a 2
msanszruazesnuu Tasdiulng azeglugiluessreaudumaiin (Technical report) 39

g1u150191 1 AnyIuag download 14917 website U0 9135 H N Parametric Technology

. R Y I Jq 9 A Y A a & Aa o 1 09/’ v A
Corporation (PTC) GﬁﬁfﬂzﬂﬂﬂlﬂuﬁjﬂlﬁiﬂﬂlﬂﬁulﬂQﬂﬂﬂ\i@'\ﬂﬁ"l}ﬁ‘ﬂ‘ﬁmﬂﬂﬂiﬂﬂL‘VITH‘L! NUIAD



19

1 4 a ng a 4 [ 09/’ 1
nazgieNof U1 UADUNITIATIZHOENAZIDoANY 1AIN Pro/MECHANICA Tutorial
Structure UB R. Toogood (2000), Pro/MECHANICA Structure 2000i": Element and Application
Y
o a Y a o
Y04 Y. Gagnon (2000) taz 1@ 11/50n511049 Help document 1daFu1edunoun13ins1zy
9
A8 UAY AIUUNAINVOL A. Carrio, L. Guidi 4@z D. Spenraza (2001) 1daTu1edaiunou
Aa % [l z a I asxl
ﬂT'i'JLﬂﬁ"lgﬁg]}’JfJ Pro/MECHANICA “‘]?QLLTJQGIJHQ‘I@HﬂTﬁ?LﬂiTSﬁlﬂﬂﬂlﬂu 4 slluﬁﬂ
1. ahavviaselasgldllsunsugrenisesnuu (CAD)
a 4 o . .
2. AATIBVILUVIIADY (Simple analysis)
[ o 1 a J { 1
3. Usudyauuirassnndeyan ldvinmsinsgdidumsdnsimsulasunilasa
1 0911 d' d' 1 7= |
a199 Mamsiagun)asvesvinanazmsnlasunlasinuauiinnieg ve sy
91804 (Sensitivity analysis)
[ o ~ Y Y] 4 .
4. ﬂ'li‘]Ji‘]J!,L'U'UFl]'lﬁ'E'J\T'V]L‘Vill'lgfﬂJTﬂG]i\W]'HJ3@@ﬂ5$ﬁﬂﬂ‘luﬂ'ﬁ@@ﬂuﬂﬂ (Demgn
optimization)
o 0 o v J9 9 o 2R . Y A
ﬂ'lﬂuulﬂ"lluﬂ'ﬂl‘llﬁﬁ1uhlﬂﬂ5$§lﬂﬁgl°]5ﬂﬂﬂiﬂ!ﬁﬂy'] Gas Turbines d93¥UAD Rotor
Blade 1422 Turbine Nozzles 1081% Pro/ENGINEER #351941/ 131294
A 1 = 1 dy 3 = A o
Uﬂﬂ?']ilﬂﬂgﬂa'lﬂﬂ\‘]ﬁ@hlﬂu ﬂ%tﬂuﬂimﬁﬂ‘HTﬂu1 Pro/MECHANICA Llagiﬂillﬂﬁﬂ
a 4 Jaa o’d‘ o a o"aa' [ 1 I~ Qy [ d‘
’Jmiwwmﬂwhluﬂaamumuq UININMTAUATIEHBUTIUANE Iﬂﬂﬂgllﬂﬂﬂ@ﬂ!ﬂu BUFTIUN
=\ I [ 9 Qy 1 A o Y A 1 o w & I
mmzﬂismﬂummuuazmmmu A FUFAIUNMHEUINFTIDYNIA “BQ%%L‘]JUL!L!'JVI'NGI,H
a rd Qy 1 % a a 4 y
ﬂ"lﬁ'JLﬂﬁ'lgﬂllﬁgﬂﬂﬂll‘Uﬂsb'uﬁ?l!ﬂﬁllﬂ%ﬂﬁﬂaalu'lﬂﬂ']L!WUﬁﬁ
31U798UD9 Anastasios John Hart (2002) lunsaANYUNYINY Thermal Performance of
a 4
a Modular Structure for a High-Precision Microscope 310 31% Y1 11 1 Displacement Contour (81 &
Steady-state temperature contour U W Tube model U N AI1Y 7111191 Pro/ENGINEER 118 ¢

P Y, o o a ¢ y a 2 4 g
PI‘O/MECHANICA11'](1%{11!ﬂ’]ﬁﬁi’]\‘lllﬂ‘ﬂﬁnaa\ulazﬂ1ﬂ153l‘ﬂ51$wIﬂiﬂﬁﬁ”l\i@ﬂ%uﬁuﬂlﬂu

[
a

a a 4 - [ o
YOIEVIPIIAINTTUIATHING University of Nebraska-Lincoln (2000) FuuuITeNNINg
Jd o 4 i
d519500UATVINADUTA0 (Four-wheel off-road vehicle) A 13111 UV 04 SAE (Society of
Automotive Engineers) Tagn15ooniyy Independent front suspension L@1& Swing arm rear
% Y { 4 4
suspension Gﬁﬁﬂ%gﬂﬂi%ﬂam%mﬂ Chassis ﬁmmm%wum Brigg and Stratton YU1A 10 1439
9 Y o a 4 1 < I < . Y
U1 L!ﬁ%hlﬂ‘]/l'lﬂ'li'Jlﬂi']314Vi'lﬂ'lﬂ'J'liJleﬁlliﬂllﬁgﬂﬁl'llllml\uﬂiﬁ (Strength nag ngldlty) A3y
Pro/MECHANICA Taga$1auuusiaesa1uiiadas Pro/ENGINEER $asmuagniziadoni

Yy A Yo o A g o =2 9
Lmiwmqﬂiwﬂmmmmamaxm’e‘JuJumiam’;aﬂumimmmmaﬂﬂmﬂm INFINLULUD



20

o Y & Qy = o & ] o Y o 1 A Y Y v ~
traeeliiluru@ednu Fauenainszyislszrdanaaidasemuaiugndesniunan
yy
188
[ [ a J .
fSumsiaTzRimaNuduLazauAIeaUn Inseai 19Nz Uengy (Cylinder
A ( o
Structure) Y® 44A5 098U A Twin-cam 16-valve U0 4 Shiang-Woei Chyuan (2000) (G RLRE
a 4 Qy a L4 9 a o Jan oA
InTeHnuutenFutaznsziuuulseney daeldsunsudmsizrma W luasamudne
MSC/NASTRAN uaz 14 T15uns5u I-DEAS a5 aunuiass dmsuTlaseadunszuenguii
a 4 ] I 1 4 4 4
M3NAT12H nueeemiuaesdIune Cylinder Head 11ag Cylinder Block 1H099101A5 090 UA
A . ~ v @ a e’dy Y a .
16-valves U@ g1 (Cylinder Block) 1191383ANU Tumsinsien i lanasan Cylinder Block
[ = Y o A A Y o Y v o o =R K
Ao uanvuateu lvvewwanazitou ludesvualinuuuuiiaeslaefiiledna
ATENUITNINTREABVBIAAE block tia linanNuanaTwas TumamsUszaniuaTaves
9 =
ANUWAULAZANUATIA
. Y o Aaw A o Ay v a s Y 4
Tsung-Pin 1182 Judy M. Vance laiimsdsentineiwan laanmsinsiziaie ' lud
a 4 {
Alud MSC/NASTRAN l)i@asnaf Virtual Environment o WorldToolKit t8¢ GL n3ai

0
= [~ a I'd Y = A a d? .
ANEUYUMIAATIZENIANAULAZANUATIANNAYUDY Cantilever beam



UNnn 3

MIPONUUUHAZIATIZHUHUS I

" W I Qy 1 A ag ya A A ] Y Y A 4
UAUIULLIN L‘]J“L!G]ﬂ!ﬁTLl'VIﬁili]@lcl‘ﬁllﬂTﬁLﬂa’r)u‘l/l’i]E‘,llﬂ"IfJGlUW’ENLN"IVlWMﬂlﬂ\ilﬂi@\iﬂuﬁ
] Y ]
HaziuMIzNITuoUeaNMNMIFuavesdIuRdueIMANUIFDING 0 gaaDAIIA B9
d' ] [ Yo o =\ 1 a A d‘ a Y
fﬂi%ﬂﬁill'ﬂlmui‘UL!iﬂllﬂi‘U%WﬂﬂTiﬁuﬂ"l‘]JﬂwJﬂg 2 YUA AD NTENTTUNNAIINUIIAU LIDY
A a a [ £ 1 dy a [
ﬂ"li8ﬂiillVILﬂﬂﬁ]TﬂQﬂ!"Vi{]iJ‘llﬂQﬂTiﬁLlﬂ"l‘]J “]Nﬂ1'§$ﬂiillL‘Via”ILlL‘]JﬁEJ‘L!Llﬂaﬂll‘ﬂ@nll’ﬂﬂﬂ'lgﬂ"li
o ] [ A v A a ‘é’ Y] A 4 )
‘VIN"ILWJ@QLLWHS‘]JLL?QL“H?J@Uﬂ‘]JVILﬂWUHﬂ‘]Jij‘ﬂq‘]J‘iJi’]\HﬂiﬂQﬂu@LL‘]J‘]JQﬂE;ﬁJT]'Jul‘]J
[ dy ) 9 A 4 A 4 M = 1 [V A
uruFuuseaziinaaegnguluniessuauuugnguna i ualigls wanbash

[ [

Y
uanad 5 18 9d YL MINTLiUe AT INT LT UUR LS IS Dnnedalidesinaludny s

Y '
9 9 A

4 { ] [y a a 4 e qgj a o
YoIMsAdoUNVDIAUTILTIA0 Tudnentinusi Iddsauyaguuazdosmuaiiosdu e
9 o ~ o w ] [ dy @ =1 [ [ A 4
1 lumsdmuarimsznssununszituurusS Ui ludnyaz@erduiunI e udn
angum il geswazidoadenanegluiideda )
% &' Y ] v}
3.1 Tassaaazvinaiioad uua HUS U5
(Y] Y A ) o @ Qy [l 4 4 4 ] <3
wrusuusail werh 1 1dauezdenirillsgasuiurudiudulunsoseud ogralsn
[l a a 4 Y a o 1 1 @ 1 as/' Qy [ 4 { o
AU VOUVIBVDIMNUNUT UL ATz W TUa LU0 WA NS UL T UN 1Y FudIudunIh
@ ] % dy 1 o a 4 a 1 Qy [ A (=) A A
vlszneununpusuus Itz luninsins1zy vagiasanruarudu lulinismasun

@ <

= [ <
sagigmwduInguauansg

Q

[

E4
~
U

- AMNKWUWUY (Density), p 7834.268 kg/m’
- ANNONINNE (Specific Gravity) = 78

1421.11°C Y139 1694.11K

- YanaeNial (Melting Point)

- Tugaaveansgangy (Young’s Modulus), E 19292 GPa

[ 1 J
- 9as1a@Iuilswea (Poisson’s Ratio), v 0.3

1 a A va 1A
@j'lﬂﬁ‘&flﬂElﬂlLﬁSVI?J‘I"IJBQQENTCTM'UGlmaTuGluﬂ'lﬂwu’Jﬂ U



22

4
- dulszanimsvenedimannusou (Coefficient of Thermal expansion), O

= 65x10° K'
- mmsiawieu (Thermal conductivity), k, = 20 W/mK
- mmu%mm%qﬁq (Tensile Strength), o, = 700 MPa

1 T v { <3| {
sUsrmazamavewnusuus lumseenuuuiiosduazidulamgln 3.1

0.026 m

i 0.052 m

[——— 0.053m ———»

[ ——— 0.07m — >

d' 1 tﬂy 9 1 [
5UN 3. 1 1y TATITIUUDIAUVDUNUT VLS

U

3.2 VaMHUAIUNTODNUULMAUS VU
Y

A ) ] 1% dy [ Qy 1 A A s 9 Al a 1
mamuwuimmullﬂﬂizﬂ@ﬂﬂﬂ%umu@uq TwnToeeuanad THNUNIVNAIUYD

[

inamsviald dmsudesmuamsviavesmususe winiasanawgli 3.2 udr 9y
o ya T W P [ d'sl R A o Qy 1 A
frualdive U ULsIeEY 1, 2, 3, 4 taz 5 Fuiludiuides ldedaiurudiudy

o Yya 09/} A d' d' a o v A " YR a
i]%ﬂ"l‘ﬁ‘mﬂ‘ﬁN’J“VN“ViiJﬂllllMﬂTiLﬂaﬂuﬂiunﬂ‘V]ﬁ‘lﬂN AIUNTUNINNYAY 7 Llag 9 Ulublﬂﬂ@ﬁﬂ
Y v
nugudiulame uaazannsoveread lunuanny z launiigalinu 0.5 Jadwes dauid

1 k4
4 IS)

WeRY 6 1Az 8 zMruamMIveIAd Tunuauny x Tinu 0.5 Jadwas dungiRNIael



23

v A 4 1 a a A Z a :/, ] : g @ < <
m’iéllﬁlmﬂﬂﬁu"lmﬂu 0.5 Yaatuasuy L‘W'iwmmﬁmmﬁmﬂﬂiz‘uaﬂqucdﬁdlﬂumqmmmﬂ

WNAD 0.5 Haatuas

3UM 3. 2 nEAFINMIMIMHUANT VIOV IHUS LS 3

d' L Yo
33 mszmsummmmm"lmu

Voo 4 Y A v wy

4 g/l a o I Qy 1 o o
Lﬁﬂﬂ"lﬂﬂ"l@’]}flﬂﬁ@]ﬂﬁuy@§1u’n uwui‘umﬂtﬂu%umuﬁmwumﬂmﬂgﬂqu ANUU
' P v

ANNZIIARNVBIHUS UL dzgniiaes R Tswswunazguvglhnumninaduluies

2 o Y A ¥ v A 7 o o
LW”IUI,‘VHJ cIN‘VI"Iﬂﬁﬂ11'!21‘&1!IﬂEJ@NE]\‘1i]"lﬂsllﬁ)ial,ﬁﬁﬂT)%LL’Jﬂﬁ@iJ"U@QLﬂS638“@]ﬁﬂﬂ1ﬂﬂ181u%31ﬂ

1 Y
Aad a K

9 Y
udrihmssnumussutazguuginnadulunszurumsduaidveuiniudemasny
= | 4 ° 91 1 @ Ay YA 1w
p1MA AN NAAITIZY Fenmsiiuimez 1801 Aussaugegai ladauniny 11.135
] Y
MPa 18z QuuQgIgamIny 4121.122 K tiodszd@nsnmmsduaidvouiomauniny

100% S uTwazdeavaInsmulIasznanluiivens li



24

/ A
N\ /
e A
I I
| I
I I
I I
| I
| |
| |
I |
| | b
| |
I I
I I
' |
| I
I I
I I
| I
Jm - X
Ve AN v
a
= Y]
‘l.]‘i’l 3.3 Llﬁ'ﬂ\iwuﬂﬁﬂllﬁ\‘lﬂ'iuVHEIJfNLLNU'i‘ULLiQ
A 4 "o Ao o A
NUNVDUHNUTULTINTULUITINTENT AD
A=axb 3.1

9
%

AL maumuimmm 2 1dsumsenIsuaesdnyuzAo nsaRUIaz
QUL f?m%“mwamﬁﬂ@mmﬁﬂymzmﬁzﬂsﬁuﬁﬁmuﬂﬁlﬁ'ﬁuuduﬁ’maqﬁqﬁm 2 1y N
'

1o
A v A a A v 9/ o Y
1. msgnssuiesnnussauiinanmsyaseialudoun lud Tasdiaealdusa
AugagasunIziINAIA U wHL U Feezauldudusunsunanis
A4 . 4 v 1w 4 442 4
nasuNsauuNY lagusaauszanauiludadiunuyuyeInsnasun Ny
- g A4 a4 a .
gazivwailu 0 WeyuMIAdeUNUINNgAAD 73° INLUITLUI ANHUL VDY
o A o w T W 9 A
useaunnszinuueusunslauaaalugili 3.4
A =~ A aq ¥ 9
2. MIznIsuiieIngurgl Tasagnsunsnssuilosnnguvgi luioun lugd

14 Taemsimsiasgiurus s @10 1U51n54 Pro/MECHANICA Thermal 4

o ) A Y o Y o " @ dy o 9 A A
vihmstmuatou ludesmualdduunusuusll Taedmualigungil (51



25

T W [ o Y o <3|
ﬁumamwuﬁmmz 10U 700 K d115UN152nIsNUeIuuuitansazunise
y a0 1 @ 1 9 ~ 9 1] = o
NITULVUANUIDU Nﬂ%‘ﬂ?ﬂ‘ﬂﬂ"lﬂﬂnliﬂuﬂllﬂfl]'lﬂﬂ']ﬁﬁuﬂT]J (ﬂiWﬂﬁ%L@ﬂﬂﬁluW’J

9 o d‘a 9 = v A d'o/ [ [ d‘
U9 3.3.1) MUUANKHIANUAYINUNINTULTIAY muﬁﬂﬂugﬂ‘w 3.5

317 3. 4 AnBUVB AT IAUNNT LI AVUHUS UL 3

a 4 J T o Y ] [ 1
Gll!ﬂ”l'i’JLﬂiTZﬁ?ﬂﬂ”Iﬂ’JﬁJl,ﬁlulmgﬂ'J”lﬂJLﬂ%EJWU’(’NLLNuiﬂlliﬁﬁ wuyeenuauaIu
d! 1 =R Aam o a L v 9
FIULNAIDNITMIMMIAATIEH UKD 3.4

2 4 9 ¥ a 4 . q9a a o A o o ) o PR a1 a
o T 1HIRA Thermal stress NozdhldiRanudemenugnguluniessuaniliin azdeanaeitugnguldiguugii lunu
A A o Ay o v 1w Jo g < S '
400°C 199 673 K (Heywood, J. B., 1988) lll'ﬂ'lﬁﬂ‘ﬂ!ﬂu Cast iron ATUTULUNUITULITIUNIAIYIN AN Tool steel YILUVILTINIUAENUAIY

v y ' & & g b a da & o oA a o o & 9 a2
Fouldgand uaziilosnninTessudiiilgaigigaganinadugeds 4000 k Tugasiamsduanl doiu Jalszanaldganiglisy
AuveaHusDus R uAamsduaTgungiiilszunm 700 k



MNUIDVAVINIL Lazduale

26

MUSUNITZNIT

511 3. 5 AVBUHUTUUTINTVMNTLATIUNANUT DU

3.3.1 MIAINUWMIIAUNNITZIDUUNUST VTS

4 Y] ] 4 4
o991 urusvussed luanmadoundielunszuenguvouniosoud

v
o

[ c;/ (% :/1 A (% Aad 9 Yo
ﬁuﬂT]JﬂTfJiu‘Vl'Jul‘]J ANUUNITSNITUAD LLiQﬂHLLﬁ%’Qﬂ!‘H{]ﬂJﬂHTNTi% %31‘1@5‘Uﬂ13

Uszanaamnmaiiuim 99n3e1mANINIgIUeaa 19 (Air Standard Otto Cycle) T

v v
v 9 A

3| 1 @ Al a
mﬂmui}zgﬂummﬁmmsmﬂ1m1muuazaquuﬁmﬂiu

Q

9
< A %

A I o @ dgl ~ v =
11990 1NIAT BIEUANIIIM T WAV LTI WA Toseuan VI UL IN UnNg

D-

] 9

Femsgaszida auiuanyag Taona lvesmsiinu o
v o a2y ¥y a o @ 3 Ay
awnsolszanaiginsmshiaumang el laaiensinszniginseon Iaduiug iy

A A Y ) o a & vy Aq Y o
mfmﬂzwwa34"amamuﬂmmimmmzqmwgu “]Nfl]8l%lﬂHﬂ]@lluﬁﬂﬁl%qluﬂ'lﬁﬂ'lﬁuﬂﬂ'ﬁz

nIsnveLNusDNTIae Il Wasaniginseimenasgiuesala aviinaalugiin 3.7



27

Air Standard Otto Cycle
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2—-3 Constant volume heat addition
3—4 Isentropic expansion

4—-1 Constant volume heat rejection
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e

- Compression ratio, T, Ny 8

Y 4 a
- Displacement volume, V, 11N 437.542 @nUANEUAINAT
- Clearance volume, V, 1A 62.458 QRUNANIBUANAT

uaz%’aﬁmummmmﬁmmgmﬁa

C
- Isentropic index k = C_p =1.35

4

C, =1.108 ki/kg.K

C, =0.821 kl/kgK
- R=C,-C,=0287 ki/kg K
- P,=P,=101.325 kPa

- T,=T,=27"C=300 K
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T,=T (rc )k_l
= 300K x(8)**"
=621.1589 K
HazANUAUITH AN
P, =Pz )
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130 P, =1.6784 MPa

A (=) 1 Y v @ 1 ) o Y
Lu@ﬂ%1ﬂklilllﬂTﬁﬂ18Lﬂﬂ31wﬁﬂu1Uﬂi$U3uﬂ13@ﬂ@nﬂﬂ%ﬂﬂu1ﬂiﬂﬂ mlim

. Y
compression work "lﬂﬁ]”lﬂ



29

Q=0
Wi = CV(TI _Tz)
=0.821kJ /kg-K x(300-621.1589)K
=-263.67 kl/kg
ATV 2-3 11U Constant volume heat addition ﬁﬂﬂ%‘lﬂl
V, =V, =62.458 cm’
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Q, 5 =mQuyn, (3.2)

e Q,, Ao Aot IdnnmsduavesiwiuFemas Failaiif 44.0
MlJ/kg (Heywood, J. B., 1988)
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m, =P V,/RT
_101.325x10°Pax500x10°m’

0.287x10°J/(kg-K)x 300K
=0.000588 kg

m, = [%) % 0.000588 = 0.0005496 kg

m, = [151 3j % 0.000588 = 0.0000384 kg

unuan ldasluaums 3.2) a2 1d

Q,_, =0.0000384kg x44x10°J / kg x1

=1689.6 ]
1689.6]

I = 0.000588kg
2 vy Ay y & g Yy dqvo o o
Fannuioud ldanmaduaniil wxdluanudeun inuszuy iy
q. = 2873.4694 kJkg
nnngdei 1 veuned Tulawing 151018
Qo5 = CV(T3 - Tz)
_ %o

=2873.4694 KklJ/kg

T, +T,

v

2873.4694x10°J

= . +621.1589K
0.821x10°J/(kg-K)

G 1e
T,=T,_ =4121.122 K

A A < a A o 09/’
HaZINeINIZUIUMSN 2-3 1WUNTZUIUMSUTINNTAIN AU

P, =P, L 21.6784MP3_><(M)
T 621.1589K
~11.135 MPa
N30 P =111.35 bar
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h ”3(?}



31

1 1.35-1
:4121.122x(§j =1990.37 K

1 k
P4 = P3(r—j
1

135
:11.135x[§] =0.67223 MPa
=672.23 kPa

Wi 4= CV(T3 _T4)

=0.821kJ /(kg-K)x(4121.122-1990.37)K
=1749.35 kl/kg
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N52UIUMT 4-1 10U Constant- volume heat rejection
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Q,, =816.02J
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9 ] v
17 3.53 uaz 3.54 1y wgnuNUTHBRRAANUIRUGIgALAZANEUZYBIA WAL

L1l

a d? as.l' I ] = @ A A J < 4 a A Y
navudy Wwsw@enulunsan 1 Iﬂﬂﬂ!ﬂﬂil“ﬁu@ﬂigﬁ‘ﬂ‘ﬁﬂTWﬂ1§LN"IllﬁlJ'@lﬂa\‘l

ANUAUIZTANDT FIUAIANUUANAIUDIANUAUUTZIAU 0.001%

a

d ¢ o 4 o
3.5.3 n1‘;'”3!@151x‘ﬁwam5'3mswmaﬁmmﬁmﬁ@mﬁznssmﬂmsiaﬂmaazqmﬁﬂu

A A 1w S ag;l @ ad (A i qazl
Tunsainnsznssuvearusuus sl uissaurazguvginlasunilasiv
M3N3Z0AVIANNAUDULRUT LTI dmTuRdszanTawmamn Tudimady
100% ZWUIIANVAUGIGANMIND 1.257354x10"" Pa FaiiA1gan31A1 Yield Strength
NANNNY 700 MPa g 179.6 1M1 TasuTnaiinaanudugga Ao dauniinisas
Y o & a < Y = L a Y A
ihdauusnasdns Indsesmumasuue U UNTWazUTNUAUUUIINGUN

£ g a = v W a I A [~ [ 1 = [
3.60 FUYUVTNUASINUAUNTUATICHNUNTZNTINTUANUAUDEIUASY dIU
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ANMAUATUUUIAZ SOUURUS UL TiA10gUsEual 1.401x10" Pa D9 8.384x10"° Pa
FIgIN Yield Strength 409789 20 D4 119.7 141
o 3 = ti' a d? ) %] 3 t:‘ as.l‘
AMTUANWATIANNAVUDUIAUT UL IAaadTu 31N 3.65 ay 3.66 11U
Aa A A = & A " v -1 3 I a Y a @ a
VINUNAAANWATIAGIZATANAUMIAY 3.771x10" 1iu Whuusnalndinesiusne
A a Y A A a Y o Y1 = [
NMAAANAUGIFA ABNUTNUAANTIAATNATOIA N ATV UYDIUNUT VLTI 1HAY
Aa 9 £ d 1 1 dy A A % Y v &y A A [
VTNUMUVY AT UTD8ADTLHINNUAINTUTOVE18A TADUNUAIN I a5
[ 9 a =~ dgl a 1 [
veneda'ld uazifanunseavuuTnu Tagso UHUST UL
AIUMIUVIAVO AT UL TAGIGAIND 5.000x10" m Faliaumnuaifin
masruaou lvvoua 1A UUTNUR TAsToUURUS VLSS LAz ISWLINUTNUTOL
Y '
URUSULTUNAMTUTATUNINTGA
Tunsain 2 taz 3 Av UszanSnwmsw IMImny 70% tag 50 % audidu
o Y Ay A S A ° o ~ A
1 Havesn AU Idanmsinszdedlug i 3.65 uaz 3.66 dm5unsaiN 2 uaz
v ' Y v
57 3.71 waz 3.72 dmSunsaif 3 du sgwuNUTHANNAnNUIAUGIgALA ANYUE
Y Aa 2 & g VoA o ad A cd @ a a
voaaNuAUNNAYUEY s nulunsain 1 Tagnlesisuailseansninns

w1 lMdanainnuiduazanad FIUAANULANAIUBIANUAUUTZIY 0.001%
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MIPONUUUMAZIATIZHUUUAIMNES

1 o W A . I A 9 o [ 1 o W Y
HYUAITIAY 130 Connecting Rod iJugana Inilddmsvassiasninnalnludoum
9 1 A ~ 1 o w [ 3 o &
Indligyailoma Tashuvudaiaazsumsznssuaumuannudunan $a0152nTineg
v v Y Y ¥
AszinlarenaaosveayuaIfigs azdinansslunurunuuazusalunuidinin dauselu

< =2 . [ . v o 1 11911
LA UAIT ULS IR (Tension) LaLt5399 (Compression) ﬁa‘]JﬂLlll‘]J muuiﬂuuu’mqmﬂ%

o o

M 1dina Tuwuda (Bending Moment) @115 uanyazmsmasuivesgana lnuyudiias

[
[

' v Y
111503120917 UNT1AABUN LUV Crank and Rocker Taguauaaf1aaniasnasai i

! o o v o

9 A . 1 a2 o B A 4
RUINTINANIINAIVY (Driver) ll‘lJﬁ;ﬂallﬂ@ﬂ@nﬂuQiuLﬂiﬂﬁﬂuﬁ

Connecting Rod

4 aa a J 4 A 1 o w
gﬂ‘ﬁ 4.1 Ulﬂ@%ilﬂ‘iﬂﬂum@lﬂﬁ GUfN“lgﬂfniﬂﬁhlﬂl!ﬂﬂﬂ?i!ﬂﬁﬂu‘ﬂm@\‘llmluﬁﬁﬂT(N

4.1 Tassaauazunailo I uU IMUYUAINAq
aw dy o 9 o 1 o w 9
lumsitetiagiimsadanuuiiassvesgana lnvesuvudesias Taoldlysunsy
3 o a 4 4 ~ o
Pro/ENGINEER 910119211015 1512 MTIAA0UNU0INA 1AL HIUTINT N 5IUD 9

AaTeruvuaaidatians 115unsy Pro MECHANICA
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9 Y 9
Tuduusndmsvmsinsangana lnuvudahas aziimsaiesudiuaieg Juun
~ 9 o [ o'd? Y as.t‘ ) Qy [l 1 ] 3
avinai lasimsduasizniun3neu vintiu ssihdudiuaieg milszneuiuiluya
9 ] v Y
naln Tudaumsninsansztinausnnneuenuazis W9 UIHe491NANNIN 0IVBITUA I
1 9 . A a L4 A A @ 1
#1991 9219 T1J51n351 Pro/MECHANICA Motion (W9 31A31$HNITIAAOUNLALHIITIAINGA
" o o A o a o ~ Yy < o 1 Ay ¥
AU 1HaZHAININTIVNWINALaE AN YD LsINT N gaigaudl nezthanla )
a L4 9 = A a d?’ 1 o o 9
ARTITHMANNAULazANUATsaNAYL M uaIi1ded18 11510351 Pro/MECHANICA
Structure
o 24y v o ' v &y v o o
nMsdunsIzdn lansziunneounihiudniv sz lavinanazjldnyaivesga
Usznovulunaln Asiiuaaalugii 4.2, 43 uaz 4.4
3U7 4.5 naaanmmilszneuvesgana lnuvudedideniinmsseneu TasTisunsuy

Y
v A

{ 1 e { o < 1
Pro/ENGINEER Tagigaaousina In¥ui 2 fuiiuwie Ground link simualiilugadenyy

Q

=

. ' A I o K A . . ) [ 9 A Y v
Bearing @7U3Aa00U) (JULUVAANTAK50 Pin Joint dmsumsaiumsmasunlinunaln
4 A4 v oz \ o o
onaaeumsinaeu 1aelys 11/5un5y Pro/MECHANICA Motion 11 9¢%1015 1@@29U150
. Y o Qy A A o 9 Qy A o Y A 9y ~
Driver Iinunalnduh 2 tisannlumseenuuuiimualina lndun 2 innihndludemiss

& A ~ I A A A a = Y
FamandouvzidunsmasuFauryu lUianiudon vaznyuldaasusen 360 oeem

TOUPANYY

0.03m =7

%’ e L@0.02m

@0, 08m

SECTION  A-A

d‘ [ ng 1 Qy d' A9 d‘
31]7] 4.2 uﬁmaﬂymmawumuﬂﬂﬂ FUN 2 HTDUDLNIYN (Crank)
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ﬂﬁ 4.3 UAAIANHUY GIleE‘TTJuﬂa]lﬂ GIf”L!‘i/l 3 ‘Vii’f)!ﬁll!fﬁﬂ"lﬁﬂ (Connecting rod)

@0.01em ROLOT35m

0.0639m

@ 0.044m @0.075m

\
<
|

4,‘ 0.03m ’ﬁf

R

-

0. 01Im

Tjﬁ 4. 4 UAAIANHUE %umuﬂa"lﬂ 6]flﬁ/l 41150 Rocker
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Link 3 -

Q_,{\l
il )- |\ Link 4
\ —O /
7 }‘ — o K
g 4 ) N HJ\ ( ( T x\\] \‘.
lL\‘ . / f] k‘\\ T o : /::j
N & g AN A/
\\ — /)( s __:-_:_F___:- i

317 4. 5 ugasnmilsznevvesyana lnuvudasid

Smsulumsiinagiuudaded szuenmainaeioonilu 2 dau fo gt
N1531A312 @28 Pro/MECHANICA Motion 1911113903 R0 UYL AR89 nazdIuf
31A312¥ @10 Pro/MECHANICA Structure 1o W1AIAMUIALIAZANUIAT oAUUIY LA IR1E
Taousazauazueniiu 3 nsdl udersulumimeiuduiuuse Ao flszansmwnsen

Tusnfu 100% 70% vag 50%

4.2 YaMHUAIUMTBDNULLMYUTINEAY
A ~ 1 o o o A . A Yo
manasunvovuaIMaudumsaasuluszuIy (Planar motion) NMINTIUN 1ASL
=\ = v A a A ~ 1 a’/‘ A A 1 . I
NmWizuseRazIIIeaNnanNMInaouRveIna lnm iy 1o ingaeuae (Joint) 1
v o A
HUVTFANYAYITD Pin joint
[ Y
dmsunmsznssuludnuazves Tumuia v ludosaiosnmsnauselunudg

v Qy d‘ Y 4‘ = q’j S 19 ra d‘
ﬂ1ﬂﬂ‘]JLLﬂ1!5Uf’Nﬂﬁhlﬂ5b'u1ﬂ 2 DUIUDIVNNUTUTIANMUUUNATUDINN uamz"luwmsmﬂuw

Y
=1

U



&9

) [ <3 Qy ~ A9 = QSJ‘ A 3 1T o W
ﬁ"l?iﬁ‘ﬂﬂ’)"lﬂli’)i@‘ﬂ‘llﬂ\iﬂallﬂ“])’l!‘ﬂ 2 UI0UDLIHIYIUY mmmmﬂuﬂa”lﬂmmaﬂu
A 4 A o J =& @ 3 A =) <3 A Y
AT UALAZNONTINATDIADH I AU UNINIATOIIUANANMSITOVYNAT 2000 rpm a7

aalnaun 2 92ANUSITOUIINY 4000 rpm 130
~4000x2m 4007
60

=418.879 rad/s

2

d‘ ' o Yo
4.3 m‘;znisumwummm"lmu

1 1 4
ﬂ@u‘ﬁﬂ$‘Wi]Tiﬂﬂ‘l"i1151’JHJLﬁIUﬁLﬂﬂﬁUﬂﬁﬂulﬁll‘!ﬁ\‘]ﬁWﬁ\? ﬂgfgllfNWﬁ]ﬁmﬂ’ﬂLL‘Nﬂﬁzﬁ1

1 { a g @ 1 o v A 1 (% :JI Qa: [~ a aa a J
AN ﬁlﬂﬂﬁuﬂﬂllﬂluﬁiﬂWﬁ%ﬁﬂﬂ@u ﬂ\iuuglu(’lluI,Lﬁﬂﬁ]$L‘]J‘Hﬂ?‘iwm‘imﬂl‘lﬁHUﬂumﬁﬂﬁﬂlﬂﬁ

1 1 o 4 ﬁy

na lna1eq luyana lndefaail
a daa a ¢ ' o o
431  msimnzvniu@ndvesnalnuuudana

PR R IS RIIVATR,

< &£ 1 o A gy A
mﬂgﬂw 4.1 G]NLLZ‘T@Qhlﬂ@gllﬂiﬂﬂlﬂﬂﬂallﬂllﬂ]uﬁ\iﬂTaQ HUYLDV 2 AD VDL

£ o [ ) ] A A Qy A A 9
FINYUATUIOU AU TUAUNUINITIAGDUNUDITUD U %zsﬂa&u"lﬂmmgmmwa

9
v A

{ o [ A |
o9 dmsuvavessuaes lulaezunsuganalnoziuasil

T = AD=120 mm
I, =AB=30 mm
I, =BC=105.9 mm
f,=CD=63.9 mm
6, =418.879 rad/s

a s X g9 0 q YUY = ¥ < A o Y
taglumsinazriiiesdy s lvdomiearyua1eANU5 130 UAIN taziviuali
1w ) 1 J [ {
IR 418.879 rad/s A uviiayuage vosgana tniduliamgla 4.6

1103109 4.6 #1381 A ABD 9nnguedIaane (Cosine law) 9218

1
s =(AB’ +AD’ ~2.AB-AD cos(6, )} @

Hag

) T2 o2
2.s-AD

B =cos

4.2)



90

! ) @ a J aa a J
gﬂﬁ 4.6 Llﬁﬂ\‘lhlﬂ’ﬂ$LLﬂﬁiJ‘llfN"]gﬂﬂaulﬂfnﬁ3‘]Jﬂ']'§')!ﬂ§'1$ﬂ“l/ﬂ\1ﬂlllﬂﬁﬂﬁ

#insan A ABD 11nngQuedlasen (Cosine law) 9318

1
s =(AB’ +AD’ ~2.AB-AD cos(6, )f @3
e
' AD' - AB
B=cos| > — (4.4)
2-s-AD

#insan A BCD ninnaguesIagenl (Cosine law) 9214

e )
Y= (:()s_1 BC —IﬁD_ 5 4.5)
2-BC-CD
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—2 — 2
7\‘:00 1 SZ+CD;BC (4 6)
2-s-CD
, =2 ==
(|)=CO B +BC;CD .7)
2-s-BC
199970
0, =0-P (4.8)
ay
0, =n-A—P 4.9)
unuadanlsaslu 4.6) uaz 4.7) awdauaz la
, == ==2 , =2 —=2
41 s7+BC —-CD 41 s"+AD —AB
0, =cos — —COoS — (4.10)
2-s-BC 2-s-AD
ay
24,CD’ -BC 2, AD - AB’
0, =m—cos” 5 S —cos!| 2 __ (4.11)
2-s-CD 2-s-AD

v
=

& < 3 Yo 0 ' L4 =
HITUNITN (4.8) LA (4.9) ﬁ]%!‘ﬂuﬁ'llﬂ”Iﬁ‘VIGlﬁ]fﬂ”lﬁuﬂ@"luﬁuﬂsllﬂ\iﬂﬂllﬂ%uﬂ 3uag n4

9
=

< 1 o ] 3 qﬂ;/ 1
Tﬂﬂﬂzmmmnmuwmﬂa"lﬂmﬁmuumu@g

[

o ' 2 4 A v =
VAWK UIUDIVUN 2 UTDUBDLHI AN

- ﬂﬁ%tﬂi"l%ﬁﬂ’ﬂiﬂ%?

wosannnglTnsesiavesna lnawgn 4.6 1935 Complex-Algebra Tun1s

9

3 a 1 [
HIANUETIUBINNVD Link 911499 @Nﬁ

e

[

A 9y J =
iﬂﬂz‘ﬂ“ﬂ 4.6 Liﬁ]ﬂﬂﬁ‘nﬂﬁnﬂ!@]ﬂi NU

T +T,+5 -1, =0 (4.12)
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9

vioamnsoouliegluglvesinudidou lugdvesynldasdl

AD-e” + AB-¢® + BC-¢® —CD ¢ =0 (4.13)

Y
Y v J

4 o [ 1< d v @ 1
Ho9ndrHIee Huilantuvesnar daiueynusvesaums 4.11) euae

q

nanela
i-6,-AD-e™ +i-6,-AB-¢™ +i-0,-BC-¢™ —i-0,-CD-¢" =0 (4.14)

¢ & o A 24 o A A o a A
WAULLTNUBDITUNIT (4.12) lﬂug‘uﬂlu@\ﬁnﬂﬂaqﬂ%u‘ﬂ 1 Lﬂuwu%gﬂ\?‘ﬂ HUND 91 U

A9 917U 1% Euler Formula to@oudums (4.12) 1dogluzil

i-0, 'E'COS(OZ)—GZ -HB-sin(Oz)H-G3 -B_C-cos(63) “.15)
-0, -B_C-sin(63)—i-64-C_D-cos(64)+é4 -@-sin(64):0

NnEuMs (4.13) B Huaumsdedoy duiuaunsofivzuondnnse (el
part) 1 @IUIUANIN (imaginary part) oonfumosaums 148
GEITDERE

0, -A_B~sin(92)+93 ~B_C-sin(93)—94 ~C_D~sin(94)= 0

vsodaglwildifiu
BC -sin(0,)-6, - CD -sin(0, )- 6, = —AB-sin(6, )- 6, (4.16)

AIUIUANIN:
0, -E-COS(GZ)+63 -B_C-cos(63)—94 -C_D-cos(64): 0

wiodagyIni dilu

BC- cos(8,)- 6, —C_D-cos(64)- 0, = —E-cos(@z)- 0, (4.17)



93

9
Yo A

aumsf (4.14) uay (4.19) Woulweglugiuuning laeail

BC-sin(0,) —CD-sin(6, )} {93} B {— AB-sin(6,)- 92}

BC-cos(6,) —CD-cos(0,)]|6, - —A_B~cos((92)-92

(4.18)

= A dy A ) 3 A Qy A

Faaunsn (4.16) tennsaiiozth lmanus ugayw 0, uaz 6, voana lndui 3
o Y A A 1< A 1 Y dy FY

inag 4 ﬂﬁJa"lﬂ‘]Julﬂ INTICATDU GluﬁiJﬂﬁ“Vl (4.16) WUMANTIWIINOUKEULAD

- SRR

1T A 1 1 [V 4
GLUﬂ']ﬁﬁ']ﬂ'J']iJlﬁﬂlslf\iuiJsUﬂﬂﬂallﬂﬁ’l\‘lc] AN ﬂ'1ﬂ1ﬁﬂﬂﬁll‘lﬁ}fﬂ1ﬂﬂ13ﬂuwuﬁﬂ]@ﬂ

I 1 % L:y
qAUNIT (4.11) NYUABDLINAIU

i-6,-AB-e™ -02-AB-¢ +i-6,-BC-¢™ —02.BC-e"™

e — S — (4.19)
~i-0,-CD-e" +0;-CD-e'* =0

s < s A a Yy = v 3 a A A
Wfl]uL!ﬁﬂLﬂuﬂuﬂluaﬂﬂWﬂﬁﬂJN@iWﬂiﬂﬂlﬂlﬁﬂﬂ\iﬁlguﬂ'lﬂﬂ?"mLﬁ'JLGINlLI‘iJ‘JJﬂ']ﬂQVI

1% Euler formula guauns (4.17) 1alugl

U

—62-AB-cos(6,)—i-62-AB-sin(0,)

+i-0, -B_C-cos(63)—é3 ~B_C-sin(93)—9§ -ﬁ-cos(@)—i‘éi ‘%-sin(@)

-i-0, -@~cos(64)+é4 -C_D-sin(94)+éi ~C_D-cos(94)+i~éi ‘C_D-sin(94)=0
(4.20)

1 { g ' a @ ' a
INAUNIT (4.18) FusaeuLenadINNdu dIue5a (real part) NU AIUIUA

9
~

NN (imaginary part) JEEN
AT
~62-AB-cos(6,)-6, ~B_C-sin(63)— 0’ -alcos(@)

+0, -CD-sin(94)+éi ‘CD‘cos(64)= 0
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BC -sin(0,)-6, - CD -sin(0, )- 6,

J— — p— (4.21)
=02 AB-cos(0,)— 67 -BC-cos(,)+6%-CD-cos(,)
AIUIUANIN:
—02-AB-sin(0, )+ 0, - BC-cos(6,)— 62 - BC-sin(0;)
—6,-CD-cos(0,)+62-CD-sin(0,)=0
130
%-cos(@)-é3 —@-cos(%)- 0, “422)
=02 . AB-sin(0,)+ 62 - BC-sin(0,)—62 - CD -sin(0, ) '
AUMh (4.19) 1ag (4.20) L%smelﬁ’agjiugﬂuw?ﬂcﬁ“lé’ﬁaﬁy
{alsin((%) —@sin(%)H@}
BC-cos(8,) —CD-cos(6,)||0, 4.23)

_ [2 AB-cos(0,) 03 BC-cos(o, )+ -CD-cox()
03 AB-sin(0, )+ 63 -BC-sin(0, )03 -CD -sin(0,)

L) 1T A .. <3 a .
Glumﬁmmmgmmmagu (Angular Position,0), ANUITAWIYN  (Velocity
Position, 0) 112 AT UFYY (Angular Acceleration, &) 1191151055 MATLAB
o ) = d‘ 9 [ d' o
MMsmuin (razdeauaailumanuin n) nan lduaaisanisnen 4.1 Tasfivue

I o, vineds 6, wag o, vueda 0,

H a L4 aa a d¢ 1 o o
Vni"Nﬁ 4.1 WﬂﬂTﬁ’JLﬂﬁ131’1‘VlNﬂuliJﬁﬂﬁ"ll'ﬁ)\‘]‘]gﬂﬂﬁvlﬂﬁ\iﬂnﬂ

(Q) Q) Q) a

0, | 0| 0, | o o

(degree) | (degree) | (degree) | (rad/s) | (rad/s) | (rad/s) (rad/s’) | (rad/s’)

2 3 4 3 4 3 4

-162.00 | 2531 | 145.71 |418.88| 108.84 | 29.00 |27712.11 | -71477.48

-144.00 | 30.35 | 145.85 |418.88| 123.66 | -21.46 | 11096.66 | -62525.20

-126.00 | 35.74 | 143.97 [418.88| 124.93 | -64.88 | -7841.89 | -53740.56

-108.00 | 40.88 | 140.35 |418.88 | 111.81 |-103.05|-27173.82|-48715.89




-90.00 | 45.14 | 135.15 |418.88| 84.13 |-138.72|-46666.94 | -46659.67
m3af 4.1(Mv)

0, 0, 6, | o | o | o, Qa, a,
(degree) | (degree) | (degree) | (rad/s) | (rad/s) | (rad/s) (rad/sz) (rad/sz)
-72.00 | 47.90 | 128.45 |418.88| 42.03 |-172.83|-65191.62|-43636.15
-54.00 | 48.58 | 120.36 |418.88| -12.27 |-202.06(-77959.79 | -32052.27
-36.00 | 46.78 | 111.30 |418.88| -71.02 [-216.12|-75150.49| -1530.08
-18.00 | 42.63 | 102.24 |418.88|-118.84|-198.66(-48345.60| 50827.91

0.00 36.96 94.83 [418.88(-139.63|-139.63| -6589.02 |103636.22
18.00 31.05 90.67 |418.88|-131.31| -51.48 | 25422.14 | 124595.64
36.00 25.90 90.42 |418.88|-106.91| 38.19 | 36509.24 [110129.65
54.00 | 21.90 93.69 [418.88| -79.77 | 110.02 | 34673.56 | 80581.08
72.00 19.00 99.55 |418.88| -55.64 | 159.21 | 29685.44 | 51240.91
90.00 17.07 | 107.08 |418.88| -34.85 | 188.00 | 26188.27 | 26195.53
108.00 | 15.99 | 115.46 |418.88| -15.61 | 199.25 | 25638.78 | 4096.71
126.00 | 15.74 | 123.97 |418.88| 4.43 |194.24|28324.51 |-17574.16
144.00 | 16.41 | 131.91 |418.88| 27.53 | 172.65 | 33559.88 | -40061.98
162.00 | 18.16 | 138.57 |418.88| 54.71 | 134.55 | 38456.26 |-60733.33
180.00 | 21.14 | 143.29 |418.88| 83.78 | 83.78 | 37652.30 |-72596.88

a d Aa _d o v
4.3.2 mﬂmswﬁma"lﬂmunammumuﬁamm
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a g aa a o v Y A 9 o v AN Y = o
NITAUATICUNNWNAULUANTINNUIVDNLAD Ll']WﬁﬁW‘ﬁVlhlﬂﬂJ'lﬁ'llﬁ\Tﬂﬂigvn‘Uu

9
a 1

Ao A 42 v
FuarunIMmmdounnImy laaail

o Y
ARVATEN,

- Jaq

E4
v A

- ANUWUMUY (Density), p

- AMUDNININE (Specific Gravity)

- Tugddveamstarigu (Young’s Modulus), E

[ 1 o
- 9a51a@IuiI5wes (Poisson’s Ratio), v

1 a A va 1A
@j'lﬂﬁ‘&flﬂElﬂlLﬁSVI?J‘I"IJBQQENTCTM'UG]maWuGluﬂ'lﬂwu’Jﬂ U

SCM4 1139 AISI 4140’

7750.372 kg/m’
7.83
227.526 Gpa
0.3



4
- Fulszanimsvensdiniennudou (Coeff. of Thermal expansion), O

1

1256x10° K

- ﬂ’JHJLL%QLL‘NL%QﬁQ (Tensile Strength), o, 329 MPa

d' o ' d’d o d' ! o w
ETJTI 4.7 ﬂTWﬂi%ﬂﬂ‘]Jﬂl?J\iﬂﬁulﬂolLl@TLLWLl\‘i1/]mliQﬂi%‘Vl"ITILHJLlﬁQﬂTaQEIQQ'ﬂ

CG4

Link 2: Crank Link 3: Connecting Rod Link 4: Rocker

A "y

Link 1: Ground link

317 4. 8 UudaIdnBAUZMITUAA (Free-body diagram) YBIFUAIUA
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11NN Y0Ned0IUDI Newton

>F=ma
Y I
WmimwgﬂuﬁmﬁﬂumzmﬁﬁuﬂaﬂlmLmﬂszﬁmuﬂa"lﬂﬁvuﬁ 2 92 1d

Fo, +F,, =myag,,
F12y + F32y =mM,ag,,

T12 + (R12xF12y _R12yF12x )+ (R32XF32y _R32yF32x ): Iczaz
a [ o ng A 2
qu1sm1§ﬂggﬁﬂqaﬂymzmiﬁuﬂamammﬂswmuﬂa"lmfmn 3 ﬁ]%llﬂ’;l”l
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(R14xFl4y - Rl4yFl4x )+ (R34XF43y - R43yF43x )+ T4 = IG40'4 (4.32)
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T ~<_¥6
L2 - \2\
L4 L1

3UM n.1 g11)szneumIfiuIunInIue1Ivee Connecting rod

b Awe link 712 (L,)

110307 5 ¥ngues sin 9g 180

L, 2L, .

sin@, sin0,

» A1U¥17 Connecting rod (L3)

110307 5 1¥ngues cosin 214

=12 +(L,+L,) -2L,(L, +L,)cos(6,) (M2)
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» Check Grasoft’s Law
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L+s<p+q
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v o I ~
HUANVTUAUT JUNiAD
L,+L <L, +L, (N 4)

0.3 Script M-file 1151053 MATLAB
1.3.1 Script M-file 115 UUHM3 VLS

- Air Standard Cycle

rc = 8;

k = 1.35;

Cp = 1.108e3;
Cv = 0.821e3;
R = Cp - Cv;

PO = 101.325e3;
P1 = PO;

TO = 300;

Tl = TO;

V3 = 62.458e-6;
V6 = V3;

V2 = V3;

V1 = 500e-6;
QHV = 44e6;

eff = 0.5;

AF = 14.3;

% Process 1-2

T2 = T1*(rc)”(k-1);
P2 = P1*(rc)"k;
wl 2 = Cv*(T1-T2);

% Process 2-3

mm = P1*V1/(R*T1);

ma (AF/ (AF+1) ) *mm;
mf (1/ (AF+1)) *mm;
Qin = mf*QHV*eff;

T3 = (Qin/ (mm*Cv))+T2;
P3 = P2*(T3/T2);

% Process 3-4

T4 = T3*(1/rc)”(k-1);
P4 = P3*(1/rc)"k;
w3_4 = Cv*(T3-T4);

% Process 4-5
Qout = mm*Cv* (T1-T4);

% Process 5-6
w5_6 = PO* (V6-V1) /mm;
eff th = 1-((T4-T1)/(T3-T2));

theta = (17:1:34)*pi/180;
constant_P P3* (V3/mm) “k;
constant_T = T3* (V3/mm) " (k-1);
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P_theta = constant_P./(0.7614*theta-0.11965)."k;

T _theta = constant_T./(0.7614*theta-0.11965)." (k-1);
fprintf ('theta (degree) P (theta) (Pa) \n'
for 1=1:18
fprintf ('%5.2f %5.4f\n',theta (1) *180/pi, P_theta (1))
end
fprintf ('theta (degree) T (theta) (K) \n'")
for 1=1:18
fprintf ('%5.2f %5.4f\n"', theta (1) *180/pi, T_theta (1)
end

plot (theta*180/pi, P_theta)
grid

title ('Pressure vs \theta')
xlabel ('\theta (degree)"')
ylabel ('Pressure (Pa)')
figure

plot (theta*180/pi, T_theta)
grid

title('Temperature vs \theta')
xlabel ('\theta (degree)"')
ylabel ('Temperature (K)')

1.3.2 Script M-file 115 UBYHAIMNES

- Kinematics Analysis

Cramk and rock mechanisim
Position Analysis and Velocity Analysis
pi <= Theta2 <= 2*pi

E

a0

n=201;

thetal=-28*pi/180;
theta2=linspace (-pi,pi,n);
%theta2=28*pi/180;
w2=3.14159; Srad/s

% Constant unit in mm

d=120;
t=linspace (0,2,n);

fl=fopen ('c:\MATLABR12\work\data_pos_vel conrod.txt',6'wt');

fprintf (f1,'t theta?2 theta3 thetad');

fprintf (£1," w2 w3 wa');
fprintf (£1," alpha3 alpha4\n\n');

for k=1:n

Ax=a*cos (theta2 (k));
Ay=a*sin(theta2(k));
S = ((a”2-b"2+c”2-d"2)/(2* (Ax-d)));
P = (Ay"2/(Rx-d)"2)+1;
Q = 2*Ay*(d-S)/ (Ax-d);
R = (d-S)"2-c"2;
By = (-Q+sgrt(Q"2-4*P*R))/ (2*P);
Bx = S-2*Ay*By/ (2* (Ax-d));
theta3 (k) = atan2((By-Ay), (Bx-Ax))+28*pi/180;
thetad (k) = atan2(By, (Bx-d))+28*pi/180;
Al=[b*sin(theta3(k)) -c*sin(thetad (k));b*cos(theta3(k)) -c*cos(thetad(k))];
Bl=[-a*sin (theta2 (k)) *w2
-a*cos (theta2 (k) ) *w2];
Cl=A1\B1l;
w3 (k)=C1l(1);
w4 (k)=C1(2);

A2=[b*sin(theta3(k)) -c*sin(thetad (k));b*cos(theta3(k)) -c*cos(thetad(k))];
B2=[-(w2) "2*a*cos (theta2 (k) ) - (w3 (k))"2*b*cos (theta3 (k) )+ (w4 (k)) *"2*c*cos (thetad (k)

(w2)"2*a*sin (theta2 (k) )+ (w3 (k))"2*b*sin (theta3 (k))-(wd (k))"2*c*sin (thetad (k))];
C2=A2\B2;

alpha3 (k)=C2(1);
alphad (k)=C2(2);
fprintf (£1, '%4.5¢F TyE(k)) g
fprintf (f1, '$4.5f %4.5f
%4.5f',theta2 (k) *180/pi, theta3 (k) *180/pi, thetad (k) *180/pi) ;
fprintf (£1," %4.5fF %4.5fF %4.5f" , w2, w3 (k) ,wd(k));
fprintf (f1," %4.5f %4.5f\n',alpha3 (k) ,alpha4 (k));
end
fclose (£f1);

plot (t,theta2, '-o")

grid on

xlabel ('time'")

ylabel ('Angular Position of link 2'")
figure;

plot (t,theta3, '-v'")

grid on

xlabel ('time')

ylabel ('Angular Position of link 3'")
figure;

plot (t, theta4,'-*")

grid on

xlabel ("time')



ylabel ('Angular Position of link 4"')
figure;

plot (t,w3,'-h")

grid on

xlabel ("time')

ylabel ('Angular Velocity of link 3'")
figure;

plot (t,wd,'-x")

grid on

xlabel ("time'")

ylabel ('Angular Velocity of link 4"')
figure;

plot (t,alpha3, '-p'")

grid on

xlabel ("time'")

ylabel ('Angular Acceleration of link 3'")
figure;

plot (t,alpha4d,'-s")

grid on

xlabel ("time'")

ylabel ('Angular Acceleration of link 4')

Dynamics Analysis

m2=0.74798;

m3=0.4832;

m4=0.98166;

I1G2=0.0002925;

I1G3=0.001829;

I1G4=0.0011524;

R12x=0;

R12y=0;

R32x=0.03*cos (28*pi/180) ;
R32y=0.03*sin (28*pi/180) ;
R23x=-0.05295*cos (28*pi/180) ;
R23y=-0.05295*sin (28*pi/180) ;
R43x=0.05295*cos (28*pi/180) ;
R43y=0.05295*sin (28*pi/180) ;
R34x=0.05902*cos (90*pi/180) ;
R34y=0.05902*sin (90*pi/180) ;
R14x=-0.00488*cos (90*pi/180) ;
R14y=-0.00488*sin (90*pi/180) ;
aG2x=-7261.987;
aG2y=3861.267;

alfa2=0;

aG3x=-5606.281;
aG3y=2332.522;
alfa3=52939.50;
aG4x=-11957.59;

aG4y=0;

alfad4=187129.73;

A=[1 0100000 O0;

01010000 0;

-R12y R12x -R32y R32x 0 0 0 0 1;
0-1010000;
0-10-1000;

R23y -R23x -R43y R43x 0 0 0;
00-10100;
000-1010;

0 0 0 0 R34y -R34x -Rl4y R14x 0];
B=[m2*aG2x;

m2*aG2y;

IG2*alfa2;

m3*aG3x;

m3*aG3y;

IG3*alfa3;

m4*aGax;

m4*aGay;

IG4*alfad];

F=A"(-1)*B

Fl2=sqrt ((F (1)) "2+ (F(2))"2);
F32=sqrt ((F(3)) "2+ (F(4))"2);

F43=sqgrt ((F(5)) "2+ (F(6))"2);
Fld=sqgrt ((F (7)) "2+ (F(8))"2);
thetal2=atan2(F(1),F(2));

theta32=atan2 (F(3),F(4));

thetad3=atan2 (F(5),F(6));

thetald=atan2 (F(7),F(8));

fprintf ('Force\n')

fprintf ('F12 = %4.4f\n',F12);

fprintf ('thetal2 = %4.4f\n',thetal2*180/pi);
fprintf ('F32 = %4.4f\n',F32);

fprintf ('theta32 = %4.4f\n',theta32*180/pi);
fprintf ('F43 = %4.4f\n',F43);

fprintf ('thetad43 = %4.4f\n',thetad43*180/pi);
fprintf ('F14 = %4.4f\n',F14);

fprintf ('thetald = %4.4f\n',thetald*180/pi);
fprintf ('T12 = %4.4£f\n',F(9));

coooo

0
0
0
0
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Joyaialy
Related Metals: Microfine D2(tm) Specifications: ASTM A681 (D-2)
High-Chrome(tm) DIN 1.2379
Thyrodur 2379(tm) SAE 1437
Sverker 21(tm) SAE J438
Olympic(tm) UNS T30402
610(tm)
CNA 1(tm)
Aristocrat(tm)
AL3(tm)
Airdi 150(tm)
Ohio Die(tm)
- andszReumand
msdseneu 3
Carbon 14-1.6
Chromium 11-13
Cobalt 1 max
Iron Balance
Manganese 0.6 max
Molybdenum 0.7-1.2
Phosphorus 0.03 max
Silicon 0.6 max
Sulphur 0.03 max
Vanadium 1.1 max
- AMANTANIINENIN
ANUHUMUY (Density), p = 7834.268 kg/m’
AUDIBUNZ (Specific Gravity) = 78
9ANaoNINa7 (Melting Point) = 1421.11°C %50 1694.11K
TugdaueIn13anigy (Young’s Modulus), B = 19292 GPa
9318775909 (Poisson’s Ratio), V = 03

futlszAnTmMIve1s@dIn1enNusou (Coefficient of Thermal expansion), O

= 65x10° K
A1 mieu (Thermal conductivity), K, - 20 W/mK
ﬂ’J”IiJLL*ﬁQLL’NL%QﬁQ (Tensile Strength), o, = 700 MPa



- AuaulanIng

MM3199 9. 1 NIRAUANTANINAVDI SKD11

Aust. Mart.
Free Special | stain | stain-
Mild | cut Tool | Silver | alloy less less
steel | steel | steel | steel steel steel steel
[Tensile strength N/mm? 400 | 400 500 500 700 650 600
Hardened up to HRC| - - 60 62 63 - 50
\Wear resistance low | low fair good excell fair good
Corrosion resistance low | low |medium| high high excell | excell
\Weld ability good | no good | good some excell no
Polish ability no no some | good some excell good
Magnetizability yes | yes yes yes yes no yes
Price (in PH) low ? __|medium| high v high | medium| v high
Machine ability easy |excell| good fair diffic diffic fair
German standard type St37 C40 [1.2510] 1.2379 | 1.4301 | 1.4028
Japan standard type SPCC S50C | SKS3 | SKD11 |SUS304|SUS420
USA standard type A570 1040 o1 D1 304 420

Armin Méller and German Tool Consultancy & Services, Lipa, Batangas 2001 Feb 06

.2 SCM4 1150 AISI 4140

- aendsznoumunll
msilsznon S
Carbon 0.38-0.43
Chromium 0.8-1.1
Iron Balance
Manganese 0.75-1
Molybdenum 0.15-0.25
Phosphorus 0.035 max
Silicon 0.15-0.35
Sulphur 0.04 max
- Foyartaly
Related Metals: Folder Specifications: AISI 4140
Finkl 4140(tm) AMS 6349
Maxell Tooling AMS 6381
Alloy(tm) AMS 6382
AMS 6390
AMS 6395
AMS 6529

ASTM A193 (B7, BTM)
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Specifications: ASTM A194 (7, TM)
ASTM A29 (4140)
ASTM A320 (L7, L7M, L7D)
ASTM A322 (4140)
ASTM A331 (4140)
ASTM A506 (4140)
ASTM A513

ASTM A513 (4140)
ASTM A519 (4140)
ASTM A646 (4140)
ASTM A711

ASTM A752 (4140)

ASTM A829

SAE J1397 (4140)

SAE J404 (4140)

SAE J412 (4140)

UNS G41400

- AUMANTANIINENIN

ANUHUNUY (Density), P = 7750372 kg/m’
AUDIBUNZ (Specific Gravity) = 783
Tu@ﬁﬁmmmsﬁﬂmju (Young’s Modulus), E = 227.526 Gpa
gag1auilaseeq (Poisson’s Ratio), V = 03

4
Fualszanimsvensdiniannuiou (Coeff. of Thermal expansion), O

= 1256x10° K'
ammahanudou (Thermal conductivity), kc = 33166 WmK
ﬂ’Jm!L%QLLNL"]QNﬁQ (Tensile Strength), o, = 329 MPa

- Auauianianena

v < o { A 1 <
ﬂ']ﬂ'l']ﬂJlHNlLﬁ\ﬁlﬂQ'JﬁﬂlﬁfJ‘llﬁ]']le']i'N U2 Iﬂﬂﬁﬂﬂﬂ']ﬂ'ﬂﬂl!ﬂlﬂ Rockwell

atna C (Rockwell Hardness C Scales) ﬁﬂl”l’ﬂfjizﬁﬂ”lﬂ 58-60
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Y wa [ [ @
ﬂ1§1\1ﬁ V. 2 @“I”Ii”l\‘]L‘ﬁfJ‘]JﬂmﬂiJ‘]J@W]Nﬂaﬂ‘]JﬂTﬂ'JnJLL"UQEUE’N’JﬁE]

Hardness Conversion

HaB:(iirr]!ZI;s Rockwell Hardness S.I;(:::gfh HE:;':]&:ISS Rockwell Hardness S.I;:::gfh
Tg:isi(tiin A B Scale | C Scale Tg:isi:iin A Scale | B Scale | C Scale
Ball 3000 | 5c2le | 100kG | 150KG | APPT*) | Baii3000 | 60KG | 100KG | 150KG | (APProX.)
KG KG
- 85.6 - 68.0 - 331 68.1 - 355 | 166,000
- 85.3 - 675 - 321 67.5 - 343 | 160,000
- 85.0 - 67.0 - 311 66.9 - 331 | 155,000
767 84.7 - 66.4 - 302 66.3 - 321 | 150,000
757 84.4 - 65.9 - 203 65.7 - 309 | 145,000
745 84.1 - 65.3 - 285 65.3 - 209 | 141,000
733 83.8 - 64.7 - 277 64.6 - 288 | 137,000
722 83.4 - 64.0 - 269 64.1 - 276 | 133,000
712 - - - - 262 63.6 - 266 | 129,000
710 83.0 - 633 - 255 63.0 - 254 | 126,000
698 82.6 - 62.5 - 248 62.5 - 242 | 122,000
684 82.2 - 618 - 241 618 | 1000 | 228 | 118,000
682 82.2 - 61.7 - 235 614 | 990 | 217 | 115000
670 81.8 - 61.0 - 229 608 | 982 | 205 | 111,000
656 81.3 - 60.1 - 223 - 973 | 200 -
653 81.2 - 60.0 - 217 - 964 | 180 | 105000
647 811 - 59.7 - 212 - 955 | 170 | 102,000
638 80.8 - 592 | 329,000 207 - 946 | 160 | 100,000
630 80.6 - 588 | 324,000 201 - 938 | 150 | 98,000
627 80.5 - 587 | 323,000 197 - 928 - 95,000
601 79.8 - 573 | 309,000 192 - 91.9 - 93,000
578 79.1 - 56.0 | 297,000 187 - 90.7 - 90,000
555 78.4 - 547 | 285,000 183 - 90.0 - 89,000
534 778 - 535 | 274,000 179 - 89.0 - 87,000
514 76.9 - 521 | 263,000 174 - 87.8 - 85,000
495 76.3 - 510 | 253,000 170 - 86.8 - 83,000
477 75.6 - 496 | 243,000 167 - 86.0 - 81,000
461 74.9 - 485 | 235000 163 - 85.0 - 79,000
444 742 - 471 | 225,000 156 - 82.9 - 76,000
429 73.4 - 457 | 217,000 149 - 80.8 - 73,000
415 72.8 - 445 | 210,000 143 - 787 - 71,000
401 72.0 - 431 | 202,000 137 - 76.4 - 67,000
388 714 - 418 | 195,000 131 - 74.0 - 65,000
375 706 - 404 | 188,000 126 - 72.0 - 63,000
363 70.0 - 391 | 182,000 121 - 69.8 - 60,000
352 69.3 - 379 | 176,000 116 - 67.6 - 58,000

341 68.7 - 36.6 170,000 111 - 65.7 - 56,000
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a g v v o ) o
HamsaATIzaee daulvaisivanelugdvesnsmuieginm dwisumanuan

dy a d AN Yo Yy 9
HIZIIUTIWATTNNITHANITAUATICHA N ‘ﬂllﬂuﬂﬁuﬂsll'ﬂﬂﬂiﬁ/\lﬂiﬁ/\lulﬁllaﬁl

" a J aa a J Qy A
ﬂ1§1\3ﬁ f.1 Naﬂ'l‘i')!ﬂ'i15Wﬂ1@ﬂum@]ﬂﬁﬂlﬂﬂﬂaulﬂ°h'u‘ﬂ 3 99]}'381 Pro/MECHANICA Motion

A5 AT IYNVOI NS AT ANV Tunmanudesves

n %uﬁ 3 (r/s) éuﬁ 3 (r/sz) %uﬁ 3 (kg-mz)
0.0000 84.1299 37585.1100 0.0005276406
0.0010 115.5517 22308.7500 0.0005276406
0.0020 125.7673 2333.3700 0.0005276406
0.0030 109.2685 28544.9300 0.0005276406
0.0040 64.9438 54995.6000 0.0005276406
0.0050 5.1548 75423.0200 0.0005276406
0.0060 76.3958 74907.3000 0.0005276406
0.0070 129.5883 34578.8400 0.0005276406
0.0080 136.3061 19166.0300 0.0005276406
0.0090 103.0057 36175.8600 0.0005276406
0.0100 68.5620 32510.8700 0.0005276406
0.0110 41.2569 27026.7400 0.0005276406
0.0120 15.0725 25671.0800 0.0005276406
0.0130 12.7581 30104.9800 0.0005276406
0.0140 47.4048 37473.9500 0.0005276406
0.0150 86.8722 36763.5000 0.0005276406




v 4 1
M3197 1.2 Naﬂ”li?]minﬁﬂWﬂﬂu!M@ﬂ&%ﬂﬂﬂﬂqﬂ%uﬁ 4 ??])’JEJ Pro/MECHANICA Motion

ﬂ'ﬂ?»l!%?!%ﬂ?ﬁu‘ll@ﬂ ﬂ'ﬂll!i'\‘i!%\ﬁy»l‘llﬂﬂ Tumummaﬁtawm
o %‘Hﬁ 4 (r/s) %‘Hﬁ 4 (r/sz) %uﬁ 4 (kg-mz)
0.0000 83.0921 72662.1900 0.0004584141
0.0010 10.2514 68727.9200 0.0004584141
0.0020 52.9347 55889.3600 0.0004584141
0.0030 105.2864 48329.7400 0.0004584141
0.0040 153.4982 45155.4600 0.0004584141
0.0050 194.5902 37232.8100 0.0004584141
0.0060 218.2709 1586.4710 0.0004584141
0.0070 183.1455 70724.1900 0.0004584141
0.0080 76.5979 123682.5000 0.0004584141
0.0090 46.9526 105955.4000 0.0004584141
0.0100 135.3248 67068.7600 0.0004584141
0.0110 180.7858 33812.1300 0.0004584141
0.0120 199.4357 3484.4450 0.0004584141
0.0130 187.9810 26058.2100 0.0004584141
0.0140 145.6198 55904.4300 0.0004584141
0.0150 77.1158 72817.0100 0.0004584141
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v Y v
M99 1.3 HaMInI Iz launidndueana lnsun 3 28 Pro/MECHANICA Motion N3

7 1 dszansammuman lnil 100%

mﬂmmmnu X uﬁﬂmmmnu Y mﬂmmmnu VAR AR GEIRE]
o ™) ™) ™) ™)

0.0000 -2.5851E+09 2.1706E+02 -1.8190E-12 2.5851E+09
0.0010 -2.4151E+09 -1.5131E+06 -1.6485E-12 2.4151E+09
0.0020 -2.3013E+09 -2.7852E+06 -1.5916E-12 2.3013E+09
0.0030 -2.2923E+09 -1.8956E+06 -1.5348E-12 2.2923E+09
0.0040 -2.3908E+09 8.6919E+05 -1.6485E-12 2.3908E+09
0.0050 -2.5578E+09 5.8089E+06 -1.7621E-12 2.5579E+09
0.0060 -2.6867E+09 1.1821E+07 -1.8190E-12 2.6867E+09
0.0070 -2.6573E+09 1.4084E+07 -1.8190E-12 2.6573E+09
0.0080 -2.4994E+09 1.0607E+07 -1.7053E-12 2.4994E+09
0.0090 -2.3469E+09 6.2908E+06 -1.5916E-12 2.3469E+09
0.0100 -2.2828E+09 3.5198E+06 -1.6485E-12 2.2828E+09
0.0110 -2.3293E+09 1.5143E+06 -1.6485E-12 2.3293E+09
0.0120 -2.4704E+09 -4.3463E+04 -1.6485E-12 2.4704E+09
0.0130 -2.6353E+09 1.6963E+05 -1.8190E-12 2.6353E+09
0.0140 -2.6936E+09 2.1787E+06 -1.7621E-12 2.6936E+09
0.0150 -2.5856E+09 1.4755E+06 -1.7621E-12 2.5856E+09
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v Y v
M99 A.4 W3Rz launidndueana lnsun 3 28 Pro/MECHANICA Motion N3

v
=

7 2 dszansmuman lnil 70%

mﬂmmmnu X uﬁﬂmmmnu Y uifluumunu VAR TR9RGRIIRH]
o ™) ™) ™) ™)
0.0000 -1.9262E+09 2.1619E+02 0.0000E+00 1.9262E+09
0.0010 -1.7995E+09 -1.1274E+06 0.0000E+00 1.7995E+09
0.0020 -1.7148E+09 -2.0741E+06 0.0000E+00 1.7148E+09
0.0030 -1.7082E+09 -1.4100E+06 0.0000E+00 1.7082E+09
0.0040 -1.7817E+09 6.5182E+05 0.0000E+00 1.7817E+09
0.0050 -1.9063E+09 4.3345E+06 0.0000E+00 1.9063E+09
0.0060 -2.0022E+09 8.8127E+06 0.0000E+00 2.0022E+09
0.0070 -1.9800E+09 1.0491E+07 0.0000E+00 1.9801E+09
0.0080 -1.8623E+09 7.8961E+06 0.0000E+00 1.8623E+09
0.0090 -1.7487E+09 4.6819E+06 0.0000E+00 1.7487E+09
0.0100 -1.7011E+09 2.6188E+06 0.0000E+00 1.7011E+09
0.0110 -1.7359E+09 1.1249E+06 0.0000E+00 1.7359E+09
0.0120 -1.8412E+09 -3.4372E+04 0.0000E+00 1.8412E+09
0.0130 -1.9640E+09 1.2919E+05 0.0000E+00 1.9640E+09
0.0140 -2.0072E+09 1.6287E+06 0.0000E+00 2.0072E+09
0.0150 -1.9265E+09 1.1008E+06 0.0000E+00 1.9265E+09
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v Y v
M99 1.5 w3 nI 1z launidndueana lnsun 3 28 Pro/MECHANICA Motion N3

v
=

7 3 dszansmuman nil 50%

!!ixﬂ‘l«!!!‘“?!!ﬂ‘l! X uﬁﬂmmmnu Y mﬂmmmnu VAR QR GRITPR]
e ™) ™) ™) ™)

0.0000 -1.4871E+09 2.1662E+02 0.0000E+00 1.4871E+09
0.0010 -1.3894E+09 -8.7056E+05 0.0000E+00 1.3894E+09
0.0020 -1.3239E+09 -1.6020E+06 0.0000E+00 1.3239E+09
0.0030 -1.3188E+09 -1.0899E+06 0.0000E+00 1.3188E+09
0.0040 -1.3755E+09 5.0135E+05 0.0000E+00 1.3755E+09
0.0050 -1.4716E+09 3.3440E+06 0.0000E+00 1.4716E+09
0.0060 -1.5457E+09 6.8022E+06 0.0000E+00 1.5457E+09
0.0070 -1.5287E+09 8.1009E+06 0.0000E+00 1.5287E+09
0.0080 -1.4379E+09 6.0992E+06 0.0000E+00 1.4379E+09
0.0090 -1.3501E+09 3.6170E+06 0.0000E+00 1.3501E+09
0.0100 -1.3133E+09 2.0236E+06 0.0000E+00 1.3133E+09
0.0110 -1.3401E+09 8.7002E+05 0.0000E+00 1.3401E+09
0.0120 -1.4214E+09 -2.5567E+04 0.0000E+00 1.4214E+09
0.0130 -1.5162E+09 9.8885E+04 0.0000E+00 1.5162E+09
0.0140 -1.5496E+09 1.2556E+06 0.0000E+00 1.5496E+09
0.0150 -1.4874E+09 8.4943E+05 0.0000E+00 1.4874E+09
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d' Y kY A A Vo o A a 9
A1919N A.6 uuﬂummmmmummwummwuwmmummm ﬂﬂigﬁﬂ‘ﬁﬂTWﬂ"IﬁLNTllﬁiJ

90D 100%

ANUKINYRY | ANUIAUYRY |ANMAUKADNGITA|  VINAVDI
HYHAIMNA (m) | von Mises (Pa) © MIVIAGIGA (m)
1.0000E-02 1.9041E+13 8.9511E+01 2.5094E+00
1.9000E-02 1.0866E+13 5.2396E+01 1.3206E+00
2.8000E-02 7.8000E+12 3.7824E+01 8.9590E-01
3.7000E-02 6.1574E+12 2.9840E+01 6.7866E-01
4.6000E-02 5.1148E+12 2.4722E+01 5.4829E-01
5.5000E-02 4.3876E+12 2.1140E+01 4.6268E-01
6.4000E-02 3.8502E+12 1.8493E+01 4.0273E-01
7.3000E-02 3.4372E+12 1.6463E+01 3.5847E-01
8.2000E-02 3.1099E+12 1.4876E+01 3.2420E-01
9.1000E-02 2.8431E+12 1.3596E+01 2.9671E-01
1.0000E-01 2.6201E+12 1.2519E+01 2.7422E-01
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4' Y kY A A Vo o oA a 9
M3 9N A.7 uuﬂummmmmumamummwmmmgmummam ‘]Jigf’f‘ﬂ‘ﬁﬂTWﬂ"IiLNTllﬁll

N 70%

ANUKUIVOY | ANMAUYDY |ANMAUHANGITA|  VUIAVDI
MAGALRGE (m) | von Mises (Pa) ©) mi"ll‘ﬁlﬂq%m(m)
1.0000E-02 1.4189E+13 6.6700E+01 1.8699E+00
1.9000E-02 8.0968E+12 3.9044E+01 9.8404E-01
2.8000E-02 5.8122E+12 2.8185E+01 6.6759E-01
3.7000E-02 4.5882E+12 2.2236E+01 5.0571E-01
4.6000E-02 3.8114E+12 1.8422E+01 4.0857E-01
5.5000E-02 3.2695E+12 1.5753E+01 3.4477E-01
6.4000E-02 2.8690E+12 1.3780E+01 3.0010E-01
7.3000E-02 2.5613E+12 1.2267E+01 2.6712E-01
8.2000E-02 2.3174E+12 1.1085E+01 2.4158E-01
9.1000E-02 2.1186E+12 1.0131E+01 2.2110E-01
1.0000E-01 1.9524E+12 9.3290E+00 2.0434E-01
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d' 9 FY A A Vo o A a 9
MA1919N A.8 uuﬂummmmmumammmmwmmmmummam ‘]Ji%f’f‘ﬂ‘ﬁﬂ?‘Wﬂ"liLNTll‘ﬂll

N 50%

ANNWINUBY | ANAUTRS |AnaAundngegal  vinaves
HYHAIMNA (m) | von Mises (Pa) ©) MIVIAGIFA (m)
1.0000E-02 | 1.0954E+13 5.1493E+01 1.4436E+00
1.9000E-02 6.2507E+12 3.0145E+01 7.5963E-01
2.8000E-02 | 4.4855E+12 2.1755E+01 5.1534E-01
3.7000E-02 | 3.5393E+12 1.7155E+01 3.9037E-01
4.6000E-02 2.9390E+12 1.4209E+01 3.1539E-01
5.5000E-02 | 2.5189E+12 1.2138E+01 2.6614E-01
6.4000E-02 | 2.2122E+12 1.0621E+01 2.3168E-01
7.3000E-02 | 1.9694E+12 9.4312E+00 2.0656E-01
8.2000E-02 | 1.7811E+12 8.5084E+00 1.8692E-01
9.1000E-02 | 1.6277E+12 7.7591E+00 1.7107E-01
1.0000E-01 1.4996E+12 7.1351E+00 1.5793E-01




7.2 HaMINAIZHIIN Pro/MECHANICA §1%SUMHUS VIS Standard Design Study

Static Analysis 'P_100"

a d (Y]
fn.2.1 Nﬁfni'J!f"l’513ﬂ!!ﬂﬂﬂ]i%ﬂiiu!ﬂu!!iﬂﬂu

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

A A a a Y 1w
- nIanl ﬂizﬁ’%‘ﬁﬂ1‘1/‘|ﬂﬁm1vlﬂllm1ﬂﬂ 100%

Convergence Loop Log: (15:14:26)
ProMECHANICA STRUCTURE Version 23.3(311) >> Pass 1 <<
Summary for Design Study 'P_100" Calculating Element Equations (16:14:27)
Sun Aug 25, 2002 15:14:17 Total Number of Equations: 7470
Maximum Edge Order: 3
Solving Equations (15:14:29)
Run Settings X Post-Processing Solution (15:14:32)
Memory allocation for block solver:4s0 X
Checking Convergence (15:14:34)
Checking the model before creating elements. Resource Check (15:14:35)
These checks take into account the fact that AutoGEM will Elapsed Time (sec): 1866
automatically create elements in volumes with material CPU Time (sec): 1521
properties, on surfaces with shell properties, and on curves Memory Usage (kb): 110482
with beam section properties Wrk Dir Dsk Usage (kb) 8192
Generate elements automatically. >> Pass 2 <<
Calculating Element Equations (15:14:36)

Checking the model after creating elements.. .
Total Number of Equations: 12807

No errors were found in the model Maximum Edge Order: 8
Solving Equations (16:14:52)
ProMECHANICA STRUCTURE Model Summary Post-Processing Solution (15:14:58)
Checking Convergence (15:15:05)
Principal System of Units:Meter Kilogram Second (MKS) Calculating Disp and Stress Results (15:15:10)
Length m RMS Stress Error Estimates:
Mass kg
Time sec Load Set Stress Error %of Max Prin Str
Temperature: K I —
LoadsSett 236€+09  20% Oof  1.19e+11
Model Type:Three Dimensional
Resource Check (15:15:15)
Points 176 Elapsed Time (sec): 5867
Edges 835 CPU Time (sec): 4886
Faces 1168 Memory Usage (kb): 130358
Wrk Dir Dsk Usage (kb): 23552
Springs 0
Masses 0 Total Mass of Model: 5.551848e-01
Beams 0
Shells 0 Total Cost of Model: 0.000000e+00
Solids 509
Mass Moments of Inertia about WCS Origin:
Elements 509

IxX: 6.41706€-04
Ixy:-4.19984e-04  Iyy: 3.34791€-03
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Ixz: 1.05951€-03 Iyz: 165257€-04 Izz: 2.83783€-03
Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
3.41177€-03 3.30871€-03 1.56965€-04

WCS X:-1.35371€-01 3.67255e€-01 9.20217e-01
WCS Y: 9.90046e-01 1.40265€-02 1.40045€-01
WCS Z: 3.85249e-02 9.30015€-01 -3.65498e-01

Center of Mass Location Relative to WCS Origin
(6.87705€-02,  1.10000€-02, -2.70601€-02)

Mass Moments of Inertia about the Center of Mass

IXX: 167995€-04
Ixy:-6.11494e-13  Iyy: 3.15696€-04
Ixz: 263492€-05 Iyz:486427€-12 Izz: 1.94969€-04

Principal MMOI and Principal Axes Relative to COM:

Max Prin Mid Prin Min Prin
3.15696€-04 2.11082€-04 1.51882€-04

WCS X: 3.17119e-09 5.21715e-01 8.53120e-01
WCS Y: 1.00000e+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834e-08 8.53120e-01 -5.21715e-01

Constraint Set:ConstraintSets
Load Set:LoadSet1

Resultant Load on Model
in global X direction: 2.606306e-09
in global Y direction: 3381632e+04
in global Z direction:-s216427€-09

Measures

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam total: 0.000000e+00
max_disp_mag: 5000000e-04
max_disp_x:  5000000e-04
max_disp_y 2.090447€-04
max_disp_z:  5000000e-04
max_prin_mag: -1.18sa7e+11
max_rot_mag: 0.000000€+00
max_rot_x 0.000000€+00
max_rot_y 0.000000€+00
max_rot_z 0.000000€+00

max_stress_prin: 1.066126e+11
max_stress_vm 1.251862e+11
max_stress_xx: -1.067165€+11
max_stress_xy: 2446331€+10
max_stress_xz: -5270100e+10
max_stress_yy: 4305021€+10
max_stress_yz: -1.776152€+10
max_stress_zz: 7.000474€+10
min_stress_prin: -1.185847e+11
strain_energy: 3695348€+03

Analysis 'P_100Completed (15:15:15)

Memory and Disk Usage:

Machine Type:Windows NT/xs6
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds) 58.95

Total CPU Time (seconds): 48.98

Maximum Memory Usage (kilobytes): 130358
Working Directory Disk Usage (kilobytes): 23552

Results Directory Size (kilobytes)
6309.\P_100

Maximum Data Base Working File Sizes (kilobytes)
20480 \P_100.tmp\kelibas
3072.\P_100.tmp\oelibas

Run Completed
Sun Aug 25, 2002 151515

A a A Y 1w
- NIUN2 ﬂizammwmstm"lwummu 70%

ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study 'P_70"
Sun Aug 25, 2002 15:16:13

Run Settings
Memory allocation for block solver:4so

Checking the model before creating elements..

6Sl



These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Generate elements automatically.
Checking the model after creating elements..
No errors were found in the model
ProMECHANICA STRUCTURE Model Summary

Principal System of Units:Meter Kilogram Second (MKS)

Length m
Mass kg
Time sec
Temperature: K

Model Type:Three Dimensional

Points 176
Edges 835
Faces 1168
Springs 0
Masses 0
Beams 0
Shells 0
Solids 509
Elements 509

Standard Design Study
Static Analysis 'P_7o:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (15:16:22)
>> Pass 1 <<
Calculating Element Equations (15:16:23)
Total Number of Equations: 7470
Maximum Edge Order: 3
Solving Equations (15:16:24)
Post-Processing Solution (15:16:27)
Checking Convergence (15:16:29)
Resource Check (16:16:30)

Elapsed Time (sec): 1803
CPU Time (sec): 1521
Memory Usage (kb): 110482
Wrk Dir Dsk Usage (kb): 8192

>> Pass 2 <<

Calculating Element Equations (15:16:30)
Total Number of Equations: 12807
Maximum Edge Order: 8
Solving Equations (15:16:46)
Post-Processing Solution (15:16:52)
Checking Convergence (15:16:58)
Calculating Disp and Stress Results (15:17:04)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str
LoadsSett 236€+09  20% of  1.19e+11
Resource Check (15:17:08)
Elapsed Time (sec): 5619
CPU Time (sec): 4837
Memory Usage (kb): 130358

Wrk Dir Dsk Usage (kb): 23552
Total Mass of Model: 5.551848€-01
Total Cost of Model: 0.000000e+00
Mass Moments of Inertia about WCS Origin:
IXX: 6.41706€-04

Ixy:-4.19984e-04  Iyy: 3.34791€-03
Ixz: 1.05951€-03 Iyz: 1.65257€-04 Lzz: 2.88783€-03

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
3.41177€-03 3.30871€-03 1.56965€-04

WCS X:-1.35371e-01 3.67255€-01 9.20217€-01
WCS Y: 9.90046e-01 1.40265€-02 1.40045€-01
WCS Z: 3.85249€-02 9.30015€-01 -3.65498€-01

Center of Mass Location Relative to WCS Origin:

(6.87705€-02,  1.10000€-02, -2.70601€-02)
Mass Moments of Inertia about the Center of Mass:

Ixx: 167995€-04
Ixy:-6.11494e-13 Lyy: 3.15696€-04

961



Ixz: 263492e-05 Lyz: 486427€-12  1zz: 1.94969€-04 Machine Type:Windows NT/xs6
RAM Allocation for Solver (megabytes)4so
Principal MMOI and Principal Axes Relative to COM
Total Elapsed Time (seconds) 56.46
Max Prin Mid Prin Min Prin Total CPU Time (seconds): 48.50
315696804 2.110828-04 151862804 Maximum Memory Usage (kilobytes): 130358

Working Directory Disk Usage (kilobytes): 23552
WCS X:317119€-09  521715€-01  853120€-01 g y ge ( Yy )

WCS Y: 1.00000e+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834e-08 8.53120e-01 -6.21715€-01

Results Directory Size (kilobytes)
6309.\P_70

Constraint Set:ConstraintSets
Maximum Data Base Working File Sizes (kilobytes)

20480 \P_70.tmp\kelibas
3072 \P_7o.tmp\oelibas

Load Set:LoadSet1

Resultant Load on Model
in global X direction:-5.545026e-09

in global Y direction: 2519946e+04 Run Completed

in global Z direction:-5372004e-09 Sun Aug 25, 2002 15:17:08

Measures

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00

dd’ a A Y 1w
max_beam_torsion; 0000000e+00 - NIUN3 ‘]J’i&ﬁ“l/l‘ﬁﬂ?Wﬂ"liLW']"h’iilm']ﬂU 50%

max_beam total: 0.000000e+00

max_disp_mag: 5.000000e-04
ProMECHANICA STRUCTURE Version 233@11)

Summary for Design Study "P_s0"

max_disp_x: 5.000000€-04
max_disp_y 2.084860€-04

max_disp_z 5.000000€-04 Sun Aug 25, 2002 15:11:30

max_prin_mag: -1.185896e+11

max_rot mag 0.000000€+00 .
— — Run Settings

max_rot_x 0:000000€+00 Memory allocation for block solver:4s0

max_rot_y 0.000000€+00

max_rot_z 0.000000€-+00 Checking the model before creating elements..
max_stress_prin: 1066476e+11 These checks take into account the fact that AutoGEM will
max_stress_vm:  1.251849e+11 automatically create elements in volumes with material

max stress xx: -1.067202e+11 properties, on surfaces with shell properties, and on curves

with m ion pr rties.
max_stress_xy: 2445787€+10 th beam section properties

max_stress_xz: -5270005€+10 .
- - Generate elements automatically.
max_stress_yy: 4.306328e+10
max_stress_yz: -1.776031€+10 Checking the model after creating elements..

max_stress_zz: 6999852e+10

min_stress_prin: -1.185896e+11 No errors were found in the model.

strain_energy: 3695337€+03

ProMECHANICA STRUCTURE Model Summary
Analysis 'P_70Completed (15:17:08)
Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Memory and Disk Usage Mass: kg
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Time sec
Temperature: K

Model Type:Three Dimensional

Points 176
Edges 835
Faces 1168
Springs 0
Masses 0
Beams 0
Shells 0
Solids 509
Elements 509

Standard Design Study

Static Analysis 'P_s0:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log (15:11:39)

>> Pass 1 <<

Calculating Element Equations
Total Number of Equations: 7470
Maximum Edge Order 3

Solving Equations

Post-Processing Solution

Checking Convergence

Resource Check

Elapsed Time (sec): 1862
CPU Time (sec): 1520
Memory Usage (kb): 110482

Wrk Dir Dsk Usage (kb): 8192

>> Pass 2 <<
Calculating Element Equations
Total Number of Equations: 12807
Maximum Edge Order 8
Solving Equations
Post-Processing Solution
Checking Convergence

Calculating Disp and Stress Results

RMS Stress Error Estimates

(15:11:40)
(15:11:42)
(15:11:45)
(15:11:46)
(15:11:48)
(15:11:48)
(15:12:04)
(15:12:10)
(15:12:16)
(15:12:22)

Load Set Stress Error %of Max Prin Str

LoadSet1 236e+09  20% of  1.19e+11

Resource Check (15:12:27)
Elapsed Time (sec): 5742
CPU Time (sec): 4854
Memory Usage (kb): 130358

Wrk Dir Dsk Usage (kb): 23552
Total Mass of Model: 5551848e-01
Total Cost of Model: 0.000000€+00
Mass Moments of Inertia about WCS Origin

IXX: 6.41706€-04
Ixy:-4.19984e-04 Lyy: 334791€-03
Ixz: 1.05951€-03 Iyz: 165257€-04 Lzz: 2.88783€-03

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
341177€-03  3.30871€-03  1.56965€-04

WCS X:-1.35371€-01 3.67255e-01 9.20217€-01
WCS Y: 9.90046€-01 1.40265€-02 1.40045€-01
WCS Z: 3.85249e-02 9.30015e-01 -3.65498€-01

Center of Mass Location Relative to WCS Origin:
(6.87705€-02,  1.10000€-02, -2.70601€-02)

Mass Moments of Inertia about the Center of Mass:

Ixx: 167995€-04
Ixy:-6.11494€-13  Iyy: 3.15696€-04
Ixz: 263492005 Iyz: 48642712 Lzz: 1.94969€-04

Principal MMOI and Principal Axes Relative to COM:

Max Prin Mid Prin Min Prin
3.15696€-04  2.11082€-04  1.51882€-04

WCS X: 3.17119e-09 5.21715€-01 8.53120e-01
WCS Y: 1.00000€+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834€-08 8.53120e-01 -5.21715€-01

Constraint Set:ConstraintSets
Load Set:LoadSet1

Resultant Load on Model
in global X direction: 2220716e-09
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in global Y direction: 1.945489e+04

in global Z direction:-8813813e-10 Run Completed
Sun Aug 25, 2002 151227
Measures

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00

a d a
max_beam_total: 0.000000e+00 A.2.2 FaNTANTTHHINITENTINYUHHNIN

max_disp_mag: 5000000e-04

d ¥
S Pro/MECHANICA Thermal
ax_disp_y 2.081135€-04
max_disp_z 5.000000€-04

dd’ a A Y 1w
max_prin_mag: -l.igssoe+i - TNl ‘]J’igﬁﬂ‘ﬁﬂWWﬂ"ﬁ!Pﬂvh’iilm']ﬂ‘U 100%

max_rot_mag: 0.000000€+00

max_rot_x: 0.000000€+00
max_rot_y: 0.000000€+00 ProMECHANICA THERMAL Version 233(311)
max_rot_z 0.000000€+00 Summary for Design Study ‘heatioo_th'

max_stress_prin: 1.066709e+11 Sat Sep 14, 2002 23:29:55

max_stress_vm: 1.251841€+11

max stress xx: -1.067227e+11 .
- - Run Settings

max_stress_xy: 2445424e+10 Memory allocation for block solver:4so

max_stress_xz: -5269942e+10

max_stress_yy: 4307199e+10 Checking the model before creating elements..

max_stress_yz: -1.775951€+10 These checks take into account the fact that AutoGEM will
max_stress_zz: 6999437e+10 automatically create elements in volumes with material
min_stress prin: -11sse0e-+11 properties, on surfaces with shell properties, and on curves

with beam section properties.
strain_energy: 3695331€+03

Analysis 'P_soCompleted (15:12:27) Generate elements automatically.

Checking the model after creating elements..

Memory and Disk Usage No errors were found in the model.

Machine Type:Windows NT/xgs ProMECHANICA THERMAL Model Summary

RAM All ti f Sol byt 48.0
ocation for Solver (megabytes) Principal System of Units:Meter Kilogram Second (MKS)

Total Elapsed Time (seconds):57.65
Length: m
Total CPU Time (seconds): 48.67
K Mass: kg
Maximum Memory Usage (kilobytes): 130358 .
Time: sec
Working Directory Disk Usage (kilobytes): 23552
Temperature: K

Results Directory Size (kilobytes) Model Type:Three Dimensional

6309.\P_50
X X X X Points: 176
Maximum Data Base Working File Sizes (kilobytes)
el1b Edges: 835
20480 \P_s0.tmp\kelibas Faces: 1168
3072 \P_s0.tmp\oelibas
Beamns: 0
Shells: 0
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Solids 509

Elements 509

Standard Design Study
Transient Thermal Analysis 'heattoo_th

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Begin Time Stepping (23:30:01)
Time Range
Min: 0.00000e+00 Max: 350000€-03
Summing Load Sets
Load Set:ThermLoadSets

>> Step 1 <<

Calculating Element Equations (23:30:01)
Total Number of Equations: 3014
Maximum Edge Order 3

Resource Check (23:30:06)
Elapsed Time (sec): 13.09
CPU Time (sec):  92.00
Memory Usage (kb): 113560

Wrk Dir Dsk Usage (kb): 2048

>> Step 2 <<
Calculating Element Equations (23:30:08)
Total Number of Equations: 5129
Maximum Edge Order: 6

Full Results for Time: 0.00000e+00

Calculating Temp and Flux Results (23:30:18)
Resource Check (23:30:19)
Elapsed Time (sec): 26.86
CPU Time (sec). 2089
Memory Usage (kb): 116974

Wrk Dir Dsk Usage (kb): 6144

>> Step 3 <<
Time: 0.00000€+00

>> Step 4 <<

Calculating Element Equations (23:30:23)
Total Number of Equations: 5466
Maximum Edge Order 6

Resource Check (23:30:32)
Elapsed Time (sec): 3940

CPU Time (sec): 3173
Memory Usage (kb): 116974
Wrk Dir Dsk Usage (kb): 6144

>> Step 5 <<
Time: 3.25621€-07
Calculating Element Equations
Total Number of Equations: 5404

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 4483

CPU Time (sec): 3632

Memory Usage (kb): 116974

Wrk Dir Dsk Usage (kb): 6144

>> Step 6 <<
Calculating Element Equations
Total Number of Equations: 5656

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 5319

CPU Time (sec): 4350

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 7 <<
Time: 7.59844€-07
Calculating Element Equations
Total Number of Equations: s677
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 5884
CPU Time (sec): 4818
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 8 <<
Calculating Element Equations
Total Number of Equations: 5806
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 67.35
CPU Time (sec): 5541
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 9 <<
Time: 1.33889€-06
Calculating Element Equations
Total Number of Equations: 5866

(23:30:32)

(23:30:37)

(23:30:37)

(23:30:46)

(23:30:46)

(23:30:51)

(23:30:52)

(23:31:00)

(23:31:00)
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Maximum Edge Order:

6

Resource Check (23:31:08)
Elapsed Time (sec): 7541
CPU Time (sec): 6232
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 6144
>> Step 10 <<
Time: 2.11106€-06
Calculating Element Equations (23:31:08)
Total Number of Equations: 5982
Maximum Edge Order 6
Resource Check (23:31:15)
Elapsed Time (sec): 8270
CPU Time (sec): 6855
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 6144
>> Step 11 <<
Calculating Element Equations (23:31:15)
Total Number of Equations: 6204
Maximum Edge Order: 6
Resource Check (23:31:23)
Elapsed Time (sec):  90.01
CPU Time (sec): 7482
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 6144
>> Step 12 <<
Calculating Element Equations (23:31:23)
Total Number of Equations: 6284
Maximum Edge Order: 6
Resource Check (23:31:31)
Elapsed Time (sec): 9866
CPU Time (sec): 8222
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 6144
>> Step 138 <<
Time: 3.14076€-06
>> Step 14 <<
Calculating Element Equations (23:31:36)
Total Number of Equations: 6455
Maximum Edge Order: 6
Resource Check (23:31:44)

Elapsed Time (sec)
CPU Time (sec)
Memory Usage (kb):

Wrk Dir Dsk Usage (kb

111.62

93.29

133358
6144

>> Step 15 <<
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 11936
CPU Time (sec): 99.88
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 16 <<
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 12863
CPU Time (sec): 107.81
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 17 <<
Time: 4.80076€-06

>> Step 18 <<
Calculating Element Equations

Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 146.16

CPU Time (sec): 12308

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 19 <<
Calculating Element Equations
Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 159.66

CPU Time (sec): 13464

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 20 <<
Time: 6.66911€-06
Calculating Element Equations

Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 170.08

6645

6727

7610

8078

8123

(23:31:44)

(23:31:52)

(23:31:52)

(23:32:01)

(23:32:07)

(23:32:19)

(23:32:19)

(23:32:32)

(23:32:32)

(23:32:43)
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CPU Time (sec): 14360
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 8192

>> Step 21 <<
Time: 9.16059€-06
Calculating Element Equations
Total Number of Equations: 8141

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 178.87

CPU Time (secy 15117

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 22 <<
Calculating Element Equations
Total Number of Equations: 8276

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 19064

CPU Time (sec): 161.19

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 23 <<
Time: 1.24830e-05

>> Step 24 <<
Time: 1.86082€-05
Calculating Element Equations
Total Number of Equations: 8283

Maximum Edge Order 6
Resource Check

Elapsed Time (sec): 20891

CPU Time (sec). 176.69

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 25 <<
Calculating Element Equations
Total Number of Equations: 8391

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 22092

CPU Time (sec). 187.02

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 26 <<

(23:32:43)

(23:32:51)

(23:32:52)

(23:33:03)

(23:33:13)

(23:33:21)

(23:33:22)

(23:33:33)

Time: 267762e-05

>> Step 27 <<
Time: 3.59031€-05

>> Step 28 <<
Time: 5.49511€-05

>> Step 29 <<
Time: 8.26247€-05

>> Step 30 <<
Time: 1.23645€-04
Resource Check

Elapsed Time (sec): 26747
CPU Time (sec): 22821
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb) 10240

>> Step 31 <<
Time: 1.86665€-04

>> Step 32 <<
Time: 2.89865€-04
Calculating Element Equations
Total Number of Equations: 7957
Maximum Edge Order: 6

Full Results for Time: 3.50000e-04
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 29177
CPU Time (sec): 24942
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 33 <<
Time: 3.50000e-04

>> Step 34 <<
Time: 456556€-04

Full Results for Time: 7.00000e-04
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 309.20
CPU Time (sec): 26484
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 3 <<

(23:34:20)

(23:34:30)

(23:34:42)
(23:34:44)

(23:35:00)
(23:35:02)
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Time: 7.00000e-04

Full Results for Time: 1.05000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec)
CPU Time (sec)
Memory Usage (kD)

Wrk Dir Dsk Usage (kb)

>> Step 3 <<
Time: 1.05000€-03

318.18

272.60

133358
10240

Calculating Element Equations

Total Number of Equations

Maximum Edge Order

Full Results for Time: 1.40000e-03

Resource Check

Elapsed Time (sec)
CPU Time (sec)
Memory Usage (kb

Wrk Dir Dsk Usage (kb

>> Step 37 <<
Time: 1.40000e-03

Full Results for Time: 1.75000e-03
Calculating Temp and Flux
Resource Check

Elapsed Time (sec)
CPU Time (sec)
Memory Usage (kby:

Wrk Dir Dsk Usage (kb

>> Step 38 <<
Time: 1.75000€-03

Full Results for Time: 2.10000e-03
Calculating Temp and Flux

Resource Check

Elapsed Time (sec)
CPU Time (sec)
Memory Usage (kb):

Wrk Dir Dsk Usage (kb)

>> Step 39 <<
Time: 2.10000€-03

Full Results for Time: 245000e-03
Calculating Temp and Flux Results

6

Calculating Temp and Flux Results

333.52

285.98
133358
10240

Results

341.32

292.88

133358
10240

Results

349.24

299.75
133358
10240

(23:35:08)
(23:35:11)

(23:35:11)

(23:35:24)
(23:35:26)

(23:35:32)
(23:35:34)

(23:35:40)
(23:35:42)

(23:35:48)

Resource Check

Elapsed Time (sec): 357.38
CPU Time (sec): 306.91
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240
>> Step 40 <<
Time: 2.45000e-03
Calculating Element Equations
Total Number of Equations: 5598
Maximum Edge Order: 6

Full Results for Time: 2.80000e-03

Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 368.32
CPU Time (sec): 31642
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 41 <<
Time: 2.80000€-03

Full Results for Time: 3.15000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 37457
CPU Time (sec): 32191
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 42 <<
Time: 3.15000€-03

Full Results for Time: 3.50000e-03
Calculating Temp and Flux Results

Resource Check
Elapsed Time
CPU Time
Memory Usage

Wrk Dir Dsk Usage (kb)

380.79
327.45
133358

10240

Maximum Temperature Variation:
3.34€+01

Temperature Variation estimated from heat loads:

6.27€+02

(23:36:50)

(23:35:50)

(23:35:50)
(23:36:01)

(23:36:05)
(23:36:07)

(23:36:12)
(23:36:13)

“Warning:The estimated temperature variation is much

larger than the computed maximum temperature
variation. This may result in a solution that

does not meet the desired accuracy
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Total Mass of Model: 5551848e-01 No errors were found in the model.

Total Cost of Model: 0.000000€+00 Pro/MECHANICA THERMAL Model Summary
Analysis *heatioo_th'Completed (23:36:13) Principal System of Units:Meter Kilogram Second (MKS)
Length: m
Memory and Disk Usage Mass: kg
Time: sec
Machine Type:Windows NT/xss Temperature: K

RAM Allocation for Solver (megabytes)4so
Model Type:Three Dimensional
Total Elapsed Time (seconds):380.99

Total CPU Time (seconds): 327.54 Points: 176
Maximum Memory Usage (kilobytes): 133358 Edges: 835
Working Directory Disk Usage (kilobytes): 10240 Faces: 1168
Results Directory Size (kilobytes) Beams: 0
26588. \heat100_th Shells: 0
Solids: 509

Maximum Data Base Working File Sizes (kilobytes)
5120.\heat1ioo_th.tmp\kelibas Elements: 509
5120 \heat1o0_th.tmp\melibas

Run Completed Standard Design Study

Sat Sep 14, 2002 23:36:14
Transient Thermal Analysis ‘heat7o_th=

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

- st 2 Uszansmmmaen Iuiiiiny 70% Begin Time Stepping seszs)

Time Range:

Min: 0.00000e+00 Max: 3.50000€-03
ProMECHANICA THERMAL Version 233(311) Summing Load Sets:
Summary for Design Study ‘heatro_th Load Set:ThermLoadSets

Sat Sep 14, 2002 23:55:24

>> Step 1 <<

Calculating Element Equations (23:55:29)
Run Settings Total Number of Equations: 3014
Memory allocation for block solver:4so Maximum Edge Order: 3
X X Resource Check (23:55:34)
Checking the model before creating elements.
. . Elapsed Time (sec): 1063
These checks take into account the fact that AutoGEM will cPU T :
automatically create elements in volumes with material ime (secy 908
properties, on surfaces with shell properties, and on curves Memory Usage (kb): 113560
with beam section properties Wrk Dir Dsk Usage (kb): 2048
Generate elements automatically. >> Step 2 <<
Calculating Element Equations (23:55:34)
Checking the model after creating elements.. Total Number of Equations: 5129
Maximum Edge Order: 6
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Full Results for Time: 0.00000e+00

Calculating Temp and Flux Results

Resource Check

Elapsed Time (sec): 2514
CPU Time (sec): 2129
Memory Usage (kb): 116974

Wrk Dir Dsk Usage (kb): 6144
>> Step 3 <<
T1ime: 0.00000€+00

>> Step 4 <<
Calculating Element Equations
Total Number of Equations
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 3843
CPU Time (sec): 3260
Memory Usage (kb): 116974

Wrk Dir Dsk Usage (kb): 6144

>> Step 5 <<
Time: 3.25621€-07
Calculating Element Equations
Total Number of Equations
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 4486
CPU Time (sec): 3762
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 6 <<
Calculating Element Equations
Total Number of Equations

Maximum Edge Order 6
Resource Check

Elapsed Time (sec): 5379

CPU Time (sec). 4509

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 7 <<
Time: 7.59844€-07
Calculating Element Equations
Total Number of Equations
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 59.99
CPU Time (sec). 5019
Memory Usage (kb): 133358

(23:55:47)
(23:55:49)

(23:56:53)

(23:56:02)

(23:56:02)

(23:56:08)

(23:56:08)

(23:56:17)

(23:56:17)

(23:56:23)

Wrk Dir Dsk Usage (kb): 6144

>> Step 8 <<
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 6919
CPU Time (sec): 57.84
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 9 <<
Time: 1.33889€-06
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 77.84
CPU Time (sec): 6493
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 10 <<
Time: 2.11106€-06
Calculating Element Equations
Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 859

CPU Time (sec): 7157

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 11 <<
Calculating Element Equations
Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 9390

CPU Time (sec): 7824

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 12 <<
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check
Elapsed Time (sec): 103.28

5806

5866

5982

6204

6284

(23:56:23)

(23:56:33)

(23:56:33)

(23:56:41)

(23:56:41)

(23:56:49)

(23:56:49)

(23:56:57)

(23:56:57)

(23:57:07)
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CPU Time (sec):  86.04
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 6144

>> Step 138 <<
Time: 3.14076€-06

>> Step 14 <<
Calculating Element Equations
Total Number of Equations: 6455

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 11750

CPU Time (sec):  98.00

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 15 <<
Calculating Element Equations
Total Number of Equations: 6645

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 126.06

CPU Time (sec):  104.94

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 16 <<
Calculating Element Equations
Total Number of Equations: 6727

Maximum Edge Order 6
Resource Check

Elapsed Time (sec): 136.67

CPU Time (sec). 11354

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 17 <<
Time: 4.80076€-06

>> Step 18 <<
Calculating Element Equations
Total Number of Equations: 7610
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 15574
CPU Time (sec). 129.76
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

(23:57:12)

(23:57:21)

(23:57:21)

(23:57:29)

(23:57:30)

(23:57:40)

(23:57:46)

(23:57:59)

>> Step 19 <<
Calculating Element Equations
Total Number of Equations: 8o7s
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 17031
CPU Time (sec): 14202
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 20 <<
Time: 6.66911€-06
Calculating Element Equations
Total Number of Equations: 8123
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 181.86
CPU Time (sec): 15169
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 21 <<
Time: 9.16059€-06
Calculating Element Equations
Total Number of Equations: 8141

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 19165

CPU Time (sec): 159.75

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 22 <<
Calculating Element Equations
Total Number of Equations: 8276
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 20546
CPU Time (sec): 170.28
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 23 <<
Time: 1.24830e-05

>> Step 24 <<
Time: 1.86082e-05
Calculating Element Equations
Total Number of Equations: 8283
Maximum Edge Order: 6

(23:57:59)

(23:58:14)

(23:58:14)

(23:58:25)

(23:58:25)

(23:58:35)

(23:58:35)

(23:58:49)

(23:58:59)
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Resource Check

Elapsed Time (sec): 22539
CPU Time (sec): 187.20
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240
>> Step 25 <<
Calculating Element Equations
Total Number of Equations: 8391
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 23871
CPU Time (sec): 198.27
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 26 <<
Time: 2.67762e-05

>> Step 27 <<
Time: 3.59031€-05

>> Step 28 <<
Time: 5.49511€-05

>> Step 29 <<
Time: 8.26247€-05

>> Step 30 <<
Time: 1.23645€-04
Resource Check

Elapsed Time (sec): 289.26
CPU Time (sec): 24290
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 31 <<
Time: 1.86665€-04

>> Step 32 <<
Time: 2.89865€-04
Calculating Element Equations
Total Number of Equations: 7957
Maximum Edge Order: 6

Full Results for Time: 3.50000e-04
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 31543
CPU Time (sec). 26552
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

(23:59:09)

(23:59:09)

(23:59:22)

(00:00:13)

(00:00:23)

(00:00:37)
(00:00:39)

>> Step 33 <<
Time: 3.50000€-04

>> Step 3 <<

Time: 4.56556€-04

Full Results for Time: 7.00000e-04
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 33430
CPU Time (sec):. 28217
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 3 <<
Time: 7.00000e-04

Full Results for Time: 1.05000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 344.05
CPU Time (sec): 290.80
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 36 <<
Time: 1.05000e-03
Calculating Element Equations
Total Number of Equations: 7075
Maximum Edge Order: 6

Full Results for Time: 1.40000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 36020
CPU Time (sec): 30467
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step a7 <<
Time: 1.40000€-03

Full Results for Time: 1.75000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 36879
CPU Time (sec): 31223
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 3 <<

(00:00:55)
(00:00:58)

(00:01:08)
(00:01:07)

(00:01:08)

(00:01:21)
(00:01:24)

(00:01:30)
(00:01:32)
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Time: 1.75000e-03

Full Results for Time: 2.10000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 37720
CPU Time (sec): 319.56
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 39 <<
Time: 2.10000e-03

Full Results for Time: 2.45000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 38573
CPU Time (sec): 32713
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb) 10240

>> Step 40 <<
Time: 2.45000e-03
Calculating Element Equations
Total Number of Equations: 5598
Maximum Edge Order 6

Full Results for Time: 2.80000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 396.83
CPU Time (sec): 33663
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 41 <<
Time: 2.80000€-03

Full Results for Time: 3.15000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 40323
CPU Time (sec). 34224
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 42 <<
Time: 3.15000€-03

Full Results for Time: 350000-03
Calculating Temp and Flux Results
Resource Check

(00:01:38)
(00:01:41)

(00:01:47)
(00:01:49)

(00:01:49)

(00:01:58)
(00:02:00)

(00:02:08)
(00:02:07)

(00:02:11)
(00:02:13)

Elapsed Time (sec): 409.62
CPU Time (sec): 347.84
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 10240

Maximum Temperature Variation:

Temperature Variation estimated from heat loads:

2.34e+01

4.39e+02

“Warning:The estimated temperature variation is much

larger than the computed maximum temperature
variation.This may result in a solution that
does not meet the desired accuracy.

Total Mass of Model: 5551848e-01

Total Cost of Model: 0.000000e+00

Analysis ‘heat7o_th'Completed (00:02:13)

Memory and Disk Usage:

Machine Type:Windows NT/xss
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds):409.79
Total CPU Time (seconds): 347.93

Maximum Memory Usage (kilobytes): 133358
Working Directory Disk Usage (kilobytes): 10240

Results Directory Size (kilobytes)
26589. \heat7o_th

Maximum Data Base Working File Sizes (kilobytes)
5120 \heat7o_thtmp\kelibas
5120 \heat7o_thtmp\melibas

Run Completed

Sun Sep 15,

2002 00:02:13
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ProMECHANICA THERMAL Version 233(311)
Summary for Design Study ‘heatso_th"
Sat Sep 14, 2002 23:46:16

Run Settings

Memory allocation for block solver:4so
Checking the model before creating elements.
These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Generate elements automatically.
Checking the model after creating elements..
No errors were found in the model
ProMECHANICA THERMAL Model Summary
Principal System of Units:Meter Kilogram Second (MKS)

Length m
Mass kg
Time sec
Temperature: K

Model Type:Three Dimensional

Points 176
Edges 835
Faces 1168
Beams 0
Shells 0
Solids 509
Elements 509

Standard Design Study

Transient Thermal Analysis ‘heatso th-

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Begin Time Stepping
Time Range

Min: 0.00000e+00 Max: 3.50000e-03

Summing Load Sets
Load Set:ThermLoadSets

>> Step 1 <<

Calculating Element Equations

Total Number of Equations: 3014

Maximum Edge Order

Resource Check
Elapsed Time
CPU Time
Memory Usage

(sec):
(sec):
(kb):

Wrk Dir Dsk Usage (kb)

>> Step 2 <<

3

10.73

9.1
113560

2048

Calculating Element Equations

Total Number of Equations: 5129

Maximum Edge

Order:

Full Results for Time: 0.00000e+00

Calculating Temp and Flux Results

Resource Check
Elapsed Time
CPU Time
Memory Usage

(sec):
(sec):
(kb):

Wrk Dir Dsk Usage (kb

>> Step 3 <<
Time: 0.00000€+00

>> Step 4 <<

6

24.63

21.09

116974
6144

Calculating Element Equations

Total Number of Equations: 5466

Maximum Edge
Resource Check
Elapsed Time
CPU Time
Memory Usage

Order

(sec):
(sec):
(kb):

Wrk Dir Dsk Usage (kb

>> Step 5 <<
Time: 3.25621€-07

6

37.74

32.45

116974
6144

Calculating Element Equations

Total Number of Equations: 5494

Maximum Edge

Resource Check
Elapsed Time
CPU Time

Order:

(sec):
(sec):

6

43.60
37.40

(23:46:21)

(23:46:22)

(23:46:26)

(23:46:26)

(23:46:38)
(23:46:40)

(23:46:44)

(23:46:53)

(23:46:53)

(23:46:59)
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Memory Usage (kb): 116974
Wrk Dir Dsk Usage (kb): 6144

>> Step 6 <<
Calculating Element Equations
Total Number of Equations

Maximum Edge Order 6
Resource Check

Elapsed Time (sec): 5215

CPU Time (sec): 4485

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144
>> Step 7 <<
Time: 7.59844€-07
Calculating Element Equations
Total Number of Equations

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 5810

CPU Time (sec): 4984

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 8 <<
Calculating Element Equations
Total Number of Equations

Maximum Edge Order 6
Resource Check

Elapsed Time (sec): 66.87

CPU Time (sec). 5749

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 9 <<
Time: 1.33889€-06
Calculating Element Equations
Total Number of Equations

Maximum Edge Order 6
Resource Check

Elapsed Time (sec): 7525

CPU Time (sec). 6468

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 10 <<
Time: 2.11106€-06
Calculating Element Equations
Total Number of Equations
Maximum Edge Order: 6
Resource Check

(23:46:50)

(23:47:08)

(23:47:08)

(23:47:14)

(23:47:14)

(23:47:22)

(23:47:22)

(23:47:31)

(23:47:31)

(23:47:38)

Elapsed Time (sec): 8286
CPU Time (sec): 7122
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 6144

>> Step 11 <<
Calculating Element Equations
Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 9055

CPU Time (sec):. 77.82

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 12 <<
Calculating Element Equations
Total Number of Equations:

Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 9964

CPU Time (sec):. 8561

Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 138 <<
Time: 3.14076€-06

>> Step 14 <<
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 11332
CPU Time (sec): 9727
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 6144

>> Step 15 <<
Calculating Element Equations
Total Number of Equations:
Maximum Edge Order: 6
Resource Check

Elapsed Time (sec): 12168
CPU Time (sec): 10435
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 16 <<
Calculating Element Equations

6204

6284

6455

6645

(23:47:38)

(23:47:46)

(23:47:46)

(23:47:55)

(23:48:01)

(23:48:00)

(23:48:09)

(23:48:17)

(23:48:17)

OLIT



Total Number of Equations: 6727

Maximum Edge Order

6

Resource Check (23:48:27)
Elapsed Time (sec): 131.25
CPU Time (sec): 11263
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 8192
>> Step 17 <<
Time: 4.80076€-06
>> Step 18 <<
Calculating Element Equations (23:48:33)
Total Number of Equations: 7610
Maximum Edge Order: 6
Resource Check (23:48:45)
Elapsed Time (sec): 14996
CPU Time (sec): 12880
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 8192
>> Step 19 <<
Calculating Element Equations (23:48:46)
Total Number of Equations: &o7s
Maximum Edge Order 6
Resource Check (23:49:00)
Elapsed Time (sec): 164.05
CPU Time (sec): 141.00
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 8192
>> Step 20 <<
Time: 6.66911€-06
Calculating Element Equations (23:49:00)
Total Number of Equations: 8123
Maximum Edge Order 6
Resource Check (23:49:11)
Elapsed Time (sec): 17520
CPU Time (sec). 150.51
Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 8192
>> Step 21 <<
Time: 9.16059€-06
Calculating Element Equations (23:49:11)
Total Number of Equations: 8141
Maximum Edge Order: 6
Resource Check (23:49:20)
Elapsed Time (sec): 185.03
CPU Time (sec). 15884
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 8192

>> Step 22 <<

Calculating Element Equations (23:49:21)
Total Number of Equations: 8276
Maximum Edge Order: 6

Resource Check (23:49:33)
Elapsed Time (sec): 197.72
CPU Time (sec): 169.55
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 23 <<

Time: 1.24830e-05

>> Step 24 <<
Time: 1.86082€-05

Calculating Element Equations (23:49:43)
Total Number of Equations: 8283
Maximum Edge Order: 6

Resource Check (23:49:53)
Elapsed Time (sec): 217.16
CPU Time (sec): 186.39
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 25 <<

Calculating Element Equations (23:49:53)
Total Number of Equations: 8391
Maximum Edge Order: 6

Resource Check (23:50:05)
Elapsed Time (sec): 22996
CPU Time (sec): 197.38
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 26 <<
Time: 267762e-05

>> Step 27 <<
Time: 3.59031€-05

>> Step 28 <<
Time: 5.49511€-05

>> Step 29 <<
Time: 8.26247€-05

>> Step 30 <<
Time: 123645€-04
Resource Check (23:50:56)
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Elapsed Time
CPU Time
Memory Usage

Wrk Dir Dsk Usage (kb)

>> Step 31 <<
Time: 1.86665€-04

>> Step 32 <<
Time: 2.89865€-04

280.41

242.04

133358
10240

Calculating Element Equations

Total Number of Equations

Maximum Edge Order:

Full Results for Time: 3.50000e-04
Calculating Temp and Flux Results

Resource Check
Elapsed Time
CPU Time
Memory Usage

Wrk Dir Dsk Usage (kb

>> Step 33 <<
Time: 3.50000e-04

>> Step 34 <<
Time: 4.56556€-04

Full Results for Time: 7.00000e-04
Calculating Temp and Flux Results

Resource Check
Elapsed Time
CPU Time
Memory Usage

Wrk Dir Dsk Usage (kb

>> Step 3 <<
Time: 7.00000e-04

Full Results for Time: 1.05000e-03
Calculating Temp and Flux Results

Resource Check
Elapsed Time
CPU Time
Memory Usage

Wrk Dir Dsk Usage (kb)

>> Step 3 <<
Time: 1.05000€-03

6

306.23

264.51

133358
10240

325.05

281.01
133358
10240

334.66

289.53

133358
10240

Calculating Element Equations
Total Number of Equations

(23:51:06)

(23:51:19)
(23:51:22)

(23:51:38)
(23:51:41)

(23:51:48)
(23:51:50)

(23:51:50)

Maximum Edge Order: 6

Full Results for Time: 1.40000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 35046
CPU Time (sec): 303.13
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 37 <<
Time: 1.40000€-03

Full Results for Time: 1.75000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 358.82
CPU Time (sec): 31052
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb) 10240

>> Step 38 <<
Time: 1.75000€-03

Full Results for Time: 2.10000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 367.21
CPU Time (sec): 317.90
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 39 <<
Time: 2.10000€-03

Full Results for Time: 2.45000e-03
Calculating Temp and Flux Results
Resource Check

Elapsed Time (sec): 37577
CPU Time (sec): 32528
Memory Usage (kb): 133358

Wrk Dir Dsk Usage (kb): 10240

>> Step 40 <<
Time: 2.45000e-03
Calculating Element Equations
Total Number of Equations: 5598
Maximum Edge Order: 6

Full Results for Time: 2.80000e-03
Calculating Temp and Flux Results
Resource Check

(23:52:04)
(23:52:06)

(23:52:12)
(23:52:14)

(23:52:21)
(23:52:23)

(23:52:29)
(23:52:31)

(23:52:31)

(23:52:40)
(23:52:42)
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Elapsed Time (sec): 386.78 Total CPU Time (seconds): 346.12
CPU Time (sec): 33491 Maximum Memory Usage (kilobytes): 133358
Memory Usage (kb): 133358 Working Directory Disk Usage (kilobytes): 10240

Wrk Dir Dsk Usage (kb): 10240
Results Directory Size (kilobytes)

>> Step 41 << 26731 \heatso_th

Time: 2.80000€-03
Maximum Data Base Working File Sizes (kilobytes):

Full Results for Time: 3.15000e-03 5120 \heatso_th.tmp\kelibas
Calculating Temp and Flux Results (23:52:47) 5120.\heatso_th.tmp\melibas
Resource Check (23:52:49)

Elapsed Time (sec): 393.28 Run Completed
CPU Time (sec): 34051 Sat Sep 14, 2002 235255

Memory Usage (kb): 133358
Wrk Dir Dsk Usage (kb): 10240

>> Step 42 <<

Time: 3.15000€-03 a d [ a
f.2.2 Nam5’Jmswmmunﬁznssmﬂuqmﬁgu

Full Results for Time: 3.50000e-03

Calculating Temp and Flux Results (23:52:53) _ ﬂjﬁﬁ 1 ‘]J’igﬁﬂ‘ﬁﬂ1Wﬂ"l§LW']"h’iﬁlWi']fT‘U 100%

Resource Check (23:52:55)
Elapsed Time (sec): 39967
CPU Time (sec): 346.06 ProMECHANICA STRUCTURE Version 233311
Memory Usage (kb): 133358 Summary for Design Study 'T_100"
Wrk Dir Dsk Usage (kb): 10240 Sun Sep 15, 2002 00:50:08

Maximum Temperature Variation

1.67€+01 Run Settings

Memory allocation for block solver:4s0

Temperature Variation estimated from heat loads
Checking the model before creating elements..
These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

3.14e+02

»Warning:The estimated temperature variation is much
larger than the computed maximum temperature
variation This may result in a solution that
does not meet the desired accuracy

Generate elements automatically.

Total Mass of Model: s551848e-01 . .
Checking the model after creating elements..

Total Cost of Model: 0.000000€+00 .
No errors were found in the model.

Analysis 'heatso th'Completed (23:52:55)
- ProMECHANICA STRUCTURE Model Summary

Principal System of Units:Meter Kilogram Second (MKS)
Memory and Disk Usage
Length: m
Mass: kg
Time: sec
Temperature: K

Machine Type:Windows NT/x86
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds): 39.84

€Ll



Model Type:Three Dimensional Resource Check (00:51:24)

Elapsed Time (sec): 7685
Points 176 CPU Time (sec) 6591
Edges 835 Memory Usage (kb): 132789
Faces 1168 Wrk Dir Dsk Usage (kb): 22528
Springs 0 Total Mass of Model: 5551848€-01
Masses 0
Beams 0 Total Cost of Model: 0.000000e+00
Shells 0 Mass Moments of Inertia about WCS Origin:
Solids 509

IXX: 6.41706€-04

Elements 509 Ixy:-4.19984e-04 Iyy: 3.34791€-03

Ixz: 1.05951€-03 Iyz: 1.65257€-04 Izz: 2.88783e-03

Principal MMOI and Principal Axes Relative to WCS Origin:
Standard Design Study

Max Prin Mid Prin Min Prin
Static Analysis 'T_100" 341177€-03  3.30871€-03  1.56965€-04
Convergence Method:Single-Pass Adaptive WCS X:-135371€01  367255€-01  9.20217€-01
Plotting Grid: 4 WCS Y: 9.90046€-01  1.40265€-02  1.40045€-01
WCS Z:3.85249€-02  9.30015€-01  -3.65498€-01
Convergence Loop Log (00:50:12)
Center of Mass Location Relative to WCS Origin:
>> Pass 1 << (6.87705€-02,  1.10000€-02, -2.70601€-02)
Calculating Element Equations (00:50:13)
Total Number of Equations: 7470 Mass Moments of Inertia about the Center of Mass:
Maximum Edge Order: 3
Solving Equations (00:50:18) Ixx: 1.67995€-04
Post-Processing Solution (00:50:21) Ixy:-6.11494e-13 Lyy: 3.15696€-04
Checking Convergence (00:50:23) Ixz: 263492e-05 Iyz:486427€-12  LzzZ: 1.94969€-04
Resource Check (00:50:26)
Elapsed Time (sec): 1882 Principal MMOI and Principal Axes Relative to COM:
CPU Time (sec): 1593
Memory Usage (Kb) 111583 Max Prin Mid Prin Min Prin

X 3.15696€-04  2.11082€-04  1.51882€-04
Wrk Dir Dsk Usage (kb 8192

WCS X: 3.17119e-09 5.21715€-01 8.53120e-01
>> Pass 2 <<
WCS Y: 1.00000€+00 -3.66182e-08 1.86763e-08

Calculating Element Equations (00:50:26)
Total Number of Equations: 12546

WCS Z: 4.09834e-08 8.53120e-01 -5.21715€-01

Maximum Edge Order 8 Constraint Set:ConstraintSett
Solving Equations (00:50:51)
Post-Processing Solution (00:50:57) Load Set:LoadSet1t
Checking Convergence (00:51:05)
Calculating Disp and Stress Results (00:51:13) Resultant Load on Model:
in global X direction: 1.541821€-09
RMS Stress Error Estimates in global Y direction:-3.663935e-09

in global Z direction:-5791015e-09
Load Set Stress Error %of Max Prin Str

- Measures:
LoadSett 218e+09  18% of 120e+11
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max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0000000€+00
max_disp_mag: 5000000e-04
max_disp_x: 5.000000€-04
max_disp_y 1.485639€-04
max_disp_z 5.000000€-04
max_prin_mag: -1.200746e+11
max_rot_mag: 0.000000€+00

max_rot_x 0.000000€+00
max_rot_y 0.000000€+00
max_rot_z 0.000000€+00

max_stress_prin: 8614538e+10
max_stress_vm: 1.257309€+11
max_stress_xx: -1.080156e+11
max_stress_xy: 2478202e+10
max_stress_xz: -5240584e+10
max_stress_yy: 3011012e+10
max_stress_yz: -1.786311€+10
max_stress_zz: 6.859977€+10
min_stress_prin: -1.200746e+11
strain_energy: 2718810e+03

Analysis 'T_100Completed (00:51:24)

Memory and Disk Usage

Machine Type:Windows NT/xss

RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds):77.05
Total CPU Time (seconds): 66.02
Maximum Memory Usage (kilobytes): 132789

Working Directory Disk Usage (kilobytes): 22528

Results Directory Size (kilobytes)
6295 \T_100

Maximum Data Base Working File Sizes (kilobytes)

19456 \T_100.tmp\kelibas
3072 \T_100.tmp\oelibas

Run Completed
Sun Sep 15, 2002 00:51:24
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ProMECHANICA STRUCTURE Version 233(311
Summary for Design Study 'T_70"
Sun Sep 15, 2002 00:47:55

Run Settings
Memory allocation for block solver:4so

Checking the model before creating elements..
These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Generate elements automatically.
Checking the model after creating elements..
No errors were found in the model
ProMECHANICA STRUCTURE Model Summary

Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass: kg
Time: sec
Temperature: K

Model Type:Three Dimensional

Points: 176
Edges: 835
Faces: 1168
Springs: 0
Masses: 0
Beamns: 0
Shells: 0
Solids: 509
Elements: 509

Standard Design Study
Static Analysis 'T_70"

Convergence Method:Single-Pass Adaptive
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Plotting Grid: 4 WCS X:-1.35371€-01  3.67255€-01  9.20217€-01

WCS Y:9.90046€-01  1.40265€-02  1.40045€-01
Convergence Loop Log (00:48:00) WCS Z: 38524902  9.30015€-01  -3.65498€-01
>> Pass 1 << Center of Mass Location Relative to WCS Origin:
Calculating Element Equations (00:48:01) (6.87705€02,  1.10000€-02, -2.70601€-02)
Total Number of Equations: 7470
Maximum Edge Order: 3 Mass Moments of Inertia about the Center of Mass:
Solving Equations (00:48:05) Ixx: 1.67995€-04
Post-Processing Solution (00:48:08) Ixy:-6.11494e-13  Iyy: 3.15696€-04
Checking Convergence (00:48:10) Ixz:263492e-05 ITyz: 486427€-12 1zZ: 1.94969€-04
Resource Check (00:48:13)
Elapsed Time (sec): 1899 Principal MMOI and Principal Axes Relative to COM:
CPU Time (sec): 16.26
Memory Usage (Kb). 111530 Max Prin Mid Prin Min Prin
3.15696€-04  2.11082€-04  1.51882€-04

Wrk Dir Dsk Usage (kb): 8192

WCS X: 3.17119e-09 5.21715€-01 8.53120e-01
>> Pass 2 <<
WCS Y: 1.00000€+00 -3.66182e-08 1.86763€-08

Calculating Element Equations (00:48:14)
WCS Z:409834€-08  853120€-01  -521715€-01

Total Number of Equations: 12546

Maximum Edge Order 8 Constraint Set:ConstraintSeti
Solving Equations (00:48:37)
Post-Processing Solution (00:48:44) Load Set:LoadSet1t
Checking Convergence (00:48:51)
Calculating Disp and Stress Results (00:49:00) Resultant Load on Model:
in global X direction:-4.984585e-09
RMS Stress Error Estimates in global Y direction:-4789001e-09
in global Z direction:-4419969e-09
Load Set Stress Error %of Max Prin Str
- Measures:
LoadsSett 218e+09  18% of  120e+11
max_beam_bending: 0.000000e+00
Resource Check (00:49:11) max_beam_tensile: 0.000000e+00
Elapsed Time (sec): 7631 max_beam_torsion: 0.000000e+00
CPU Time (sec): 6613 max_beam_total: 0000000+00
Memory Usage (kb): 132789 max_disp_mag:  5000000€-04
Wrk Dir Dsk Usage (kb): 22528 max_disp_x: 5.000000€-04

max_disp_y:  1489934e-04
Total Mass of Model: 5551848e-01 max_disp z: 5000000804
max prin mag: -1.200767€+11
Total Cost of Model: 0.000000e+00 - -
max_rot_mag:  0000000€+00

i iqi : X +

Mass Moments of Inertia about WCS Origin max_rot_x: . 0000000€+00

max_rot_y: 0.000000€+00

IxX: 6.41706€-04 max_rot_z:  0.000000€+00

Ixy:-4.19984e-04  Iyy: 3.34791€-03 max_stress_prin: 8616453e+10

Ixz: 105951€-03 Iyz: 16525704 Izz: 2.88783€-03 max_stress_vm:  1.257303e+11
max_stress_xx: -1080172e+11
Principal MMOI and Principal Axes Relative to WCS Origin max_stress_xy: 2478018e+10

max_stress_xz: -5240562€+10
Max Prin Mid Prin Min Prin
341177€-03  3.30871€-03  1.56965€-04

max_stress_yy: 3013032e+10
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max_stress_yz: -1.786249€+10
max_stress_zz: 6.860052e+10
min_stress_prin: -1.200767€+11
strain_energy: 2722214e+03

Analysis 'T_70Completed  (00:49:11)

Memory and Disk Usage

Machine Type:Windows NT/xs6
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds): 76.62

Total CPU Time (seconds): 66.24

Maximum Memory Usage (kilobytes): 132789
Working Directory Disk Usage (kilobytes) 22528

Results Directory Size (kilobytes)
6440 \T_70

Maximum Data Base Working File Sizes (kilobytes)
19456 \T_70.tmp\kelibas
3072 \T_7o.tmp\oelibas

Run Completed
Sun Sep 15, 2002 00:49:11
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ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study 'T_s0
Sun Sep 15, 2002 00:53:19

Run Settings
Memory allocation for block solver:4so

Checking the model before creating elements.

These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Generate elements automatically

Checking the model after creating elements..
No errors were found in the model.

ProMECHANICA STRUCTURE Model Summary

Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass: kg
Time: sec
Temperature: K

Model Type:Three Dimensional

Points: 176
Edges: 835
Faces: 1168
Springs: 0
Masses: 0
Beams: 0
Shells: 0
Solids: 509
Elements: 509

Standard Design Study
Static Analysis 'T_so:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (00:53:24)

>> Pass 1 <<

Calculating Element Equations
Total Number of Equations: 7470
Maximum Edge Order: 3

Solving Equations

Post-Processing Solution

Checking Convergence

Resource Check

Elapsed Time (sec): 1890
CPU Time (sec): 1577
Memory Usage (kb): 111510

Wrk Dir Dsk Usage (kb): 8192

>> Pass 2 <<
Calculating Element Equations

(00:53:24)

(00:53:29)
(00:53:32)

(00:53:34)

(00:53:37)

(00:53:38)

LLT



Total Number of Equations: 12546

Maximum Edge Order 8
Solving Equations (00:54:01)
Post-Processing Solution (00:54:08)
Checking Convergence (00:54:15)
Calculating Disp and Stress Results (00:54:23)

RMS Stress Error Estimates

Load Set Stress Error %of Max Prin Str

LoadSet1 218e+09  18% of  120e+11

Resource Check (00:54:34)
Elapsed Time (sec): 7587
CPU Time (sec): 6543
Memory Usage (kb): 132789

Wrk Dir Dsk Usage (kb): 22528
Total Mass of Model: s551848e-01
Total Cost of Model: 0.000000€+00
Mass Moments of Inertia about WCS Origin

IXX: 6.41706€-04
Ixy:-419984e-04 Tyy: 3.34791€-03
Ixz: 1.05951€-03 Tyz: 165267€-04 T1zz:288783€-03

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
341177€-03  330871€-03  1.56965€-04

WCS X:-1.35371€-01 3.67255€-01 9.20217€-01
WCS Y: 9.90046e-01 1.40265€-02 1.40045€-01
WCS Z: 385249€-02 9.30015€-01 -3.65498e-01

Center of Mass Location Relative to WCS Origin
(6.87705€-02,  1.10000€-02, -2.70601€-02)

Mass Moments of Inertia about the Center of Mass

Ixx: 1.67995€-04
Ixy:-6.11494e-13  Iyy: 3.15696€-04
Ixz: 263492e-05 Iyz:486427€-12 Tzz: 1.94969€-04

Principal MMOI and Principal Axes Relative to COM

Max Prin Mid Prin Min Prin
3.15696€-04  2.11082€-04  151882€-04

WCS X: 3.17119e-09 5.21715€-01 8.53120e-01
WCS Y: 1.00000e+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834e-08 8.53120e-01 -5.21715€-01

Constraint Set:ConstraintSett
Load Set:LoadSet1

Resultant Load on Model:
in global X direction: 1.344532e-09
in global Y direction:-2269431€-09
in global Z direction:-1.837655€-09

Measures:

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0000000€+00
max_disp_mag: 5000000e-04
max_disp_x:  5000000e-04

max_disp_y:  1492798e-04
max_disp_z:  5000000e-04
max_prin_mag: -1.200781€+11

max_rot_mag:  0.000000€+00

max_rot_x: 0.000000€+00
max_rot_y: 0.000000€+00
max_rot_z: 0.000000€+00

max_stress_prin: 8617730e+10
max_stress_vm: 1.257299€+11
max_stress_xx: -1080183e+11
max_stress_xy: 2477895e+10
max_stress_xz: -5240547€+10
max_stress_yy: 3014379e+10
max_stress_yz: -1.786207€+10
max_stress_zz: 6.860102e+10
min_stress_prin: -1.200781€+11
strain_energy: 2724494€+03

Analysis 'T_s0'Completed  (00:54:34)

Memory and Disk Usage:

Machine Type:Windows NT/xss
RAM Allocation for Solver (megabytes) 480

Total Elapsed Time (seconds):76.11
Total CPU Time (seconds): 65.58
Maximum Memory Usage (kilobytes): 132789
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Working Directory Disk Usage (kilobytes): 22528 Points 176

Edges 835
Results Directory Size (kilobytes) Faces 1168
6295.\T_50
Springs 0
Maximum Data Base Working File Sizes (kilobytes) Masses 0
19456 \T_s0.tmp\kelibas Beams 0
3072 \T_so.tmp\oelibas Shells: 0
Solids: 509
Run Completed Elements: 509

Sun Sep 15, 2002 00:54:34

Standard Design Study

Static Analysis "P_H_100x"
a

d Y
n.2.3 wamﬁm51z‘Viam1Jn1nnﬁwﬂmmﬂmmzqmﬁnu Convergence Method:Single-Pass Adaptive

k'
Plotting Grid: 4

A a a Y 1w
- ﬂiﬂnﬂ 1 ﬂigﬁ‘ﬂ‘ﬁﬂ'l‘Wﬂ'lﬁm'l]lWllwnﬂU 100% Convergence Loop Log: (00:58:51)

>> Pass 1 <<
ProMECHANICA STRUCTURE Version 233(311)

Summary for Design Study 'P_H_100x"

Calculating Element Equations (00:58:52)

Total Number of Equations: 7470
Sun Sep 15, 2002 00:58:47

Maximum Edge Order: 3
Solving Equations (00:58:56)
Run Settings Post-Processing Solution (00:59:00)
Memory allocation for block solver:4s0 Checking Convergence (00:59:02)
Resource Check (00:59:05)
Checking the model before creating elements. Elapsed Time (sec): 19.02
These checks take into account the fact that AutoGEM will CPU Time (sec): 16.02
automatically create elements in volumes with material Memory Usage (Kb): 111381

properties, on surfaces with shell properties, and on curves

. N Wrk Dir Dsk Usage (kb): 8192
with beam section properties

G N 1 N N o 1 >> Pass 2 <<
enerate elements automatica
Y Calculating Element Equations (00:59:05)

Checking the model after creating elements.. Total Number of Equations: 12546

Maximum Edge Order: 8
No errors were found in the model Solving Equations (00:59:29)
Post-Processing Solution (00:59:36)
ProMECHANICA STRUCTURE Model Summary Checking Convergence (00:59:43)
Calculating Disp and Stress Results (00:59:52)

Principal System of Units:Meter Kilogram Second (MKS)
RMS Stress Error Estimates
Length m

Mass kg Load Set Stress Error %of Max Prin Str
Time sec

Temperature: K LoadSet1 218e+09 1.8% of 120e+11

Model Type:Three Dimensional Resource Check (01:00:03)
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Elapsed Time (secy: 7772
CPU Time (sec): 6658
Memory Usage (kb): 135285
Wrk Dir Dsk Usage (kb): 22528

Total Mass of Model: 5551848e-01
Total Cost of Model: 0.000000€+00

Mass Moments of Inertia about WCS Origin
IxXX: 641706€-04
Ixy:-4.19984e-04 Iyy: 3.34791€-03
Ixz: 105951€-03 Iyz: 165257€-04 Izz: 288783€-03

Principal MMOI and Principal Axes Relative to WCS Origin

Max Prin Mid Prin Min Prin
341177€-03  3.30871€-03  1.56965€-04

WCS X:-1.35371€-01 3.67255e-01 9.20217€-01
WCS Y: 9.90046€-01 1.40265€-02 1.40045€-01
WCS Z: 3.85249e-02 9.30015e-01 -3.65498€-01

Center of Mass Location Relative to WCS Origin
(6.87705€-02,  1.10000€-02, -2.70601€-02)

Mass Moments of Inertia about the Center of Mass

IXX: 167995€-04
Ixy:-6.11494e-13  Iyy: 3.15696€-04
Ixz: 263492e-056 Lyz: 486427€-12  T1zZ: 1.94969€-04

Principal MMOI and Principal Axes Relative to COM

Max Prin Mid Prin Min Prin
3.15696€-04 21108204  1.51882€-04

WCS X: 3.17119e-09 5.21715€-01 8.53120e-01
WCS Y: 1.00000e+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834€-08 8.53120e-01 -5.21715e-01

Constraint Set:ConstraintSett
Load Set:LoadSet1

Resultant Load on Model
in global X direction: 1.740531€-09
in global Y direction: 3.381632e+04
in global Z direction:-4.732954e-09

Measures

max_beam_bending: 0.000000e+00

max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam total: 0.000000e+00
max_disp_mag: 5000000e-04
max_disp_x:  5000000e-04

max_disp_y:  1.507528e-04
max_disp_z 5.000000€-04
max_prin_mag: -1.200553€+11

max_rot_mag:  0.000000€+00

max_rot_x: 0.000000€+00
max_rot_y: 0.000000€+00
max_rot_z: 0.000000€+00

max_stress_prin: 8607440e+10
max_stress_vm:  1.257354e+11
max_stress_xx: -1080011€+11
max_stress_xy: 2480337€+10
max_stress_xz: -5240955€+10
max_stress_yy: 3012124e+10
max_stress_yz: -1786784€+10
max_stress_zz: 6.859402€+10
min_stress_prin: -1.200853e+11
strain_energy: 2718835€+03

Analysis 'P_H_100x*Completed  (01:00:03)

Memory and Disk Usage:

Machine Type:Windows NT/xss
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds):77.99

Total CPU Time (seconds): 66.69

Maximum Memory Usage (kilobytes): 135285
Working Directory Disk Usage (kilobytes) 22528

Results Directory Size (kilobytes)
6297 \P_H_100x

Maximum Data Base Working File Sizes (kilobytes):
19456 \P_H_100x.tmp\kelibas
3072 \P_H_100x.tmp\oelibas

Run Completed
Sun Sep 15, 2002 01:00:04
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ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study '"P_H_70x"
Sun Sep 15, 2002 01:01:18

Run Settings
Memory allocation for block solver:4so

Checking the model before creating elements..
These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Generate elements automatically
Checking the model after creating elements.
No errors were found in the model
ProMECHANICA STRUCTURE Model Summary

Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass kg
Time sec
Temperature: K

Model Type:Three Dimensional

Points 176
Edges 835
Faces 1168
Springs 0
Masses 0
Beams 0
Shells 0
Solids 509
Elements 509

Standard Design Study
Static Analysis 'P_H_7ox"

Convergence Method:Single-Pass Adaptive

Plotting Grid: 4

Convergence Loop Log (01:01:23)
>> Pass 1 <<
Calculating Element Equations (01:01:23)
Total Number of Equations: 7470
Maximum Edge Order: 3
Solving Equations (01:01:28)
Post-Processing Solution (01:01:31)
Checking Convergence (01:01:33)
Resource Check (01:01:36)
Elapsed Time (sec):  19.00
CPU Time (sec):  16.02
Memory Usage (kb): 111155

Wrk Dir Dsk Usage (kb): 8192

>> Pass 2 <<

Calculating Element Equations (01:01:37)
Total Number of Equations: 12546
Maximum Edge Order: 8
Solving Equations (01:02:01)
Post-Processing Solution (01:02:07)
Checking Convergence (01:02:15)
Calculating Disp and Stress Results (01:02:23)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str
LoadsSett 218e+09  18% of 120e+11
Resource Check (01:02:34)
Elapsed Time (sec): 7658
CPU Time (sec):  66.10
Memory Usage (kb): 135285

Wrk Dir Dsk Usage (kb): 22528
Total Mass of Model: 5551848€-01
Total Cost of Model: 0.000000e+00
Mass Moments of Inertia about WCS Origin:

IxX: 6.41706€-04
Ixy:-4.19984€-04  Iyy: 3.34791€-03
Ixz: 105951€-03 Iyz: 165257€-04 IzZ: 2.88783€-03

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
341177€-03  330871€-03  1.56965€-04
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WCS X:-1.35371€-01 3.67255€-01 9.20217e-01
WCS Y: 9.90046€-01 1.40265€-02 1.40045€-01
WCS Z: 3.85249e-02 9.30015e-01 -3.65498€-01

Center of Mass Location Relative to WCS Origin:
(687705602,  1.10000€-02, -2.70601€-02)

Mass Moments of Inertia about the Center of Mass
IXX: 167995€-04
Ixy:-6.11494e-13  Iyy: 3.15696€-04
Ixz: 263492e-05 ILyz: 486427€-12 1ZZ: 1.94969€-04

Principal MMOI and Principal Axes Relative to COM:

Max Prin Mid Prin Min Prin
3.15696€-04  2.11082€-04  151882€-04

WCS X: 3.17119e-09 5.21715€-01 8.53120e-01
WCS Y: 1.00000e+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834e-08 8.53120e-01 -6.21715€-01

Constraint Set:ConstraintSets
Load Set:LoadSet1

Resultant Load on Model
in global X direction:-1.371831€-09
in global Y direction: 2519946e+04
in global Z direction:-7.058637€-09

Measures

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam total: 0.000000e+00
max_disp_mag: 5.000000e-04
max_disp_x: 5.000000€-04
max_disp_y: 1.506245€-04
max_disp_z 5.000000€-04
max_prin_mag: -1200623e+11
max_rot_mag:  0.000000€+00

max_rot_x: 0.000000€+00
max_rot_y 0.000000€+00
max_rot_z 0.000000€+00

max_stress_prin: 8s11163e+10
max_stress_vm: 1257337e+11
max_stress_xx: -1.080064€+11
max_stress_xy: 2479609e+10
max_stress_xz: -5240838€+10
max_stress_yy: 3013861e+10

max_stress_yz: -1.786600€+10
max_stress_zz: 6.850623e+10
min_stress_prin: -1.200623e+11
strain_energy: 2722228e+03

Analysis 'P_H 7ox'Completed (01:02:34)

Memory and Disk Usage:

Machine Type:Windows NT/xs6
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds) 76.87

Total CPU Time (seconds): 66.24

Maximum Memory Usage (kilobytes): 135285
Working Directory Disk Usage (kilobytes) 22528

Results Directory Size (kilobytes):
6207 \P_H_70x

Maximum Data Base Working File Sizes (kilobytes)
19456 \P_H_7ox.tmp\kel1bas
3072.\P_H_rox.tmp\oelibas

Run Completed
Sun Sep 15, 2002 01:02:34
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ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study 'P_H_sox"
Sun Sep 15, 2002 00:56:17

Run Settings
Memory allocation for block solver:4so

Checking the model before creating elements..

These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Generate elements automatically.
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Checking the model after creating elements..
No errors were found in the model
ProMECHANICA STRUCTURE Model Summary
Principal System of Units:Meter Kilogram Second (MKS)

Length: m

Mass kg

Time sec

Temperature: K

Model Type:Three Dimensional

Points 176
Edges 835
Faces 1168
Springs 0
Masses 0
Beams 0
Shells 0
Solids 509
Elements 509

Standard Design Study
Static Analysis 'P_H_sox"

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (00:56:22)
>> Pass 1 <<
Calculating Element Equations (00:56:22)
Total Number of Equations: 7470
Maximum Edge Order 3
Solving Equations (00:56:27)
Post-Processing Solution (00:56:30)
Checking Convergence (00:56:32)
Resource Check (00:56:35)
Elapsed Time (sec): 1872
CPU Time (sec). 1597
Memory Usage (kb): 111151

Wrk Dir Dsk Usage (kb): 8192

>> Pass 2 <<
Calculating Element Equations (00:56:36)

Total Number of Equations: 12546

Maximum Edge Order: 8
Solving Equations (00:57:00)
Post-Processing Solution (00:57:06)
Checking Convergence (00:57:14)
Calculating Disp and Stress Results (00:57:22)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str

LoadSet1 218e+09  18% of  120e+11

Resource Check (00:57:33)
Elapsed Time (sec): 7655
CPU Time (sec): 6566
Memory Usage (kb): 135285

Wrk Dir Dsk Usage (kb): 22528
Total Mass of Model: 5551848e-01
Total Cost of Model: 0.000000€+00
Mass Moments of Inertia about WCS Origin:

IXX: 6.41706€-04
Ixy:-4.19984e-04 Lyy: 334791€-03
Ixz: 1.05951€-03 Iyz: 1.65257€-04 Lzz: 2.88783€-03

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
341177€-03  330871€-03  1.56965€-04

WCS X:-1.35371€-01 3.67255e-01 9.20217€-01
WCS Y: 9.90046e-01 1.40265€-02 1.40045€-01
WCS Z: 3.85249€-02 9.30015€-01 -3.65498€-01

Center of Mass Location Relative to WCS Origin:
(687705602,  1.10000€-02, -2.70601€-02)

Mass Moments of Inertia about the Center of Mass:

Ixx: 167995€-04
Ixy:-6.11494€-13  Iyy: 3.15696€-04
Ixz: 263492e-05 Iyz:486427€-12  Lzz: 1.94969€-04

Principal MMOI and Principal Axes Relative to COM:

Max Prin Mid Prin Min Prin
3.15696€-04  2.11082€-04  1.51882€-04
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WCS X: 3.17119€-09 5.21715€-01 8.53120e-01
WCS Y: 1.00000e+00 -3.66182e-08 1.86763€-08
WCS Z: 4.09834e-08 8.53120e-01 -5.21715e-01

Constraint Set:ConstraintSett
Load Set:LoadSet1

Resultant Load on Model
in global X direction: 1.136499e-09
in global Y direction: 1.945489e+04
in global Z direction:-9.425749e-09

Measures

max_beam bending: 0.000000e+00
max_beam tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam total: 0.000000e+00
max_disp mag: 5.000000e-04
max_disp_x: 5.000000€-04
max_disp y 1.505390€-04
max_disp_z 5.000000€-04
max_prin_mag: -1.200670e+11
max_rot_mag 0.000000€+00

max_rot_x 0.000000€+00
max_rot_y 0.000000€+00
max_rot_z 0.000000€+00

max_stress_prin: 8613646e+10

Results Directory Size (kilobytes)
6296 \P_H_50x

Maximum Data Base Working File Sizes (kilobytes)

19456 \P_H_sox.tmp\kel1bas
3072.\P_H_sox.tmp\oelibas

Run Completed
Sun Sep 15, 2002 00:57:33
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ProMECHANICA STRUCTURE Version 233311
Summary for Design Study 'links halfioo
Wed Aug 07, 2002 03:02:25

Run Settings

max_stress_vm: 1257326e+11
max_stress_xx: -1.080100e+11
max_stress_xy: 2479123e+10

max_stress_xz

-5.240760€+10

max_stress_yy: 3.015019e+10
max_stress_yz: -1.786478e+10
max_stress_zz: 6.859771€+10

min_stress_prin

-1.200670€+11

Memory allocation for block solver:4s0

Checking the model before creating elements..

These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

One or more forces may have no effect with the given constraints

strain_energy: 2724503e+03

Analysis 'P_H_sox"Completed  (00:57:33)

Memory and Disk Usage

Machine Type:Windows NT/xs6
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds): 76.82

Total CPU Time (seconds): 65.80

Maximum Memory Usage (kilobytes): 135285
Working Directory Disk Usage (kilobytes): 22528

One or more forces may have no effect with

Generate elements automatically.

Checking the model after creating elements..

One or more forces may have no effect with

One or more forces may have no effect with
No errors were found in the model.

ProMECHANICA STRUCTURE Model Summary

the given

the given

the given

constraints

constraints

constraints
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Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass kg
Time sec
Temperature: K

Model Type:Three Dimensional

Points 32
Edges 127
Faces 158
Springs 0
Masses 0
Beams 0
Shells 0
Solids 63
Elements 63

Standard Design Study
Static Analysis 'links half1oo:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (03:02:27)
>> Pass 1 <<
Calculating Element Equations (03:02:27)
Total Number of Equations: 1026
Maximum Edge Order: 3
Solving Equations (03:02:27)
Post-Processing Solution (03:02:27)
Checking Convergence (03:02:27)
Resource Check (08:02:27)
Elapsed Time (sec): 294
CPU Time (sec). 237
Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb) 0

>> Pass 2 <<

Calculating Element Equations (03:02:27)
Total Number of Equations: 3045
Maximum Edge Order: 6
Solving Equations (03:02:30)
Post-Processing Solution (03:02:31)
Checking Convergence (03:02:32)

Calculating Disp and Stress Results (03:02:34)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str
LoadsSet1 1748411 13% of  139e+13
Resource Check (03:02:35)
Elapsed Time (sec): 1019
CPU Time (sec): 845
Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb): 4096

Total Mass of Model: 2.145156e-01

Total Cost of Model: 0.000000€+00

Mass Moments of Inertia about WCS Origin:

Ixx: 391617€-05
Ixy: 320274e-10 Iyy: 2.81862e-04
Ixz:-632200e-05 ILyz:628384e-11 Izz: 26382004

Principal MMOI and Principal Axes Relative to WCS Origin:

Max Prin Mid Prin Min Prin
281862€-04  2.80388€-04  2.25932€-05

WCS X: 5.15056e-06  -2.53515€-01 9.67331€-01
WCS Y: 1.00000€+00 1.53945€-05 -1.28996€-06
WCS  Z:-1.45645€-05 9.67331€-01 2.53515e-01

Center of Mass Location Relative to WCS Origin:
(294710€-02, -2.91514€-08,  1.00000€-02)

Mass Moments of Inertia about the Center of Mass:

Ixx: 177102805
Ixy: 1.44979€-10  Iyy: 7.40948€-05
Ixz: 11477311 Iyz: 304153e-13  Lzz: 7.75039€-05

Principal MMOI and Principal Axes Relative to COM:

Max Prin Mid Prin Min Prin
775039€-05  7.40948€-05  1.77102€-05

WCS X: 1.91948e-07 2.57125€-06 1.00000€+00
WCS Y: 8.92258e-08 1.00000€+00 -2.57125€-06
WCS  Z: 1.00000€+00 -8.92263e-08 -1.91948e-07

Constraint Set:ConstraintSets
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Load Set:LoadSet1

Resultant Load on Model
in global X direction:-2285005e+02
in global Y direction: 7.769208e+01
in global Z direction: 2717448e-08

Measures

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0000000€+00

max_disp_mag: 1.254403€+00
max_disp_x: = -1.248174€+00
max_disp_y 1.053542€-01
max_disp_z: -8719991€-02
max_prin_mag: 1386255€+13

max_rot_mag: 0.000000€+00

max_rot_x 0.000000€+00
max_rot_y: 0.000000€+00
max_rot_z 0.000000€+00

max_stress_prin: 1.386255e+13
max_stress_vm: 1.039558e+13
max_stress_xx: 1.284234e+13
max_stress_xy: -4528622e+12
max_stress_xz: 2959140e+12
max_stress_yy: 4503357e+12
max_stress_yz: 1.866664e+12
max_stress_zz: 5146015€+12
min_stress_prin: -5816880e+12
strain_energy: 1677682€+09

Analysis 'links halfiorCompleted  (03:02:35)

Memory and Disk Usage

Machine Type:Windows NT/xs6
RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds) 10.34

Total CPU Time (seconds): 8.52

Maximum Memory Usage (kilobytes): 102290
Working Directory Disk Usage (kilobytes): 409

Results Directory Size (kilobytes)
1130 \1inks_half100

Maximum Data Base Working File Sizes (kilobytes)

4096.\1inks_halfioo.tmp\kelibas

Run Completed
Wed Aug 07, 2002 03:02:35
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ProMECHANICA STRUCTURE Version 233(311
Summary for Design Study 'links half7o
Wed Aug 07, 2002 03:01:00

Run Settings
Memory allocation for block solver:4so

Checking the model before creating elements..

These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves

with beam section properties

One or more forces may have no effect with
One or more forces may have no effect with

Generate elements automatically.

Checking the model after creating elements..

One or more forces may have no effect with

One or more forces may have no effect with

No errors were found in the model

Pro/MECHANICA STRUCTURE Model Summary

the given constraints.
the given constraints.

the given constraints.

the given constraints

Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass: kg
Time: sec
Temperature: K

Model Type:Three Dimensional

Points: 32
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Edges 127 CPU Time (sec): 845
Faces 158 Memory Usage (kb): 102290
Wrk Dir Dsk Usage (kb): 409

Springs 0
Masses 0 Total Mass of Model: 2.145156e-01
Beams 0
Shells 0 Total Cost of Model: 0.000000e+00
Solids 63
Mass Moments of Inertia about WCS Origin:
Elements 63

Ixx: 391617€-05
Ixy: 329274e-10  Iyy: 2.81862€-04

Ixz:-6.32200e-05 Iyz:6.28384e-11 Lzz: 26382004
Standard Design Study
Static Analysis 'links halfvo: Principal MMOI and Principal Axes Relative to WCS Origin:
Convergence Method:Single-Pass Adaptive Max Prin Mid Prin Min Prin
Plotting Grid: 4 281862€-04  280388€-04  2.25932€-05
WCS X: 5.15056€-06  -2.53515€-01  9.67331€-01
Convergence Loop Log: (03:01:01) WCS Y: 1.00000€+00  153945€-05  -1.28996€-06
WCS Z:-145645€-05  9.67331€-01  253515€-01
>> Pass 1 <<
Calculating Element Equations (03:01:02) Center of Mass Location Relative to WCS Origin:
Total Number of Equations: 1026 (2.94710€-02, -2.91514€-08,  1.00000€-02)
Maximum Edge Order: 3
Solving Equations (03:01:02) Mass Moments of Inertia about the Center of Mass:
Post-Processing Solution (03:01:02)
Checking Convergence (03:01:02) Txx: 1.77102€-05
Resource Check (©0301:02) Ixy: 14497910 Iyy: 7.40948€-05
Elapsed Time (sec): 330 Ixz:1.14773e-11  Iyz: 304153e-13  1zz: 7.75039e-05
CPU Time (secr 28 Principal MMOI and Principal Axes Relative to COM:
Memory Usage (kb): 102290
Wrk Dir Dsk Usage (kb) 0 Max Prin Mid Prin Min Prin

7.75039€-05 7.40948€-05 1.77102e-05
>> Pass 2 <<

Calculating Element Equations (03:01:02) WCS X: 1.91948€-07  2.57125€-06 1.00000€+00
Total Number of Equations: 3045 WCS Y: 892258€-08  1.00000€+00  -2.57125€-06
Maximum Edge Order: 6 WCS Z: 1.00000€+00  -8.92263€-08  -1.91948€-07

Solving Equations (03:01:05)

Post-Processing Solution (03:01:06) Constraint Set:ConstraintSet1

Checking Convergence (03:01:07)

Calculating Disp and Stress Results (03:01:09) Load Set:LoadSett

Resultant Load on Model:
in global X direction:-1.702700e+02

Load Set Stress Error %of Max Prin Str in global Y direction: 8.097798e+01
in global Z direction:-7.218320e-08

RMS Stress Error Estimates

LoadsSett 130e+11  1.3% of  1.03e+13
Measures:
Resource Check (03:01:09)
Elapsed Time (sec) 103 max_beam_bending: 0.000000e+00

max_beam_tensile: 0.000000e+00
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max_beam_torsion: 0.000000e+00
max_beam total: 0.000000e+00
max_disp mag: 9.347342e-01
max_disp_x:  -9.300929e-01
max_disp_y 7.850607€-02
max_disp_z: -6497813€-02
max_prin_mag: 1032986e+13
max_rot_mag: 0.000000€+00

max_rot_x 0.000000€+00
max_rot_y 0.000000€+00
max_rot_z 0.000000€+00

max_stress_prin: 1.032086e+13
max_stress_vm: 7.746403€+12
max_stress_xx: 9569639e+12
max_stress_xy: -3374561€+12
max_stress_xz: 2205042e+12
max_stress_yy: 3.355734e+12
max_stress_yz: 1390969e+12
max_stress_zz: 3.834619e+12
min_stress_prin: -4334523e+12
strain_energy: 9315626e+08

Analysis 'links_halfroCompleted (03:01:09)

Memory and Disk Usage

Machine Type:Windows NT/xs6

RAM Allocation for Solver (megabytes)4so

Total Elapsed Time (seconds): 1046
Total CPU Time (seconds): 852

Maximum Memory Usage (kilobytes): 102290
Working Directory Disk Usage (kilobytes): 409

Results Directory Size (kilobytes)
1129 \1inks_half7o

Maximum Data Base Working File Sizes (kilobytes)

4096.\1inks_half7o.tmp\kelibas

Run Completed
Wed Aug 07, 2002 03:01:09
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ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study 'links_halfso

Thu Aug 08, 2002 10:45:46

Run Settings

Memory allocation for block solver:4so

Checking the model before creating elements..

These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material

properties, on surfaces with shell properties,

with beam section properties.

One or more forces may have no effect with the given constraints.
One or more forces may have no effect with the given

Generate elements automatically.

Checking the model after creating elements..

One or more forces may have no effect with the given

One or more forces may have no effect with the given

No errors were found in the model.

ProMECHANICA STRUCTURE Model Summary

and on curves

constraints.

constraints.

constraints.

Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass: kg
Time: sec
Temperature: K

Model Type:Three Dimensional

Points: 32
Edges: 127
Faces: 158
Springs: 0
Masses: 0
Beams: 0
Shells: 0
Solids: 63
Elements: 63

Standard Design Study
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Convergence Loop Log:

Static Analysis 'links_halfso:

>> Pass 1 <<

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

(10:45:47)

Calculating Element Equations (10:45:48)

Total Number of Equations: 1026

Maximum Edge Order

>> Pass 2 <<

3

Solving Equations (10:45:48)
Post-Processing Solution (10:45:48)
Checking Convergence (10:45:48)
Resource Check (10:45:48)

Elapsed Time (sec): 367

CPU Time (sec): 224

Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb 0
Calculating Element Equations (10:45:48)

Total Number of Equations: 3045

Maximum Edge Order 6
Solving Equations (10:45:51)
Post-Processing Solution (10:45:52)
Checking Convergence (10:45:53)
Calculating Disp and Stress Results (10:45:54)
RMS Stress Error Estimates
Load Set Stress Error %of Max Prin Str
Loadset1 100e+11 13% of  797e+12
Resource Check (10:45:55)

Elapsed Time (sec): 1046

CPU Time (sec): 808

Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb): 4096

Total Mass of Model: 2.145156e-01
Total Cost of Model: 0.000000€+00

IxXX: 391617€-05
Ixy: 329274e-10  Lyy: 2.81862e-04

Mass Moments of Inertia about WCS Origin

Ixz:-6.32200€-05 Iyz: 6.28384e-11 Izz: 2.63820€-04

Principal MMOI and Principal Axes Relative to WCS Origin

Max Prin Mid Prin Min Prin
281862€-04  2.80388€-04  2.25932€-05

WCS X: 5.15056€-06  -2.53515€-01 9.67331€-01
WCS Y: 1.00000€+00 1.53945€-05 -1.28996€-06
WCS  Z:-1.45645€-05 9.67331€-01 2.53515e-01

Center of Mass Location Relative to WCS Origin:
(294710€-02, -2.91514€-08,  1.00000€-02)
Mass Moments of Inertia about the Center of Mass:

Ixx: 177102805
Ixy: 144979€-10  Iyy: 7.40948€-05
Ixz: 11477311 Iyz: 304153e-13  Izz: 7.75039€-05

Principal MMOI and Principal Axes Relative to COM:

Max Prin Mid Prin Min Prin
7.75039€-05  7.40048€-05  1.77102€-05

WCS X: 1.91948e-07 2.57125€-06 1.00000€+00
WCS Y: 8.92258e-08 1.00000€+00 -2.57125€-06
WCS  Z: 1.00000€+00 -8.92263e-08 -1.91948e-07

Constraint Set:ConstraintSett
Load Set:LoadSet1

Resultant Load on Model:
in global X direction:-1.013145e+04
in global Y direction: s424998e+01
in global Z direction:-2360103e-08

Measures:

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam total: 0.000000e+00
max_disp_mag: 7.216234e-01
max_disp_x:  -7.180404€-01
max_disp_y:  6.060742e-02
max_disp_z: -5016371€-02
max_prin_mag: 7.974749€+12
max_rot_mag:  0.000000€+00
max_rot_x:  0.000000€+00
max_rot_y:  0.000000€+00
max_rot_z: 0.000000€+00
max_stress_prin: 7974749e+12
max_stress_vm  5980295e+12
max_stress_xx: 7.387851€+12
max_stress_xy: -2605193e+12
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max_stress_xz: 1.702313e+12
max_stress_yy: 2590658e+12
max_stress_yz: 1073841e+12
max_stress_zz: 2960362e+12
min_stress_prin: -3346202e+12
strain_energy: 5552099e+08
strainioo 2.887625€+01

Analysis "links halfsoCompleted (10:45:55)

Memory and Disk Usage

Machine Type:Windows NT/xs6

RAM Allocation for Solver (megabytes)4s0
Total Elapsed Time (seconds): 10.59

Total CPU Time (seconds): 8.14

Maximum Memory Usage (kilobytes): 102290
Working Directory Disk Usage (kilobytes):409%

Results Directory Size (kilobytes)
1126 \1inks_halfso

Maximum Data Base Working File Sizes (kilobytes)
4096.\1inks_halfso.tmp\kelibas

Run Completed
Thu Aug 08, 2002 10:45:55
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ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study "S_100"
Thu Aug 08, 2002 00:16:36

Run Settings
Memory allocation for block solver:4so
Perform mesh smoothing after each parameter update
Remesh after each parameter update

Checking the model before creating elements.
These checks take into account the fact that AutoGEM will

automatically create elements in volumes with material
properties, on surfaces with shell properties,

with beam section properties

One or more forces may have no effect with
One or more forces may have no effect with

Generate elements automatically.

Checking the model after creating elements..

One or more forces may have no effect with

One or more forces may have no effect with

No errors were found in the model

ProMECHANICA STRUCTURE Model Summary

the
the

the

the

and on curves

given
given

given

given

constraints
constraints

constraints

constraints

Principal System of Units:Meter Kilogram Second (MKS)

Length: m
Mass: kg
Time: sec
Temperature: K

Model Type:Three Dimensional

Points: 32
Edges: 127
Faces: 158
Springs: 0
Masses: 0
Beams: 0
Shells: 0
Solids: 63
Elements: 63

Global Sensitivity Design Study

Parameter Start
t1 0.01 0.1

Sensitivity Step 1 of 1

Parameters:
t1 0.01

Static Analysis "links half1oo:

061



Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (00:17:24)

>> Pass 1 <<

Calculating Element Equations
Total Number of Equations: 1026
Maximum Edge Order 3

Solving Equations

Post-Processing Solution

Checking Convergence

Resource Check

Elapsed Time (sec): 49.09
CPU Time (sec): 341
Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb 0

>> Pass 2 <<
Calculating Element Equations
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations
Post-Processing Solution
Checking Convergence

Calculating Disp and Stress Results

RMS Stress Error Estimates

Load Set Stress Error

LoadSet1 3es5e+11  15% of  246e+13

Resource Check

Elapsed Time (sec): 5548
CPU Time (secy: 897
Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb): 409
Analysis 'links_halfiorCompleted (00:17:31)
Sensitivity Step 2 of 1

Parameters
t1 0.019

Static Analysis "links_half1o0:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

(00:17:24)

(00:17:24)
(00:17:24)

(00:17:24)

(00:17:25)

(00:17:25)

(00:17:27)
(00:17:28)

(00:17:29)

(00:17:30)

%of Max Prin Str

(00:17:31)

Calculating Element Equations (00:18:25)

Total Number of Equations: 3111

Maximum Edge Order:

6

Solving Equations (00:18:28)
Post-Processing Solution (00:18:29)
Calculating Disp and Stress Results (00:18:30)

RMS Stress Error

Load Set Stress

LoadSet1 171e+11 12% of

Estimates:

Error %of Max Prin Str

145€+13
Resource Check (00:18:33)
Elapsed Time (sec): 11719
CPU Time (sec): 1555
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb): 4096
Analysis 'links halfiorCompleted (00:18:33)
Sensitivity Step 3 of 1
Parameters:
t1 0.028
Static Analysis "links half1oo:
Convergence Method:Single-Pass Adaptive
Plotting Grid: 4
Calculating Element Equations (00:19:26)
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations (00:19:28)
Post-Processing Solution (00:19:29)
Calculating Disp and Stress Results (00:19:30)

RMS Stress Error Estimates:

Load Set

LoadsSett 1.13e+11  1.1% of

Stress Error %of Max Prin Str

1.04e+13
Resource Check (00:19:32)
Elapsed Time (sec): 176.32
CPU Time (sec): 2208
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb): 409
(00:19:32)

Analysis 'links_halfiorCompleted
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Sensitivity Step 4 of 11 LoadSet1 815e+10  12% of 6.79e+12

Parameters Resource Check (00:21:15)
t1 0.037 Elapsed Time (sec): 27943
CPU Time (sec): 3583

Static Analysis 'links half1oo" Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 409
Convergence Method:Single-Pass Adaptive

Plotting Grid: 4 Analysis 'links_halfio0Completed (00:21:15)

Calculating Element Equations (00:20:27) Sensitivity Step 6 of 11
Total Number of Equations: 3111
Maximum Edge Order 6 Parameters:
Solving Equations (00:20:31) t1 0.055
Post-Processing Solution (00:20:32)
Calculating Disp and Stress Results (00:20:34) Static Analysis "links half1oo:
RMS Stress Error Estimates Convergence Method:Single-Pass Adaptive
Plotting Grid: 4
Load Set Stress Error %of Max Prin Str
Calculating Element Equations (00:21:46)
LoadSet1 922e+10 11% of 821e+12 Total Number of Equations: 3111
Maximum Edge Order: 6
Resource Check (00:20:35) Solving Equations (00:21:49)
Elapsed Time (sec): 239.92 Post-Processing Solution (00:21:49)
CPU Time (sec): 29.04 Calculating Disp and Stress Results (00:21:51)
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb) 409 RMS Stress Error Estimates:
Analysis 'links_halfior Completed  (00:20:35) Load Set Stress Error %of Max Prin Str
Sensitivity Step 5 of 11 LoadSet1 735e+10 1.3% of 583e+12
Parameters Resource Check (00:21:52)
t 0.046 Elapsed Time (sec): 316.82
CPU Time (sec): 4241
Static Analysis 'links halfi1oo: Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 4096
Convergence Method:Single-Pass Adaptive

Plotting Grid: 4 Analysis 'links_halfiorCompleted (00:21:52)

Calculating Element Equations (00:21:08) Sensitivity Step 7 of 11
Total Number of Equations: 3111
Maximum Edge Order: 6 Parameters:
Solving Equations (00:21:11) t1 0.064
Post-Processing Solution (00:21:11)
Calculating Disp and Stress Results (00:21:13) Static Analysis 'links_half1o0:
RMS Stress Error Estimates Convergence Method:Single-Pass Adaptive

Plotting Grid: 4
Load Set Stress Error %of Max Prin Str
Calculating Element Equations (00:22:24)
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Total Number of Equations: 3111

Maximum Edge Order 6
Solving Equations
Post-Processing Solution
Calculating Disp and Stress Resu

RMS Stress Error Estimates

Load Set Stress Error

LoadsSett 686e+10 13% of 512e+12

(00:22:27)
(00:22:28)
1ts (00:22:29)

%of Max Prin Str

Resource Check (00:22:31)
Elapsed Time (sec): 355.09
CPU Time (sec): 4917
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb): 409
Analysis 'links halfiorCompleted (00:22:31)
Sensitivity Step 8 of 11
Parameters
t1 0.073
Static Analysis 'links halfi1oo:
Convergence Method:Single-Pass Adaptive
Plotting Grid: 4
Calculating Element Equations (00:23:02)
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations (00:23:05)
Post-Processing Solution (00:23:05)
Calculating Disp and Stress Results (00:23:07)

RMS Stress Error Estimates

Load Set Stress Error

%of Max Prin Str

Parameters
t1 0.082

Static Analysis "links half1oo:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Calculating Element Equations (00:23:43)
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations (00:23:46)
Post-Processing Solution (00:23:47)
Calculating Disp and Stress Results (00:23:48)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str

LoadsSett 630e+10  15% of 4.12e+12

Resource Check (00:23:50)
Elapsed Time (sec): 43453
CPU Time (sec):  63.02
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 4096
Analysis 'links halfiorCompleted  (00:23:50)
Sensitivity Step 10 of 11

Parameters:
t1 0.091

Static Analysis 'links_half1o00:
Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Calculating Element Equations (00:24:20)
Total Number of Equations: 3111

LoadsSett 652e+10 14% of  457e@+12

Resource Check (00:23:09)
Elapsed Time (sec): 393.04
CPU Time (sec). 56.04
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 409
Analysis 'links halfio0Completed  (00:23:09)

Sensitivity Step 9 of 1

Maximum Edge Order:

6

Solving Equations (00:24:23)
Post-Processing Solution (00:24:24)
Calculating Disp and Stress Results (00:24:25)
RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str
LoadsSett 6.14e+10 16% of 376e+12

Resource Check (00:24:27)
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Elapsed Time (secy: 47157 423.35

CPU Time (sec): 6982 Total Engine Elapsed Time Minus Param Updates (seconds)
Memory Usage (kb): 103351 86.80
Wrk Dir Dsk Usage (kb): 409 Total CPU Time in Parameter Updates (seconds)
Analysis 'links halfiorCompleted  (00:24:27) 6.62
Total Engine CPU Time Minus Param Updates (seconds)
Sensitivity Step 11 of n 70.41
Parameters Results Directory Size (kilobytes):
t1 0.1 1077.\S_100
Static Analysis 'links_halfioo Maximum Data Base Working File Sizes (kilobytes)

4006.\S_100.tmp\kelibas
Convergence Method:Single-Pass Adaptive

Plotting Grid: 4

Calculating Element Equations (00:24:68) Run Completed
Total Number of Equations: 3111 Thu Aug 08, 2002 00:25:06
Maximum Edge Order: 6

Solving Equations (00:25:01)

Post-Processing Solution (00:25:02)

Calculating Disp and Stress Results (00:25:04)

A a a Y 1w
RMS Stress Error Estimates - NIUN2 ﬂizﬁ’%‘ﬁﬂ'l‘i/‘lﬂﬁm'l"l?mm‘lﬂll 70%

Load Set Stress Error %of Max Prin Str
ProMECHANICA STRUCTURE Version 23.3(311

Summary for Design Study 'S_70

LoadsSett 601e+10  17% of  346e+12
Thu Aug 08, 2002 00:44:10
Resource Check (00:25:06)
Elapsed Time (sec): 51000 .
) Run Settings
CPU Time (secy 7693 Memory allocation for block solver:4so
Memory Usage (kb): 103351

Perform mesh smoothing after each parameter update

Remesh after each parameter update
Checking the model before creating elements..
These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

Wrk Dir Dsk Usage (kb): 409
Analysis '1inks halfio0Completed  (00:25:06)
Completed Global Sensitivity Study

Use Results to plot measures

One or more forces may have no effect with the given constraints.
One or more forces may have no effect with the given constraints.

Memory and Disk Usage .
Generate elements automatically.

Machine Type:Windows NT/x86

. Checking the model after creating elements..
RAM Allocation for Solver (megabytes)4so

. One or more forces may have no effect with the given constraints.
Total Elapsed Time (seconds):510.15

Total CPU Time (seconds): 77.03

Maximum Memory Usage (kilobytes) 103351 One or more forces may have no effect with the given constraints.
Working Directory Disk Usage (kilobytes): 409

Total Elapsed Time in Parameter Updates (seconds)
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No errors were found in the model

ProMECHANICA STRUCTURE Model Summary
Principal System of Units:Meter Kilogram Second (MKS)
Length: m
Mass kg

Time sec

Temperature: K

Model Type:Three Dimensional

Points 32
Edges 127
Faces 158
Springs 0
Masses 0
Beams 0
Shells 0
Solids 63
Elements 63

Global Sensitivity Design Study

Parameter Start End
t1 0.01 0.1

Sensitivity Step 1 of 11

Parameters
t1 0.01

Static Analysis 'links_halfro:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (00:45:08)
>> Pass 1 <<
Calculating Element Equations (00:45:05)
Total Number of Equations: 1026
Maximum Edge Order: 3
Solving Equations (00:45:05)
Post-Processing Solution (00:45:05)
Checking Convergence (00:45:06)
Resource Check (00:45:06)

Elapsed Time (sec): 56.69
CPU Time (sec): 369
Memory Usage (kb): 102290
Wrk Dir Dsk Usage (kb 0

>> Pass 2 <<

Calculating Element Equations (00:45:08)
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations (00:45:09)
Post-Processing Solution (00:45:10)
Checking Convergence (00:45:11)
Calculating Disp and Stress Results (00:45:12)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str

LoadsSet1 272e+11 15% of  1.83e+13

Resource Check (00:45:13)
Elapsed Time (sec): 64.08
CPU Time (sec):  9.90
Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb): 4096
Analysis 'links_halfroCompleted (00:45:13)
Sensitivity Step 2 of n

Parameters:
t1 0.019

Static Analysis 'links half7o:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Calculating Element Equations (00:45:56)
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations (00:45:59)
Post-Processing Solution (00:46:00)
Calculating Disp and Stress Results (00:46:01)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str
LoadsSett 1.28e+11  12% of  1.08e+13
Resource Check (00:46:03)
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Elapsed Time (sec)
CPU Time (sec)
Memory Usage (kD)
Wrk Dir Dsk Usage (kb)

114.11
16.93
103351
4096

Analysis "links half7oCompleted  (00:46:03)

Sensitivity Step 3 of 11

Parameters
t1 0.028

Static Analysis 'links half7o:

Convergence Method:Single-Pass Adaptive

Plotting Grid: 4

Calculating Element Equations (00:46:46)
Total Number of Equations: 3111

Maximum Edge Order:

6

Solving Equations (00:46:49)
Post-Processing Solution (00:46:50)
Calculating Disp and Stress Results (00:46:51)
RMS Stress Error Estimates
Load Set Stress Error %of Max Prin Str
LoadsSet1 840e+10  11% of  7.77e+12
Resource Check (00:46:53)
Elapsed Time (sec): 163.86
CPU Time (sec). 2396
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb): 4096
Analysis 'links_halfroCompleted  (00:46:53)
Sensitivity Step 4 of 1
Parameters
t1 0.037
Static Analysis "links half7o:
Convergence Method:Single-Pass Adaptive
Plotting Grid: 4
Calculating Element Equations (00:47:29)
Total Number of Equations: 3111
Maximum Edge Order 6
Solving Equations (00:47:32)
Post-Processing Solution (00:47:33)

Calculating Disp and Stress Results (00:47:34)

RMS Stress Error Estimates

Load Set Stress Error %of Max Prin Str
Loadset1 687e+10  11% of 6.11e+12
Resource Check (00:47:36)
Elapsed Time (sec): 206.81
CPU Time (sec): 3094
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 4096

Analysis 'links halfroCompleted (00:47:36)
Sensitivity Step 5 of 11
Parameters:

t1 0.046

Static Analysis "links halfro:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Calculating Element Equations (00:48:07)
Total Number of Equations: 3111
Maximum Edge Order: 6
Solving Equations (00:48:10)
Post-Processing Solution (00:48:11)
Calculating Disp and Stress Results (00:48:12)

RMS Stress Error Estimates:

Load Set Stress Error %of Max Prin Str
LoadsSett 607e+10  12% of s506e+12
Resource Check (00:48:14)
Elapsed Time (sec): 244.69
CPU Time (sec): 3785
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 4096
Analysis 'links half7oCompleted (00:48:14)
Sensitivity Step 6 of 11

Parameters:
t1 0.055

Static Analysis "links half7o:
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Convergence Method:Single-Pass Adaptive Analysis 'links halfroCompleted  (00:49:30)
Plotting Grid: 4
Sensitivity Step 8 of 11

Calculating Element Equations (00:48:45)
Total Number of Equations: 3111 Parameters
Maximum Edge Order: 6 t 0.073
Solving Equations (00:48:48)
Post-Processing Solution (00:48:49) Static Analysis *links halfro:
Calculating Disp and Stress Results (00:48:50)

Convergence Method:Single-Pass Adaptive

RMS Stress Error Estimates Plotting Grid: 4

Load Set Stress Error %of Max Prin Str Calculating Element Equations (00:50:01)
_ Total Number of Equations: 3111
LoadSet1  547e+10  13% Of 43se+12 Maximum Edge Order: 6
Solving Equations (00:50:05)
Resource Check (00:48:52) Post-Processing Solution (00:50:06)
Elapsed Time (sec): 282.97 Calculating Disp and Stress Results (00:50:07)
CPU Time (sec): 4477
Memory Usage (kb): 103351 RMS Stress Error Estimates:

Wrk Dir Dsk Usage (kb): 4096 .
Load Set Stress Error %of Max Prin Str

Analysis 'links_half7oCompleted (004852)
Loadset1 486e+10  14% of  340e+12

Sensitivity Step 7 of 1
Resource Check (00:50:09)
Parameters Elapsed Time (sec): 35971
t1 0.064 CPU Time (sec): 5898
Memory Usage (kb): 103351
Static Analysis 'links_halfro: Wrk Dir Dsk Usage (kb): 4096
Convergence Method:Single-Pass Adaptive Analysis '1inks half7oCompleted  (00:50:09)

Plotting Grid: 4
Sensitivity Step 9 of 1

Calculating Element Equations (00:49:23)
Total Number of Equations: 3111 Parameters:
Maximum Edge Order: 6 t 0.082
Solving Equations (00:49:26)
Post-Processing Solution (00:49:27) Static Analysis rlinks halfro:
Calculating Disp and Stress Results (00:49:28)

Convergence Method:Single-Pass Adaptive

RMS Stress Error Estimates Plotting Grid: 4

Load Set Stress Error %of Max Prin Str Calculating Element Equations (00:50:40)
Total Number of Equations: 3111
LoadSet1  si2e+io  13% of 3s2e+12 Maximum Edge Order: 6
Solving Equations (00:50:42)
Resource Check (00:49:30) Post-Processing Solution (00:50:43)
Elapsed Time (sec): 32068 Calculating Disp and Stress Results (00:50:45)
CPU Time (sec). 5170 .
Memory Usage (kb): 108351 RMS Stress Error Estimates:

Wrk Dir Dsk Usage (kb): 409

L61



Load Set Stress Error %of Max Prin Str Total Number of Equations: 3111

- Maximum Edge Order: 6
LoadSet1 469e+10  15% of  307e+12 Solving Equations (00:51:58)
Post-Processing Solution (00:51:59)
Resource Check (00:50:46) Calculating Disp and Stress Results (00:52:00)
Elapsed Time (sec): 397.25
CPU Time (sec): 6589 RMS Stress Error Estimates:
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb):  409% Load Set Stress Error %of Max Prin Str
Analysis 'links_halfroCompleted  (00:50:46) LoadsSett 448e+10  17% of  258e+12
Sensitivity Step 10 of 11 Resource Check (00:52:02)
Elapsed Time (sec): 47251
Parameters CPU Time (sec): 7978
t 0091 Memory Usage (kb): 103351
Static Analysis 'links halfro: Wrk Dir Dsk Usage (kb): 4036

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Analysis 'links half7oCompleted (00:52:02)

Completed Global Sensitivity Study

Calculating Element Equations (00:51:17)
Total Number of Equations: 3111 Use Results to plot measures.
Maximum Edge Order: 6
Solving Equations (00:51:20)
Post-Processing Solution (00:51:21) Memory and Disk Usage:
Calculating Disp and Stress Results (00:51:22)

Machine Type:Windows NT/xs6

RMS Stress Error Estimates .
RAM Allocation for Solver (megabytes):4s.0

Load Set Stress Error %of Max Prin Str .
Total Elapsed Time (seconds) 47264

Total CPU Time (seconds): 79.88
Loadsets aerenio 16 Of - zs0eria Maximum Memory Usage (kilobytes): 103351
Resource Check (00:51:24) Working Directory Disk Usage (kilobytes) 409
Elapsed Time (secy 43493 Total Elapsed Time in Parameter Updates (seconds)
CPU Time (sec) 7279 364.70
Memory Usage (kb): 103351 Total Engine Elapsed Time Minus Param Updates (seconds)

Wrk Dir Dsk Usage (kb): 4096 o794

Total CPU Time in Parameter Updates (seconds)

Analysis 'links halfro Completed (00:51:24) 7.03
Total Engine CPU Time Minus Param Updates (seconds)

Sensitivity Step 11 of 11

Parameters
t1 0.1

Static Analysis 'links half7o:
Convergence Method:Single-Pass Adaptive

Plotting Grid: 4
Calculating Element Equations (00:51:55)

72.85

Results Directory Size (kilobytes):
1077 \S_70

Maximum Data Base Working File Sizes (kilobytes)
4006 .\S_vo.tmp\kelibas
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Run Completed
Thu Aug 08, 2002 00:52:02

A a a Y 1w
- NIUN3 ﬂizﬁmmwmimﬂmmmu 50%

ProMECHANICA STRUCTURE Version 233(311)
Summary for Design Study 'S_so
Thu Aug 08, 2002 10:27:52

Run Settings

Memory allocation for block solver:4so

Perform mesh smoothing after each parameter update

Remesh after each parameter update
Checking the model before creating elements.
These checks take into account the fact that AutoGEM will
automatically create elements in volumes with material
properties, on surfaces with shell properties, and on curves
with beam section properties

One or more forces may have no effect with the given constraints
One or more forces may have no effect with the given constraints

Generate elements automatically.
Checking the model after creating elements..

One or more forces may have no effect with the given constraints

One or more forces may have no effect with the given constraints

No errors were found in the model

ProMECHANICA STRUCTURE Model Summary
Principal System of Units:Meter Kilogram Second (MKS)
Length: m
Mass kg

Time sec
Temperature: K

Model Type:Three Dimensional

Points 32

Edges: 127
Faces: 158
Springs: 0
Masses 0
Beamns: 0
Shells: 0
Solids: 63
Elements: 63

Global Sensitivity Design Study

Parameter Start
t1 0.01 0.1

Sensitivity Step 1 of n

Parameters:
t1 0.01

Static Analysis 'links halfso:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (10:28:32)

>> Pass 1 <<

Calculating Element Equations
Total Number of Equations: 1026
Maximum Edge Order: 3

Solving Equations

Post-Processing Solution

Checking Convergence

Resource Check

Elapsed Time (sec): 4163
CPU Time (sec): 276
Memory Usage (kb): 102290

Wrk Dir Dsk Usage (kb 0

>> Pass 2 <<

Calculating Element Equations
Total Number of Equations: 3111
Maximum Edge Order: 6

Solving Equations

Post-Processing Solution

Checking Convergence

Calculating Disp and Stress Results

(10:28:32)

(10:28:32)
(10:28:33)

(10:28:33)

(10:28:33)

(10:28:33)

(10:28:36)
(10:28:36)

(10:28:38)

(10:28:39)
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RMS Stress Error Estimates

LoadSet1 106e+11  1.3% of 832e+12
Load Set Stress Error %of Max Prin Str
- Resource Check (10:29:25)
LoadSet1 210e+11  15% of  142e+13 Elapsed Time (sec): 9321
CPU Time (sec): 1529

Resource Check (10:28:40) Memory Usage (kb): 103351

Elapsed Time (sec): 4823 Wrk Dir Dsk Usage (kb): 40%

CPU Time (sec): 835

Memory Usage (kb): 102290 Analysis 'links halfsoCompleted (10:20:25)

Wrk Dir Dsk Usage (kb): 409
Sensitivity Step 3 of 1
Analysis 'links_halfsoCompleted (10:28:40)

Parameters:
Sensitivity Step 2 of 1 t1 0.028
Parameters Static Analysis "links halfso:
t1 0.019

Convergence Method:Single-Pass Adaptive

Static Analysis 'links halfso: Plotting Grid: 4

Convergence Method:Single-Pass Adaptive Convergence Loop Log: (10:30:00)
Plotting Grid: 4
>> Pass 1 <<
Convergence Loop Log (10:29:18) Calculating Element Equations (10:30:00)
Total Number of Equations: 1026
>> Pass 1 << Maximum Edge Order: 3
Calculating Element Equations (10:29:18) Solving Equations (10:30:01)
Total Number of Equations: 1026 Post-Processing Solution (10:30:01)
Maximum Edge Order: 3 Checking Convergence (10:30:01)
Solving Equations (10:29:18) Resource Check (10:30:01)
Post-Processing Solution (10:29:18) Elapsed Time (sec): 12969
Checking Convergence (10:29:18) CPU Time (sec): 16.81
Resource Check (10:29:19) Memory Usage (kb): 103351
Elapsed Time (sec): 87.30 Wrk Dir Dsk Usage (kb): 4096
CPU Time (sec): 9.9

Memory Usage

(kb): 103351

>> Pass 2 <<

Wrk Dir Dsk Usage (kb): 4096 Calculating Element Equations (10:30:01)

Total Number of Equations: 2967
>> Pass 2 <<

Maximum Edge Order: 6
Calculating Element Equations (10:29:19) Solving Equations (10:30:03)
Total Number of Equations: 3045 Post-Processing Solution (10:30:04)
Maximum Edge Order 6 Checking Convergence (10:30:05)
Solving Equations (10:29:21) Calculating Disp and Stress Results (10:30:06)
Post-Processing Solution (10:29:22)
Checking Convergence (10:29:23) RMS Stress Error Estimates:
Calculating Disp and Stress Results (10:29:24)

Load Set Stress Error %of Max Prin Str
RMS Stress Error Estimates

LoadSet1 710e+10  12% of  6.00e+12
Load Set Stress Error %of Max Prin Str
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Resource Check (10:30:07)

Elapsed Time (sec): 13554
CPU Time (sec): 2214
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 409
Analysis '1inks halfsoCompleted  (10:30:07)
Sensitivity Step 4 of 11

Parameters
t1 0.037

Static Analysis 'links_halfso

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log (10:30:40)
>> Pass 1 <<
Calculating Element Equations (10:30:40)
Total Number of Equations: 1026
Maximum Edge Order 3
Solving Equations (10:30:40)
Post-Processing Solution (10:30:41)
Checking Convergence (10:30:41)
Resource Check (10:30:41)
Elapsed Time (sec): 169.59
CPU Time (sec). 2372
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 4096

>> Pass 2 <<

Calculating Element Equations (10:30:41)
Total Number of Equations: 2967
Maximum Edge Order: 6
Solving Equations (10:30:43)
Post-Processing Solution (10:30:44)
Checking Convergence (10:30:45)
Calculating Disp and Stress Results (10:30:46)

RMS Stress Error Estimates

Load Set Stress Error %of Max Prin Str
LoadsSett 596e+10 13% Of 472e+12
Resource Check (10:30:47)
Elapsed Time (sec): 17540
CPU Time (sec). 2899

Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb): 409

Analysis 'links halfsoCompleted (10:3047)
Sensitivity Step 5 of 11

Parameters:
t1 0.046

Static Analysis "links_halfso:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (10:31:20)

>> Pass 1 <<

Calculating Element Equations
Total Number of Equations: 1026
Maximum Edge Order: 3

Solving Equations

Post-Processing Solution

Checking Convergence

Resource Check

Elapsed Time (sec): 20959
CPU Time (sec): 3057
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 4096

>> Pass 2 <<

Calculating Element Equations
Total Number of Equations: 2967
Maximum Edge Order: 6

Solving Equations

Post-Processing Solution

Checking Convergence

Calculating Disp and Stress Resu

RMS Stress Error Estimates:

Load Set Stress Error

LoadsSett 540e+10  14% of 390e+12

Resource Check

Elapsed Time (sec): 21591
CPU Time (sec): 3613
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 409

(10:31:20)

(10:31:20)
(10:31:20)

(10:31:21)

(10:31:21)

(10:31:21)

(10:31:24)
(10:31:24)
(10:31:26)
1ts (10:31:27)

%of Max Prin Str

(10:31:27)
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Analysis 'links_halfsoCompleted (1031:27) Parameters

t1 0.064
Sensitivity Step 6 of 11

Static Analysis 'links halfso:

Parameters Convergence Method:Single-Pass Adaptive
t1 0.055 Plotting Grid: 4
Static Analysis 'links_halfso: Convergence Loop Log: (10:32:36)
Convergence Method:Single-Pass Adaptive >> Pass 1 <<
Plotting Grid: 4 Calculating Element Equations (10:32:36)

Total Number of Equations: 1026

Convergence Loop Log (10:31:58) Maximum Edge Order: 3
Solving Equations 10:32:37
>> Pass 1 << g Eqf ' ) ( )
. . Post-Processing Solution (10:32:37)
Calculating Element Equations (10:31:58) .
. Checking Convergence (10:32:37)
Total Number of Equations: 1026
. Resource Check (10:32:37)
Maximum Edge Order: 3 .
. A Elapsed Time (sec): 28594
Solving Equations (10:31:59) CPU Ti
. . ime sec): 4508
Post-Processing Solution (10:31:59) (se0)
. Memory Usage (kb): 103351
Checking Convergence (10:31:59) Wrk Dir Dsk U (kb
r ir Ds sage 4096
Resource Check (10:31:59) g
Elapsed Time (sec): 247.88 S>> Pass 2 <<
CPU Time (secy: 3770 Calculating Element Equations (10:32:37)
Memory Usage (k) 103351 Total Number of Equations: 3219
Wrk Dir Dsk Usage (kb): 409 Maximum Edge Order: s
Solving Equations 10:32:40)
>> Pass 2 << Ptqu' soluti ( )
ost-Processin olution 10:32:41
Calculating Element Equations (10:31:59) . 9 ( )
. Checking Convergence (10:32:42)
Total Number of Equations: 3141 . )
. Calculating Disp and Stress Results (10:32:44)
Maximum Edge Order 6
Solving Equations (10:32:02) RMS Stress Error Estimates:
Post-Processing Solution (10:32:03)
Checking Convergence (10:32:04) Load Set Stress Error %of Max Prin Str
Calculating Disp and Stress Results (10:32:05)
LoadsSett 467€+10  16% of 293e+12
RMS Stress Error Estimates
Resource Check (10:32:44)
Load Set Stress Error %of Max Prin Str Elapsed Time (sec) 20300
CPU Time (sec):  51.14
LoadSett 493e+10  15% of 334e+12 Memory Usage (kb): 103381
Wrk Dir Dsk Usage (kb): 4096
Resource Check (10:32:05) ge (P
Elapsed Time (secy 25418 Analysis 'links halfsoCompleted  (10:32:44)
CPU Time (sec): 4345 -
Memory Usage (kb): 103351 Sensitivity Step 8 of 11
Wrk Dir Dsk Usage (kb): 409
Parameters:
Analysis "links halfsoCompleted  (10:32:05) t1 0.073
Sensitivity Step 7 of n Static Analysis 'links halfso:
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Convergence Method:Single-Pass Adaptive

Plotting Grid: 4

Convergence Loop Log (10:33:17)
>> Pass 1 <<
Calculating Element Equations (10:33:17)
Total Number of Equations: 1026
Maximum Edge Order 3
Solving Equations (10:33:17)
Post-Processing Solution (10:33:17)
Checking Convergence (10:33:17)
Resource Check (10:33:18)
Elapsed Time (sec): 32634
CPU Time (sec): 5273
Memory Usage (kb): 103351
Wrk Dir Dsk Usage (kb): 409
>> Pass 2 <<
Calculating Element Equations (10:33:18)
Total Number of Equations: 3288
Maximum Edge Order: 6
Solving Equations (10:33:20)
Post-Processing Solution (10:33:21)
Checking Convergence (10:33:22)
Calculating Disp and Stress Results (10:33:24)

RMS Stress Error Estimates

Load Set Stress Error

LoadsSett 444e+10  17% of  261e+12

Resource Check

Elapsed Time (sec): 33287
CPU Time (sec). 5862
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 5120
Analysis '1inks halfsoCompleted (10:33:24)
Sensitivity Step 9 of 11

Parameters
t1 0.082

Static Analysis 'links halfso

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (10:33:58)

%of Max Prin Str

(10:33:24)

>> Pass 1 <<

Calculating Element Equations
Total Number of Equations: 1026
Maximum Edge Order: 3

Solving Equations

Post-Processing Solution

Checking Convergence

Resource Check

Elapsed Time (sec):. 36748
CPU Time (sec): 60.18
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 5120

>> Pass 2 <<

Calculating Element Equations
Total Number of Equations: 3288
Maximum Edge Order: 6

Solving Equations

Post-Processing Solution

Checking Convergence

Calculating Disp and Stress Resu

RMS Stress Error Estimates

Load Set Stress Error

LoadsSett 4.19e+10  18% of 235e+12

Resource Check

Elapsed Time (sec): 3739
CPU Time (sec): 66.07
Memory Usage (kb): 103351

Wrk Dir Dsk Usage (kb): 5120
Analysis '1inks halfsoCompleted  (10:3405)
Sensitivity Step 10 of 11

Parameters:
t1 0.091

Static Analysis "links halfso:

Convergence Method:Single-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (10:34:36)

>> Pass 1 <<
Calculating Element Equations
Total Number of Equations: 1026

(10:33:58)

(10:33:58)
(10:33:58)

(10:33:59)

(10:33:59)

(10:33:59)

(10:34:01)
(10:34:02)
(10:34:04)
lts (10:34:05)

%of Max Prin Str

(10:34:05)

(10:34:36)
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Maximum Edge Order: 3 Checking Convergence (10:35:20)

Solving Equations (10:34:37) Resource Check (10:35:20)
Post-Processing Solution (10:34:37) Elapsed Time (sec): 44856
Checking Convergence (10:34:37) CPU Time (sec): 7566
Resource Check (10:34:37) Memory Usage (kb): 103351
Elapsed Time (sec): 405.89 Wrk Dir Dsk Usage (kb): 5120
CPU Time (sec):  67.72
Memory Usage (kb): 103351 >> Pass 2 <<
Wrk Dir Dsk Usage (kb): 5120 Calculating Element Equations (10:35:20)
Total Number of Equations: 3288
>> Pass 2 << Maximum Edge Order: 6
Calculating Element Equations (10:34:37) Solving Equations (10:35:23)
Total Number of Equations: 3288 Post-Processing Solution (10:35:23)
Maximum Edge Order: 6 Checking Convergence (10:35:25)
Solving Equations (10:34:40) Calculating Disp and Stress Results (10:35:26)
Post-Processing Solution (10:34:41)
Checking Convergence (10:34:43) RMS Stress Error Estimates:
Calculating Disp and Stress Results (10:34:44)
Load Set Stress Error %of Max Prin Str

RMS Stress Error Estimates: e e

LoadsSett 388e+10  20% of 197e+12
Load Set Stress Error %of Max Prin Str
Resource Check (10:35:26)
LoadsSett 401€+10  19% of  214e+12 Elapsed Time (sec): 45509
CPU Time (sec): 8156

Resource Check (10:34:45) Memory Usage (kb): 103351

Elapsed Time (sec): 41333 Wrk Dir Dsk Usage (kb): 5120

CPU Time (sec). 7405

Memory Usage (kb): 103351 Analysis 'links halfsoCompleted (10:35:26)

Wrk Dir Dsk Usage (kb): 5120
Completed Global Sensitivity Study

Analysis '1inks halfsoCompleted (10:3445) Use Results to plot measures

Sensitivity Step 11 of n

Parameters

Memory and Disk Usage:
t1 0.1

Machine Type:Windows NT/xs6

Static Analysis "links halfso: .
- RAM Allocation for Solver (megabytes)4so

Convergence Method:Single-Pass Adaptive

. . Total Elapsed Time (seconds) 45523
Plotting Grid: 4

Total CPU Time (seconds): 81.68
Maximum Memory Usage (kilobytes): 103351

Convergence Loop Log: (10:35:19)
Working Directory Disk Usage (kilobytes) 5120
>> Pass 1 << Total Elapsed Time in Parameter Updates (seconds)
Calculating Element Equations (10:35:19) 367.71
Total Number of Equations: 1026 Total Engine Elapsed Time Minus Param Updates (seconds)
Maximum Edge Order: 3 87.52
Solving Equations (10:35:19) Total CPU Time in Parameter Updates (seconds):
Post-Processing Solution (10:35:19) 6.45

¥0¢



Total Engine CPU Time Minus Param Updates (seconds)
75.23

Results Directory Size (kilobytes)
1084\ S_50

Maximum Data Base Working File Sizes (kilobytes)
5120 \S_so.tmp\kelibas

Run Completed
Thu Aug 08, 2002 10:35:27
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