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» ¥ TUBE SQUARE 20X 20X 2<11>
[ uBE, square 202 A Property Name Type Value / Text Expression Evaluated Value " @‘ =
L[ TUBE, SQUARE 20X 2 1 [ MATERIAL Text [+]-sw-Material@@@+<25> @W2 sLDPRT Material <not specified -] TUEE
i[5 TUBE, SQUARE 20X 2 2 |quanmiTy Text +[-quantmve @@ <25- @wa.stoPRT 1 » W Tuee o
: = o solate
+-[[=7 TuBE, sQuarE 20x 2 3 |pescripmion Text |La22 x wa22 xHs 1422 X W322 X HS W uee
: = » WTusy  Excludefrom curlist
b B TUBE, SQUARE 20X 2 4 |<Type a new propert ™
H » [ cutt (&) AddtoFavorites
: B » Dol Go To.
L P miRe criiapeany 2 =
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Leal )l 8 28 daal) anid an )l Calal 3 gas

) sels o34 (Dimetric) datuall liss

ITEM MO QTY. DESCRIPTIGH LEMGTH
1 1 TUBE, SQUARE 20 X 20 ¥ 2 417.56
2 1 TUBE. SQUARE 20 ¥ 20 ¥ 2 317.68
3 2 TUBE, SQUARE 20 X 20 ¥ 2 250
4 1 TUBE, SQUARE 20 ¥ 20 ¥ 2 360
5 2 TURE SQUARE 20 X 20 150.23

1 L422 K W322 X HS

7 2 TUBE, sQUARE 20 ¥ 20 ¥ 2 16821
8 2 TUBE, SQUARE 20 X 20 ¥ 2 39.01
= 1 TUBE, SGUARE 20 ¥ 20 ¥ 2 167.68
10 1 TUBE, SQUARE 20 X 20 X 2 220

1 4

12 2

E 2

14 2 TUBE, SQUARE 20 ¥ 20 ¥ 2 23.63
15 2 TUBE. SQUARE 20 X 20 ¥ 2 110

14 1 TUBE, SGUARE 20 X 20 K 2 31788
17 1

X woo . T owgs o - PO .

TEM NO. aTy. DESCRIPTION LENGTH
] ] TUBE, SQUARE 20 % 20 % 2 417.66
2 1 TUBE, SQUARE 20 % 20 %2 317.86
3 2 TUBE, SQUARE 20 % 20 %2 280
4 1 TUBE, SQUARE 20 ¥ 20 %2 380
5 2 TUBE, SQUARE 20 % 20 %2 150.23
s 1 L422 X W322 K He
7 2 TUBE, SQUARE 20 ¥ 20 %2 165.21
8 2 TUBE, SQUARE 20 % 20 % 2 39.01
B ] TUBE, SQUARE 20 % 20 % 2 167.56

10 ] TUBE, SQUARE 20 % 20 % 2 220
K 4
12 2
13 2
14 2 TUBE, SQUARE 20 ¥ 20 %2 53.63
15 2 TUBE, SQUARE 20 % 20 %2 110
1% i TUBE, SQUARE 20 % 20 % 2 317.86
7 1

Liwall a5 25 (Weld Table) Lis) (Tables) ox sl (ald J gas ddlia) (S
Cruliall Sl & J ol = 523 5 (Dimetric)

ITEM M @Tv. DESCRIPTION LEHGTH
1 1 TUBE, 5 UARE 20 % 20 X 2 41744
2 1 TUBE, 5 UARE 20 % 20 X 2 317484
3 2 TUBE, 5 UARE 20 % 20 X 2 280
4 1 TUBE, 5 UARE 20 % 20 X 2 380
5 2 TUBE, 5 UARE 20 % 20 X 2 15023
& 1 L422 8 W322 K HS
7 2 TUBE, 5 UARE 20 % 20 X 2 14521
& 2 TUBE, 5 UARE 20 % 20 X 2 3201
i 1 TUBE, 5 UARE 20 % 20 X 2 15744
10 1 TUBE, 5@ UARE 20 % 20 X 2 220
11 4
12 2
13 2
14 2 TUBE, 5 UARE 20 % 20 X 2 P3E3
15 2 TUBE, 5 UARE 20 % 20 X 2 110
14 1 TUBE, 5 UARE 20 % 20 X 2 317484
17 1

TE# WELD
Mo, |WELD SEE[SYMBOL| | HESD | WELD MATERIAL | GITY.
11H5 5[5.5){6
1 5 I, o5 1
2 2 [ 73.13 1
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Uald tlau Ll e
& 50 e abaliall e aall Jrend @liSay Lyl 5 de giial) adaliall (o aall 355 a2
Mwmgﬂ\g\}duqum\wm s o)) LS el pall daial) A< 50
el dlia 4 38 o) Caaall Gl 2 Y Gald adaie ) 2Ua3 a8 451 Y adaldall (e ol
L) alath (8 g Y ) 13g] dpndaal) tb&d\ Crana Do e e Aaall (§gull (pza
. I B3
AL 3 e sall (weldment profiles) alaell caadl Yol g
(C:\Program Files\SOLIDWORKS Corp\SOLIDWORKS\lang\english\weldment profiles)
(Standard) <asi jeday Casu (My Work) 4as o alaa oLl a8 4lala
(Type) ai jeday Coswe (Beams) 4em s 2aa dlae (&3 (My Work) alaall Jalas
> cilo i) -2
&\-’\3‘ I a1 a8 (Front plane) Lssal ) aliia) -3

40

Cildl) aul ia) 5 (Save As) il & agle 3l ol (Sketchl) waais o8 -4

8 4l ) (Beams) laall 8 Lisll (Sa 5 (SldIfp) 4 535 (PLY_60X60X8)
Gldl 5l ) 5 (Save) Ll ksl & (1) a5 shaall

2 Al pedans e Jaially 285 il alaal d Jaially U Gl ey o1 13 Adaadle

nnnnnnn

Features | Sketch | Weldmen

nnnnnnnnn

Save As

% —

« v A « mywork > Beams | @ | SearchBeams » %
= [
?% Organize Mew folder [7)
! N =
(0 Part3 (Default<<Defsult> Di s Quick access Name Date modifi
3 Histery I Deskiop [ 5.80_160.5LDLFP 7-08-2016 - 07:58  SLOLFP i
Sensers 3 Downloads

r Annotations
E

@AM\A’@

I_, Origin

(L, Sketchi

855 Material <not specified>
N Front Planc

N Top Plane

N Right Plane

%] Documents
=] Pictures

Infiniteskills Soliv v <

File name: | [H8SEIGIRE]

Save as type:  Lib Feat Part (*sldlifp)

Description: Add 3 description

(@) Save as
(O Save a5 copy and continue
() Save a5 copy and apen
“ Hide Folders
I

v

Include all referenced corr

Add prefix

Add suffix
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cu il (e 5 (500mMmmMX400mm) Jebaies ) o3 aaa cala i) Y1 -5
Gl all s sl = ) e g (Structural Member) e 3l (Weldments)
A Y1 g Y Al o3 A

@ Structural Member @' @

v X -

Message Ea
Select sketch segments for defining

path. You can rotate the profile by a
specified angle.

Selections ~
Standard:

| my wark ~ |
Type:

| Beams ~ |
Size:

| pLy_soxs0xe |

Transfer Material from
Profile:Material <not
specified=

Groups:

’h‘

(]

agle) 23 Calall Jada) ol JaY) oLis) a1 3815 -6

O Jsla Gogan Y1 Ll s aladinn) 5 JSLell Aaasanaill algall alina likae 38 () oS5 13gu s
sl Jlia e oliadat Lo 3k



(1) ool
W=500mm & L=1000mm ) Jull JS&l) sy (2D & 3D sketch) alaainls -1

(& H=600mm

sl = sl (a5 (Structural Member) = 8 (Weldments) cu sl 0w -2
48Y) Aay )Y g 2aY) S S (is0-C channet-80X8X1) Al il jLad) aaa

i sall Jaxi (Locate Profile) oo .disd oy yi daghadll et o) a1 o)) Jaadls

‘:\\\—"<
N

=11

&5 (1) Al e am GlIN 5 Sl ol 52 ) G 5 seana 5 piall o 521 065 ¢ 25

3315 o L kad L] ALl AL SISy (End Buttl) Jbas

Corner Treatment x

Comer Treatment X

Trim Order. | 1

Merge miter trimmed bodies
[] Set comner specific weld gaps

@ 0.00mm

1 adaad)

24



il = Il Ga g (Structural Member) e 8 (Weldments) «usdll (e -3
La¥ 450 seall g Y J5) A & (iso-angle iron-35X35X5) Adull <l jLall sas
G ) as el (V) As 53 (270) 5 s B anlia e sladV)

Tcal

ulignment:
Alignment: ‘

L ]

Align horizontal axis

Align horizontal axis

Align vertical axis

R .
R

Locate Profile

Align vertical axis

u 270.00deg :
Locate Profile

eI sl Al ) e 5 (SN (53 genll ¢ 3l &5 (New Group) L e Jaxazal Y
Sl 3 3 e

(Ale5) 4 5 A JSEN ann ) (52 3mnl o 3all Apalal) dgal sl 1ol -4

>’

4

3l = Il e (Structural Member) e 8 (Weldments) «usill (e -6
5 1Al a s el kil Ladll & (jso-angle iron-35X35X5) 4l <l LAl sas
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il = M edas (Trim/Extend) e & (Weldments) < sill (o -7
trimming ) o« kil ¢ 3l JUiss (body to be trimmed) ¢ Trim/Extend1
Sl JSEIL LS Jihatiall (g glall mbaud) 35 S5 (Face/Plane) U9 (boundary

¥ Trim/Extend1
v X .

Corner Type

Evie @

Bodies to be Trimmed
I| Angle iron 35 X 35 X 5(2)

]

[ Allow extension

Trimming Boundary

(®) Face / plane

() Bodies

Il Face<1>

[ preview
weld gap

s il - 4l ek (Hole Wizard) e 8 (Weldments) cussill (o -8
dailiald g ‘“;Lﬁ\ JSEL WS dmia 5

cuilall (8) 35kl , S -9
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"agee A A" a6l (Mirror) Y eaddul -10

lalt] Mirrort @
v X

Mirror Face/Plane -~
@ Front Plane

Bodies to Mirror ~

@ CBORE for M5 Cross Recess Pan He
CBORE for M5 Cross Recess Pan Hez

Options
I Merge solids

] knit surfaces

Propagate visual properties
() Full preview

(@) Partial preview

BT Mirror3 @
v X
Mirror Face/Plane ~
@ Right Plane
Bodies to Mirror -
@ Mirror2[g]

Mirrar2[7]

Mirrar2[12]

Mirrar2[11]
Optio ~

s
[ Merge solids
[ knit surfaces

Propagate visual properties

() Full preview
(®) Partial preview

k=53 (Hole WizaArd) &= (10) sshall S

e oall el mlandl j5a) ¢ jall adade dgled Je elae aua g (End Cap) -11
alall Jadal g (ala5) Ay o8 o UGN JSE s ) 5 (52 ganl

3




sk (Weld Bead) e &l (Weldments) < sl (s (Weld Bead) ol -12
o3 (select Loop) idl s sasesll ¢ Jall 4ies die ) 5l 2l ilal) & 5l
Al il 385 I (AN LS ¢ ally Jadll atl) sl

& weld Bead @

v X

‘Weld Path ~

'Weld Path1

New Weld Path

Settings ~
Weld selection: :|
(O Weld Geometry
(@ Weld Path

) |teop<1>
= [z00mm

Define Weld Symbol...

L33

[J From/Ta Length v

Y
[0 Intermittent Weld v ?

a8l aa3A) d.;‘)Y\@:G.JLJ\ 3ghadll 5 S
alll el ) adaa ad 2 gad Cogun (T1) pnsly alall Jada)

dclhall #1 A1 -13
(Make Drawing from Part) sl -

*

(Jj ualia (it 4l i) (Dimetric) Lol Al g cauliall (5,50 axa alal -
daiall & 4s )

id) ) paat elia allay (Weldment Cut List) is) (Tables) (ws -
dadiall A aal )il W8 45 385 &5 (Dimetric)

TEM e LD sme SYMBOL D | WeLD maTERIAL | G
7 |C CHANNELGO0 % 622>
C CHANNEL 80 % B3>
L35 a5 X &<l
CutListltem?

L 36 ¥ 35 4 5<25
CutListltem?
L35 % 35 4 52>
Cut-listltem®

m\qn\mhmm~%
£ INCRCY [ (Y Y
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(Delete -column) kil Y oL adde el Sl g dgae Lg\ 8da uS.cu =&
_ . P

& E . = E]_ (=] P Lasso Selection
Century Gothic ~ |14 | 3.7mm
v [P Seect Oher
A B D
= Zoom/Pan/Ratate »
TR YWELD MY
/| Mo |WELD SZE SYMBOL LEHeTH
1 2 | CHANNELGO X 822> Recent Commands >
2 2 |C CHANNELEO X Bea>
3 4 L35 K 35 K 521>
»
4 2 CutLitlem? Insert
5 2 L35 K 35 X 542> Select >
& 2 Cut Listltem? N —_
7 2 L35 1 35 X 524> | Delete > Table
g 4 Cut-Listltem? Formatting 3 Column
Sort >
Split 3

Cre Wl 0 gend) CaAaT Aalud) 3 ghadll ) S
Dty Ga1 3l AVl aseall o jailly ell g o gee gl Al (Ko LS 2

(Insert column Right)
e ———— 2

E=§ _E]E @ <-—)’ Lasso Selection ga @
Century Gothic (|14 v @ —
elec er
= I'I'?M b < Zoom/Pan/Rotate 4
| No. |MELD SEE SYMBOL
2| 1 2 C CHAMMNEL G0 ¥ 5= Recent Commands »
> 2 2 C CHANMEL SO ¥ S<
< 3 4 L35 ¥ 35 % 8<1= .
Insert 3 Col Right
S 4 2 Cut-Littern? e -
£ s 2 L35 K 35 8 52> Select 3 Column Left
Ll - 2 CutLlitltemy
= 7 2 L35 % 35 % 5<d= Pelele '
1 & 4 CutListltem? Formatting y
Sort 3

o el 3 ganll an) S 5 Lead ) 2 jal) dpalal o 4ie A5 aila ) el
GA 55 o5 el )

FE Column @ ——
v =E= =E=CH [o5mn J<
A B 8]
Column Properties ~ [T MEM \WELD SEE SYMBOL LEMGTH
VNS
O ttem number 2 1 2 |C CHANNELGO ¥ G<2> 500
() Quantity 2 2 2 C CHANMNEL 50 ¥ G<3> 16030
(O Cut list item name 3 4 L35 K35 K o<1 &0
. ® 4 2 Cut-Lit-ltem2
O User defined < & 2 L35 % 35 ¥ 5<2» 361 64
(@) Cut list item property bl -] 2 Cutletltems
2 7 2 L35 ¥ 35K 524> 381 .84
Custom property: :| [ g 4 Cut-lit-ltem?
LEMGTH hd
Title:
| LENGTH |

" S Cada s J6Y) Caaal " (SYMBOL) Ju (DESCRIPTION) 3 sead) Ciuai o
z % Al Ay sl o) gl Jie ol Gl oS0 Ll skl 5 Lgilaal ga s o) a1 Hsea a2
(Cut-List-ltem2) e &5 (Cut List) dlaall g iy oyl cale ) 2 g2 giliial 5o
4l S5 (DESCRIPTION) <S5 ams sl 4y (Properties) Jbsds
Ll ) a3 38 Al 228 s il 2 523 (X80<4560)
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Auto)J&;ﬁé\&&\y@ﬂd)@_ﬂdﬁj\é&eﬁj\ﬂ _)}@_L'-J

<

) s¢b ald (Dimetric) hiwall JUisS 23 (Balloon

7 A

TEM |wELD SEE|  DESCRIPTION LENGTH

1 2 C CHAMMEL B0 X8 S00

2 2 C CHAMMEL B0 X8 1090

3 4 L35%35%5 00

] 2 S03B0=45

& 2 [35%35%5 6 84

& z

7 z [35%35%35 361 84

] 4

DL S5 (Weld Table) i) (Tables) o plalll pald J gas ddlia) oSy
culiall G & Jsaall 7 53 &5 (Dimetric) el

4

3

@

1

=3

7 2 a
TEM |\nEiD SEE|  DESCRIPTION LENGTH
NO
1 2 C CHAMMEL 80 X8 S00
2 2 C CHAMMEL 80 X8 1050
3 4 L35x35X5 00
4 2 GO RGN =45
a8 2 L35®35K5 351 .54
A Z
7 2 L3sxdsks 381 .84
] 4
TEM VELD
TEM e size [sympoL| (WELD. | WELD maTERIAL | @y,
1 2 b 133,56 4

4

3

2
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Sl JSE as ) &3 (Isometric) 4l e

O ADe ¢ il
AlongX bl

N

AlongX (ki)

(2) 0
Gl mall 5 wiliad] Jala alll ()3 (o35 o gas

Sl JSal a5 (Right) 42300 sia) & (3D sketch) (0 -1

§17

| —

1

AV Y

i

iz Along Z

e

.";J

Y}. Along ¥

i

-2

o3 Y Al ¢ 3l ¥ o132 G dilie & Ji3 Cagus B shadll s b )l JuST -4
Sty O e 5 oy sslall 2 all as asale S 0
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Sl JEIL LS Llas (8) pal (ale200) dadiy 5 il caladiy 2 g3 Y1 -7

_\ Sketch Fillet @

v x
Message
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ESaall Jala (¥ -9
N

xw\ijm\mujsqs%&u\@\@ww }LAJ\JJS -10
Crival S Qull Laa 0 o) ey

+

il = 5l e (Structural Member) e 83 (Weldments) «usall e -11
‘_J.J\ JRAIL WS A Al gyl Al ‘u (iso-pipe-33.7X4. O) ‘ulu\ Glball aas

(@ Structural Member @@

v X

Message AN
Select sketch segments for defining

path. You can rotate the profile by a
specified angle.

Selections ~
Standard:
Type:

pipe ~
Size:

33.7x4.0 v

Transfer Material from
Profile:Material <not




a Caaiiall = L;J}A:J\ Lall sal N (New Group) OO e daral oY) 212
‘éﬂﬂ\ JREIL LS AW LAl gl (New Group)

(@ structural Member @ @ @ Structural Member @@
v X H . v x H
Message ~n Message an

Select sketch segments for defining
path. You can rotate the profile by a
spedified angle.

Select sketch segments for defining
Path. You can rotate the profile by a
specified angle.

Selections N Selections A
Standara Standard:

iso - iso ~
Tpe e

pie - pipe v
Size size

337340 v 337x40 -

Transfer Material from
Profile:Material <not
specified>

Transfer Material from
Profile:Material <not
specified>

Groups: Groups:

Settings ~ v | *Isometric

New Group

JSalL LS day )Y 481 Lo gladll yial o5 (New Group) L)l e davcal Y1 -13
‘";L"d\

(@ Structural Member T

v X -

Message ~
Select sketch segments for defining
path. You can rotate the prafile by a
spedfied angle,

Selections ~
standard:

iso ~
Tpe:

pipe v
size:

337 x40 ~

Transfer Material from
Profile:Material <not
specified>

Groups:

= gar .
+ | “tsometric

A Al ISl LS daall Jala i) &5 (New Group) LV e bxazal (V) 214
Gl o AV dalall pe o LA il ) S

@ Structural Member @& @

@ Structural Member @@

v X ~ v X =
peth You can rotate the profile bya A T ~
specified angle.

Selections =
Selections n Standard:
Standard: 50 <
is0 v

Type:
Tpe pipe v
pipe v

Size:
g 337 x40 v

BIx40 ~
Transfer Material from
Frofile:Material <not
specified>

Transfer Material from
Profile:Material <not
specified>

Groups:

Groups:

New Group

~ | *isometric
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Sl = M a5 (Structural Member) e s (Weldments) sl ¢w -15
LS Aol ¢ jall daa jlall £ idl A (iso-pipe-33.7X4.0) Al &l jLall sas

Sl Jeal

Sl AL LS cpladll 5540 3 (New Group

@ structural Member

) 0N e baral V) -16

v X .

e
M

M v | Flsometric

A e daral oY) 217

New Grou

v | *Isometric

Usall e dia padd g SOlaall Jala (5 o801 45 5 = o1 (285 Y1 -18
LS il jba aaa il # 5l jedas (Gusset) e &) (Weldments) cusill o

B8 g o5 AUl Sl
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(el Ay 8l 2 g o JA)) dasad aliiad Alaall ) sae "CEI" aial (Y <19
(Extruded Cut) ¥ sl &5 ) JSEN 4 s ) &5 s (Sketch)

- '
(S

ek (Weld Bead) e L&l (Weldments) < giil) (e 4583l = o1 aalil (Y1 220

& Weld Bead @
v X
Weld Path ~
PPall| \Veid Bead
s
Settings ~
Weld selection:
(O weld Geometry 4
(®) Weld Path %

@ [Edge<1>

Edge<2>

Edge<3>

Edge<d>

Edge<5>

Edge<6>

g
~

£~ [+00mm s
O From/To Length v
[ intermittent Weld ~

AL 42l (20-19-18) <l ghadll ) < 221
LeS 43 sanll 4l sl =l 5 (Front Plane) ! 13bi) aua (Plane) sl -22
Sl Jaly

’ Planel ?
v X

Message AN
Fully defined

First Reference ~

@ Front Plane

Parallel

Perpendicular

Coincident

-
[ Flip offset

0

l%‘ Mid Plane

Second Reference A

@
Tangent

[ Fiip offset




(ple2) Adlisae 4diy o8 ‘é_\t_ﬁ\ JEN as ) 23

LS 4 a3 y
43 saa) L) shau¥) =hau s (Top Plane) 1 1aliiul yaa (Plane) il -24
Sl (e
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(Trim/Extend) &l 8 (Weldments) < sl (e il o) 3a¥) sl 26
N (AT LS i) n€ ol el 5 il s el 3 oilal) 5l el
® 4

¥ Trim/Extend

v X M
Corner Type A
Bodies to be Timmed A

Pipe 33.7 X 400111101
Fipe 33.7 X 4.0(1)[13]
T

(] Allow extension

Trimming Boundary ~

@) Face / plane

O Bodies

[r—
T

Preview

[Jweld gap
) &3 (Trim/Extend) Jia) ans e dagiuall dila ) 300 ¢ 3aY) e 227
Sl J<all LS daiall dlgs ) cpane s dxg )Y luadl]

¥ Trim/Extend

v X -

IS

Bodies to be Timmed

[ Allow extension

Pipe 33.7 X 4.0(8][1]
Pipe 33.7 X 4.0(8][8]
Pipe 33.7 X 4.0(8)

Pipe 33.7 X 4.0(8)[5]
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bS5 (Edit Feature) Jbiaa s (Js¥) JSaed) e sana) Ao jan Lehasil 229
) JEIL LS el Ll aas s Leliaad o) al) il

) I

L fe

/
W Top Plane Feature (Pipe 33.7 X 4.0(1))

W Right Plane

W Wetdmen: Barent/Child...
T 0sketch1 | & Cenfigure Festure

+ [@Pipessixan| X Delete..

v (@ Pipe33.7X 40 Make Weld Bead
& Gusset! Add to Favorites
=) o

X

Corner Treatment

Ll il jall JS

 Group 2 Trim Order = 2
-
2 Al Lgad 1/

Group 3, Trim Order = 2

Trim Crder: c

Merge miter trimmed bodies

|:| Set corner specific weld gaps

{gv 0.00mm

Allsal) ddasil) Jac 4gy ylal) ety

LS dpilall 43l shusd) mhaus 5 (Right Plane) ) 1alied 23a (Plane) (30 -30
(Extruded Cut) se¥) pasind o aidy o3 JSAIL LS 3 il ps ) o5 ) JS2I
» @) TAMREENE-1 (Defoult<t.

Teignt Pigne |
[ Plane 2 / -
v X I '
Message ~ B
Fully defined
First Reference

“First Reference ~~~ ~ |
o s
Parallel T‘
Perpendicular ﬂ IJ'
Coincident |
[oceg |3
[ Flip offset
1
10.00mm
E Mid Plane
Second Reference ~
© L
Tangent

O Fiip offset v

(Extruded Cut) ¥ axaciul &8 ) JSAI LS 2 jadl Jaud 5 5503 ans ) o

Al o3 o EaY 4l 2 gm0 i s (T2) anly il Jaia)



?3 culia (ulie 4l fidl (|50metric) Lasial) yid) g caniall (340 FEEN Al al

debiball ~) A -31
(Make Drawing from Part) )

™

a

-

dnicall b as )l

ia) Jadall paas elia Qllay (Weldment Cut List) is) (Tables) o
Bl 3 gaall a8 Cusy abiaty o8 dadiall 8 4s) job o8 &5 (38 S5 (Isometric)

(LENGTH) 25es z ol Al aay il 3aac ¥} Cadal

-4

) 7

TEA | Quanmiry SYMBOL LENGTH
1 1 PIPE33.70 X3.2<1> | 114277
2 4 |[FIPEa30Xa.0<2 | 139.63
B 2 |PIPE33.70X3.2<3> | 11883
7 4 |[FIPEa3./0%3.2<4> | 31416
5 1 PIPE 33.70 X 3.2<5> 500
6 2 |PIPEG3./0X3.2<6> | 110836
7 2 |PIPEX370X3.2<7> | 31883
8 4 |PIPE33.70 X 3.248> 330
5 2 |PIPE33.70X3.2<%> 340
10 2 PPEcG./0X3.2<10°] 330
11 1 ElEE (ol 11 yiial

(Delete -column) Jkial s Ga¥) ol ade jadly elld g 5 see (gl Cada Sy

Insert ) Jtial s ga¥1 53l 5a¥l aseall o il elld g o gee ol Al oSy LS
(column Right

Sy da g Cpze Jate LIRS Ladind o) JaY) e sddae de gana ) 53l Sl
2 A )V g (s D) Do NS B AP
23a% 4ie an )l Calal @y 3 g2y (Select Bodies) L le il 4ia s laldl &~ 5l
385 a3 jedat o)) Ly i Al ) 3aY)

*

-

v X

Message

Scope

Fip
Fip

Fip
Pip
Pip
Pip

Drawing View Bodies

view.

@ ]| cut-Extrudests]
e 33.7 X 4.0(8)(3]

e 337 X 4.0(8)14)

Cut-Extrude3[s]

€ 337 X 4088

€ 33.7 X 4.0(819]

@ 33.7 X 4.0[8)[10]
€ 33.7 X 4.0(8)[2]

Cut-Extrude3[s]

Cut-Extrude3[7]

Select ane or more bodies to be included in
the drawing vi

~

Drawing View2
4

Reference Configuration
E Default<As Machined>

Select Bodies...

Orientation

Standard views:

e
a=N

[0

~

w

ES

40
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TABLE 2-8

Shear, moment, and deflection formulas for beams

Loading. support, and reference number

Reactions Ry and R,.

vertical shear V'

Bending moment M. and
maximum bending moment

Deflection y and maximum deflection

1. Cantilever, end load

-
e/ 7
tRz

2. Cantilever, intermediate load

v
15’2
3. Cantilever, uniform load

W=wl

R

Ry= +F
V=-F
Ry=+F
Ao B: V=0

BtoC:V=-F

Ry=+W =wl
L
/

Ry=+31F.Ry = +1F

A B:V=+3F

BtoC:V=-L1F

My, = —Fx

Max My, = Fl at B

Ato B: M, =0

BtoC: M, =-F(x—b)

Max My = —Faat C

I W o,
My=-3 T.\"

Max My = — sWlat B

Ato B: M, =+1Fx

BtoC: My, =+1F(/-x)

Max M, = +LFLat B

1 Fos 2 3
o L E s speyop
¥ 6E[L\ 3Fx+2F)
1 B
¥ = ;Eltfl
1 Fo, ) )
/l[OB:J':fgﬁlfu'+3u'1'73u',\')
) 1 F
Bm(‘_\—fgﬁ
1 F 2 3
s = — & (3 —
¥ 6E]Iu! a’)
LA T Y
T~ e AR
1w
Ymax = A
1 F ) 3
oy = —— L 3Py _4x
Ato By 48]—:![[‘ 4x7)
| FP
'l"““:iﬁﬁ“ﬂ

[(x = bY —3a*(x — b) +24°)

(2-1) Jsal)
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TABLE 2-8

Shear, moment, and deflection formulas for beams (Cont.)

Loading, support, and reference number

Reactions Ry and R;.

vertical shear V'

Bending moment M}, and
maximum bending moment

Deflection y and maximum deflection

w

. End supports, intermediate load

-z £
Al 1 cl
Fs— T
o

=)

. End supports, uniform load
W=w
VARRARRARRRAARRARY:]
(o]

1
e
. One end fixed, one end supported,
center load

R

-

o

. One end fixed, one end supported,
uniform load

R,

ot

!

, Ry=+F

Ato B: V=+Fﬁ

BtoC: )

=-F

!
a
7

Ato BV =+43F

BtoC:V=-—

11
16

wF

g Ao B My — +F 2
! I
a
B1o C: My = +F 71— x)
ab
Max M, = +FT at B
+1W M, =Ltw (,\- -

Max M, = +LWilat x =11

Ato B: M,

BtoC: M, =F(l-Lx)
Max + M, =5 Flat B
Max —Mye = £l at ¢
My,=W [?ir‘, 7%‘,2)

3/

Max +M, = - Wiatx=32

Max — M,z = — s Wiat B

Fbx

AtoBy=—
R

201 —x) =B — (1 = x)]

o Fall-x) s,
BtoC:iy= —eEl 216 — b — (I — x)7]

Fab
27EN

Ymax =

x= .V/;Lyu[u + 2b) whena > b

I Wx 5 2 N
= (P U+ X
24 EH[ ¥ )
5w
_ L
Max y %4 T atx =3/

(@ +2b)\/3a(a + 2b) at

P
imax = —0.00932— at x =0.4472
Pmax 0.009. oI at x = 0.4472/

W

= 3‘1 ')_2_4_11.5_,
Yogg Eg e A0

wi*
Vi = —0.0054

= at x = 0.4215/

TABLE 2-8

Shear, moment, and deflection formulas for beams (Cont.)

(2-2) Jsal)

Loading, support, and reference
number

Reactions Ry and Ry,
vertical shear V'

Bending moment M. and maximum
bending moment

Deflection y and maximum deflection

9. Both ends fixed, center load

R =LF, Ry=1iF Ato B: My =L1F(4x — 1)
M, =LF, My =LF LF(3 - 4x)
Ato BV =+4F Max + M,z =L Flat B
7 LY = L
Bto C:V=—3F Max — My c = —LtFat 4 and C
Ry Ry
10. Both ends fixed, Fb? ab*
’ = (3 M, = — ¢
intermediate load Ry m(ath) Ato B: M, F Ca Rix
. ab’
Ry=——(3b+a) B1o C: My = —F St Ryx— Flx —a)
b? Zb b?
M, =_F"T M, = F",2 Max + M, = —F ”F +Raat B

Ato B:V =R,

BtoC:V=R -F=-R,

11. Both ends fixed, uniform
load

M, =

Rit

Wi, M,

Ry =L1W, Ry=iw

=Lwi

12

Max — M,

—~M, whena<b

Max — M, = —M, whena > b

Max + M, = L Wilat x =1/

Max — M, = — 5 Wiat 4 and B

AtoB:y= L E —4x%)
48 EI
1 FP
iy = ——— — at B
Fox oI "
1 ANt
Ato B: y=g¢ TiF (3ax + bx — 3al)
1 Fa(l - x)?
BtoCiy=——"_"1[(3p [ x) — 3bl]
toCry=¢—Fpm—(Bb+a)(l—x) |
2 F i 2al
Vo = oo Y atx= " _ifash
3 EI (3a+b) (3a+b)
2 243 a
Venax _.rr Lj atomi— P o
3 EI 3b+a) (36 + a)
1w s
L e P2
y=ng g P =)
1 wr .
oy = ——— aty=1/
Yeor = oy Er YT

Source: J. E. Shigley, Mechanical Engineering Design, 3rd. ed., McGraw-Hill Book Company, New York, 1977.

(2-3) Jsal
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= AISI 4340 Steel, annealed Shear Modulus 75000 |W/mm*2
$= AISI 4340 Steel, normalized Mass Density 7700 |kg/m"3
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Beams

nnnnn

Force
W[
gl

Moment

.

Reverse

PErumtIEngth‘\ o

~

n/m

Per unit length

= g
ﬁﬁ Boss-Extrudel

»
<

-
O} B2 (-Default-)
F part2 (-Alloy Steel-)

anint group

< ig External Loads

T
& Hide

1? Suppress

X Delete..

@, Add to Library
E& Details...
By copy

N/m

direction

|i Force-1 (:Per item: -10(}0!‘.71

% Mesh
Result Options
4 E Results

e oY) ol (Ex3) 13 Wllie & dul ol aul) o i ulad) = 5l e -4
(Results) alaall it il jedas g dalleall 238 (Run) Lbias dalall 1l

Sle i el = sl (e (B) ddaiil) ie o jall s Jlad) 2505 20 Vi -5
Jelad (List Result Force) i dulall Alil) a5 i) 3L (Results)
(Update) Ll e s o3 1 dkaaill e 585 L3 (e (Result Force) sl
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LU 4
HI
I.l 1

-7

[-]

Update

Reaction force (N) ~

Component | Selection |Entire Mo

Sum X 0.

Sum ¥: 1500

sum Z: 0.

Resultant: 1500 7

< > F¥: 1.5e+003 M

@ FRes: (1.5e+003 N
Reaction Moment (N.m) ~
- - MRes: [1,153e+003 M.m

Component | Selection |Ent|re Mo

Sum X 1125 ~
sum ¥: 0. T

sum Z: 0.

Resultant: 1125 7 (L.

< > I

e)'sj (1500N) oJ\.ﬁA (Y) ol L;ﬁ (B) aaaill aie =d Ay L
Lis 4dbua o5 Le pe (Gillaie 925 (1125N.m)

LW (Stress 1-Axial and bending) A= 3 (Results) alaall iy oY) -6
(3.296N/MmA2) & 5 dagill 5edall (Show) s dpstal) Al (e s e
(0.001mm) Gk ) (3.295N/mMmmA2) A5 bob 4 sunall Aamilly Ll Hls

- 1,648

- 1099

_ 0.548
-2,3584e-007
-0.549
-1.099

- -1.643

Axial and bending [Rdmm ™2 [MPa))
3,296
2.747

_oaaer

-2.197
-2.747
-3.296

— Yield strength: 620,422
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Aldl ey ) M (displacement) le i (Results) alaall casis (¥ -7
Aagmill Ll (0.112mm) (45 Aaiill Hedail (Show) Jbiss Anilal)
(0.002mm) Gk ) (0.110) (s 5 Lsy 4 sausdll

URES [mim)
Q112

l l 3102

_ 0083
l - 0.0ad
- 0074
_ Q.085
_ Q.056
_ 0.047
_ 0037

- Q.05

Q014
0.009
1,000e-030

0o a¥) 3L (Stress 2-shear Dir 1) e & (Results) dlaall sy oY) -8
L35 (0.138N/mmA2) &5 dagiill jekail (Show) _lias daulall dailall
(0.007mm) Gk ) (0.131IN/mmA2) o2 5 b sn A sunall Aaiilly

Shear in DIR 1 [MAmm ™2 [MPa))
0,000 +000

l l -0.012

- Q023
l _ -0035
- -D04e
_ -0.058
_ -D08S
_ -0uEA
_ -Dos2

o -0004

-0115
-0a27
-0.138
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(Results) aaall Caig (¥ -9
s oY) 3l (Shear-Moment Plot1-Shear Force in Dir 1) e Jas
Gilkaia g 5 "(aill 3 8 alada an )" dagiill jekail (Show) _lias dpulall dailall
5 ol e

Shear Force in Dirl [M]
0,000e + 000
125,000
250,000
375.000
500,000

625,000

-750.000
-G75.000
-1000.000

1.125e+003
1.250e+003
1.375e+003

1,500 +003

(Results) alaall s g oY) -10

Aldl ey ) 31 (Shear-Moment Plot2-Moment in Dir 2) le i

prl) ae (laie g4 g "o jall Jaladia s )" Al jedadl (Show) s duilall

& oxd!

Maorment about Dird [M.m]

1.125e+003
l 1.031e+003
_ 9.375e+002
_ 8.438e+002
_ 7.500e+002
6.563e+002
5.625e+002
4 655 e+002
3, 750e+002
- 2.813e+002
1.875e+002
9.375e+001

-7.857e-007




(4) Jse

- eliniD dlga) (ol QIS Bl (5 B a5 el Jladl) 250 5) canal (2-4) JSal)
(Aa) ) (sl — il Slgan) (sl

kel au Nl e ¥l 5 (Elastic Modulus = 210000 N/mmA2) o) e 13)
(147.84 Kg) = Laad 5 Sl (55 & 380 ()
147.84 Kg

& 1 1 1 500 i | H_‘@rl

g
B A T
(2-4) Jsall
Jall
=147.84*9.81=1450.3N
ZFx =0 then Fxg =I
ZFy =0 then Fyp—1450.3 =0 then Fyp = -
1 1

MB = EFI = EX 1450.3N X 1.5m =
1450.3N/

0

1087.7N.




(2-1) Usall e 4le Jgemnll (Says (o aall (M) O Cn 0 = M

(Upper bound axial and bending) sbsil dgal ol Clus @

Z

3 a8l e Ac ) ga 5 5dll g Jadd (B) ddadil] dic 4%l 5 pasl) o Cua™
(2-4) Jsal (e lele Jgeanll (S g adaiall e Bansi (4 (2) s
8aSl g1 (h) 53,8 (e (b)
1 1

CTZ e T 8ox1602
6 6

(Displacement) 4al ) oadl Clus @
= 2 01) dsaali ¢
Y = eI S
— (1500mm) = Jskll (I) — (1500N) = 3.8 (F) o) <us

— (210000N/mmA2) = a5 all Jalaa (E)

bh® _ 80x1603
12

_FP 1450.3 x 1500° B -
Y = 8EI _ 8x 210000 x 27306666.66
(Shear) u=t dgal ol Gl @

_Ve
Ib

X 1500 = 1450.3N) 325 (2-1) dsaall (e =il 3.8 (V)

Zaluall a (A) ((Q = Ay ) aabuall J5¥1 252l 2 (Q)

| =

= 27306666.66= S suaill 3¢ (1)

T

F 1450.3
-X X =
l 1500

160

40

deal el dus adadall Aalise S ja g JRAN S je (e Adlual o (F7)

80

60

y Q = Ay = (40 x 80) x (60) = 192000m3

3 3
[ = ”1’; = 220 = 27306666.66= Sl sl 2 e (1)

(80mm) = 38l (= e (b)

_VQ 14503 x 192000 -
YT T 27306666.66 x 80
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dﬂbeﬁ@u)ﬂ\du.\jdu;Y\jdjﬂ\wé.\hj:\s.iu‘sfﬁ\e.m}u\ djté—\lu\}“
gl ¢l
) Gl (s oIl (S 1315 581 paia g 5 m ) skl ey

Goleal) Calall gy 28 -7
kil I (Alloy Steel) 33 (s o psanall )k 4o -2
N

{8 Part2 (Defautt<<Default>_Display State 1>]

> History
[ Sensors

r [A] =
Annotations) 3; Edit Material

555 Material <not specified>

Configure Material
™ Front Plane 4

Manage Favorites

W Top Plane
W Right Plane Plain Carbon Steel
1, origin Cast Alloy Steel
L4 @jﬂ Boss-Extrudel ABS PC
9 Bl Mallesble Cast Iron
1060 Alloy
Brass
Copper
PET General Purpose
Nickel
Rubber
[ itoy Steel |

s~ (Bsdia yeba (Mass Properties) WS (Evaluate) ua;ul\ e -3
147.84 Kg 33l ()" 33kl (ailiad

2 . § . FE S o PR S S o ST 1= | T e B =
ps SOLIDWORKS File Edit View | E
— —_ G‘P Mass Properties — x
o i 3 & 1 [Part2.SLOPRT P
Design Mja I:iﬁ S ET S‘-’ (qj B
Study easure ass ection ensor
Properties Properties Pe
- Ey 0!
Features | Sketch | Weldments | Evaluate | DimXy Owverride Mass Properties... Recalculate
Include hidden bodies/components
% | | IE | '$ | @ | > [ create Center of Mass feature
? []show weld bead mass
QJ Part? (Default<<Default>_Display State 13) Report coordinate values relative to: | -- default - “
4 Histery Mass properties of Part2 ~
= Configuration: Default
Sensors Coordinate system: -- default -

4 Annutatiuns
a—
2= Alloy Steel
N Front Plane
| Volume = 19200000.00 cubic millimeters
m Top Plane

Density = 0.00 kilograms per cubic millimeter

Mass = 147,84 kilograms

W neee oo Surfare area = 7T45600.00 souare millimeters

A8Uae 3auan a3 oLl i (381 55 o5 Baal) A ) and S5 Aia ) a (3 s2iea
Aalud) Al all Ll

Define Study Name X
3 Duplicate
Study Mame : Eename
| Ex] Delete
Configuration to use: lar Forc o Create Mew Motion Study
I
Default i ment a Create Mew Simulation Study
*gy Create New Design Study
Cancel Help otion Study 1 7% ExT ]
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DUy (Force-1) e olall 5 jani 3 g8l oo Caliaall aa 6l 23N o) Ly -5
External ) e sl a1 3l i &5 5 sall "elall" aweas 2l (Suppress)
dpMall xa S (Top Plane) JUas Wl = 6l (e (Gravity) U s (Loads
Adlal) Adla) il JaudU 4dlall sl o <4l (Reverse direction) Jliss o
8 3588 B sl 0y il & 13

Gravity @ ?3 Connections 1 1, origin ,.‘
- [ Fidures 11 @ Hide
Show FeatureManager n 1 |«
Selected Reference A - |14 External Loads <.
© I| Top Plane ‘ A7 Advisor ) o i Ext (-Defoult-) @ editDefinition.
F part2 (-Alloy Steel-) X Delete..
I ) ({8 AddtoLibrary
& Torque 4 Connections
Reverse direction L orque.. ~ (B Fitures IE et
Advanced v ng-) v 14 Bdernal Loads My Copy
g E Create Mew Folder -) ree-1 (:Per iter
Symbol Settings v % =
Hide All c Result Options

Oes o) M (Exd) 13 Wl 8 A jall aul) o i olal) = 5l e -6
Results) alaall cis xilisl) jelai s dallaall At (Ryn) _lias duwilal) dalal)
& oo

sle i ulall 2 gl e (B) ddadall die o jadl s Jladl) 3505 2023 Y i -7
ekl (List Result Force) Jbias dailall Aldl) (a5 i) 300 (Results)
(Update) L3 e aui o5 1 ddaall e jas 25LEN (e (Result Force) z i)

@

| FeatureManager Design Tree |
v X

E |

Update

Reaction force (N) &
Component |Selection | Entire Model
Sum X 0. 0.
Sum ¥ 1450.3 1450.3
Sum 72 0. 0.
Resultant: 1450.3 1450.3
1.45e+003 M
#FRes: |1.45e+003 M
Reaction Moment (N.m) 2
hRes: | 1.09e+003 M.m
Component |Selection | Entire Model
Sum X: 1087.7 1087.7 -
sum ¥: 0. 0. N
Sum Z: 0. 0.
Resultant: 1087.7 1087.7 7

25e 5 (1450.3N) s laie (Y) slai) 8 (B) ddaiill dic (Jad 2y 2 5a 5 JanDls
Lo 4dboas & Lo pe (illaie 925 (1087.7N.m)
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UL (Stress 1-Axial and bending) e it (Results) alsall casig oY) -8
(3.187N/mmA2) & s aaiill el (Show) Jbias dadlall AE) e s al!
(3.186N/mMmA2) &5 Ls 4o suenall daiilly g3 )l

Axial and bending [M/mm#~2 (MPa))
3187
o l 2.656
- 2124
. - 1.583
- l.oe2
- @531
. 0.000e+000
. 053

_ -1.062

_ -1.593

-2124
-2.656
-3.187

— Yield strength: 620,422

Ald) ey ) 0 (displacement) le i (Results) laall casiy Y1 -9
Aagmilly L )lai g (0.108mm) 45 daiill jedail (Show) Jtiss Auilal)
(0.106mm) o2 5 Lsy 4o guaall

LRES (mrm]
.18

o l 0.099
. 0020

- 0081

_ ooz

_ 0063

_ 0054

_ 0045

_ 0036

_ 0027

Q.08
0.0039
1.000e-030

UM (Stress 2-shear Dir 1) e & (Results) Aaall caatg oY) 10
(0.134N/mmA2) & s daxill jelail (Show) tias duslall Aalall a5 )
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(0.127N/mmA2) (A5 Lsn 4 gunall Aol Les )l

Shear in DIR 1 (N/mm~2 [MPa])

2.000e+000

* l 001

- -0022

- -0033

- -0.045

- -0056
-0.067
I -0.078
- 00839

- -0100
-0.111
-0122
-0.134

(Results) lsall Cadg oY) -11
s oY) 3L (Shear-Moment Plot1-Shear Force in Dir 1) le i
Gikia 52 5 "aill 5 8 Jalada au )" Aaiill jedail (Show) Jbias dpulad) dalal
53 ol e
|

- -1.085e+003
-1.209 +003
-1.329 +003
-1.450e + 003

(Results) Aaall iy (Y -12
A ey ¥ I (Shear-Moment Plot2-Moment in Dir 2) e as
PR & e 54 g "a all Ll PO R P | edail (Show) _tas dilall
&l

Moment abaut Dir2 [M.m)
1.068e+003
9.971e+002
- 9.06de+002
- B.158e+002
- 7.252e+002
- B.345e+002

5.439+002

I 4.532e+002

- 3.626e+002
_ 2.719e+002
1.813e+002
9.064e+001

-7.589e-007



(5) Jtis

- el Mg (ol SIS (Bl (5 - a5 jadl- Ol 250 ) casal (2-5) JSa)
(Aa) ) (sl — il Slgan) (sl

Sialally syl e ¥l (Elastic Modulus = 210000 N/mmA2) &) e 13)
"eila JalS (S8 o phall (e Liie gl LaS Labai 5 jaSll Caaie 8558 ) 5

1000N

— I 1500 _

| ey

| Ik
e 1 A _J_

/117117 AV
(2-2) Jsal
Jall
1000N

Z Fy =0 then Fyg+ Fy, — 1000 = 0 then Fyg = —Fy, + 1000

Z Mg = 0 then (—1000 x 750) + (Fx, X 1500) = 0 then Fy, = -

(Fyp = BOON) 15Y) Al & oy sailly

50 =4k Jon 558 g gane” Apatiill 38 Hally Juad¥) 353 e Jgeanl) (S Aol
("2-1" Jsandl Lkil) Jglaall (e 35kl 51 "0 = pgad) ddadi Joa & gena

1 1
Mg = My =§Fl=§><1000><1500=-
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L) o je 5 (il (5 8 Jadada a3 (V) Licd

1000N

500N 500N

500N

187.5N/m

(Upper bound axial and bending) stisil dlgal ol Clus @
(2-3) sl e adle J gl (S5 (o) o all 8 (M) OV Gus 0=
A 550 o) Al AS a dagr Y (gl (ol i (plgdl) die 4l 3 e ) Caa”
(2-4) Jsa)l (e Lo Jgeanll (a5 pdadall plae 4 & (Z)
5 a8l Al ) 5800 S e (e Ailsall o (1) 5 5,aS] £ i) (h) 53S0 G e (b) s

M gFL X 1000 x 1500
°TZTbRr T BOx1602
6 — 6
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(Displacement) 4al))) ol Gl @
_ FI3
Y= (192)EI
ddlual) caatia (3) — (1500mm) = Jshkll (1) — (1000N) = 5.8 (F) o) S
— (210000N/mmA2) = 45 el Jalax (E) - (750mm)=

(2-3) Jsaall e

3 3
I =20 = 2500 = 27306666.66= A sl 2 e (1)

_FB 1000 x 15003
Y= 192)EI ~ (192) x 210000 x 27306666.66

= 0.003mm

(T) B\ FRERIN AT &df}uyj (Shear) u=d dga) ol s @

_ve

v o
l < (V=(1/2)F=500N) 223 (2-3) Jsaall (e p=ill 3.8 (V)
a7 Walad 2 (A) ((Q = AY ) Ssbaall 1 23201 2 (Q)

Aeat ot S pdaiall Aabiae 38 jay JSEI S e (o Alsdll 4 ()
Q = Ay = (40 x 80) x (60) = 192000m3

bh®  80x1603
12

I= = 27306666.66= S suaill 2 5 (1)

(80mm) = 38l (= e (b)

VQ 500 x 192000
Ib ~ 27306666.66 X 80

T = = 0.044N /mm

Dol sy iyl Juni s Jaa 5 2 55l Lggle GGalai 5 i) 5 581 ans 53 o Jsladl )
gl ¢l
Gobaal) Calall 38y S8 -1
s gl (55Ul (Ex2) Wliasd ) Al jall & Gl d) all 4 s @l oY -2
Al 5l e 5l a3l 1) sas) 5 Al Jay Gl (e 5 51l a0
Basall Al jall s (iS5 4l ea (§5aua U ek (Duplicate) Jbiss o5 (Ex2)
(Ex2) 4o yoll Lalad d8yUas 3 Al jo oLl a5 (381 63 3 (EX5)
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s (Fixed-1) (e oWl )5 835 5l aa sa oo alidall ma gl 3 o)) Ly -3
Point ) ALl i AL (e e o (oilall £ Sl sedad (Ediit Definition)
S5t ol L L) 3 (2
- ] - Eb Fitures ’J
a Point 2 (X Fixed-1 .
7 ig External Log ‘@ Hide
i Force-1

Standard(Fixed Geometry) 2 ] % Mesh

[] Frea eometry ]
Immovable (No translation) Result Optig @ Edit Definition...
= E Results

] g Stress1
Point 1 ' Displac 5, Add to Library

B Stress:
Ak =1

1@ Suppress

¥ Delete...

s <

Oes a3l (EXS) 13 Wl & Al )l anl) e i il = 5l (e -4
Results) dlaal) cun miliill gl 5 allaall a3 (Run) ki dpslall dailal)
& e

o i ol 25l o (B,A) Gl i o s il 3505 3383 Yl -5
el (List Result Force) tias dulall Aalal) a5 o) 30 (Results)
OO0 Ge s a8 51 dkall e jen 25LAN ( (Result Force) ¢ U

(Update)
Connector force 2 “\Lﬂ-ﬂ‘
Selection -~ e
il | oo
g s v 188 hmm
Joint<2, 1> ~

Update

Reaction force (N) ~

|Component Selection | Entire Model b

235 5 (500N) o_ltia () olail 3 (Bs A) Aaiil dic Jad 3y 353 5 LuaD
sy b o le ae (illaie 585 (188N.m)



UL (Stress 1-Axial and bending) e it (Results) alsall casig oY) -6

(0.549N/mmA2) & 5 Al el (Show) Jbias dadlall AE) e s Gal)
dallaie agiill (0.549N/mMmmA2) (A s Lis 4 seaall dagiilly Lo jlas

Aal and bending [M/mmA2 (MPa))
0549
l 0453
_ 0386
. 0275
- 0183
- 0092
- 0.000+000
. 0092

- 0183

- 0275

-0.386
-0.455
-0.549

— Vield strength; 620422

Aldl ey s W (displacement) le i (Results) alaall casiis (¥ -7
daill Lt )5 (0.004mm) (&5 Aaiill Hedadl (Show) Jbas dailal)
(0.001mm) Gt ) Aaidatia dayill (0.003) o2 5 bod 4 gl

URES (mm)

0.004

l 0.003

- .00z

l - 0uoo3
- Quooz

- 0uoo2

. Quooz

_ 0.001

_ Do

0o a¥) 3L (Stress 2-shear Dir 1) e & (Results) dlaall sy oY) -8
L85 (0.047N/mmA2) a5 dagill Helail (Show) Jbias dpnilal) dailal)
(0.003mm) Gt 5! (0.044N/mmA2) & 5 Lsd Ay guusall Aagially

Shearin DIR 1 [M/mmA2 [MPa))
Q.047

l 0039

- Do
l - 0023
- 0016
. 0.0
- 0.000e+000
. -0.00m
. -D016

_ -0.023

-0.031
-0.039
-0.047
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(Results) sl Ciaiy ¥ -9
s oY) 3l (Shear-Moment Plot1-Shear Force in Dir 1) e Jas
@ilaia g 5 "(adll 3 8 alada o )" dagiill jedail (Show) _lias dpulall 4l
53 el e

Shear Force in Dirl M)
500.000
l 416,667
- 333333
_ 250.000
- 166667
. 83,333
. 0.000e+000
. -83.333
- -1a6.667

. -250.000

-333.333
-H 6,667
-500.000

(Results) sl Caaig oY) -13
) ey ) 30 (Shear-Moment Plot2-Moment in Dir 2) sle is
all ae Gallaie g g "a jall Jaladia o )" Aamll e dall (Show) _UAS Al
sl

Moment about Dir2 [MN.m)
1.675e+002
l 1.563e+002
_ 1.250e+002
- 8.375e+001
- 6.250e+001
- 3.125e+001
_ 0.000+000
- -3.25e+001
- -6.250e+001

- -B.375e+001

-1.250e +002
-1.563e+002
-1.875e+002
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(6) Ju

- oD Mg (ol SIS (Bl (5 - a5 jadl- Ol 250 ) sl (2-6) IS
(Aal ) ol — (il dlga) il

ialalls a Nl Ao ¥l 5 (Elastic Modulus = 210000 N/mmA2) o) e 13)
Aifia g "ila" JalS UK (B) okl (e Aie Ll LS Lalai 3 _peSl) Caatia 85 1 ()
(X) oladl (b & o o)) (Saall (o "pdla" JalS e JS85 (A) Lkl (e

1000N
» | 1500 N
J' —'#ilht;t
D 2
B A )
(2-2) Ja
Jall
1000N

50 =4k Joa ssill g sana Lpadiil) 45y Hlally JadY) 250 Ao Jsanll Sy ddaadle
("2-2" dsaall Lhil) Jghaall Ge B il 51 "0 = dali Jsa a5 2ll & sena

5 5
FyAZEFZE“OOO:-
11 11
FyB=1_6F=1_6X1000=-
3 3
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L) o je 5 (il (5 8 Jadada a3 (V) Licd

1000N

687.5N 312.5N

687.5N

281.25N.m,

(Upper bound axial and bending) stisil dlgal ol Clus @

(2-2) Il e adle J gl (S5 (o) o all & (M) OV Gus 0 =2
Ay g0 ol AEN) AS a2 0 Y (6] oula i (i) die adia B el ol G
Lolai Chuaiiall die ity Jaalls ) saa ol 8

(2-4) dsaadl e lle Jsanll (S g phatall e dus (04 (Z) 5
8 el Al (358N S e (e Adlasall (8 ()5 8 eS)) £ li5)) (h) 58 a8l 2 e ()

3 3

M =Fl =—x1000 X 1500
Z bhZ 80 X 1602
6 6

90



(Displacement) 4al)) (afl Clus o

3
y = (0.00932) X — (2-3) sl

Adlusall Caaina (3) — (1500mm) = Jskll (1) — (1000N) =558 (F) O Cua

— (210000N/mmA2) = 435 5all Jalaxe (E) - (750mm)=

bh® _ 80x160°

=2 = 27306666.66= 3 sl a3 (1)
= 000932 x "L = 000932 x 000X 1500° 0.005
y== El 210000 X 27306666.66 Lo ot

(Shear) (=8 Jga) adl Clua @
_Ve
b

oty b aSll (e and JS O 225 (2-2) Jsaal) (e p=ill 358 (V)

T

e U b ) e 55 8 cannd) (il lga) a5

T

T

AtoB ~ Tp ~ 27306666.66 X 80

5 5

11 11
Vstoc = 7g F =17 1000 = 687.5

dalual (2 (A) (Q = Ay ) Aaludl J5¥) 32 (2 (Q)
dea) Aot S alatall dabie S je 5 JSAI S e o bl (2o ()
Q = Ay = (40 x 80) x (60) = 192000m>

bh® _ 80x1603
12

I= = 27306666.66= S szl 2 5 (1)

(80mm) = 3 8l [y e (b)
VQ 454.5 x 192000

= 0.039N/mm

_VQ _ 687.5x 192000
BtoC — [h = 27306666.66 X 80

= 0.060N/mm
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Jall a5y zabisll Jrad s Jea¥l s 25l Ledde Gadai 5 Al 5 S ans 53 o Jsadd V)
gl ol
Goleal) Calall gy 28 -7
s gl 5l (Ex2) Wbisan) Al A jall oo 400 dl jall 4l jo @l oY -2
Al e sl ¥t 30 e I Calide (<8 oiileill (e 8 Sl s
Baall Al jall ) (1S5 4k ) sa (3 520a W yekay (Duplicate) Lo & (Ex2)
(Ex2) ) )all el datae 330a Al )y oL S (38 53 o5 (EX6)

8 Sl ity o 58 g I (pdigad) (G B eSS g4 Caliaal) aa gl A o) Ley -3
sy (Fixtures) e Gad) 8l s RS fouls e IS5 (2) i) vie (e
(Use Reference Geometry) Jtas sl = 5l el (Fixed Geometry)
(translation) sl (39 28U aa oS (Top Plena) JUas & (2) ddasill s 4
Jball L Legasd 2053 5 (Normal to plane) s (Along plane dir 1) Jtas
(X) il e e Unan g (Y-Z) Aol Ao dpadl) A jall Uad a8 4S5 elly

firture O £ Joint group "
Use Reference ?; Connections
Geometry =1 Fivtures :|
. o - variable
AIong plane dir - |‘2; Fixed Geometry... |
1 E Create New Folder M)
i Hide All
Normal to Point 2 I
Show All
plane 7 S ng)
JJEE My Copy p-)
’Ixn‘lr:lr;; [3¢ B2 [W B3 [W Ed [ B6 | b6 | @ StressZ (-Shear in DIR-)

a5 ) ))su (Exs) 13 Wlia 3 2 ) Ge i ilal) 7 Sl e 4
(Results) Aaall it il jelat g Aalladll 438 (Run) s 4uilal) L0l

Sle i alall = sl (e (B,A) osidiil) die o jall g i) 250, a0l Y i -5
ekl (List Result Force) Jbias duilall Aalil) (a5 (i) 300 (Results)
DAl e AR5 2 51 ddadill e an 45U e (Result Force) z st

Contact/Friction force
Connector force !
Selection ~ l @\
m: | ‘ B [314NM
FRes: |31 M
g |s v
. Joint<2, 1>
FY: 536 N
2 FRes: |636 M
MRes: 279 M.m
. "
Reaction force (N) ~ I‘Lﬂ

die daéd)j (686N) o )laaa (Y) a\;.)\‘ss (B) adaail) aie daé.l) J};}hm
(B) sl e (279N.m) o3 5 (314N) o sk (¥) olal 3 (A) s
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UL (Stress 1-Axial and bending) e it (Results) alsall casig oY) -6

(0.187N/mmA2) 5 Al el (Show) Jbias dadlall AE) e s Gal!
(0.832N/mmA2) &5 Lis 4o suenall daiilly L3 i

Axial and bending (N/mm~2 (MPa))

0817

-

- 0544

. 0408
. 0272
- 0136
| -5.960e-008
_ 0136
_ 0272

- -0408

-0.544
-0.630
-0817

—P Yield strength: 620,422

Aldl ey s LW (displacement) le i (Results) alaall casiis (¥ -7
daiill L)l (0.006mm) (45 Aaiill jedatl (Show) s dpnilall
(0.005) 25 sy 4 sundll

URES mm]

0.008

l 0.005

. 0.005

1 - 0004
- 0004

- 0003
. 0,003
. 0002
. 0,002
- 0001

9,008 e-004
4,954 e-004
1.000e-030

LW (Stress 2-shear Dir 1) e aii (Results) sl casig oY) -10
(0.064N/mmA2) s il el (Show) Jlias dudlall AEl e g aY!
(0.060N/mMmmA2) o4 5 Lsn 4 gusall dagiilly Led jlas

Shear in DIR 1 (N/rm ™2 [MPa])

0023

l Q022
- 0014
l ~ 0006

- -0.002
_ 000
. 0017
_ 0025
. -0.033

_ 00

-0.049
-0.056
-0.064
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(Results) dsall cias g oY) -11
s oY) 3l (Shear-Moment Plot1-Shear Force in Dir 1) e Jas
@ilaia g 5 "(adll 3 8 alada o )" dagiill jedail (Show) _lias dpulall 4l
53 ol e

Shear Force in Dirl [N]
314186
l 230,853
- 147.519
- 4186
- -18.147
_ -102.481
. -185.814
L -268.147
_ -352.481

- 435814

-519.147
-602.451
-635.5814

(Results) Aaall cad g (Y -14
A a5 sa¥) 00 (Shear-Moment Plot2-Moment in Dir 2) e
pl) e (ldaia g 5 "a jall Jadadia an )" Aagiill jeladl (Show) JUAS Anilall
sl

Moment about Dir2 [M.m)
2.787e+002
l 2,35%+002
-~ 1.930e+002
- 1.501e+002
- 1.073e+002
- 6.440e+001
_ 2.154e+001
- -2132e+001
- -6:419e+001

_ -1.070e+002

-1.4959e+002
-1.925e+002
-2.356e+002
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(7) Jia

- elinid algal (sl SIS il (5 8 a5 el Jlad) 250 5) Ganal (2-7) S 8
(An) ) (onaidl — (il Mga) (ol
el an)ll e a5 (Elastic Modulus = 210000 N/mm~2) o cale 13

Iy (B) <ikall (e Aifia 35S (2-7) IS0 LS e (S 5 5eSH e Jaall (5

1000N

T

00

!

T

(2-7) Js

750N

"Z_s"mé" JAIS

IE

iaall A (ga (2/3) Lenia sa s Clial) daliue = LS 5 530
F=0.75x% 1000 = 750N
Fyg = 750N
Mg = 750 X 0.5 = 375Nim
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(Upper bound axial and bending) stsil slgal a8l Clus @
M

og=M
O Caa” (2-1) Jsaall (e ale dymi\zu&u =il aall a (M) o) s
(B) o= (500Mm) a=5 3Laks 2ie. i Jeall s L (B) Al sie 43 5 5o
(2-4) dsaall e e Jsanll (a5 pdaiall jlas dass (2 (Z) 5
8 aSl Ailes I8 g8l S pe e ALl & (@) 58S i) (h) 5 3eSI (age (D)
M Fa 7500 x 500

—_—= = = 2
Z = DbhZ = 80 x 1602  [09N/mm

6 6
(Displacement) 4al )} (ol Clus @

0o =

y == (3a%l — a%) (2-1) Js2a 0o

Alua e = (@) — (1500mm) = skl (1) — (750N) = 538 (F) o &us
— (210000N/mm~2) = 45l Jalas (E) - (500mm)
_ bh® _ 80x160°

— = ——— = 27306666.66= 3V _ saill o e (1)

F
= — 21 _ 53
y 6EI(3al a>)

750

~ 6 x 210000 X 27306666.66
— (500%)] = 0:021

[(3 x 5002 x 1500)

(Shear) g=8 ea) a8l Clus @
_VQ

Ib
(VEF=750N) 2ai (2-1) Jssall (e (i) 358 (V)
JEl N bl o (A) (Q = A7 ) daleall J5¥1 230 (Q)
3 el o) i il e S a5 JU S e (s Bl 4 ()

‘P Q = Ay = (40 x 80) x (60) = 192000m?

’ 3 3
[ =2 = 801807 _ 57306666.66= I sl e (1)

12 12
(80mm) = 5_a<ll (= e (b)

T

_VQ_ 750192000 _ B
=Tb ~ 27306666.66 x 80 _ L06oN/mm

T
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Jalls o sy eyl Jrnd s Jlea¥1 5 2 5l) Lol Skt g Aladl 5 a8 s 53 ) Jslail ()Y
gl ol
Gilad) Calall idy a8 -1
W ek (Duplicate) Jas 5 (ExL) dwl ol e s Jall gall) )3l i -2
Aajldae 3aas A 5o oL 20 (381 63 &5 Bl Al all ol (0S5 4l ) sa (5500
(EXT) 5_pall 038 Lgas) (Sl 5 A8l sl 5ol Lol

Configuration to use:

far Forc

Define Study Name X
5 Duplicate
Study Name :
Rename
elte

Create New Motion Study

-
Default e z

ment a Create Mew Simulation Study

*1gq Create Mew Design Study

T Help otion Study T TSR BT

(Force-1) e o Jldll )3 Jaussall g 5 5 adase o alidall am ol LA O Ly -3
Sl oe & (Beam) Jbias ase sl 76l edaid (Edit Definition) Jbss
sl =l s 5 (Face, Edge, Plan) & s & (3_<S) liss 25U
(Normal to plane) _tias (Force) o o 3 Sl

DS adadp "alilie e a5

"Jua¥) &) 58 J 2" Table Driven Load Distribution e

dad ()5S 4 L8 6l (1000) S5 (0) alal a5 "4y 53 40" Percentage o
13g2 5 (0) 38l sS38 Sl Aylgd die (61 (0) iS5 (100) ale! 5 (1000) Jeall
3955 (1000 t0 0) e B8l gz T o gan

(Nonuniform Distribution) _tiss a

Force/Torque @

v X .

Selection ~n
()| || Boss-Extrudet

Per unit length

Force ~
Q|  Table Driven
Normal to plane r|  Tasieomen 4
Table Driven 7
t
o
Moment -~
1
1
W Yeas . e s
5 gall ?‘L”“ o s sl i
[ Nonuniform Distribution ~ :|
- . .- Table Driven Load Distribution ~
Jsas Gk e )l -
ercentage -

Percentage | Force per unit lengthil,
e i g | R
o8l dad (4S5 o 0% e
(10%) e 5 (Mie1000N)
die 5 (500N) 5S5 b sas e .
35(2000N) 0585 <asa (35%)
o el U i) Ullie 3 13Sa
I VRIS V)
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s G O (EXT) 138 Wl (8 A pal) ) (e i ol 2 500 (50 -4
(Results) alaall ciad il jelai g dallaall 38 (RuUn) Jlas duilald) 4l
e i el 7 5l e (B) ddaiill die a el s Jled) 250 5 2023 Y i -5
(List Result Force) Jtias dulall 4aldl (o5 oY) 30 (Results)
DA e a8 1 ddadil) e 3 AGLAN (e (Result Force) ¢l Jedad
(Update)

[Component [Selection | Entire Model | v

a2 5 (750N) o ke (Y) eladl 3 (B) ddaiill ic Jad 3 3 ga 5 Jaadls
Loy b o5 Le e (i 25 (375N.m)

(Stress 1-Axial and bending) 1= 24 (Results) alsall <’y (Y -6
o5 Al selail (Show) s Zaslad) Aalall G5 a1 30
(1.098N/mm~2) &5 Lt 4y guesall daiills g3 )las 5 (1.099N/mm”2)

Azdal and bending (Mfmm"2 (MPa)]

1.093

l 0916

L 0732

- 0.549

_ 0.366

_ 0183
. 0.000e +000

L 0183

- -0.366

- -0.549

-0.732

-0.916

-1.099

e oY) 3L (displacement) e it (Results) alaall casis (N1 -7
dagill L lais (0.03mm) 2 dagiill jedail (Show) Ll dpilal) dalall

URES [mm)

0.030

l 0.027
[ oYorl}
- Q022
. 0020
. 0017
. 0.015
. 0010
. Q007

L Q012
0.005
0.002
1.000e-030




L)l (Stress 2-Shear Dir 1) e s (Results) sl caady oY) -8
(0.07N/mm”2) 2 5 aagiill edail (Show) Jlias dplall Al a5 !
(0.065N/MMN2) (s 5 b s & guanall Aniilly L i

Shear in DIR 1 (N/mmA2 (MPa))
0.070
I 0.084
_ 0058
- 0053
- 0047
_ 0041
l 0.035
_ 0028
_ 0023

(Results) aaall <3y ¥ -9
oad) 3k (Shear-Moment Plotl-Shear Force in Dir 1) e s
"oadll 5 8 lakada )" Aagiil) jelail (Show) s dyilal) Al (g
-: 375:003

- 250,000

_ 187.500

125.000

I £2,500
5.960e-007

(Results) alaall casi g oY) -10

e oY) 3L (Shear-Moment Plot2-Moment in Dir 2) Gle s
"aJal) labada au )" dniill jelail (Show) Jliss dulal) dasl)
-iT:E?SE+Q]2

- 1.250e+002

- 9.37%e+001

£,250e+001
3.12%+001
-2,135e-003
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(8) Jie

- sl Slga) (paall S il (5 - g gl JuadY) 253 )) el (2-8) JSa
(Aa) ) (oaal — il Slgan) (sl

Jialdll aus il e a3 5 (Elastic Modulus = 210000 N/mm”2) o) cle 13

S Caaill 8 alaiisa 5 5 paS (e J Y Chaill L Calie JS5 3 Sl e Jaall ol
1000N " JalS JS (B) <kl (e A 3 Sl (2-8) JSGlL LS

1500

| 7 .
Y Y Y HL

1000N

(2-8) Jsl

Fyg 750N

CBll icall 3 (pe (2/3) Lo sa s Calial) daliue = Culiall 1S 5 5
F = 0.375 x 1000 = 375N
Jeliasall eall L5 (o (2/1) Lgnn 3a 5 Jiaionell Aalisa = Jolinsal) 1 3 il
F = 0.75 x 1000 = 750N
Fyg = 375 — 750 = —B75N
Mg = (750 x 1.125) — (375 X 0.25) = 750NN
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(Upper bound axial and bending) stsil slgal a8l Clus @

M
0O = —

Z
O " (2-1) Jsaall (e dde Jgemnll (Sars oemdV] el o (M) o i
oo (250mm) 2as i vie (375) Jaall 5 Jait (B) dkaiill xie 4ifia 3 Sl

(B) o= (1.125mm) as ikis xie (-750) Jeall5 (B)
(2-4) Jsal) e Lple Jsanll (Say g adadall jlas dpss & (2Z)

538 Al 85801 3y (e Ailal a (@) 55 g i) (h) 53S0 Lo (D)

0o=—

F
y = —(3a%1 —a?%)

M (750 x 1125) — (375 % 250) 750000

= 2.197N/mm?

bh? ~ 80 x 1607
6 6

(Displacement) 4al )} a8l Clus o

y == (3a%l — a%) (2-1) Js2a 0o

4ils e = (@) — (1500mm) = skl (1) — (750N) = 558 (F) ol s

— (220000N/MMA2) = 45 5all delas (E) - (500mm)

3 3
[ = % = 250 = 27306666.66= S swaill 2= (1)

_ 375
~ 6 x 210000 X 27306666.66

[(3 x 11252 x 1500) — (1125%)] = 0.046mm

(Shear) =8 deal ol lua @

_VQ
" Ib

(V=F=375N) 23 (2-1) sl (e =il 5 8 (V)

Aaludl (2 (A) (Q = Ay ) Aaluall J5¥1 232 (4 (Q)

deal el Cun adaiall daliae S ey JSAI S e diluall o (F)
Q = Ay = (40 x 80) x (60) = 192000m3

T

3 3
[ = % = 2220 = 27306666.66= S il 2z (1)

(80mm) =58l = e (D)

_VQ _ 375x192000
“Ib  27306666.66 X 80

= 0.032N/mm
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Ol a5 gealipll Jaais Jlaa¥ls 35l Ll alai s Zlad) 5500 o i o Jslaid oY)
) o\
Golual) Calall gy 28 -1
W ek (Duplicate) Jlias & (Ex1) 4wl yall e 5 el ol 5l jan -2
Aajldae 3aas A 5o oL a0 (380 63 &5 Bl Al all ol (0S5 4l ) sa (5520
(EX8) 5al 534 Lol (Sl 5 ALl ol el

Define Study Name X

5 Duplicate
Study Name :
Rename

Delcte

Configuration to use:

fr Forc ™ Create New Motion Study
I
Default > fnent a Create New Simulation Study
*1gq Create Mew Design Study

Cance Help otion Study T TSR BT

(Force-1) e o Wl )3 sl ¢ 50 5 aase 5o alidall aa gl Al () Lay -3

e e & (Beam) s 4 ailall 7 5l el (Edit Definition) Jbisss

sl =l s 5 (Face, Edge, Plan) & s & (3_<S) liss 25U
(Normal to plane) Llias (Force) (= o 3 Sl

DS adat g "alatia ye ) 6" (Nonuniform Distribution) s &

"Ja¥l &) 58 Js2a" Table Driven Load Distribution e
adl 8 51 (1000) Lealel 5 (0) <S5 Js¥) shadl & 3 "22S" Distance o
(1000) daall dad () &5
(0) leslal 5 (0.75) i JU plasddl 8 4
(-1000) L=lel 5 (0.75) i3 AN ol &
(-1000) Leabal 5 (1.5) iS5 @l Sl yhaudl (8 o5

Force/Torque @

®) P soss-Bxtrugen
e
@ .
Units ~
B s -
Per unit | it
FFFFF ~
| Teole Dmen
Normal to plane _\Qf ——
Table Driven .
¢
Moment ~

saall alatia ye ay )8 LSS

Distribution ~ ]
> [Tabie Driven Load Distrbution v

Jsas Gk o s

3‘55&‘ d:‘-A-\ ‘5.11.33\ J)A’J‘ @ [IFip origin v
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s G O (EX8) 138 Wil (8 Al pall ) (e i lall 2 5l (50 -4
(Results) alaall ciad il jelai g dallaall 38 (RuUn) Jlas duilal) 4l
e i el 7 5l e (B) ddaiill die a el s Jled) 250 5 2023 Y i -5
(List Result Force) Jtias dulall 4aldl (o5 oY) 30 (Results)
DAl e i a8 1 ddadil) e 3 AGLAN (e (Result Force) ol Jedad
(Update)

est |375 N
uuuuuu

Reaction force (N) ~ ZA% == NlmA
236 5 (-375N) shia (Y) slal 3 (B) Akl ic (Jod 3 2 a5 Lo
Lo s o Lo g Gillaie 525 (750N.m)

(Stress 1-Axial and bending) 1= 24 (Results) alsall <’y (Y -6
o5 Al ekl (Show) Jtias Zulall Al Ge s ) L
(2.297N/Mm”2) A5 bsn 4 susall dagiilly L )5 (2.197N/mmA2)

Ayial and bending [MN/mm A2 [MPa]]
2137
l 1831
- 1485
~ 1089
- 0732
_ 0386
- 0,000 +000
. 0386
. 0732

_ 1099

-1.485
-1831
-2.197

— Yield strength: 620422

e oY) 3L (displacement) e it (Results) alsall caais (N1 -7
Aol L ,lai 5 (0.091mm) (o 5 daiill elail (Show) Jbias dwilal) dalal)
(0.046) 25 Ly L gunal)

URES {mm)
0.091
l foXox]
. 0OTE

- Q0

- 0081

_ 0053

L Q048

L 003

L 0030

. Q023

0015

l 0008
1.000e-030
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Ul (Stress 2-Shear Dir 1) A= g (Results) sl caady oY) -8
(0.07N/mm”2) 2 5 aagiill edail (Show) Jlias dplall Al a5 !
(0.03N/MMN2) & 5 b s Ao suenall daiilly L3l

Shear in DIR 1 [Mfmmm ™2 [MPa]]
-0.003
-0.008
L -0.014
. 0019
- 0025
. 003
| ] -0.036
L 0042
L -0.048

_ -0.053

(Results) aaall <3y ¥ -9

oY) 5l (Shear-Moment Plot1-Shear Force in Dir 1) e s
"ol 5 8 Jakade aus )" dagill el (Show) Jbias dglad) Al (e

Shear Force in Dirl ()

0.000¢+000

l -62.500

- 125000
- 187500
_ -250.000

_ -312.500

-375.000
| B
_ 437500

- -500.000

(Results) alaall csiy oY) -11
oo oY) 3l (Shear-Moment Plot2-Moment in Dir 2) sle i

Moment about Dir2 (N.m)

0,000 +000

l -6.250e+001

. -1.250e+002
- -1.875e+002
. -2,500e+002
- -3.125e+002
| 3 -3.750e+002
L 43754002
. -5.000e+002

. -5.625e+002

-6.250e+002
-5875e+002
-7.500e+002

e Adline g il A5 sl e s gl 8l e gl s cinh Lhe 8 0S5 g
Jsla o g 13 Jaaise Jolaise g8 5 sl 5 e g g e il Aalad) Y JS (815 capgall
13} Y Lal il Sl Aabidall adaliall (e sl 5 sl ad of Alll oL ) dadlal) ABYT 3
alll Glas sdeny s alll glas Ji5 z 5l Gsalll juae (e S 230 () daiail Cund

) siall JaS Jlad o5 5y A " alaall
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(9) Joe
- el slgal sl XS (il (5 @ o dalle Jlad) 2 53)) Canal (2-9) SN 3

(Aa) ) sl
ialalls au Nl e ¥l 5 (Elastic Modulus = 210000 N/mmA2) o) e 13)
1000N
1500 _| i - .
X
B A
(2-9) Jsal

Jall

1000N

Zszo then FxB=I
sz — 0 then Fyy—1000=0 then Fy, =-

My = FL = 1000N x 1.5m = I500N
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(O) (Upper bound axial and bending) stisil algal all Clus o

O " (2-1) Jsaall e e Jgmnll (Sars (o) o all (& (M) O om0 =2

u.s.(A)w "'\mjjgw\}_ué(g)w aill die 4ifia 3 Sl

] b i.—' i |—| [
:Ij T c T|c Tic| pollb/z  T|E
| | b ] b | [ b |
B B B B
_ BH® —bh?
N 12
. 21
T H
BH® —bh® _ (100 x 100%) — (80 x 80%) _ 41920000
- 12 N 12 B
M Fl 1000 x 1500 _
O =7 721 T 2x4920000
H 100
(y) (Displacement) 4al)) ol Clus @
FI3
y = E (2-1) Jsaall e
— (1500mm) = Jshll (1) — (1000N) = 558 (F) o) s
— (210000N/mmA2) = 45 al Jalax (E)
4920000= S ) susill 2 3 (1)
FI3 1000 X 15003 -
Y = 3E1 T 3 x 210000 x 4920000
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dﬂbeﬁc&\u)ﬂ\ du.\jdu;‘ﬁ\j J}.\ﬂ\l.@-\lc é.\hj:\s.iu‘zfﬁ\ ?‘“’J"U\ djté—\lu\}“
gl ol
(SolidWorks) gt (& nos ol ) -1
O e (10 mm) eewa s (100mm X 100mm) HGl JKEIL WS o pall o ) -2
(1500mm) 4ilual 48y a8 o5 (age) Joal) ddali ae gillaia a jall S 50 o 5S

o

100
~ ,/
P ’ \\~

sl (Name) <ai (New Study) saas 4l ) sl (Simulation) < sl (e -3
e e Ll 385 a3 (Static) Jis) (Type) Jbadl casdi g 4l jall ol
el
i Al AEN ey ) L dadadl) ol e i ilad) 2 5l (e -4
(34S) A jlaS dakadll ae Jaladll 21 (Treat as Beam)
o |

¥ Bt (-Derq & ApPi/Edit Materal..
@ Part2. Apply Favorite Material L4
3 comn

E}E‘ Etol Create Mesh...

iﬂ Extarr‘ Treat as Beam...

Q’SJ Mesh Treat as Remote Mass...
Resul

Q Shell Manager

Define Shell By Selected Faces...

1P Exclude from Analysis

s Ailall Al e s e 30 (Joint group) ele i alall 7 sl (e -5
DM i Akl e s 2281 e (Edit Joints) 20 Jelad (Edit)
Jointl =) s Sl Jlail Alads el (Results) <aad Jaa3l (Calculate)
G55 5 (Joint2

Edit Joints @ ?
1 ¥ e (-Defaults)
Selected Beams Ll

. K Par2
O select .}ﬁ' & Joint group

£ [BossExtrudet

v X

B3 Connections What's wrong?..
(55 Fitures @ Hide
Treat as joint for clearance
(® equal to zero (touching) lg External Loads Edit...

(D less than QI Mesh
1 L] -
Result Options

Keep madified joint on update
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s Ll Aaddl a5 Gl 30 (Aadadl aul) e i il = Sl (e -6
3 a8l 3ale 2231 (Material) Ul s> Gsaua sekad (Apply/Edit Material)
(Apply) L3V e i & (Alloy Steel) Jlaas

LR sl Aldl) a5 Ga¥) 0 (Fixtures) e s sl = 5l e -7
a1 kil e e 483 o (Fixture) W edad (Fixed Geometry)
alaail) oda 85 sl G 23 (Fixed Geometry) JUas

Fiscture @

Standard (Fixed Geometry)

@ Fixed Geometry

Immovable (No translation)
Use Reference Geometry
X$ I Joint<2, 1>

Symbol Settings

-

¥ Ex1 (-Default-)

Part2 (-Alloy Steel-

.%i Joint group

)
|@ Apply/Edit Material...

@; Connections

E;b Fixtures

i& External Loads

(g] Mesh

Result Options

| Material

Apply Favorite Material

Edit Definition...

Treat as Solid

[ Details..

1P Exclude from Analysis

x
v [ stee ~ |  Properties Tables & Curves Appearance CrossHatch Custom  Application Dat * | *
= 1023 Carbon Steel Sheet (55) Material properties
o 201 Annealed Stainless Steel (55) Materials in the default library can not be edited. You must first copy the material
= to a custom library to edit it.
= 4286 Iron Base Superalioy
= AISI 1010 Steel, hot rolled bar (LT T iR e
= AIS1 1015 Steel, Cold Drawn (55) 51 - N/mm2 (MPa) v
= AlSI 1020 Steel
= AIS1 1020 Steel, Cold Rolled
= Alloy Steel
= AIS1 1035 Steel (55)
= AISI 1045 Steel, cold drawn L (e S0
= Alsi 304
AlSI 316 Annealed Stainless Steel Be
AISI 316 Stainless Steel Sheet (55)
Defined
AISI 321 Annealed Stainless Steel (5!
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Shear Modulus 79000 |N/mm*2

Mass Density 7700 |kg/m"3

Tensile Strength 723.8256 | N/mm*2

Compressive Strength W/mm#2

Vield Strangth 620422 |N/mm*2

Thermal Expansion Coefficient |1.3-005 |/K

Thermal Conductivity 50 W/m-K) v
Close Save Config..| | Help

122



Fixture @ ?
¥ B (-Default)
J part2 (-Alloy Steel-)

Q’ﬁ Joint group
c @% Connections
& Fixtures

1 ddaasl) J:& External ;f Advisor..,

Standard (Fixed Geometry) -~
(?j Mesh

Fixed Geometry ‘Qg Fixed Geometry... ‘I
Result O

Immovable (Mo translation)
Use Reference Geometry E C[EEtE New Folder

.
¥ T Hide Al
Show All
- Y

Symbol Settings hd Z"kx [h QOP}’

<]

Lol Al e s a1 3 (External Loads) ot i il 7 5l (e -8
U (Selection) adll ¢ (Force/ Torque) ¢ s e (Force) _uas
Glas sl 23a3 &5 (Top Plena) s &5 2 adaadll e jaw 48l (e & (Joint)
(1000) i 2355 5 (Normal to plane) JUas (Force) axdll (5 (SI)
JinY 4l 5 43l o) (Sail (reverse direction) Jliads

Force/Torque @ ? . I
v X S part2 (Dafau\t«E'{? e
= 8 Torque..

&
:&‘ Ex1 (-Default-) E Create New Folder
o | T Par2 (-Alloy S

Y L Ca—

Units ~ 2 Jaint group Hide Al
ERE] hd 3 Connections Show All
rone N ~ [5 Fixtures

(X Fixed-1 | [y Copy
11 External Loads
(% Mesh
Result Options

1 N
w N
E o

Reverse direction

Moment ~

s dalall A e s G 3L (Mesh) Lo i sl = 6l e -9

(Create Mesh)

= I Can] |
?@J;ﬂdw::..

2 @ Boss @'[j Simplify Model for Meshing

< |@ Create Mesh...

-
¥ Bl (-Def2 (@ Details..

F pat2 [ Apply Mesh Control...

-g Joint
?; Conn
> B P #F Prope

Mesh and Run

s Create Mesh Plot...

&~ ia Exter %} Show Mesh

A Render Beam Profile (slower)

{25 Mest
Result Options

123



Lol AlE e s a1 M (Al ) anl) o i ailadl 2 51 e 10
(Results) laall it il jedai s dallaall a3 (Run) liss

£ |

X Exl (-Default-)

F par2 (—Au|g Bun ‘

9 Joint groy () Update All Components
B3 Connectic  gypont..
+ (B Fixtures
(€ Fixed| [ Trend Tracker

- 4l Beral Ly B Load Case Manager
Force
@ Mesh | X Delete

] Result 0
e op 2 Detoils...

ole s el =l e (B) Akl die o jall s JadY) 505 20ai0 Y 11
ekt (List Result Force) _lias dpilall Aalé) (e 5 a1 31 (Results)
(Update) L3l e aui a8 1 ddaaill e jaws 45LEY e (Result Force) z b

Result Force @

v X

A

~

Option: » [ Hictorw @‘ Define Displacement Plot...
<

s
(®) Reaction force
CR R Define Beam Diagrams...
Remote load interface force 1 alaal) g

Free body force e IG5 Results Equations...
& Exl (-Defaul
@ Part? (- List Beam Forces...
gmintg,\@ List Result Force...
3 Connec

- [i“;, Fitures % Compare Results...
(2% Fixa B2 Save All Plots as JPEG Files
T 18 External 5@ save All Plots as eDrawings

i For

& Mesh | 5 Create New Folder

1 |tes003 N Result ¢ [h Copy
FRes: [1e+003 N - Results

h4 MRes: [1.5¢+003 M. &5 Stress1 (-STRMAX: Upper bou

25 (1000N) s_)aas (Y) olail 5 (B) ddagil) die Jad 0y 2 ga g daadl
L b o5 Le e (3iaie 98 5 (1500N.m)

e oY) 3 (Stress 1) e i (Results) alaall cas 5 ()Y) -12
<usiill (e (Stress plot) z sl sedad (Edit Definition) _lias duilal) Aalal)
& @las gl 2as S5 (Render beam profile (slower)) UGS (Definition)
(axial and bending)stiai) dgal xadl a5 Bl & 63 (N/mmA2(MPa))
Use different ) Jas 5 (3) ) 483l aass (Chart Options) < sl (e
&8 5 (number format

Contact/Friction force

Connector force

Selection ~ j|
o
g s v

% Stress plot ® @) Ble|&] Features | Sketch | Weldmet [Gy, Hide &
@
8 stress piot @ — @ Edit Definition
v x = &
7 P Animate... :
o | || oefinition Settings Do Chart Options..
. Settings...
-~ [ Render beam profile (slawer) %('Dm“‘m A Probe
Part? (-Alloy Steel-)
El |wmm~2 pvpa) v X =9 Deformed Result
Sﬁlnmtgmup
Axial and bending -
e Ao } @] Connections B3 Compare Resuts
v [l peformed shape ~ [ Fixtures
LE] o @ Automat ¢ Fired-1 & pint..
S utomatic -
A [Noma < Op | 7s7vies30 [+ L4 Btemal Loads & sevens..
Force-1 (Peritem:
148 | scientiric v O I @i e {5 Add to New Folder
v oo Result Options M cory
Use different number format =
i for smal numbers (0001 < [~ [ Results X Delete...
<1000 Property ~ 5 Stress1 (STRMAX:
floating v (%' Displacement? (-Res disp-)
M

124



s (axial and bending) sUsil dlga) ol s jelas V) -13
CulS 5 b gy Ll ()5 3o Al Al L3 )la3 5 (62.248 N/mmA2)
(62.754 N/mm*"2)

Axial and bending [M/mm~2 [MPa))
‘ 62,2438
l 51,573
. 4499
. 3z4
- 207449
- 10,375
l -3.815e-006
. 10,375
. 20749

- -31124

-41.499
-31.873
-62,245

—Yield strength: 620,422

oY) W (displacement) le i (Results) laall cusiy () -14
(Show) s dilall Aaiall (e
s Ailal) 48l e s ¥ 3N (displacement) e i aaa (g o
<u sl (e (displacement plot) z s ekl (Edit Definition)
23 (Chart Options) <usiill e (mm) A @las gl aass (Definition)
G5 3 (Use different number format) Jbsis (3) ) 484

gr Displacement plot [©)]
v X
URES (mim)
3784 Definition | Chart Options | Settings
3463 Display &
- 3154 @ URES: Resultant Displacement
. 2838 g [om v
L2523
Advanced Options v g
L2208

Deformed shape ~

1.692
l @Automatic
L 1577

i | 757.71185303

| 1.261 (O True scale
_ 0.%46 OUserdaﬁned
031 o -
0315 [ show calors
1.0006-030 | property -

Lo 4 gusall As) 3L L3 a5 (3.784mm) (2 A U Aad adl o) a3
(3.735mm) <ilS

125



(12) Juis
- el slgal sl G- il (o @ o dalle Jlad) 250 5) Canal (2-12) JSal

(Aa) ) ooail
ialalls au Nl e ¥l 5 (Elastic Modulus = 210000 N/mmA2) o) e 13)
1000N .
1500 _| .
B A 7o [[—l
(2-12) J=a
Jall
1000N

ZFx=O then FxB=I
sz — 0 then Fyy—1000=0 then Fy, =-

My = FL = 1000N x 1.5m = I500N

126



(O) (Upper bound axial and bending) stisil algal all Clus o

O " (2-1) Jsaall e e Jgmnll (Sars (o) o all (& (M) O om0 =2

u.s.(A)w "'\mjjgw\}_ué(g)w aill die 4ifia 3 Sl

1 b i F— i —— [
:Ij T|<c T| < Tiel pollorz T
| | b 1 b | [ b |
B B B B
_ BH®—bh?
- 12
., 21
~ H
BH3® —bh3 (80 x 1203) — (70 x 1003)
= = = 5686666.66
12 12
M _FI _ 1000x1500
0= 7 =721 ~ 2x5686666.66
H 120
(y) (Displacement) 4al)) ol Clus @
FI3
= — - aall
Y =35 (2-1) Jsaall (e
— (1500mm) = J skl (1) — (1000N) =3 (F) o) Cus
— (210000N/mmA2) = a5 yall Jalza (E)
5686666.66= Sl ) saill 43¢ (1)
FI3 1000 x 15003 -
Y = 3EI ~ 3 x 210000 x 5686666.66

127



dﬂbeﬁc&\u)ﬂ\ du.\jdu;‘ﬁ\j J}.\ﬂ\l.@-\lc é.\hj:\s.iu‘zfﬁ\ ?‘“’J"U\ djté—\lu\}“
gl ol

(SolidWorks) z=<b_n & was Cala =38 -1

(1500mm)) 4dlusal 48y 28 &5 (10 mm) Sles 5 JUI JSE an )l -2

80

10

10

4l (Name) s (New Study) saa 4ul s (280 (Simulation) < sil) (s -3
Adle e haally 385 4 (Static) il (Type) Sl st s dul jall )
ol
i Ala) AN e g ) I Axdail) il e i ilad) & 5l e -4
(34S) da jlaS dnkadll aa Jaladll 24 (Treat as Beam)
<. \

@ B (Defd & Apply/Edit Material..

) Part2
F2 conn

Apply Faverite Material

[ Fotu]  CesteMesh..
14 Extarr‘ Treat as Beam...

G Mesh 1 e Remote Mass..
[ Resul

& Shell Manager

Define Shell By Selected Faces...

1® Exclude from Analysis

s ilal) Al e 5 a1 3 (Joint group) e it el 7 sl (e -5
DM s a3 Aadadl) e 560 AGLEN (e (Edit Joints) sl el (Edit)
Jointl — ) 3 eS8 Jlail (pilads Hedas (Results) <3 sl (Calculate)
&5 &3 (Joint2

Edit Joints @ ?
¥ B (-Default)
Selected Beams ~

o ] rar2
O select &‘ﬁ Ay Joint group

v %

X [BossExtrude

Treat as joint for clearance
(®) equal to zera [touching)
(O less than
1 L]

Keep modified joint on update

Calculate

?; Connections
E‘b Fitures
lﬂ External Loads

(SJ Mesh
Result Options

What's wrang?...

@ Hide

Edit...




s Ll Aaddl a5 Gl 30 (Aadadl aul) e i il = Sl (e -6
3 a8l 3ale 2231 (Material) Ul s> Gsaua sekad (Apply/Edit Material)
(Apply) U3V e i & (Alloy Steel) Jlaas

LR sl Aldl) a5 Ga¥) 0 (Fixtures) e s uilall =5l e -7
a1 kil e e 483 o (Fixture) W edad (Fixed Geometry)
alaail) oda 85 sl G 23 (Fixed Geometry) JUas

Fixture

-

¥ Ex1 (-Default-)

Part2 (-Alloy Steel-

.%i Joint group

@; Connections

Eb Fixtures

i& External Loads

(g] Mesh

)
|@ Apply/Edit Material...

Apply Favorite Material

Edit Definition...

Treat as Solid

Result Options

1P Exclude from Analysis

[ Details..

| Material

x
v [ stee ~ |  Properties Tables & Curves Appearance CrossHatch Custom  Application Dat * | *
= 1023 Carbon Steel Sheet (55) Material properties
o 201 Annealed Stainless Steel (55) Materials in the default library can not be edited. You must first copy the material
= to a custom library to edit it.
= 4286 Iron Base Superalioy
= AISI 1010 Steel, hot rolled bar (LT T iR e
= AIS1 1015 Steel, Cold Drawn (55) 51 - N/mm2 (MPa) v
= AlSI 1020 Steel
= AIS1 1020 Steel, Cold Rolled
= Alloy Steel
= AIS1 1035 Steel (55)
= AISI 1045 Steel, cold drawn L (e S0
= Alsi 304
AlSI 316 Annealed Stainless Steel Be
AISI 316 Stainless Steel Sheet (55)
Defined
AISI 321 Annealed Stainless Steel (5!
AISI 347 Annealed Stainless Steel (5! B vae Tumits -
AISI 4130 Steel, annealed at 865C BEAiE Mo 210000 [N/mme 2
AISI 4130 Steel, normalized at 870C Paisson's Ratio 028 |N/A
= AIS1 4340 Steel, annealed Shear Modulus 75000 |W/mm*2
= AlSI 4340 Steel, normalized Mass Density 7700 |kg/m"3
AlSI ype 316L stainless steel [ S e e
G ve Strength 2
AlSI Type A2 Tool Steel el D
Vield Strength 620422 |N/mm*2
Alloy Steel
= Thermal Expansion Caefficient | 1.3¢-005 | /K
3= Alloy Steel (55
. 3= Alloy Steel (55) R M Thermal Conductivity 50 WimK) v
Click here t terial
ick here to access more materials using — o Close B I

the SOLIDWORKS Materials Web Portal.

Standard (Fixed Geometry)

Fixed Geometry
Immovable (No translation)
Use Reference Geometry

o I Joint<2, 1=

Symbol Settings

M Bt (-Default-)
F Part2 (~Alloy Steel-)
Qi Joint group

?; Connections

l& External .,:‘E' Advisor...

(gj Mesh
Result O

‘Qf Fixed Geometry...

E Create New Folder

Hide All

Show All

[y Copy

129



Lol Al e s Y1 3 (External Loads) ot i il 7 5l o -8
U (Selection) a8l (s (Force/ Torque) ¢ s ek (Force) _Uias
Glas gl 2asi 5 (Top Plena) s o5 2 ddadill e j833 A5 o & (Joint)
(1000) iad 23a5 5 (Normal to plane) Jss (Force) a=dll (35 (SI)
JinY 4ail 3 58l oLl (&ail (reverse direction) Jbiss s

Force/Torque @

VX M

Selection ~

I

Y EL—

Units ~

~

T
7 = e
- S5 Advisor
[ part2 (Defautt<<r < =
[ -
B Torque..
g T 5 Gravity..
s
B B (-Defauit) E Create New Folder
T Part2 (-Alloy 5
£ Joint group Hide All
?3 Connections Show All
[~ [ Fixtures

(X Fixed-1 | [y Copy

11 External Loads

@; Mesh
Result Options '

Db dalall AE as ga) 31 (Mesh) o i ilall = W (e -9
(Create Mesh)

%Imlm\ml N

? _,‘f' Advisor...

b @ Bossy @Jj Simplify Model for Meshing

< |Qb Create Mesh...

Mesh and Bun

-
@ Exl (-Defq (2 Detils...

g Rt Apply Mesh Control...

anint

?; Conn

v B iy A probe
X F

@ Create Mesh Plot...

- L& Extert Qb\ Show Mesh

P Render Beam Profile (slower)

{25 Mesh
Result Options

L) Al s 1 M (Al ) anl) o i oaladl 2 o1 e
(Results) alaall cond il jelai s dallaal) 238 (Run) lias

2 \

X Exl (-Default-)

® partzt-,nu||g . |

&ﬁ Joint grou @ Update All Components

?; Connectic
hd [lb Fixtures
2; Fixed) @ Trend Tracker
v lg External Ly ﬁ. Load Case Manager
i Force
% Mesh
Result Opy

[ .

Export...

¥ Delete

Details...

'

-10

130



e A kel =5l

Result Force

v X

Options ~

(®) Reaction force

(B) Adasil) dic oyl g JladY) 250 ) 2asil Y
Jelad (List Result Force) Jlias dwilall 4El e s ¥) 30 (Results)
(Update) Lol e i 5 1 ddadill e 85 253 o« (Result Force) z sl

@

-11

v F= Hictans @ Define Displacement Plot...
<

Remote load intel

rface force

Free body force
Contact/Friction force

Connector force

Selection
o :
SE]

E|L

Update

Reaction force (N)

Define Beam Diagrams...

-
T Ext (-Defaul

B part2 (-

&Z Results Equations...

List Beam Forces...

Br. |Ter003N
v FRes: [16+003 N
i MRes:|1.5¢+003 N.n
~
s ~

&ﬁ Joint gr ‘@ List Result Force...

?g Connec

T Eﬁ' Fixtures, @‘?@j Compare Results...
(2% Fixe B} Save All Plots as JPEG Files

- 4 Eernal 8 Save All Plots as eDrawings

i For

& Mesh | 15 Creste New Folder

Result €[y Copy

- [ Results

[E5 Stress1 (-STRMAX: Upper bou
@ Displacement1 (-Res disp-)

25 (100ON) »_lada (Y) olad) & (B) Adasill die Jad 3 JP}JQJQ
L b 5 e ae (Gilaie 98 5 (1500N.m)
e oYl 3L (Stress 1) Gle i (Results) alaadl caad 5 oY)
<uoiill e (Stress plot) st ek (Edit Definition) _Uias Anilall 4l
I @laa gl sasi &3 (Render beam profile (slower)) Jtas (Definition)
(axial and bending)stiai) dgal adl a5 Bl & 63 (N/mmA2(MPa))
Use different ) Jas 5 (3) ) 483l aass (Chart Options) < sl (e
&858 & (number format

-12

Features | Sketch | Weldrmel % Hide

& s BREREE
v X H @Stress plot @
Definition ‘ Chart Options | Settings| v X .
= minimum value ~ efinition a ions ings
= I Definiti Chart Opti Setting
W [4384s30m73
Display ~
. Y
Pasition/Format Render beam profile (slower)
Predefined positions
} Bl |wmmaz mes) -
@ Dl E Axial and bending ~
f [=0 S%
Deformed shape ~
20 ol
B2 (= © Automati
- | Normal ~ Qg | 75771185303
138 |sdientific % O True scale
v
Use different number format ﬂj@ l
[ for small numbers [©.001 < [x]
< 1000) R &
floating v

Q’Sj I!IE‘&L‘@ Edit Definition...

P Animate..

57~
¥ Ex1 (-Default-)
JE partz (-Alloy Steel-)
# Joint group
@; Connections
> Eb Fixtures
‘2; Fixed-1

~ ig External Loads

i Force-1 (:Per iterm:

io Chart Options...
E‘. Settings...
f Probe

% Deformed Result

% Compare Results...
g Print...
Save As ...

T Add to New Folder

@ Mesh
Result Options [h Copy

A @Resuhs K Delete...

@ Stress1 (-STRMAX: upper bour

@ Displacerment] (-Res disp-)

i

131



s (axial and bending) sUsil dlga) ol s jelas V) -13
ol 5 Ly s Lt O 5 (B Al Al L )85 (15.286 N/mmA2)
A4laie a5 (15.286 N/mmA2)

Axial and bending [M/mmA2 [MPa)]
15.826

13188

. 10551
. TEE
. 5,275
. 2838

. 0.000e+000
L -2.638

. -5.275

R

-10551
-13.188
-15.526

— Yield strength: 620422

oY) 530 (displacement) e 2 (Results) laall casi s o)) -14
(Show) _tias dplall Aalall (e g
s Al A e s ) 30 (displacement) e 35 B e A
<uoiill e (displacement plot) z sV ek (Edit Definition)
a3 (Chart Options) <usiill e s (mm) A @las gl aass (Definition)
G 5 &5 (Use different number format) Jtsiy (3) ) 43

g-r Displacement plot @
v X .
HRES (mml Definition | Chart Options | Settings
1.533
1406 Display ~
_ 1278 @ URES: Resultant Displacement
~ 1150 E [l e
- 1022 Advanced Options v }
L 0834
Deformed shape ~
l 0767 (®) Automatic
_ 0539 i | 757.71185303
. 05N (O True scale
. 0383 (O User defined
0256 o
0128 A show colors
1.000e-030 Property -

L5 Ay sunall dal Y0 L3 )85 (1.533mim) (& dal 20 dad all () a3l
(0.942mm) <ilS

132



(13) Jba
- el slgal sl G- il (o @ o dalle Jlad) 2 505) Canal (2-13) JSall

(Aa) ) ooail
ialalls an Nl e ¥l 5 (Elastic Modulus = 210000 N/mmA2) o) e 13)
1000N .
1500 _| [ ey—
i
. |
i
i
B A e .
z 1 R
(2-13) Jsal
Jall
1000N

ZFx=O then FxB=I
sz — 0 then Fyy—1000=0 then Fy, =-

My = FL = 1000N x 1.5m = I500N

133



(O) (Upper bound axial and bending) stisil algal all Clus o

O " (2-1) sl e e Jseanll (g (o) 652l (6 (M) O S8 0 =

u.s.(A)w "'\mjjgw\}_ué(g)w aill die 4ifia 3 Sl

] b i.—| i l—l [
:Ij T c T|c Tic| pollb/z  T|E
| | b ] b | [ b |
B B B B
_ BH® —bh?
N 12
. 21
T H
BH® —bh® (80 x 120%) — (72 X 104°%) _ 1770816
- 12 N 12 B
M Fl 1000 x 1500 _
0= 7 T2 T 2x4770816
H 120
(y) (Displacement) 4al)) <l Clus @
FI3
= —_— - J;J\ )
Y = 3m (21) sl 0
— (1500mm) = Jshll (1) — (1000N) = 558 (F) o) s
— (210000N/mmA2) = 45 al Jalax (E)
4770816= S ) saill a3 (1)
FI3 1000 X 15003 -
Y T 3E1 T 3 x 210000 x 4770816

134



dﬂbeﬁ@u)ﬂ\du.\jdu;\j\jdjﬂ\wc@h)&“‘ﬁfﬁ\e‘u}u\dj@uy‘
gl ¢l

(SolidWorks) z=<b_n & was Cala =38 -1
(1500mm)) 4dlusal 48y 28 &5 (10 mm) Sles 5 JUI JSE an )l -2

4l (Name) s (New Study) saa 4ul s (280 (Simulation) < sil) (s -3
e Lo lawcally 3805 a3 (Static) sis) (Type) Jbadl cand g dul jall ol
el
LR sl A8l (e s ) 0 dadadll aud e i uilall = W (e -4
(3<S) Az jlaS Axladll aa Jaladll 23l (Treat as Beam)
<. \

@ B (Defd & Apply/Edit Material..

) Part2
F2 conn

Apply Faverite Material

[ Fotu]  CesteMesh..
14 Extarr‘ Treat as Beam...

G Mesh 1 e Remote Mass..
[ Resul

& Shell Manager

Define Shell By Selected Faces...

1® Exclude from Analysis

s ilal) Al e 5 a1 3 (Joint group) e it el 7 sl (e -5
DM s a3 Aadadl) e 560 AGLEN (e (Edit Joints) sl el (Edit)
Jointl — ) 3 eS8 Jlail (pilads Hedas (Results) <3 sl (Calculate)
G35 &3 (Joint2

Edit Joints @ ?
¥ B (-Default)
Selected Beams ~

@ A % Part2

v %

O select &‘ﬁ Ay Joint group

X [BossExtrude

Treat as joint for clearance
(®) equal to zera [touching)
(O less than
1 L]

Keep modified joint on update

Calculate

?; Connections
E‘b Fixtures

lﬂ External Loads
(gj Mesh

Result Options

What's wrang?...

@ Hide

Edit...




s Al AN e s ) 3L (Radadl) anl) e i aladl 2 W e -6
3 a8l 3ale 2231 (Material) Ul s> Gsaua sekad (Apply/Edit Material)

(Apply) L3 =

LA o5 (Alloy Steel) Jlias

-
¥ Ex1 (-Default-)
Part2 (-Alloy Steel-
.%i Joint group
@; Connections
Eb Fixtures
i& External Loads
(g] Mesh
Result Options

| Material

)
|@ Apply/Edit Material...

Apply Favorite Material

Edit Definition...

Treat as Solid

1P Exclude from Analysis

[ Details..

X

v [ stee ~ | Properties Tables & Curves Appearance CrossHatch Custom Application Dat * | *
8= 1023 Carbon Steel Sheet (55 Material properties
201 Annealed Stainless Steel (55) Materials in the default library can not be edited. You must first copy the material
to a custom library to edit it.
| A286 Iran Base Superalloy
= AISI 1010 Steel, hot rolled bar (LT T iR e
| = AISI 1015 Steel, Cold Drawn (S5) 51 - N/mm2 (MPa) v
Als1 1020 Steel
| AIS1 1020 Steel, Cold Rolled
Alloy Steel
AIS1 1035 Steel (55)
AISI 1045 Steel, cold drawn L (e S0
= sl 304
AISI 316 Annealed Stainless Steel Bz
= AISI 316 Stainless Steel Sheet (S5)
= Defined
AISI 321 Annealed Stainless Steel (5!
AISI 347 Annealed Stainless Steel (5! ey vane Tt
= AISI 4130 Steel, annealed at 865C BEAiE Mo 210000 [N/mme 2
= AISI 4130 Steel, normalized at 870C Polsson's Ratio 028 |N/A
AIS1 4340 Steel, annealed Shear Modulus 75000 |W/mmA2
= AlSI 4340 Steel, normalized Mass Density 7700 |kg/m"3
= Alsl Trpe 316L stainless steel [ S e e
7 ive Strength "2
AlSI Type A2 Tool Steel el D
Vield Strength 620422 |N/mmA2
= Thermal Expansion Coefficient 1.3e-005 | /K
3= Alloy steel (s5)
. 3= Alloy Steel (55) R M Thermal Conductivity 50 WimK)
Click here o access more materials using — Cose . E— o

the SOLIDWORKS Materials Web Portal.

lias Lala) Aldl e s ) 0 (Fixtures) e i il 7 5l (e -7
a1 kil e e 4al3l o (Fixture) W edad (Fixed Geometry)
alaail) oda 85 sl G 23 (Fixed Geometry) JUas

-

Fixture @

v X .
Example o

1 w] .“
Standard(Fixed Geometry) & j|

Fixed Geometry
Immovable (N transiation)

Use Reference Geometry

ul

Symbol Settings ~

M Bt (-Default-)
F Part2 (~Alloy Steel-)
Qi Joint group

?; Connections

l& External .,:‘E' Advisor...

(gj Mesh

. ‘Qf Fixed Geometry...

E Create New Folder

Hide All

Show All

[y Copy

136



Lol Al e s Y1 3 (External Loads) ot i il 7 5l o -8
U (Selection) a~dll (s (Force/ Torque) ¢ s e (Force) _Uias
Glas gl 2asi 5 (Top Plena) Jbas o5 2 ddadill e j633 25LA o & (Joint)
(1000) iad 23a5 5 (Normal to plane) Jss (Force) a=dll (35 (SI)
JinY 4ail 3 58l oLl (&ail (reverse direction) Jbiss s

©)

Force/Torque

VX e

2 il

Selection AN

o T

Units ~
E s &
Force ~ -
—
N

1
7

Reverse direction

-

7

B advisor

History
= -
o Gravity...

F part2 (-Alloy S

£ Joint group Hide Al
3 Connections Show All
Eb Fixtures

¥ Foed-1 | [y Copy

(G par2 ettt
’
@ Torque...

7~

g
FE Bt (-Default) | g Create New Folder

ig External Loads
@ Mesh
Result Options

s Alal) 3 e s ) 516 (Mesh) e s i) 2 5l ¢y -9
(Create Mesh)

G
\d

2 éﬂ Boss, er Simplify Model for Meshing

<

N
ai

Inal.d;\ml

S:' Advisor...

N

|Qb Create Mesh...

Mesh and Run

Ex1 (-Defa [@ Details...

® ram2 [ Apply Mesh Control...

%5 Joint
?; Conn

& Create Mesh Plot...

- E-JEIF\xtur} Probe
F

&
&~ i& Exterr| wa\ Show Mesh

55 Mesh

N

Render Beam Profile (slower)

Result Options

Lol AlE e g a1 M (Al Al anl) e i

) = ) g

'

-10

(Results) alaall cond il jelai s dallaal) 238 (Run) _lias

-

X B (Defaults)]

% Ex1 (-Default-)
B part2 (-All
&’ﬁ Joint grou
?g Connectid

= llb Fixtures
(* Fixed
hd lg External L
i Force
@ Mesh
Result Op

‘g Bun

Update All Components

Export...

@ Trend Tracker
ﬁ. Load Case Manager

*® Delete

E@ Details..

[ T

137
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slaiyl 8 Aladill o2a &5 Sl s a1 (Along edge) e il & (Plane
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(List Result Force) _tias duwilall 2@l (a5 a¥) 5l (Results) e
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(el gl 5 21l Ll

Bolts strength grade 4.8 6.8 8.8 10.9 12.9

The minimum broken strength | 392Mpa | 588Mpa | 784Mpa | 941Mpa | 1176Mpa
Indent Hex

Bolt Hex | Socket Recommend Torque

mm mm mm Nm Nm Nm Nm Nm

M14 22 12 69 98 137 165 225

M16 24 14 98 137 206 247 353

M18 27 14 137 206 284 341 480

M20 30 17 176 296 402 569 480

M22 32 17 225 333 539 765 911

M24 36 19 314 470 686 981 1176

M27 41 18 441 637 1029 1472 1764

M30 46 22 588 882 1225 1962 2350

M33 50 24 735 1127 1470 2060 2450

M36 55 27 980 1470 1764 2453 2940

M39 60 27130 1176 1764 2156 2943 3626

M42 65 32 1519 2352 2744 3826 4606

M45 70 - 1764 2744 3136 4415 5390

M48 75 36 2254 3430 3920 5592 6664

M52 80 36 2744 41186 4704 6573 8330

M56 85 41 3528 5149 5878 8437 10290

M&0 a0 46 4018 5978 7742 10791 13230

Me&4 95 46 4998 7448 8820

MGE8 100 50 5684 8528 10780

M72 105 55 6468 9800 12640

M76 110 60 7350 10780 14700

M80 115 65 8143 12250 18130

M85 120 70 8820 13720 22050

Mo0 130 7075 10584 16170 24500

M100 145 85 13720 20090

M110 155 - 16366 24990

(2-6) Js>

sl B aSati k" (B gall ) 1alisul (Torque) s (Bolt Strength) (e 43 J gaal) S (gbad) J saall
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L el "yl QUi e Jant el 2a g WS Jghaad) e Leia Jgemnlly & all Ambiadl) 48 il
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Torque

= & G TE all

-> Bolt Tightening Torque

Bolt Size : ~ M 20x2.5

Steel Grade : ~ Metric 4.6

Non-Plated,

Application Type: ~ Black Finish

CALCULATE

d bolt torque value:

N\

reusable

248.06 N-m
25.3 kgf-m
2529.53 kgf-cm
182.96 Ibf-ft
2195.54 Ibf-in

For permanent connection:
297.68 N-m

- ® (ol il

-> Bolt Tightening Torque

Bolt Size: ¥ M 1.6x0.35
Steel Grade : ~ Metric 4.6

Non-Plated,

Application Type : ~ Black Finish

CALCULATE

= ® =R Al

Mech. Eng. One
Units = Metric ®

BEAM LOAD FITS AND HARDNESS
CALCULATOR TOLERANCES CONVERSION

PROPERTIES PIPE Q=Mxcx
MATERIALS DIMENSIONS AT

BOLT
TIGHTENING
TORQUE

TORQUE AND
POWER

SIZING OF
SHAFTS

o
RIGHT ELECTRICAL  CONVERTER
TRIANGLE POWER GET PRO

VERSION

priN

Bani Walid

7 i
%

¢ H O &

Flashlight ~ Skbas  HeartRate ksl
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.

s
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‘Iap Drills

Hole Specifications
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) N
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e it static 1 (-Default) ~
Type A~ A %Parts
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F Copyl 11 Counterbore
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‘ Counterbore with Nut-1
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(Edge Weld) ksl s (connection) e oY) 30
SIS 43 jla aaai 5 (Edge Weld connection)lss Bsaua W jeday 12
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Edge Weld Connector

v X A

)
b

Face Set1:

Weld Sizing

® American standard
() European Standard
Electrode

€60 v
Weld strength

273032388609
Safety Factor:
@ American National Standard for v

Automative Lifts
O Under The Hook Lifting Devices
7

Estimated weld size
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Weld strength
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(O Under The Hook Lifting Devices
Estimated weld size

Symbol Settings v
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a Pin/Bolt Check X m
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‘ Meeds attention (0}
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0 v
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Close Save Help
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[ |: Foundation Bolt-1

[, Copyl 11 Foundation Bolt-1| :|
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DU &5 (Fixed Geometry) )L s (Fixtures) (e b ayaalll 3 ol (0 -7
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JEErE

|:::::;: P
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Alall AE e s Gal) I (Al aul) o i ilall & W g -17
(Results) alaall chas il jelad g Aallaall 2338 (Run) s

A ey Ga) 0 (Stress 1) le i (Results) alaall <y Y1 -9

cusill e (Stress plot) s ek (Edit Definition) Jbas 4uilall

& (Render beam profile (slower)) & (Beams) s (Definition)

slinil algal oadl A Blaill & 639 (N/mmA2(MPa)) A las sl aass
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Define Factor of ) Jtias dulall Ll ey ) 30 25 (Results)

Jale 2223 23 3 gladll & 5 (Factor of Safety) z sl sedad (Safety plot
deay Co g avanaill ) a5 381 580 5 (1.2) QY

5 e Mesagess ]
) TAMRE‘@H Define Eactor OF Safety Plot..
3 His
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§icol  Define Beam Diagrams...

F
5 Fix @ Results Equations...
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& [ List Result Force..
Res B Compare Resuts..
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Create Body from Deformed Shape...
o B3 save All Plots as JPEG Files
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(T3) aldl il -1
4l (Name) a3 (New Study) suas 4ul s (350 (Simulation) sl (e -3
c..al\ e e lazially 380 i (Static) ) (Type) bl cass g dl Hall pnl
s Aalal) 4@ ey o) L (Radadll anl) Je i sl 2l e -4
s s 5l 3al 2aail (Material) U)o Bsxia yedad (Apply/Edit Material)
(Apply) L3V e i & (Alloy Steel)

DU &5 (Fixed Geometry) Ui (Fixtures) (e a3 aanail) 3 ol (0 -5
Sl I LS Lgie el 2 "Gl sall die" day ,Y) Jalail)

Fixture @
v X -
Example ~ 4
—
. 3

Standard(Fixed Geometry) ~ j‘
@ Fixed Geometry - 5>

1 P 2
QCJ Immovable (No translation)

@; Use Reference Geometry

3£ | |Joint<29, 1>
| Joint<53, 1>
5 Joint<94, 1>

Ll )i &5 (Force) Ui (External Loads) e Jis awnalll 3 50 (10 -6

& (Tope plane) Jtisi 485 (Selected direction) s o Jau sl & jdall

Reverse direction_ias" (2000N) 4wl 2ax35 (Along Plane Dir2) Jbas
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Agalall Al ey ) 3l (Stress 1) Gle i (Results) alaall <ty oY) -8
(Definition) <usill (e (Stress plot) zsl ek (Edit Definition) Jtas
slail Mgal ol JUAS Bl & 959 (N/mmA2(MPa)) ) las gl sass
Jbssg (3) ) 48l aass (Chart Options) < sl (w5 (axial and bending)
il 8 &3 (Use different number format)

Upper bound axial and bending [Méram 2 [MPa])

367,278

l 336,671

. 308085
- 275453
_ 244852
L 214,245
| 183639
L 153032
L 122426

L 91818

L@l ey pa¥) 3L (displacement) e i (Results) alaall casis (Y1 -9

cusill e (displacement) sl el (Edit Definition) _bias dwilall

(Use different number format) _tiai s (3) I 432l a5 (Chart Options)

& el ey e ol o BaY (10.387mm) s Al ekl 55 o

Ui, "00lly Jais () audaind Ja" 5yl IS Ratie e il Aoy cpn 131 il
Qi s 8a o Y Al o) e sl aay lile s

URES {mm)]
10.387
l 9,521
| 8,656
NI

. m92s

| 6059
XY

L 38

. 3462

. 2597

1731
0866
1.000e-030
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¥ Trim/Extend1
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i (New Study) saas 4wl & (Simulation) sl (e -10
bl 385 A (Static) 8 (Type) Jball st 4l jall aul 54) (Name)
mall e e
Al Al ey el N (Aakill aul) o i aladl U o -11

5 a8 5:3Le 2223 (Material) Jlss G s2ia sedad (Apply/Edit Material) s
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5 (Fixed Geometry) Uiy (Fixtures) e i awanalll 3 ol (e -12
Sl I LS Lgie cpdiall i "Cal sall die" Zay ,Y) Jalal ias

Fixture @

DU o5 (Foree) Uiy (External Loads) e it aanatll 5 ad (1a 13
(Tope plane) ki 435 (Selected direction) Ui & o sll (8 causd) Lalasl
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Tl L (a1 530 (Rl ) e i lall 2l e 14
(Results) daall cnt ziliill el s dallaal) £ (Run) s

L&) ey o) 3l (Stress 1) e i (Results) alaall iy oY) -15
cusill e (Stress plot) zsll sekd (Edit Definition) _bias dnilall
2ai &5 (Render beam profile (slower)) & (Beams) _tas (Definition)
axial ) sbisdl alga) ol A Blaill & 69 (N/mmA2(MPa)) ) Slas gl
Use ) Jbiiy (3) ) 48l aaas (Chart Options) < sdll (x5 (and bending
&8 5 &5 (different number format

Axial and bending [M/mm™2 [MPa]]

242,047
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. 161,365

* 1m0
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L -B0.632

Lo-121.023

I
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DB A5 (Foree) JUady (External Loads) e it manatll 5 ad (1a 220

(Tope plane) i 43 (Selected direction) s & Jaw il & Caull Lol
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S Al IS 13) 5 gall slad) uSal
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9999999
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