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Radial and Transverse Components:

Sliding Collar on Rotating Arm

|.2-1 Introduction

[1] Consider an Arm rotating about a Pivot with
an angular speed 0 = & rad/s [2-4]. A Collar
initially aligned with the Pivot slides along the
Arm with a constant speed 7 = 1.0 m/s [5-6].

Let's use a polar coordinate system centered
at the Pivot and let (r, ) be the position of the
Collar's center. Denote € the unit vector in
radial direction and &, the unit vector in transversal
direction [7, 8]. Then the position, velocity, and
acceleration of the Collar's center are
respectively

F=re
V=f8 +rlE, (1)
a=(F—rd")8 +(rf + 2668,

Let's calculate these values at an arbitrary time, say
t = 0.8 s. At that time [9, 10],

r=08m 6=08z
F=1.0 m/s 6=r radfs
F=0 m/s’ 6=0 rad/s?

Then, the position is

- - 2)
= 0.8(cost44°)i + 0.8(sinl 44°)§
=-0.647] +0.470]

where {is the unit vector in X-direction and j is
the unit vector in Y-direction. The origin of the
XY-coordinate system is the same as that of the
polar coordinate system.

[6] This is the Trace Path
of the Collar's center.

[2] The Pivot is

[3} The Arm is one
meter long and rotates
about the Pivot with

a gonstant angular
speed f =7 rad/s,

(counterclockwise).

|

fixed in the space. P

[5] The Collar slides
toward the other end of
the Arm, with a constant
speed F = 1.0 m/s,

[7] Radial unit
vector.

{8] Transversal
unit vector.

[9Att =085,
r=08m.

f

[4] Initially, the
Arm is positioned

fike this.
[10}At:=08s,
0 =08r=144".
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[11] The velocity is [12]

V = i€, +rog,
=1.0¢ +0.8mnE,
=1.08 +2.513€,
= (cosl44° [ +sinl44° )
+(~2.513sinl44°T + 2.513cos| 44" ])
= 22861 —1445]

(3)

[12] The velocity
att=08s.

The acceleration is {1 3]

G = (¥ —r6")E +(rf-+ 2/0)8,
=[0-08(xy [g,
+[ 08(0)+ 2(.0)(z) [z,
= —7.8968, +6.283¢, . ®
= (~7.89%6cosl44°T — 7.896sinl 44° j)
+(—6.283sinl 44" i + 6.283cosi 44" j}
= 2.695] —9.724]

In this section, we'll perform a simulation for this
system and validate the simulation results with the
values in Egs. (2-4).

[£3] The acceleration
att=08s.#

|.2-2 Start Up and Create a Part: Pivot

[2] On the Front

[1] Launch SOLIDWORKS plane, draw a circle
(1.1-2[1], page 6) and click New to like this.
create a new Part. Set up
MMGS unit system with zero L
@150

decimal places for the length unit
{I.1-3, page 7). .




22 Chapter | Particle Kinematics

[
Extruded |Revolved . Lo
Bos:/Base JBasz/Bats |

i

[3] In the Features
Toolbar, click
Extruded Boss/Base.

ISizfi-:h Plsmf:n ) _Ij

Brecion® -

e [Bling

Teineiric

[6] Save the Part with the S B
name Pivot. # i
=

oo

1.2-3 Create a Part: Arm

' [4j Type 30 (mm) for
Depth.

[1] Click to create a new Part. Set
up MMGS unit system with zero
decimal places for the length unit.

[4] Save the Part with the
name Arm, #

*Front

[2] Cn the Fromnt plane, draw a
Straight Slot (using Straight
Slot tool) like this.

[3] Extrude 30 mm.

“Teimeltic

SR
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1.2-4 Create a Part; Collar

[1] Create a new Part. Setup
MMGS unit system with zero
decimal places for the fength unit.

[2] On the Front
plane, draw a circle
like this.

[3] Extrude
30 mm.

Bl b

[5] In the Standard Views Hrimaitic
Toolbar, ciick Normal To
(1.1-6[2], page 10).

N

R

LX \—’// /\ f
6] Draw a rectangle like this.

The width of the rectangle is
not important.

[4] Right-click this
face and select
Sketch.

[71 In Features Toolbar, click
Extruded Cut.

[91 Save the Part with
the name Collar.#

P

*trlmekic

i8] Type [5 {mm).
Click OK.
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|.2-5 Create an Assembly: Collar-On-Arm

[1] Click New and create an
Assembly (I.1-5[1-3], page 9).

[2] In the Head~Up
Toolbar, turn on

[4] Click the Origin.
Now the Pivot is fixed
at the assembly's
Origin.

View Origins.

Ay

Salect a compaornent to nsert, then
olace it in the graphics area orhit OKto
Tacate it at the origin.

Or design tep-down using & Lavout
with hiocks, Parts may then be wreatad
fromthe blocks.

Craste Layalt - |

ParjAssembly fo Tnser |
Open documents: .

s
Colfar

Prvot [3] In the Property
Box, select Pivot.,

. Browsé..

the unit system (see
1.1-3[], page 7).

rhely
b

[6,8] In the Assembly
Toolbar, click Insert
Components.

Inest
Componenis

g
zgi‘@x

*Trimetiic
(B nsert Componan i
o P
e R

Select a part or assembly to insart and
then place the camponant in the
graphics ared, Use the push pinto
insert multipte coples of the same or
different componants,

Hit GK button to insert a component at
the arigim.

Part/Assembly to InSert

Qpen decuments:

o O

Colfar
Shot

[7] In the Property Box,
sefect Avm and click
anywhere in the Graphics
Window to temporarily
park the part.

[9] In the Property Box,
select Collar and click
anywhere in the Graphics
Window to temporarily
park the part.
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[i2] And click this

[10] In the Assembly
cylindrical face,

{16] And click the backside Toolbar, click Mate.

face of the Arm. You may
need to rotate the view to
reveal the backside face.

[11] Click this
cylindrical face.

[14] Click OK to accept
the Mate without dismiss
the Property Box.

*Trimetric [15] Click this
circular face.

[18] Click OK to accept
the Mate without dismiss

ace<1>@Pivot- : the Property Box.
ace« 2 @DArm-1 :

[17] Coincident

i—‘t—;\—!'Pa'réHél - Mate is automatically
e Ll [13] Concentric selected.
;l}'-pgrpghgitu|éf_ /| Mate is automatically

: ﬁ selected.

2 (O Tangent

e L_o:ck'm'tatmn_
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[201 And Click this face. Remember, if it is
hidden, rotate the view to reveal the face. On,
you can use your mouse to drag the Part.

E [19] Click this face.
; ¥
4

*frimetric

[25] And clicl this face (see [26]). You
may need to rotate the view and even
drag the Collar to reveal the face.

[23] Click OK.

, e {
@K u-'}' ’;3" *Trimetrie

Q Mates | pndysis |

[24] Click this face.

Y‘E?‘ar’cﬁ_Sﬁieqtions, *'| [26] Face<8>.

. LQ\: Paralel
e [21] Coincident
Mate is automatically

: ;;i__ I Fierpendiculss
: selected.

HRTETIE

[27] Click QK. Click OK
again to dismiss the
Property Box.

F T e g e =
i ,\,”_:““’“"3'”*

Matzs ahgrment:

[22] Click Anti-Aligned.
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[29] Use your mouse to drag the
Collar. It can slide along the Arm:.

[28] Use your mouse to
st g drag the Arm. It can
Trimelrix rotate about the Pivot.

3 & # bS] o

EREEE

[30] In the Head-
Up Toolbar, turn
off View Origins.

¥
IJ‘“K [31] Save the Assembly with the
name Collar-On~Arm, Click
*Teimetric Rebuild if 2 warning window

shows up. #

27
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|.2-6 Set Up Initial Positions

[3] Click this face,

[6] Click this
cylindrical face.

7] And click this
cylindrical face.

[11 In the Assembly
Toolbar, click Mate.

A X [8] Click OK. Clicle OK

again to dismiss the
*Trimetric . Property Box.

& Concentrict

& ananin

R Mates

NN Farilel

[4] And click the
assembly's Top

. Perpendiciiar

(}x Tangant

L Origin
BNy () Pivotel > (Defaviz<De...

R‘j& ) Armal > Defavite<Ds.., ‘ @ l:011c§ntr£c ‘
StandamMat@ -3 ) Collarel» (Defauliz<D.., ™ Lock rc-ta'tib_ n'; R
* 10 s LR

f(. Caincident b Lack

“on Barallal

[9] Now the Arm and the Collar are
fixed in their initial positions. Ye'll release
the last two Mates later; so the Arm

can rotate and the Collar can slide. #

*rimatric
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[.2-7 Create a Motion Study

/’
i _ [2] Select Motion Analysis
] Motion Study 1 . | (1.1-8(8, 9], page 12).#

froe

[11 Click Motion Study [ tab,
Double-click it and change the
name to Collar On Arm. PR

W&%m%
@ Colla-On-Aon (Defeult<Defeult Display Stete-15) ~ -
@ Oriantation and Camera ¥iews
rj [#%] Lights, Cameras and Scene
‘{% {£7 Pivale] » {Default<<Default> Phothorks Dieplay Statex)
1% () Al > (Defanlic<Defanlts_PhotnWorks Displey Statex)
) &j % (-3 Collar<1x» (DeIault«Dsiau]tb FhotoWorks Displa}r Niades)

1.2-8 Set Up Motor at the Arm

[t] In Motion Toolbar, |
click Motor.

[2] Rotary Metor is the
default Motor Type.

[3] Click this face of the Arm to define
the Motor Location (the Arm). By
default, the face normal is used to define
the Motor Direction.

[4] Type 30 (RPM), which
equals & rad/s.

A

“Trimetric
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1.2-9 Set Up Motor at the Collar

[I} In Motion Toolbar,
click Motor.

2]Click Linear
Motor.

[3] Click the Collar as | Ll Face

Motor Location. \/4( TN
[5] ¥ the direction is not . T

toward the free end of the '

Arm,click Reverse
Direction.

] Constant Speed

Linis C\

{6] Type | (m/s) for

[4] Click this edge of Speed.

*Trimetric the gl:'r: :tsi::‘otor

[4] Right-click this Key Point and
select View Orientation>Front.

1.2-10 Calculate and Animate Results

jfg! [if Mates
{8 Conceatris] (Pivotsl»Armsl )
L Coincidentl (Pivotel s himel »)
L ,(‘: Coincident? (Armal s, Callar<1>)
x‘: Coincident? (A<l »,Collar<ls)
b 9]

v B crienteic? {Pivits] », Collar<[ =

[2] Drag this Key
Point to 1.0 sec.

[3] In the Motion Teolbar, click

Motion Study Properties, and
type 300 for Frames per

secand (1.1-11{3, 4], page 14},

[1] In the Assembly Tree, under Mates, select @ ‘
the last two Mates (Parallell and

Concentric2) and right-click-select Suppress.




-
i
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L.

[6] In the Motion Toolbar, Click
Calculate. if a Motion Analysis
Messages window appears, close it

(1.1-T1[13, 14], page 15).

*Frant

|

[5] For this case, a Front view
has a better visual effect.

[8] Click Play from Start.#

1.2-11 Results: Trace Path

f1] in the
Timeline, click at
0.8 sec.

{ﬂ sec

fl [l 1 £ 1 ] 1

Fy

L

¥

5 Golla-Ca-um, (DefudteDe?...
f“b"‘“‘lﬁ] Histoxy
—{i5] Sensors
E{A] Annotations

+'—<§ () Pivotel» Dofaulte<Ds...
7 () Annel > (Defaxlix<De...
G- ¢) Coltarel > Defovlt=<D...
-] Mates in Amemnl
& Hivory
:"':n_ﬁi Sensoz
: w481 Anmotafons
I 3% Moterial <not spesify
ool 12 Hromt
— :-j ; '_Q Tep
et % Right
! &y Origin
TR Boss Exirudel
=R Cutxtradel
E-0 tates

ot 1@0ncnacolar- 1eCeliar-Cn-Armk

| Oukpit Options .

I
1

[3] Select Trace
Path.

*Front

[7] Select 0.1x for

Playback Speed.

[2] in Motion Toolbar, click
Results and Plots.

(BENRE G

~

[4] From the Assembly Tree (in the

Graphics Window), select the
Origin of the Collar<1>.

~
[6] Click Play from start

(1.2-10[8], this page) to view
the animation again. #

S
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|.2-12 Results: Acceleration

g [4] Click OK.

[2] Set up the
Results like this,

& BNR G

s _ /
ID%Sf;?3:&m_err_:;"-‘e-i;-cnr‘,;ﬁé.-::&?&raﬁ:-n _f_l ;

[1] In Motion Toolbar, click P Ozl
Results and Plots. i [ Comperian: O

[6] Right-click-select Export CSV.—\

Save the file as Collar-
Fln Acceleration-X. Open the file and |/
lock up the acceleration at 0.8 sec,

| ‘ which is 2.694578 m/s2, consistent /
o with the value In Eq. 1.2-1{4), page 21. .
rp o AW q . ()_pag - ‘

[3] In the Graphics Window,
click the Collar. The acceleration
will be reported at the mass center
. of the Collar,

[7} Close the
window.

£

m

K : _

]

[ . |

2 L 08 26u5m] /]

- E

s _ e

B2 ‘ e

& rd

L o
| 5 i L AR RS SRS S S S M pul -
: LOT 013 920 630 040 0S8 986 073 030 030 103 I Major Taits .-
y Tima L35C - T Minor Units
| P

[8] Follow a similar procedure in
[1-6] to obtain the acceleration in Y-
direction. The acceleration at 0.8
sec is <9.72417 m/s?, consistent with

the value in Eq. 1.2-1(4), page 21. )

[5] Set the scale for the
vertical axis like this.

& S [9] Close the
8 indow. £
% 2 - - winaow,
b
: | ] -
7 g N 08 972417 —v ;
‘1% ; Pattorn - Seale. j_'i_Numher]Foni ;
,;”,_-: & - . . X . P H P _ : P o S : X
, ] .
i b
74 _ - - : e O [ tar Foint 1
: . : T End Poi
: SR f i st i i i VL g
f ' Major Uiy 27
i pillils3 8.14 0.20 ek 0.40 3.59 058 o7 0.28 .90 1.440 IR r a.;\::s mb FE R
Time {sEE) o }"Mumlfmfs -




1.2-13 Do It Yourself

[1]¥¥e leave you to obtain the velocities (Eq. 1.2-1(3), page 21) and the

positions (Eq. 1.2-1(2), page 20). These plots are shown in [2-5].

[2] Velocity in X-direction.

Yelosity! {meter/seq)
;

M
(=3
L

"

4, 1]

Velocity? {meter/sag)

-3.4

T

: ] : '
7 ] T T T T

D06 040 0.3 030 040 0,50 0.8¢ 0,70 QB0 030 .00

Fime {sec;
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[31Velocity in Y-direction.

[
;

&
I

IS

1.4455) -

| UV S VPO ST J 1
t

000 QG 020 030 040 0% 080 D72 080 OS¢ 100

T T T T ¥

Time {z2c)

[ 08 _oeer|

[
T

=

&
1
t

=
]
\

Center of Mass Position?2 (meter}
s &
L 1

|08 0478’

PR S S R T ]

[4] Position in X-direction,

YWrap Up

[6] Save all files and exit SOLIDWORKS (1.1-18[1-3], page 19). #

-1.D - { i i | Fo o] [ f T + 1 t g T
0.00 0.0 020 03¢ 040 950 0BT 0¥ 080 080 100 00t 0.Th 020 030 040 05F 060 GFR 080 030 1.00
T {sec) Time (zec}
wh B T T ————m

[5] Position in Y-direction.




