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(’g End Effector CAT

* Essential to every robotics application

* Connects your manipulator to the
environment

* Needs to be custom made for the application




(’j@é End Effector CAT

Pneumatics work best for “gripping” applications

Actuators can be dead-headed at limits without
damage

Motorized grippers require limit switches and
controls

Motorized grippers also need gear reduction

* Angle of attack important to consider, too




(’j@é End Effector CAT

* Magnetic grippers are useful for applications
involving steel

* Hooks and straight members can be
implemented to interact with targets

e Other means of actuation?
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* You may need to know feedback from your
manipulator

* Sensors can be placed on joints to feedback
the exact positions

* Potentiometers, encoders, etc
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» Displacement analysis — serial robots

“8” RRR and inline RPR robots

O\

workpiece

 workpiece has 3 dof

* robots also require 3 dof to
place workpiece with position
and orientation.

inline RPR




p.Displacement analysis — serial robots
RRR robot - notation

Joints and links
4 a\ 6 — ith joint angle
\ a; — i link length (fixed)
P1e a, a;— i link direction (unit vector)
d, \9/

2 End-effector
p,. — end-effector position (vector)
v& P ¢, — end-effector angle with x axis




. Displacement analysis — serial robots
RRR forward and reverse displacenBAT
analysis

end-effector space
variables: p,, ¢

FEVErse

all a; (fixed lengths) assumed known

joint space
variables: &




Displacement analysis — serial robots AT
RRR robot — forward displacement analysi£ T

as Gien : 6,,0,,0;
\% Find : p,..4,
e / 9 Solution :
2

angle : ¢, =6,+6,+6, <—answer

y position: p,, = a,a, + a,a, + a;a,; (vector add)

a
Pae a, \g/ 1 |:X1e:| _ |:a101 T a0, T a3C1+2+3} < answer

% Yie &S + &S, T A3Sy515
a where,
'& 0 C,.; =c0s(6, +6,)
P .
1 . Si.j =sin( 6, +6,)




Displacement analysis — serial robots AT
RRR robot — reverse displacement analysisc T

a, Given : p.., 4,
¢ Find :  6,,6,,0;
e\‘-\. L. ion -
p Solution :
— ¢, =06, +6,+6, (FDA)

3 _
a ’
3\ X C, +a,C,,, +a.C
, 1e:| _ |:a1 1 271+2 3 1+2+3j| (FDA)
_yle a’lsl + a'281+2 + a'381+2+3

a; -
0 X, — 8,C C,+a,C,
T AN / e ™% || AR T S (sub, move, then square)
) | Yie — &35, aS + 8,5,

2 2 2 2
(Xie =85C.)" + (Ve —85S.)" =@, +a, +283,C,

. (Xle _a3Ce)2 + (yle _aBSe)2 _a12 _a22

> 2a,a,

s{*) = +,/1-c?

™) = ATAN 2(s{”, c,) < answer i




Displacement analysis — serial robots i
RRR robot — reverse displacement analysi(}‘\.ll
Solution (continued ) :

Xle o asce } alcl + az (Clc2 o 3132)

d
3 s = } (expand, backsub)
e ‘-\_ gie — 55,
0
&

| S, +3,(S,C, +5,C,)
_a1 + a202 o a252 Cl
3 a,s, a +ac,|s
3.3 /II —

a H/ U C (Xle — 3G, )(ai +a,C, )_ (_ a,S, )(yle — aSSe)

7™ ' a’ +a’ +2aa,c,

(al + 8,0, )(yle — &35, )_ (Xle — a;C, )(3232)
a’ +a’ +2aa,c,

S

X 0, = ATAN 2(s,, ¢, ) <= answer

0, = ¢, — 6, — 0, < answer




5  Displacement analysis — serial robots cA.l.
*&” RRR robot — reverse displacement analysis

o

Solution tree

ple J ¢e

(+) solution 6, 0,0 () solution




«  Displacement analysis — serial robots
{ngRRR robot — reverse displacemen AT
analysis

(-) solution: elbow minus

X
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% ¢l Check it out in real time CAT

4

We can now see this algorithm being solved in real time

Love Bldg. Rm 220; NSF Center for Compact and Efficient Fluid Power Lab

RRR




CRC: V2.0




Evolution

CRC: V2.0

AT




CRC: V2.0 :
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CRC: V2.0
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CRC: V2.0
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% € CRC: V2.0 CAT
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Evolutionk™




CRC: Compact Rescue Crawler GAT

Basic Control Scheme [pressure
Source
y | Control | Festo | Pneumatic | Force &
LJ—> PHANToMs | Algorithm | Valves | Cylinders | Position
Ser AA
Input Position Sensing [

A

Pressure Sensing




o, CRC: Compact Rescue Crawler :
'€ P CAT

v

Control Step 1
« PHANTOM output position signal must be read by

main control algorithm
* Inputs from user to the PHANToM controller

determine the final position of the leg
« User input must direct the path of the end of the

leg, or foot.
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Control Step 2
« Position inputs (X,Y,Z) are read and converted from
PHANToOM space coordinates to CRC space

CRC: Compact Rescue Crawler cA.l.

PHANTOM Coords. CRC Coords. 4

<)
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of, CRC: Compact Rescue Crawler o
€ P CAT

P
Control Step 3

« Position commands converted from X,y,z to joint
space (angle commands)

* Angle commands converted into stroke length
commands in cylinder space

« Stroke lengths (0 — 1.57) scaled to 0-10V command
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of, CRC: Compact Rescue Crawler o
€ P CAT

¥
Control Step 4

 Position feedback from current stroke lengths are
unbiased and rescaled to 0-10V

* 0-10V feedback is compared with 0-10V position
signal to create an error signal for each cylinder

* Error signal is sent through a discrete PID gain
block to create a signal to the valve spool

e=v v u=K,-e+K;-[edt+K,-de/dt

actual

desired
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- CRC: Compact Rescue Crawler o
f"g P CAT

Control Step 4
« PID adjusted error signal is sent to the valves as
the spool reference position

« Spool moves to position based on error signal,
allowing pressure and flow to adjust stroke length to
Zero error.

oV
Valve

Actuator Fﬁ \\_‘

—
10V oV




Legal

These slides and more are available at

http://www.robojackets.orq

All media included is either in the public domain, generated by
the author/s or covered by Fair Use of Copyrighted Material for
Educational Purposes Title 17 Chapter 1 § 107 (which is
reproduced in the next slide).

For more information contact the RoboJackets.
(contact info available via the web)

CAT



http://www.robojackets.org/

Legal CAT

Title 17 Chapter 1 8 107. Limitations on exclusive rights: Fair use

Notwithstanding the provisions of sections 106 and 106A, the fair use of a copyrighted work, including such use by
reproduction in copies or phonorecords or by any other means specified by that section, for purposes such as criticism,
comment, news reporting, teaching (including multiple copies for classroom use), scholarship, or research, is not an
infringement of copyright. In determining whether the use made of a work in any particular case is a fair use the factors to
be considered shall include—

(1) the purpose and character of the use, including whether such use is of
a commercial nature or is for nonprofit educational purposes;

(2) the nature of the copyrighted work;

(3) the amount and substantiality of the portion used in relation to the
copyrighted work as a whole; and

(4) the effect of the use upon the potential market for or value of the
copyrighted work.

The fact that a work is unpublished shall not itself bar a finding of fair use if such finding is made upon consideration of all
the above factors.




