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Need Statement: There is a lack of information on
the fatigue of electroactive membranes.

 Electroactive membranes are being studied for
application onto robots.

 There is insufficient data on the fatigue behavior
for electroactive membranes [1]

* The purpose of this project is the design and
Implementation of a fatigue mechanism for . ‘.
electroactive membranes Figure 1. iSprawl Robot with VHB

[1] Oates, William and Jonathan Clark. “High Cycle Fatigue of Electroactive Membranes.” Florida A&M/Florida State University, 2014. Print. mem brane StaCk[Z]
[2] Newton, Jason. "Design And Characterization Of A Dielectric Elastomer Based Variable Stiffness Mechanism For Implementation Onto A
Dynamic Running Robot." Thesis. Florida State University - College Of Engineering, 2014. Print
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Goal Statement: Design and build a device that produces
high cycle sinusoidal mechanical fatigue of electroactive
membranes.

Objectives:
« Accurately measure the fatigue placed on the specimen
* Produce various frequencies of cycling

» Produce varying stroke distances to displace the

membrane Figure 2. VHB membrane specimen

« Allow for tracking of the displacements controlled by the
fatigue machine

« Measure the load associated with the stroke by
implementing with the MTS machine

I
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LVDT Bracket

Constraints

« System should be a tabletop mechanism that
is mounted to the MTS machine

« Vary stroke - 2.5mm, 5mm, 7.5mm
 Vary frequency from 0 to 25 Hz

* Implement LVDT (Linear Variable Differential
Transducer)

« Produce consistent functionality for various
specimens

« Test 1 to 5 specimens at a time
« Complete within the budget

Load Cell

Stationary Rod

MTS Base

Figure 3. MTS machine
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DC motor

VHB Frame Holder

Lower linkage and coupler cap

———

Adjustable legs

MTS mount —== Tabletop stand

Figure BighMlechaAsse witle demestadrésimkage

Group Number 20 Nicholas Dawkins
Slide 5 of 16 Project Update




Group Number 20
Slide 6 of 16

Remaining Assembly
« Safety shield

« ABS frame holder
 LVDT mount
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Motor Requirements
« 1500 rpm
 0.7Nm

Compact Face Mount DC Motor
. 24V
« 13A
« 3500 rpm @ 0.72 Nm

Figure 8. Compact DC Motor [3]  Figure 9. Motor Controller[4] RoboClaw Motor Controller
- USB or serial
« 2 channel

[3] http://www.mcmaster.com/#59835k63/=vjpspd ° 60A
[4] https://www.pololu.com/product/2393
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[Power Source

LD630-10
* 0 to10mm travel length

Motor Drlver]< » 20 to 4 mA output
* 0.2% Linearity
LVDT k//
Motor }

User Interface

Figure 8. LVDT [5]

[5] http://www.omega.com/Pressure/pdf/LD630.pdf
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Completed

« Power needed to operate at 25 Hz with no load measured
using stroboscope
- 1.82A @ 9.6V

Future

 Variable stroke distances using LVDT
« Data acquisition to standardize produced displacement

* Frequency using LVDT

* Measure time between peaks of sine wave

e
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« Assembly

« Guide rod alignment, friction

 Implementation of LVDT
* Placement between MTS frame and mechanism
» Wiring to BNC board for data acquisition

» Possible hardware damage on controller

« Controller use
» Implementing code through PC

e
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 Improve current mechanism
* Minimize friction

 Reliability testing of mechanism (precise data)

« Open loop testing now priority over control

» Return controller for repair

« Continuation/Integration of user interface to the mechanism
- FMEA

« Machining of final components
* Lower linkage and coupler cap for 2.5 mm and 5 mm
« Tabletop stand, frame holder, safety shield
e
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4 Testing

werify cyclic loading
Werify variable frequency

4 Redesign (if needed)

Wed 2/25/15 Tue 3/31/15

Wed 2/25/15
Wed 2/25/15
Tue 3/3/15

Tue 3/31/15
Tue 3/31/15
Fri 4/10/15

Jan 4, '15 Jan 18, '15 Feb 1, 15 Feb 15, 15 Marl, ‘15 Mar 15, 15 Mar 29, 15

Tazk Mame - | Start »  Finish - F T 5 w 5 T M F T 5 w 5 T M F T 5 W 5 T M F T 5 W
4 Material Procurement Mon 1/5/15 Fri1/23/15 e
Finalize materials list Mon 1/5/15  Wed 1/14/15
Order materials and components Wed 1/14/15 Fri 1/23/15 E_

4 Production of Mechanism Mon 1/12/15 Wed 2/18/15 e
Finalize all part drawings Mon 1/12/15 Tue 1/20/15
Submit drawings to machine shop Wed 1/21/15 Tue 1/27/15
Submit raw materials to shop for Mon 1/26/15 Thu 1/29/15
production - (subject to change due to :
Machining and production of mechanisr Fri 1/30/15  Fri 2/13/15
Assembly of mechanism Man 2/16/15 Wed 2/18/15 =

4 User Interface Mon 1/5/15 Tue 3731715
Develop user interface Mon 1/5/15  Tue 3/31/15
Integrate user interface with mechanism Wed 2/18/15 Tue 3/31/15
*—5'

Redesign part drawings

Order materials

Wed 3/4/15
Wed 3/11/15

Machining and production of redesignec Mon 3/16/15

Reassemble new mechanism

Mon 3/23/15

Implement and test redesigned mechani: Mon 3/30/15
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Wed 3/11/15
Fri 3/13/15
Fri 3/20/15
Fri 3/27/15
Fri 4/10/15
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BUDGET ALLOCATIONS

Remaining Budget
26% B Motor & Controller
B Materials

M Power Supply

= LVDT

Remaining Budget

Figure 10. Pie Chart of Budget Allocation
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Motor & Controller S 470.00
Materials S 300.00
Power Supply S 135.00
LVDT S 575.00
Remaining Budget S 520.00
Total $2,000.00

Purchase of new controller:
Roboclaw 2x30A
¢ S124 (6.2%)
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Need Statement: There is a lack of information on the fatigue of
electroactive membranes.

Goal Statement: Design and build a device that produces high cycle
sinusoidal mechanical fatigue of electroactive membranes.

« Vary frequency - 0to 25 Hz
« Vary stroke - 2.5mm, 5mm, 7.5mm

Mechanism Design: Crank Slider
Latest Achieved Milestone: Assembly of second prototype
Key Next Step: Connect LVDT (record data) and integration of motor

controller
e
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[1] Oates, William and Jonathan Clark. “High Cycle Fatigue of Electroactive

Membranes.” Florida A&M/Florida State University, 2014. Print.

[2] Newton, Jason. "Design And Characterization Of A Dielectric Elastomer Based

Variable Stiffness Mechanism For Implementation Onto A Dynamic Running Robot."

Thesis. Florida State University - College Of Engineering, 2014. Print
3] http://www.mcmaster.com/#59835k63/=vjpspd

4] https://www.pololu.com/product/2393
5] http://www.omega.com/Pressure/pdf/LD630.pdf
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Questions?

For more information visit our website:
www.eng.fsu.edu/me/senior_design/2015/team20/
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Most Extreme Conditions Minimum Required Torque

Displacement, X = 7.5mm Torque = E,,,, 7 = 185N - 3.75mm

Radius, r = 3.75mm Torque = 0.7 N - m

Frequency, f=25Hz

Mass, m ~ 0.5 kg Minimum Required Angular Velocity

. . 5 . 60s 1rev

Acceleration: ¥ = x,w* sin(wt) w= 2m-f=2m-25Hz - —
1min 2m

Total Force: F=mx*xa=m=xX w = 1500 rpm

Max. Allowable Force (F.S. of 2) = 185N

e
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Linkage Update Coupler Update

(a)

(b)

(a)
Figure 6. (a)Original linkage & (b) redesigned linkage. Figure 7. (a)Original coupler & (b) redesigned coupler.
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4 T0 20 mA OUTPUT LVDT

DISPLACEMENT TRANSMITTERS

LD630 Series

+#* Less Than 0.2% Linearity
1= 5 to 300 mm Travel
Lengths Available

4 to 20 mA or 20 to 4 mA
Versions Available
i Rugaed Stainless Steel
Construction
+= Guided Core with
Remowvable Spring
»* IPE7 Environmental Rating

The LDE30 Seres current aulput
displacement fransmitters have
Improved IPET -rated sealing,
with polymar guides with
carriers. These transmitters
are accurate and rellable, especially
|n wel and corrosive condibons,
COutput options are either direct-
acting 4 1o 20 mA or reverse-acting
20t 4 mA. The direct-acting model
will have 4 mA output when the
guided cone s fully out, and the
output will increase to 20 mA whan
Fully in.

SPECIFICATIONS
Linearity: «0.2% F50
Excitation Voltage: 10 1o 50 Vdo
Output: 4 o 20 mA
Cutput Ripple: 0.02% FS0
Bandwidth: 500 Hz (-3 dB)
Temp: -20 o B5°C
{410 Ya5F)

%arﬂirg{]unp:ﬂhﬁﬁ‘ﬂ
Vibration (Sinusoidal Frequency):
ilﬂiDSD[ﬁ.I:1h'IGglrrE "
i i
50 Hz to 1 kHz: 10 g s amplibuds
Tasting: 1 m () onlo
T Tner:: 1{:{:' each end
E Mmas
o S
Cable: PFA, 2 m (87 long
Core Malerial: Mickel-iron

LOGI0-50, shewn
smaller than actual size.
Wiring ot Dimvenaions: mm (inch) B
D - B oppe
=L 2 = dinmeter nag | e
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I = T
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I = ‘A'uﬁm b
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RANGE:
MODEL NO. wam (inch)

min :Inml

B DM
mim (inch)

LDE30-5 01 5 (0 10 0.2) 4.0 (3.7) 35.3 (1.4)
LDE30-10 010 10 (0 to 0.4) 1135 [45) 463 (18]
LDE30-15 0bo 15 [0 o 0.8) 120.7 (48] 50.3 (2.0)
LDE30-20 0 b 20 (0 to 0.8) 135.0 (5.3} 61,3 (2.4)
LDE30-30 0o 30 (0t 1.2) 149.4 (5.9} 79.3 (3.1}
LD&2050 0o 50 (01 2.0) 1708 (6.7) 102.3 (4.0)
LDe3o-100 0 100 (0 e 3.5) 2205 (9.0) 160.3 (6.3)
LDE30-150 0o 150 [0 ko 5.9) 278.7 [11.0) 23,3 (0.1)
LDe3o-200 0o 200 [0 ke 7.9) 335.2 [13.2) 2012 (11.5)
LD&30-300 0 1o 500 (D to 11.6) 450.9 [17.8) 457.3 [18.0)

Tammmmmhinﬂa#nﬁ“ﬂ"mmm
I:hbrngEunph mm 0 to 10 mim {0 fo 0.4} displacemant fransmillor wath reverss

20 04 A oot
ACCESSORIES
MODELNO.  DESCRIPTION
LD-TIP Tip adaptorbil tip

LO-ULIOINT-KIT | Uoint retro fit kit

J-16
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WA ey she Shone of Paar

TECHNICAL DATA:

gt POWer-one-

DATA SHEET

M Ohanming the Shaoe of fowar DATA SHEET
DESCRIFTICN!CONDITION . .
L8138 B. (i1 modsls heves Exvthing beb J4. Cliss 2 modshs (-2 3uffs] heve: no Exthing b,
[ ———— [P —— 93- 204 vec 7. e power inesrly bo §0% from 50 Ve bo B0 Vecipul.
H20 - 200 it 6. Power =upply shipped with 43 pin 1 and 2 shoried fo srshie main cuiput
Imput baguency range AT83 Hz 8.  Spedfications =ubjsct n change adhout rofice.
|mput arpe et T30 e [roi wa) A5 A e 10 Hir flow cer long edge: [mther direcion) reguired for sir Sow reting. S=x mechanicsl dresing belre.
Sefuty prapnd jamimye sy 230 e 320 g man n 2y
N 120 | T00W 324
Iaput ament 30We: [f, T W 185 A General Specifications
PARAMETER DEZCRIPTION'COMDITION
Curtput U Tme 120 ez 10mBer
23 iz 10 mBas
PARAMETER DESCRIFTIORCONDITION MTEF 5D E=boare TR-332
‘wat=ge Adjurimesi W =30 ‘Satcaing Frequancy FFC comesriar 30 kHz typkcsl :ﬁmﬁmmﬂ ymriabia 35 W 250
urt Mdsin oufpat 30 12 100% lo=s changs, 51 Hz, - e
rermsen Rexpanae 508 fury cpoie, 0.1 A uSee, S Hr. = 10%, reczenry dme < 2 mEas l=oi=fion Woitags Wlin 5035 Mc Inzet b Ot
Cvar Unkaps Prmecior W 1924 1508 rafad rrmc et 450 ek
wer Cuman Frotection Fistaz sutpur camet 19242 150% Tygicsl
‘Shart Clrcak Protecion Buramelc recowery Environmental
Ower Tempensure FrotecHon Aurdomeic recowsry 110" C pFresry kew=ing
PARANETER DESCRIFTIONICORDITION
St poirt toéarence 1%
P T Cizanwing Tampemtuns Nme Baw smmiing cravt teiow
AR Opensing 10,000 . Horapenssan 40,000 1.
Coansucted amizsions: ERSE0Y, FOC part 1 Lavw £
Drdaring Information Fisdirsd Emizsions ERSEZT, FOC part 15 Lave B Ta bz corboled n end system
Eleciomagrads Suscesiblty ERSA000-4 3 23,4, 5l 3
VOLTS MAXLOAD  MAXLOAD MMIMUM FRIFPLEZ TOTAL Hamr: Cumert BRI Semm D
PRODUCT FAMILY  nney covECTION(Z) J00LFM(Z) LOAD(A] MOEM) COMMECTOR pres) amon
AEDIN-TIZE H FLE-T ) 008 [ = Zerem Taming =% Signals
LECITIZE 12 BEOA pAT 0 = Errem Taming =15% FARAMETER DESCRIFTIONCOMDITION
LECITIER 13 HiOA moa ] = Eorem Tamine =15% N TTL 3ign=i gra=2 Figh er mai ouea B w6 reguiston, By 2 .1 03352
LECITIAS M TEA 13544 0 = Eorem Tamine =15% — T tum o power sepEy Stort 3 End d 3 pe S ardign T
LECI-TI0E 3 L] 103348 0 e Srrem Taming =10% Sarroie Garms Compasastes 30 300 7 dhag
RECIO-T4ER & 3TEA LT ] = Errem Taming =15%
Wran jall modeis) I nEA nEA ] =30 Safety
Vatillmodels) Lha A o =54 PARANETER DESCRIPTION/CONDITION
R — :z;]nﬁsu-mm:t}ﬂ_ ECA0R50- TR 200, CRA-IE.Z Mo BDGS [HI-07+ A1, LLAZISE-

1. Besk pumerd rabing of 120% of max, = 20 Sec with mam of 105 duty cycle.

2. Combined power from mein o and Vb =hould nctexceed folnl power eating.

3. Fan oulput folerance i = 20%. When W1 full load, \San nzeds 20 mi ked fo be wihin reguisiion specification. Pesk
gureent for fan ouipud iz 1 AL

£, Fipple is 2% up to 20% load and le=a then 1% sbove 20% kead Oufpud ncise measwemert i= mede wih = 20 MHz
bandwitth using 5 & taisted pair, termirstsd aith s 10 uF {srislus capacior in pamilel with 8 0.1 oF cersmic capacior.

5. Specificaticns sre for nominel inpu voliage, 25°C and max load unless clremise shrlad.
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