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Fluid Power
Problem Statement
Develop a human powered vehicle to:
* Transmit power through hydraulics

« Compete in Sprint, Efficiency, Regeneration,

Endurance

 Engage in fluid power and garner interest




2022-2023 Design

Tricycle Downsides
* Low stability at high speed

Chain/Gear Issues
* Proper tensioners are vital

Hydraulic Design

« Small motor = not enough
flow and torque; low speed
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Design Objectives

* Produce an original design

 Tailor our design for speed and simplicity
* Create a reliable and safe vehicle

* Unique pneumatic application

UNIVERSITY
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SaNE : Fluid Power
Preliminary Designs P

Recumbent Trike Rower Stepper Scooter Stabilized Bicycle
@

Chain Assembly

Design #1 Design #2 Design #3 Design #4
Criteria Recumbent Trike | Rower Stepper Scooter | Stabilized Bicycle
2 3 4

5% 3

5% 3 1 3 3
10% 3 2 3 4
| Weight  [EEER 3 2 5 5
5% 4 4 2 2
10% 2 z 3 2
10% 3 2 2 3
| sprint [EETR 3 2 3 5
| Endurance  [NETR d 2 3 5
2.5% 3 2 3 2
2.5% d 3 2 d
| innovation  [EEELR 2 4 5 2

. 100% 3.075 2,625 3.425 3.6 6
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Fluid Power

Selected Vehicle Design el

Pneumatic
Reservoir

Pneumatic
Cylinder
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Component Identification: Fluid Power

Calculations

Pulling Force: Torque:
By Wl%osin(e) =29.85 Ibf T = FiotalR = 453.62 in - Ib

Rolling Resistance: CIR motor: ) =

Fp, = Wyecos(0) = 5.04 Ibf CIR,,otor = 2T 7 e 0.193 in°/rev
Total Pull Required: CIR of Pump:

Gear Ratio:

72:9=8:1
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Components: Hydraulics

Pump

* Dynamic Aluminum Gear Pump
* GP-F10-13-P-C

 0.0854 in3/rev

Motor

 Marzocchi Bidirectional Gear Motor
e ALM1A-R-5-E2

 0.2135in3/rev

Accumulator
e SteelHead Composite Accumulator

e AB30OCND10GON
° 1 gallon
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Components: Pneumatics

Cylinder

* NFPA Actuator

* PA-MS4-2.00X6-HC-KK1-MPR
e 2” Bore, 6” Stroke

Air Reservoir

* Steel Compressed Gas Tank
 CRVZS-2

e 2 Liter
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omponents: Electronics
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Inputs

Universal Analog / High

4

Frequency

Universal Analog 14

TOTAL INPUTS 18
oupus ___Weztes

4A PWM (feedback) 2

Dual Range PWM 4A /0.4 A 4

(feedback)

15A PWM (feedback) 0

TOTAL OUTPUTS 6

=0

CAN 2

Sensor Supply 1

FUNCTION
BATTERY
CAN | HIGH

GROUND

&-POS CONNECTOR-A
FIN # FUNCTION
| UsB 5V
USE D+
USB D-
NO CONNECT
USB SHIELD
UsB GROUND

o || o e re

Connector J1 Key E Connector J2 Key A
Pin_| Function Pin_ | Function
E1 | Power Battery (+) Al | Sensor Supply Output (+10V/+5V)
E2 | Output PWM 4A With Feedback A2 CAN2 H/RS232 TX
E3 | Output PWM 4A With Feedback A3 CAN1 H
E4 | Input Universal Analog A4 | Input Universal Analog
E5 | Load Power (+) A5 | Input Universal Analog
E6 | Battery Ground (-) AB Input Universal Analog
E7 | Sleep Mode A7 Input Universal Analog / High Freg.
E8 | Output PWM Dual Range 4A / 0.5A AB CAN2 L/ R5232 RX
ES | Output PWM Dual Range 4A / 0.5A A9 CAN1L
E10 | Input Universal Analog A10 | Input Universal Analog / High Freq.
E1l | Load Power (+) A11 | Input Universal Analog / High Freq.
E12 | Battery Ground (-) A12 | Input Universal Analog / High Freq.
E13 | Output PWM Dual Range 4A / 0.5A A13 | Sensor Supply Ground (-) / R5232 GND
E14 | Output PWM Dual Range 4A / 0.5A A14 | Input Universal Analog
E15 | Input Universal Analog A15 | Input Universal Analog
E16 | Input Universal Analog Al6 | Input Universal Analog
E17 | Input Universal Analog A17 | Input Universal Analog
E18 | Input Universal Analog A18 | Input Universal Analog
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Electrical Schematic

Pressure Transducer
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Solenoid Valves

T4,

PE)—l
PE> GN YE

Inductive Sensor (speed)
/ s +
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Fluid Power

v, Fi Hiﬁﬁéﬁ"

Input Channel:
Transducer 1 — A15
Transducer 2 — A16
Transducer 3 (pneumatic) — A17

Output Channel:
DMDA Solenoid — E2
DTBF Solenoid — E3
Pneumatic Solenoid (Position 1) — E8
(Position 2) — E9

Input Channel:
Inductive Sensor — A10
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Hydraulic Circuit

N F P &

Fluid Power
~VEHIC.

Glicillerige

[ e e s )
i'I'SAEE
Y |
FO——— RDDA1 RDDA2
P_(}1 | GP2 SAE & re T-104 r T-10A :
| 3000 psi DMDA 3000 psi - |NFAB | gteelHead
: ‘/)ﬂ\ L T-11A \/)A = - T8A : 1Gal
| - : m __.[“1_7 — . : . Accum, ?PSI Prﬂ*ﬂhafgﬂ‘
= - CXDA2 174 [N] = Dy |
oL | © T3 AT o
'GP SAE &
| DTBF
i . )8 g T-162A
P SAES CXDA1 AoCSAES;
| T-13A
| AU
! HS:'-EE-?
ll M1 SAE 6 M2 SAE & ACCG2 SAE & ACCGI SAE 6 i
X ¢

Dynamic FC Pump E’IS

GP-F10-13-P-C 5868

0.0854 in*3/rev / 1.3 cm*3/rev A

0.296 GPM @ 800 RPM P

Marzocchi Motor

ALM1A-R-5-E2
0.2135 in*3/rev / 3.5 cm”*3/rev

®
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Hydraulic Circuit:
Normal Drive

ey ey j
7 SEEE P ARG L LT3 F AT .,vﬁ—:r.v‘,v.k-“ o A g I i
T ‘:TSAEB 1 ;
] | 8888 \ I |
A L RO ———— RDDA RDDA2 :
P | GP2 SAE 6 e T-10A ' e T-10A !
| 3000 psi | DMDA 3000 psi N:_Ai | SteelHead
| L _ | -8A |
‘ % T - | T-11A /}A ‘f 5 e TeAtGa
| = RN B -1-/4 — = Accum. | ? PSI Pre-charge
| o CXDA2 T | CXDA3 o bump |
o > T-13A T T-13A |
! GP1 SAE 6 '
DTBF |
é " f\; > 6 T-162A I
' P SAE 6 CXDA1 3 ACC SAE 6!
} T-13A = I
| i |
i - I
| E RSAE6 1
L fmisaEs Jmesnes ACCG2SAE6  |ACCGTSAES 3
Dynamic FC Pump | §
GP-F10-13-P-C 8888
0.0854 in"3/rev / 1.3 cm”"3/rev A
0.296 GPM @ 800 RPM P
Marzocchi Motor

ALM1A-R-5-E2
0.2135 in*3/rev / 3.5 cm”3/rev
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Hydraulic Circuit:
Static Accumulator Charge

e B
i |
! TSAE 8 !
| 8888 | |
A —Q—I I-()—|— RDDA1 RDDA2 i
1 GP2 SAE 6 e T-10A e T-10A |
| 3000 psi DMDA 3000psi | NFAB | SteelHead
% ’F_j T11A % ?_1 - TEA | 1Gal
= Y i L L/ — = 7 Accum. | ? PSI Pre-charge
o CXDA2 T | CXDA3 o bump |
O > T-13A T T-13A |
! GP1 SAE 6 |
| § DTBF |
| T-162A '
, Q ik O Or= |
' PSAE 6 CXDA1 ACC SAE 6!
| T-13A == |
-
| Al |
| l
RSAEG |
Lo XM'SAEB ,,,,,,,,,, |M2saES ACCGZSAE6 __ [ACCGISAES _]
Dynamic FC Pump §
GP-F10-13-P-C 5358
0.0854 in"3/rev / 1.3 cm"3/rev A
0.296 GPM @ 800 RPM =
Marzocchi Motor

| ALM1A-R-5-E2
% 0.2135 in"3/rev / 3.5 cm”*3/rev
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Hydraulic Circuit:
Accumulator Discharge

T T T .
¥ 1TSAEB 1 !
8888 | | |
A —<>4 F(}—'i RDDAT RDDA2 |
| GP2 SAE 6 e T-10A i e T-10A
| 3000 psi | DMDA 3000psi 2 |NFAB | steelHead
% T_j i T-11A V)/\ ?_j e TEA TG
! T[T 7 —] : Accum. | ? PSI Pre-charge
- CXDA2 W\’i T /d | - Safety |
: & SN F— - 4, cXDA3 Durp |
GP1 SAE 6 5 T-13A i
| 2 DTBF |
T-162A
I Q . O O |
' P SAE 6 CXDA1 i ACC SAE 6!
| T-13A 1 == |
| Al |
| ] l
1 RSAE6 |
Lo MisAEs qmasaEs ACCG2SAEG _[ACCGISAES _
Dynamic FC Pump Zﬁ
GP-F10-13-P-C 8888
0.0854 in*3/rev / 1.3 cm”3/rev A
0.296 GPM @ 800 RPM =
Marzocchi Motor

ALM1A-R-5-E2
% 0.2135 in*3/rev / 3.5 cm”3/rev
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Hydraulic Circuit:
Freewheeling (Default)

e 7
- |
A —c>4 FQ—'i RDDA1 | I RDDA2 |
| GP2 SAE 6 e T-10A | , e T-10A :
‘ 3000 psi} 1 DMDA 3000 psi = NFAB | steelHead
u)/y ’f—j | T-11A y)/y ‘f_j TR Gl
! | TTC AT 7 — ! Accum. | ? PSI Pre-charge
AN ¢ CXDA2 \/\/\/ i - / | NI Safety |
| O O T-13A . 0. CXDA3 pume |
| GP1SAE 6 1 4 T-13A '
‘ : 4 § DTBF |
| T-162A '
1 Q *— o e I
' P SAE 6 CXDA1 ] ACC SAE 6|
\ T-13A | | ~—=1 |
| " 1 |
‘ 3 | l
a4 : RSAE6 |
L gisaEs . AV M??E@ ,,,,,,,,,,,,,,,, ACCG2SAE6 __|ACCGISAES ]
1
Dynamic FC Pump : Z?
GP-F10-13-P-C - 5838
0.0854 in"3/rev / 1.3 cm"3/rev A
0.296 GPM @ 800 RPM P
Marzocchi Motor

ALM1A-R-5-E2
% 0.2135 in"3/rev / 3.5 cm”3/rev
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Hydraulic Circuit:
Regen Brake Engaged (Freewheelmg)

e N
; : TSAE8 !
‘ 8888 \ |
A _Q_| |.Q_'7 RDDA1 | ; i |
1 GP2 SAE 6 e T-10A © e T-10A !

‘ 3000 psi; DMDA 3000 psi = |NFAB | steelHead

% T_j . T-11A % T_“ T-8A | 1 Gal
[ | o gl ey ! ? PSI Pre-charge
N MU/ S ’

| CXDA2 T _ L\ & CXDA3 Dump i
|.Q_‘— T T-13A T-13A !
' GP1 SAE 6 | 1
| : § DTBF |
- T-162A '
} © P—10 ¢ |
I PSAE 6 CXDA1 | ACC SAE B!
\ T-13A | == |
| 1 |
\ %

o gwisae Mzs’*EGECCG?SAEG ACCG1SAES |

Dynamic FC Pump :

GP-F10-13-P-C 5388
0.0854 in*3/rev / 1.3 cm"3/rev A
0.296 GPM @ 800 RPM

Marzocchi Motor

ALM1A-R-5-E2
% 0.2135 in?3/rev / 3.5 cm”3/rev
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Hydraulic Circuit:
Regen Brake Engaged (Pedaling)

T T T T T T T T T T T T/ j
| |
‘ j T SAE 8 |
8888 | |
A _Q'l |'O_'7 RDDA1 ; RDDA2 i
| GP2 SAE 6 e T-10A e T-10A

3000 psi NFAB | SteelHead

‘ 3000 psi DMDA
W W Lot
[ iy iy ' ? PSI Pre-charge
% " w 7 eh A

CXDA2 T_

Dump
o5y |
‘ GPI SAE 6 é DTBF i
: " g T-162A ;
! - . O (3 |
I PSAE®6 CXDA1 ACC SAE 6
\ T-13A =] |
| 1l |
\ +

Lo fwisAes ] M23AEB£CCG23AEG ACCG1SAES |

Dynamic FC Pump
GP-F10-13-P-C J 5868
0.0854 in?3/rev / 1.3 cm”3/rev A

0.296 GPM @ 800 RPM P
Marzocchi Motor

? ALM1A-R-5-E2
% : 0.2135 in*3/rev / 3.5 cm"3/rev
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Hydraulic Circuit:
Supplemented Pump Flow

T T T T T T T T T T e e 7
U —— . |
] 8888 \ |
A | O RDDA1 RDDA2 !
_Q-l | GP2 SAE 6 e T-10A ~e T-10A |
‘ 3000 psi i DMDA 3000psi 2 INFAB | steelHead
V)A T_j | T-11A \/% f_j T TGl
N : SN i ITC 7 —] N ! Accum. | ? PSI Pre-charge
= CXDA2 T_ | CXDA3 ~- Sy |
FQJ— > T-13A 4 <>T13A |
‘ ' GP1 SAE 6 % OTBE |
I , W : E 5 6 1-162A / L | /L
[PSAEG CXDA1 \ ;' 1 \ \ ACC SAEGI \
\ T-13A ! == |
WV 1
| AL |
‘ RSAE6 | %
I MisAEs MesAEE ACCG2SAE6  |ACCG1SAEE N
Dynamic FC Pump Zﬁ
GP-F10-13-P-C 5338
0.0854 in"3/rev / 1.3 cm"3/rev A
0.296 GPM @ 800 RPM =
| Marzocchi Motor
ALM1A-R-5-E2
: 0.2135 in*3/rev / 3.5 cm”3/rev
- 20
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=

fold Design

e _
0 .
T K[ RODA1 RODAZ

SAEB | —+ T-10A -+ T-10A

O ;L 3000 psi ; NFAB
GP2 T wa 1 1] |3 DMDA I“Jf‘ 1 T-8A

. Ay 1A ' L
SAEG | . XDA2 f"‘f\‘ﬂ T XDA3 -

O 1 T3l | 13 1 1
GP1 | 2 2 2
SAEG |

Ny > f |

P j/ GxpAt

SAE6 | T-13A

i

| O ¢ d

M1 M2
SAE6 SAE®
®
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Fluid Power

Pneumatic Circuit '%@m_f[’f[:i: ,

N
J
12 24 14
\/'W / ‘ Numatics
VI /T 226-749b
JNnos
VENT TO
ATMOSPHERE
VENT TO
—— ATMOSPHERE
2 Liter
Festo Air -——
Reservoir Metal Works

..... % 5U12R142
S Air Regulator
I
i
/Ov 4‘
|

VENT TO
ATMOSPHERE

®
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Electric Circuit “VEHIC

HMI

E Transducer 1
Transducer 2 +——
[ N
@ | Trandsucer 3 + >
4| 3/2Sclenoid |4+
valve
:: 2 way Solenoid n15
!
A16

1: 2 way Solenoid valve
—— (pneumatic)

) Inductive -
[————— Sensor "W E9E8
A10

i YyYy A

Controller

B §
“+

®
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. . : Fluid Power
Fabrication - Reservoir ol

Top Bottom Assembly

®
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Mounts

Fabrication
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Fabrication - Stabilizers

* Finite Element Analysis
» SolidWorks planning

s TTREN QU BN E (9 WYY 8 Y| e R vose

Name v
[ Project
£ (5 Model (a4)
/B Geometry Inprts
8-/ Geomety
-8 Materids
[~y Coordnate ystens

AWM

/O Mesh 38307e-5 Max
/11 Stati Structural (A5) 45168
1 Aoy etings 20785
/8, Fed Support 25535
2 Compression Onky Suppert 285
@, Conpression Orly Support 2 1700565
/0 Foe 12763
/3 et 126
- /& Soluton (A6) |
3 Solsion Infomation B
b 36441e-12 Min
/8 Total Defomation
/8 Equivdlent Bste Sran
/8 Eqivalent Sress

Details of ‘Equivalent lastic Strain »1ox

=| Scope
Scoping Method Geometry Selection
Geometry Al Bodies

| Definition

Tune Eaiualant Elackc Chrain

®
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Fabrication - Stabilizers Tl

 Stability for low speeds
* Linear movement

29
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Fabrication — 3D Prints (e

Interface Box Chain Guard

P

Pump Mount Spacer
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Testing Problems

 Chain issues

* Leaking connections

 Pneumatic regulator
pressure

31
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Lessons Learned (Gl

* Experience drives
problem solving

» Persistence is key

* Learning is
continuous
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