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Objective

 When traveling over bumpy surfaces with an unloaded forklift, the
carriage and the forks tend to bounce violently. This creates a
considerable amount of noise and increases wear on the system. The
violent gyration can also cause an operator to spill what they are

carrying. Our goal is to reduce the bounce of the carriage and the
negative side effects ascertaining to carriage bounce.



* Develop a carriage damping system to reduce/eliminate
carriage bounce and vibration.

Value Proposition

Carriage bounce causes problems o
* Noise
* Load instability
* Increased wear
We will use a brake mechanism to hold the
carriage steady
» Stop or reduce the motion of the carriage
relative to the mast
We will use a Fork clamp to reduce noise from
rattling forks.
reduce losses associated with unstable loads




Design requirements

* Effective on a variety of surfaces
* Broken pallets, 2x4's, bumpy gravel lots, railroad tracks, etc.

* Within hydraulic pressures forklift is capable, ~2500 psi

* Work within $4000 budget (S2300 for materials, etc.)

* Scalable- Concept applicable to low and high-capacity trucks

* Manufacturable, fits on to current forklift design with minor changes
* Durable in outdoor conditions



Finalized Design




Finalized Design- Fork Clamp




Finalized Design-Brake




Manufacturing Plan
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Spring Retaining Plate

* Used to hold piston return
springs in place

e 1/16" air gap between pistons
to prevent pistons from
dragging and causing wear

* Held in place with 4 machine
SCrews




Cylinder

* Used 3 smaller pistons
* Rotates about corner

* Sleeved thrust bearings for support
* Made of Aluminum

10



Pistons

« 7/8" effective hydraulic
diameter

* Springs used to return piston to
un-extended position

* Buna-N O-ring seals coupled
with backup rings

* Machined from 6061 Aluminum
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Brake Foot

* Clamps outside of mast to hold carriage in place
* Holds replaceable brake pad
* Machined from 6061 Aluminum
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Brake Positions

Clamped Position Unclamped Position
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Pivot Design

* Pivoting the brake when not in
use provides %" clearance along
the length of the J-Channel
mast so the brake pad does not

wear in travel

e Allows for a deviation in
thickness of J-channel

e Uses oil-impregnated bushings
to reduce friction and wear
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O-Rings

1. RUNMNING FRICTION
DUE TO SQUEEZE AND

* 018 O-ring used for Carriage clamp £ 2525737 N

* Breakout Friction is approximately 3 > | AR R
times running friction o ~ j‘ ] *‘U

* Running Friction is FH + Fc =fh x Ap AT T T e

+ fcx Lp
* Based on surface finish and final
rubber, the force to overcome can

FIGURE A6-6 FRICTION DUE TO O-RING COMPRESSION

BASIS FOR CURYES:
range from 36 lbs to 72 |bs Lo
T2 PRESSURE ONLY
{th) 0
FRICTION 2, 15 MICR:O-INCH FIMISH,
LB PER SQ. CHROME PLATTED SURFACES
I, OF SEAL
PROJECTED 3, ANGZ2T OuRINGE
AREA 50 100,00 CYCLES, ROOM
TEMPERATURE LISING
” HYDRALULIC OIL
F= Total seal friction in pounds. a0 4-’§rPiEEI;SNI1ILE;EESS OF
. . - 1
Fc=  Total friction due to seal compression. /
FH=  Total friction due to hydraulic pressure on the seal.
fc= Friction due to O-ring compression obtained from Figure A6-5. 0
th=  Friction due to fluid pressure obtained from Figure A6-6. AEREENT SEAL COMPRESSION
Lp=  Length of seal rubbing surface in inches for piston groove applications. FIGURE A6-5 FRICTION DUE TO FLUID PRESSURE
Lr= Length of seal rubbing surface in inches for rod groove applications.
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Springs

* Assumingthe pressure from the fluid is negligible there are several springs that
could return the pistons
* Only between .12 to .25 inches of travel is needed

[ NN-24 @ Spring Steel - SPR 0.160 0.953 0.633 0.690 .2 1.511.00 Closed/Ground - CG 124.000 0.080 0.52 Gold Irridite - Gl !
@ Spring Steel - SPR 0.150 1.031 0.731 0.690 3.50 710.00 Closed/Ground - CG 946.000 0.130 0.53 Zinc-Z !

KK-54 @ Spring Steel - SPR 0.140 0.968 0.688 0.780 4.00 436,00 Closed/Ground - CG 85.000 0.170 0.56 Gold Irridite - Gl !
[]10942 @ Spring Steel - SPR 0.135 0.875 0.605 0.690 3.00 1.178.00 Closed/Ground - CG 24.000 0.070 0.41 Zinc-Z !
@ Spring Steel - SPR 0.135 0.938 0.668 0.750 3.50 615.00 Closed/Ground - CG 79.000 0,130 0.47 Zinc-Z !

[Jz2817 @ Music Wire - MW 0.110 0.921 0.701 0.500 3.00 395.00 Closed/Ground - CG £3.000 0.160 0.33 Zinc-Z !
[]5-3040 @ Steinless Steel - 55T 0.130 0.938 0.6748 0.750 3.50 451.00 Closed/Ground - CG 63.000 0.140 0.46 MNone - N !
[ @ Spring Steel - SPR 0.120 0.875 0.635 0.660 4,00 346,00 Closed/Ground - CG £1.000 0.180 0.48 Zinc-Z !
[JA11-5 @ Spring Steel - SPR 0.121 0.906 0.664 0.750 4.00 340.00 Closed/Ground - CG 61.000 0.180 0.47 Zinc-Z !
O AA-59 @ Spring Steel - SPR 0.120 0.859 0.619 0.630 4,00 369.00 Closed/Ground - CG 54.000 0.150 0.48 Gold Irridite - Gl !
[ AA-64 @ Spring Steel - SPR 0.130 0.890 0.630 0.630 4.00 468,00 Closed/Ground - CG 49.000 0.110 0.52 Zinc-Z !
2766 @ Spring Steel - SPR 0.110 0.906 0.686 0.500 3.00 A417.00 Closed/Ground - CG 44,000 0.110 0.33 Zinc-Z !
158 @ Spring Steel - SPR 0.105 0.859 0.649 0.630 3.50 272.00 Closed - C 41.000 0.150 0.47 Zinc-Z !

16



Brake Calculations

mm Friction Coefficient Friction Coefficient

0.875in 0.60in"2

Force per
cylinder

1503 Ib

2500 psi

Steel on Steel greased

Hold Force per brake pad

2751 Ib

Hold Force for 3 pistons
7211b

Total Hold Force
6945 |b

0.61
Steel on aluminum
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Bolt Calculations

Inputs
Em= 2.00E+07 psi  Elastic modulus of the clamping material
Ep = 3.00E+07 psi  Elastic modulus of the bolt material
Sp= 140687 psi Proof strength of the bolt material
d= 0.4700|in bolt size
A= 0.1307|in°  Tensile area of the bolt
= 3.54 in Length of the bolt
I= 3.00lin grip length
0.540 in extension of bolt beyond the grip
Need to make sure this is enough for a nut (or tapped threads)
Calculated
Ay= 0.1735 Tensile area of the shank
I = 119 in Length of balt threads (if bolt is <&")
Iy= 2.35in Length of shank
g = 0.65 in Length of threads in the grip
Need to make sure this is above zero.
Results
ky = 1.62E+06 in-lb
Ky = 6.99E+06 in-1b
C= 0.188
1-C= 0.812

Design
n= 2 load factor
= 2 Number of bolts
Fi= 13791 lbs  Initial load (per bolt)
T= 1296 in-lb Tightening Torque
108/ ft-1b

Fm = -9652 lbs  {needs to be negative)
Fy= 14750 Ibs

P= 10195 lbs  Total Separation force

= T ———
Py= Ibs Separation force per bolt

This is the Proof load for each bolt:

Compare this to P, (should be higher)

Load each bolt can carry

This is the force required for unclamping for each bolt:

Compare this to P, (should be higher)

1.5
Fb =Fi+Pb
14750 lbs :
1.13)i
k.
T Sum M_
P__

e 12mm x 90mm bolts provide a Load Factor over 2
 Goodman Failure Criteria yields an infinite lifetime with a 1.27 Factor of Safety

in.

Bl E— 4510 lbs Total
shear
1127 lbs
=Fi+Pb
14750 lbs
MNormal
o Stress= 112853 psi

10195 Ibs Total
Need to use tao =VQ/1b to get the shear stress,
but this is likely very small.
4
-— — 112853
von Mises, 112853 psi
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Validation Plan

* FEA

* Strain gauge measurements

* Full-scale, functional prototype
* Installed on a forklift carriage
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won Mises (Nfmm ™2 (bPa))

Carraige FEA

Config Stress (Mpa)

Base 56.0
74.3
48.8
60.0

Box 32.6
57.5

50,000

45,000
_ 40.000
_ 35.000
_ 30.000
_ 25.000
_ 20.000

15,000

10.000
5,000
0.000

von Mises (N/mm*2 (hMPaj)
49 . 7 50,000
45,000
64- 6 _ 40,000
Hole 50.4
_ 30,000
5 8 . 8 _ 25,000
_ 20,000
63 ' 2 15.000

70.2

10.000
5.000
0.000

.
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Cylinder FEA

* Tested using max
holding force |

* Plan to account for
bolt pre-load

* Need to rework
control volume

. 270.000
- 240.000
- 210.000
_ 180.000
_ 150.000
- 120.000

_ 90.000

60.000
30.000
0.000
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Data Collection

* What?

* Inertial load determination
e Why?

* Design Validation
* How?

* Accelerometers

* Strain Gauge
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Accelerometer Data Collection

Limitations:

e |12C protocol noise

* Collisions

Advantages:

* Fast, easy data

e All components on-hand

&
[
1§
]
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Data Collection

Wheatstone Bridge and Rosette
Gauges

Strain Gauges will be attached to
the chain anchors

Voltage data collected with
LabView and a National
Instruments DAQ

Collected data can be analyzed
with MATLAB

Will need to take spring rate of
the leaf chain into consideration
when performing analysis




Experiment Design

* [tems to run over: e Loads to test:
e 2x4 e Unloaded
* Pallet Board  The forklift we have access to has a rotator
e Extension cord attachment
e Air hose e 1000 pound load
e Gravel lot e 2000 pound load
« Large pothole * 3000 pound load




Data Collection: Current progress

Developing LabView Forward Looking:

M ials h
\/ arfitveerclja > Nave m Data Acquisition :é Data Collection and
Code Analysis



Full Scale Prototype

* Receiving carriage and forks from HYG
* Installing prototype
e Return to HYG to be installed on Forklift

* Test at HYG location with or without us depending on Covid-19
development



Potential Risks

* Hydraulic power requirements may take away the ability to add other
auxiliary functions

* Wear on the mast J-Channel can compromise the integrity over time
* Increased Maintenace costs

* Adding rigidity to the system may cause unforeseen consequences
* Less give in the system causing increased wear on components



Project Budget

Capstone Project Budget Template - Fall/Spring

Project:
Last Updated 2/24/2021
Year Item
Expense [tems Sept Oct | Nov Dec Jan Feb Mar Apr Total
Equipment/Tools: :
Strain Measurement S 43 : 388 S 431
Equipment/Tools
Travel: |
| S :
| 5 -
|
Supplies / Parts / Services: |
facilities machining | S -
Supplies / Parts / Services S 213 S 213
Fittings ' $ 40 $ 40
Hoses ' $ 200 S 200
Aluminum Stock ' $ 200 S 200
Steel Stock ' S 50 $ 50
Hardware : S 75 S 75
Nuts and Bolts | $ 25 s
Hydraulic Pump | S 200 S 200
Seals | S 38 S 38 Expenses
Springs | S 100 S 1,472 Subtotal
Shop Usage (est. Hrs): | Hours
Shop time | 30 30
' 0
' 0
' 0
' 0
: 0
Graduate Student Support 5 1,021 including fringe
Shop Overhead 5 500
University Overhead S 150 5% of all expenses

Totals

$ 3,142 |$ 4,000 S 858

Budget  Excess



Project Schedule

project: Hyster Yale Carriage Bounce Control System

Last Updated:

2/24/20

Year

2020

2021

Month

Sept

Oct

Nowv

Dec

Feb

May

Task Description

Duration

Assigned

9/4

9/13 | 9/20

9/27

10/4

10/11|10/18

10/25

11/1

11/8

11/15

11/22

11/29

12/6

12/13|12/20

12/27

1/3

1/10

1/17

1/24

1/31

27

37

3/14 | 3/21

3/28

4/4

4/11 | 4/18

4/25

5/2

5/9

5/16

5/23

5/30

2/14] 2/21] 2/28

Design Validation Plan

Focused Research

Value Proposition

Basic Mockups

Wikipags

Concept Design Revi

Team Member Citizenship

Measurement and Data Aquisiton

CAD Modeling and FEA Simulation

Strain Gauge Measurement

Concept Design Rev

EPO order of Long Lead Parts

Detailed Design Review

Winter Break

nitial Prototype

Prototype Testing and Validation

Design Expo Registration

Engineering Release of Drawings

Team Member Citizenship

Portfolio

Wikipags

Prototype

Validation and testing (At Hyster)

Complete Prototype Build

Ul Design EXPO

Booth Display

Technical Presentation

Final Reports and Drawings to client




Questions?



