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Positive Feed Accelerated Rail

Executive Summary:

The project described in the following report is to resolve feed issues to a thread rolling machine for the
Cold Heading Company. Cold heading Company is a fastener supplier to all major automotive
companies, and some agricultural sectors. The issue is parts being fed to the machine would get stuck
on the existing rails causing the injection point to be empty while the machine still made a reciprocating
stroke. This causes efficiency issues and unnecessary machine wear without producing the sought after
end result of the process.

Introduction:

The concept to potentially resolve this issue was a rail that would accelerate the parts to the injection
point by using a synchronized belt system using alternating current electric motors. This rail would
replace a current section of the rail. The second possible future benefit if the rail proved out would be
that all machines could eventually be fed on a horizontal plain instead of an incline. This would allow
hoppers and vibratory bowl bases to be lowered using less material to produce.

Background:

In fastener production coiled steel is first ran through a cold forming machine that produces a blank or a
non-threaded bolt seen in figure 1. After this process the blank is introduced to a thread rolling machine
in which the project is the focus of as seen in in figure 2. The thread rolling machine puts threads on the
blank by using to dies in which one is stationary and the other the moving die. A tub of blanks will be
dumped in a bulk hopper, and under the bulk hopper is a vibratory tray. The vibratory tray shakes parts
into the vibratory bowl as needed, and then orientates the parts to fall onto the inclined main rail. Once
the parts are on the rail they slide down it until they reach the die pocket entry, then a finger pushes the
part into the die pocket.

(Flgu re 1)- Blank Bolt (Figure 2) — Thread Rolling Machine

(Figu re 3)- After injection point




Problem Statement:

Due to oil or mud the product will either stop or slow while sliding down the rail, causing empty die
pocket strokes. In past history many techniques have been used to relieve the issues. One being forced
air bursts at certain points of the rail, and two a device mounted to the side of the rail that vibrates that
uses air to run seen in figure 4. Problems with these methods are compressed air is not cheap and the
company would like not to use compressed air when possible.

(Figure4) _

L

Solution:

Our team came up with a solution by taking a majority of the rail out and replacing it with a
synchronized belt system driven by two alternating current motors seen in figures 5&6. The rail is split
into two halves so one side can be fixed and the other half can adjust in and out for different product
diameters. Product would still continue to ride down by its flange. The theory is the product is forced
down the rail accelerating at whatever speed needed to keep up with machine demand. There will still
have to be a very short section of rail after the new rail. Currently there is already a photo eye that
turns off the vibratory tray and bowl when parts are detected backed up to a certain point. In the short
section of rail the photo eye will be re-located to shut off the belts when enough parts are present.

(Figure 5) (Figure 6)

Entry off
Vibratory bowl
after orientation

Exit onto short
section of rail
(abort12”).

(Flgu re 7)- One side of the rail
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Rail System Cost:

PART DESCRIPTION COST QUANTITY TOTAL
1434K150 ROLLER MOUNT $10.72 2 $21.44
ACP-G-4N120-K GEAR HEAD $79.00 2 $158.00
ACP-M-4IK25N-AUV AC MOTOR $129.00 2 $258.00
ACP-US-4125A VARIABLE SPEED CONTROL $134.00 2 $268.00
C-RAIL MAIN MOUNTING RAIL $122.00 2 $244.00
CW2.75X0375 IDLER WHEEL $30.10 2 $60.20
GEAR GUARD 1 GEAR GUARD / DEFLECTOR $70.00 2 $140.00
IDLER KNOB IDLER KNOB $50.00 2 $100.00
SW.875X250 SKATE WHEEL $7.71 8 $61.68
93265A491 THREAD SPACER STUD $1.42 12 $17.04
TS5 PULLEY T5 DRIVE / FOLLOWER PULLEY $31.24 4 $124.96
TS5 BELT BELT S40.00 2 $80.00

TOTAL $1,533.32

Design Calculations:

Calculations Used from AutoDesk Inventor Design Accelerator and below is from the design
handbook. All calculations passed during checks.

Calculation basics

First pulley is considered to be a driver pulley. The rest of the pulleys are driven pulleys or
idlers. Input power can be split among several driven pulleys by using power ratio factor of
each pulley. The forces and torques are calculated accordingly. Flat pulleys are considered

as idlers.



Service factor cp

Total service factor takes into account the safety factors required to compensate for belt
life-reducing factors encountered during service, such as load, acceleration and fatigue.
Load factor depends on the type of the driver and driven machine. The acceleration add-on
factor ¢y, can be considered if speed up ratio is> 1.24, please see table below. Fatigue add-
on factor takes into account operational hours per day and unusual service conditions.

Speed up ratio 1/i Cpa
1.00-1.24 0.0
1.25-1.74 0.1
1.75-2.49 0.2
2.50-3.49 0.3
3.5 and more 0.4

Teeth in mesh factor k,

Teeth in mesh factor take into account the number of teeth in contact zc of the synchronous
pulley. If the teeth in contact of the given synchronous pulley is less than 6 it can have
significant impact on belt power capacity. Application finds a minimum value of teeth in
contact among all synchronous pulleys within belt drive and then use following rule to
obtain k, factor.

z<6 k,=1

Z2.<6

Number of teeth in contact is determined based on arc of contact angle of each individual
pulley as follows

Z, = abs{z - i]
360

Tension factor k;

Tension factor gives an option to adjust belt initial tension. When belt drive operates under
load tight and slack side develops. The initial tension prevents the slack side from sagging
and ensures proper tooth meshing. In most cases, synchronous belts perform best when
magnitude of the slack side tension is 10% to 30% of the magnitude of effective pull {k; =
1.1~ 1.3}



Efficiency n

When properly designed and applied, belt drive efficiency is usually high as 96%-98% {n
0.96 — 0.98%}. This high efficiency is primarily due to the positive, no slip characteristic of
synchronous belts. Since the belt has a thin profile, it flexes easily, thus resulting in low
hysteresis losses as evidenced by low heat buildup in the belt.

Belt length correction factor c_

Belt length correction factor takes into account modification of belt power rating of extreme
belt length. By default the value is 1.0 what does not affect the results.

Resultant service factor cpg
The resultant service factor is determined from equation below. The belt power rating for

given transmission layout is compared with power to transmit. The resultant service factor
gives fast answer of how much the belt drive is over designed.

C — &
®R=p
Cpr < Cp Strength check fails
Cpr=> Cp Strength check succeeds
Cpr > Cp Consider to change transmission layout, use different belt or decrease belt width

Meaning of used variables:

Ze Number of teeth in contact of given pulley [-]

z Number of teeth of given pulley/ Number of belt teeth [-]
B Arc of contact [deg]

P power to transmit [W]

Pr Belt power rating for given transmission layout [W]

Cp Service factor [-]

Geometry design properties

Belt with trapezoidal teeth




Symmetrical double-sided teeth

——— _-...i._,.._._

Pitch belt length can be determined as

L=2pp

Straight-sided Teeth Pulley

b

¥

7 |8
[

#Dg

Outside pulley diameter can be determined as

_ZP _

Dy = 2-a
V4

Unflanged pulley

ﬁDoT ST

Flat pulley

B

Meaning of used variables:

Flanged pulley

hy

b

b
o |

Staggered double-sided teeth

-\

_._._._'._.___.'r -

z Number of teeth of given pulley/ Number of belt teeth [-]

Po Circular pitch [m]

a Pitch line offset [m]

Flange detail

7%

W



Belt length calculation

Belt pitch length is given by number of belt teeth and circular pitch. The belt trajectory is
based on individual pulley position. The pitch diameter of each pulley is determined based

on the following equations. The sliding pulley position is adjusted to accomplish standard

belt length criteria. The calculation uses an iteration solution to find the appropriate sliding

pulley position that is closest to the desired sliding pulley position.

Determine exact pitch diameter

193

Synchronous pulley clockwise or double-sided belt

zZ -
D, =22
Vi3

Flat pulley clockwise or double-sided belt

D, =D +2(a+ hy

Synchronous pulley counterclockwise and single-sided belt

Dp=Do+2(H-a-hy)

Flat pulley counterclockwise and single-sided belt

D,=D+2(H-a-h)

Example of power transmission with 2 pulleys

22




Arc of contact

B=2. mos[wﬁ]
2.7 C

Pitch belt length

L= 2-C'-sin§+%[zl “z, +[1—%]-(z, —zl)]

4

Center distance

C”%[L_p_;_(zﬁ +zl)+\{[£_p_2*’.{z,+zl}]z—2‘[p;"-(z,—zl)]2]

Following formula is recommended when determining the center distance of a new drive

0.2 pp(z1 + 25) £C <0.7 pp(z1 = 22)

Meaning of used variables:

z Number of teeth of given pulley/ Number of belt teeth [-]
Py Circular pitch [m]

D Nominal flat pulley diameter [m]

a Pitch line offset [m]

hy Belt tooth height [m]

Do Outside synchronous pulley diameter [m]

Belt height [m]
C Center distance of given pulley and driver pulley [m]

B Arc of contact [deg]

Calculation of strength proportions

For each pulley

Fz-F1+Fp:0

B, =R +F 2.5 F, cos 8

Fy = (B + By sin

10



For the driver pulley

PzT-;‘T-n
30
D ..
y=—2 !
60
v-k
fo=T
F,==—
v
F. = mv?

Frmax = k1 Fp + Fe

F1 = Fimax

F,=F - Fp

For individual driven pulleys and idlers

i-index of the pulley

I:Pi = I:)xi I:p
D
T, = _x, Fom
2
n
By =—
5
T moan
R=tn
30
Fll - F2i-l
Foi = F1i + Fpi
where:
z

z
1 for synchronous pulley

V < Vrax

be fm‘ax

11



Dy
I!' -—
Dy for flat pulley

For entire belt drive
k
Fa=2Fi=1
2

Required belt installation tension is determined from forces at driver pulley as follows

f=5

Example of power transmission with idler

[T,

Driver pulley Flat idler Driven pulley
Pu=1 P,=0 Pis=1
P= Ti T 2

30 Fpp=0-F, =T, =F/=0 Frs =P Fy

D+2.(H-a-4)

Zy - . Z, -
= 1 P I = D DH=3P"
Vi »1 T
D, m-n n
1 1 1 3
60 2 2
. _ z
1 =2< & l13-—3
Fo=F2 1

Fo=Fin+Fp=Fp

12



P n
Fp=—=F,u1 Ay = —
v 3
T -
Fo=FR+ 2Py Fpy B3 .
Fe=mV? 2 = ¥ 22 T &yt 30
Frmax = K Fp + F¢ - Fiza=F2
F11 = Frmax - Fos=Fizs+ Fpz=Fpy
2 2
Fo = Fui - F } Fr3='j‘FI3 By =2 Fpy Py e

£, = ‘JFuz "‘Fn2 -2 8By o

Meaning of used variables:

Fo Effective pull [N]

Fy Belt tension on input side of the given pulley [N]

F> Belt tension on output side of the given pulley [N]

z Number of teeth of given pulley/ Number of belt teeth [-]
B Arc of contact / tooth angle of side inclination [deg]

P power to transmit [W]

Pr Belt power rating for given transmission layout [W]

CL Service factor [-]
B Arc of contact [deg]

T Torque acting on given pulley [Nm]

n Speed of given pulley [rpm]

D Pitch pulley diameter [m]

v Belt speed [m/s]

k Number of pulleys within belt transmission [-]

L Belt pitch length [m]

P power to transmit [W]

m Specific belt weight for given width [Kg/m]

ky Belt tension factor [-]

Fo Effective pull [N]

13



Centrifugal force [N]
Minimum belt installation tension [N]
Power ratio of given pulley [-]

Pitch pulley diameter [m]

Transmission ratio (speed ratio) of given pulley [-]

Torque acting on given pulley [Nm]
Efficiency [-]

Circular pitch [m]

Nominal flat pulley diameter [m]
Belt height [m]

Belt tooth height [m]

Pitch line offset [m]

Strength check

Maximum allowable belt working tension can be set up or it is calculated as follows

2 114
T, =T, {E'-J
0

Specific belt weight is calculated as follows

Ta0, Mo, Bo, fmax, Vmax are defined within belt XML data table as well as belt
dimensions and available lengths and widths.

Belt power rating

Pr=(k, Ta-vm? vec,

Resultant service factor
P,

P

Cpp =

Strength check fails if resultant service factor cp, < Cp.

Over-tensioning inspection

If Fy max> F4 Or F> F, the strength check fails as the maximum tension in belt span or

static belt tension exceeded its maximum.

Recommended step if one of the criteria fails is increase belt width or driver pulley
diameter. Also, the installation tension can be decreased if possible by decreasing
belt tension factor k;. If number of teeth in mesh factor k, is less than 1.0 then

consider to modify belt transmission layout.

Valid belt speed and flexing frequency inspection

If belt flex frequency f,> f,.x the reduced efficiency and premature belt damage
might appear. The error warning is displayed.

If belt speed v > v« the error warning is displayed as the belt is not designed for

such speed.

14



- Meaning of used variables:

Tao Maximum allowable belt working tension for base width [N]

B Belt width [m]

Bo Belt base width [m]

Mo Specific belt width for base width [kg/m]

kz Teeth in mesh factor [-]

Ta Maximum allowable belt working tension for given width [N]

m Specific belt weight for given width [kg/m]

Y% Belt speed [m/s]

CL Belt length correction factor [-]

Pr Belt power rating for given transmission layout [W]

P power to transmit [W]

Standards

ISO 5294:1989 Synchronous belt drives - Pulleys

ISO 5295:1987 Synchronous belts - calculation of power rating
ISO 5296:1989 Synchronous belt drives - Belts

DIN 7721 Synchronous belt drives, metric pitch
ANSI/RMA IP-24 Synchronous Belts

JIS B 1856 Synchronous Belts Drives - Pulleys

JIS K 6372 Synchronous Belts for General Power Transmissions

15



Results to Our Belt System:

Belt Properties

Display name
Size

Circular pitch
Number of teeth
Pitch length
Width

Height

Tooth width
Tooth angle
Tooth height
Root fillet radius
Tooth head fillet radius

Minimum pulley pitch diameter

Allowable maximum working tension

Maximum flex frequency
Maximum belt speed
Specific mass

&l Strength check

Power

Torque

Speed

Efficiency

Service factor
Resultant service factor
Belt Speed

Effective pull
Centrifugal force

Belt installation tension

0.00670 hp
1.76000 Ibforce ft
20.00000 rpm
0.97000 ul

Cp 3.00000 ul
CpR 14.00636 ul
0.26247 fps
F, 14.04418 lbforce
F. 0.00009 Ibforce
F, 11.23543 Ibforce

= 5 4 "

Maximum tension in belt span Fy,, 18.25751 Ibforce

Teeth in mesh factor
Tension factor

k, 1.00000 ul
k, 1.30000 ul

Iy

D min
Ta
fmax

Vmax

m

Synchronous Belt
25T5 x 1500
0.19685 in
300.00000 ul
59.05512 in
0.98425 in
0.08661 in
0.10433 in
20.00 deg
0.04724 in
0.01575 in
0.01575 in
0.59055 in
196.70781 Ibforce
60.00000 Hz
262.46719 fps
0.04032 lbmass/ft

5:39:37 PM Calculation: Calculation indicates design compliance!

Further Calculation/Analyisis:

The maximum speed the machine runs is 180 pieces minute. The maximum diameter part that will be in the

machine is 1 inch. So we will lose about 3 inches per second during feed. So the maximum we needed the belt to

feed is about .25 fps.

16



Performance Specifications:

Current machine rates for pieces per minute and pieces per hour are shown below in table 1. Note that
this data also includes set-ups and die changes for actual rates, evaluated over a year. A separate
analysis will be performed before and after the new system is installed. The proposed analysis will
include the number of miss-feeds per minute and/or miss-feeds per pieces produced.

Current machine Rates:

Table 1
Current Machine Rate (Includes machine set-ups/Die Changes for Actual)
Actual vs.
Thread Rolling (Actual) PPH  (Actual) PPM (Actual) PPHBest  (Actual) PPM Best PPM Machine PPH Machine Capability

ID Machine MCHAVG MCHAVG week out of 52 week out of 52 Capability Capability Percentage
27D-4 30 HARTFORD 3,263 54 5,894 98 180 10,800 30.21% Minutes
27D-1 30 HARTFORD 3,306 55 5,551 93 180 10,800 30.61% Machine Set-up  45-60
27D-3 30 HARTFORD 3,724 62 6,400 107 180 10,800 34.48% Die Change 20
27D-5 30 HARTFORD 4,275 71 6,592 110 180 10,800 39.59%
27D-6 30 HARTFORD 4,366 73 9,378 156 180 10,800 40.43%
27D-2 30 HARTFORD 4,475 75 7,527 125 180 10,800 41.44%

Note: Data in table 1 also includes set-ups and die changes for actual rates, evaluated over a years’ time.
Machine 27D-4 is the concentration of the project, also shown is other machines that are identical, and
their rates.

Goal Specifications for new system: 99.00% successful feed with 180 ppm or greater delivery with a
secondary goal of improving the year rate evaluation with machine set-ups and die changes included
from 30.21% to 45.00% or greater.

Testing the new System:

Testing of the new system unfortenatly has not occurred yet due to some assembly issues which will be
described further in the report. Once the issues have been corrected testing and annalysis will follow by
first running several lots of product through the existing rails counting miss-feeds. The miss-feeds will
be counted by using the force monitor on the machine. The force monitor detects force when product
is present in the die pocket, and can detect an empty stroke. After new rail is installed the same will be
analyzed over several lots. Furthermore, over a longer period we will evaluate if the machines
effeciancies have increased to our goal and beyond the current state.

Issues Encountered:
Issues were encountered while assembling each side of the rails as followed postponing installation and
will be corrected for a later install.

e Bearings for each side of the second toothed pulley allowed for the gear to wobble because the
shaft was able to move about five degrees. Synchronize belt system is sensative to alignment
and would cause belt to come off. Using the flange mounted needle bearings caused the issue.
To correct this a bearing should be pressed directly into the plate or the gear allowing no
movement. These bearings are designed more for a shaft to run though two bearings.

17



e Second issue encounter was during assembly one side of the rail was observed to be bent or
worped as seen.

Bibliography:
“AutoCad Inventor 2013” Software (Design Calculation Handbook)
- All formulas and explanation of formulas came from handbook

Conclusion:
In conclusion the synchronized belt system has not proven to be a success to date but after some

corrections of straightening the plate and using a different method of securing the second pulley then
installation can take place.

18



Senior Design Gantt Chart

# Task
1.00
1.00A
2.00
2.00A
3.00
3.00A
4.00
4.00A
5.00
5.00A
6.00
6.00A
6.10
7.00
7.00A
7.10
7.10A
8.00
8.00A
9.00

Form Team

Form Team (Actual)

Brainstorm New System

Brainstorm New System

Rough Sketches of System

Rough Sketches of System

Research of Components

Research of Components

Formal Proposal

Formal Proposal

Final Drawings and Prints

Final Drawings and Prints

Put hole taps on prints (Leins)

Analysis of System

Analysis of System

Finish sizing of Motors/System (Hanford/Rude)
Finish sizing of Motors/System (Hanford/Rude)
Order All Components

Order All Components

Assemble/Fabricate Parts

9.00A Assemble/Fabricate Parts

10.00 Install Assembly on Machine

10.00A Intall Assembly on Machine

11.00 Test New system

11.00A Test New system

12.00 Work on Testing Procedure (Adam Hanford)
12.0A Work on Testing Procedure (Adam Hanford)
13.00 Work on Poster for Extra Credit (Brandon Rude)
13.00A Work on Paoster for Extra Credit (Brandon Rude)
14.00 Work on Final Report (Adam/BrandonR)
14.00A Work on Final Report (Brandon Leins)

15.00 Work on Powerpoint Presentation (Brandon R)
15.00A Work on Powerpoint Presentation (Brandon R)

Start
11,/28/2016
11/28/2016
12/10/2016

12/6/2016
1/9/2017
1/3/2017
1/9/2017
1/9/2017

1/16/2017

1/14/2017

1/19/2017

1/18/2017

2/20/2017

1/19/2017

1/19/2017

2/20/2017

2/20/2017

2/25/2017
3/1/2017

3/20/2017
4/6/2017

3/26/2017

n/a
3/29/2017
n/a

3/19/2017

3/30/2017

3/20/2017

4/20/2017

3/20/2017

4/17/2017

3/20/2017

4/19/2017

End
12/10/2016
12/6/2016
1/9/2017
12/28/2016
1/16/2017
1/12/2017
1/16/2017
1/14/2017
1/19/2017
1/18/2017
2/18/2017
3/18/2017
2/23/2017
2/18/2017
3/18/2017
2/25/2017
3/12/2017
2/27/2017
3/27/2017
3/25/2017
4/24/2017
3/28/2017
HVALUE!
4/12/2017
HVALUE!
3/24/2017
4/9/2017
4/4/2017
4/24/2017
441412017
4/23/2017
4/19/2017
4/23/2017

Days
12

Start

Senior Design Gantt Chart

End Days 0
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Form Team

Form Team (Actual)

Brainstorm New System

Brainstorm New System

Rough Sketches of System

Rough Sk of System

Research of Components

Research of Components

Formal Proposal

Formal Proposal

Final Drawings and Prints

Final Drawings and Prints

Put hole taps on prints (Leins)

Analysis of System

Analysis of System

Finish sizing of Motors/System (Hanford/Rude)

Finish sizing of Motors/System (Hanford/Rude)

Order All C

Order All C

Assemble/Fabricate Parts

[Fabricate Parts

Install

y on Machine | | !

10.

Intall Assembly on Machine

Test New system

11.

Test New system

Work on Testing Procedure (Adam Hanford)

Work on Testing Procedure (Adam Hanford) | | | |

Work on Poster for Extra Credit (Brandon Rude)

13.

|
Work on Poster for Extra Credit (Brandon Rude) : |

Work on Final Report (Adam/BrandonR)

14.

Work on Final Report (Brandon Leins)

Work on Powerpoint Presentation (Brandon R)

15.

00115./00/14./00/13./12.112./00/11./00/10./9.0/9.0/8.0/8.0/7.1|7.1/7.0|7.0/6.1/6.0/6.0/5.0/5.0/4.04.0/3.03.0{2.0/2.0/1.0/1.0|
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Work on Powerpoint Pre (Brandon R)
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