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Purpose, Function & Description

Fleetwood RV currently has a flip-up bed that creates more cabinet storage when the
motorhome is in transient. This flip-up bed has its own powered mechanism. In addition, the
bed sets inside a slide-out box assembly that also has its own powered mechanism. This current
design is not in all the motorhomes they build. The purpose of a new design is they want a
lower cost design, so that the flip-up bed mechanism is mechanical driven by the powered
slide-out box mechanism. Once this mechanism is implemented in all motorhomes, it will offer
a greater amount of closet space. What is desired is a mechanism that will be powered by the
current motor that slides the bed assembly out the side of the RV when parked.

Research

For this project, the first thing the team did was study the existing design used in the RVs. After
observing the current method, the parts were looked at in the current design that the proposed
design would replace. Calculations were done to determine the amount of force the design
would put on the parts that are currently used and will be retained in the new design. It was
then determined what parts of the design could be purchased and which parts would have to
be custom manufactured. The Fleetwood custom shop was then asked to build a mock-up slider
assembly for the testing of the new design. The prototype design was then integrated into the
mock-up for testing.

Performance Specifications and Optional Specifications

Taking into account the weight of the bed, the distance that is must travel and the performance
of the motor in current use, we must calculate the needed torque and stroke of the current
slide mechanism that will be tied into to see if it offers what is desired to obtain the requested
results. The new design must not hinder operation of the current slide mechanism and be able
to be used on multiple units. Ideally, we can come up with a design that will not require much
alteration of the current system along with not requiring much alteration to the current RV
design. It would also be desired that we do not eliminate the under be storage currently
available.




Design Calculations

Attached are 2 illustrations of the assembly that refers to the points the calculations are based
on and 3 sheets of design calculations.

On the first page are the calculations for the force needed to move the bed into the upward
position. According to the calculations, it will require a force of 1692 LBS to raise the bed and
move the remaining slide out portion of the slider assembly. The motor running the slide out of
the RV is rated at a maximum torque of 2000 in/LBS (see attached drawing # 1510000006 for
power curve). The torque arm for the motor is 1.1296” giving the motor 1770 LBS of force. This
indicates that the motor is adequate to operate our assembly. ‘

The second page is a spreadsheet that shows how the force needed decreases as the angle of
the bed increases. This was done to show the head of engineering the range of force needed if
we increased the start angle of the bed.

The third page of calculations pertains to the floor post. These are to determine the size of the
fastener used to attach the post to the floor and the amount of deflection when the force is
applied. The fasteners, #14 self-drilling screws (.25”@), used to attach the post to the floor have
a shear strength of 1372 LBS (1). There are four screws per post to provide a total of 5488 total
pounds of resistance to shear. The calculations indicate a load of only 810.72 LBS of force on
each post. The amount of calculated deflection for each post is 0.286 “at the top of the post.

Design Analysis

The design of our portion of the project is complete and ready to be added to the existing bed
assembly for testing. We are currently waiting on Fleetwood’s prototype shop to finish with the
existing bed assembly mock-up to test our design and determine if any modifications will be
needed.

In the design, we approached a local manufacturer (Faztek) of machine guards and ask if they
would like to be used as the basis of our design. This was to fulfill Fleetwood'’s desire for the
majority of the parts to be purchased as off the shelf parts. In the event that Fleetwood decides
that the design will be incorporated into their recreational vehicle (RV) line, they will not have
to manufacture the majority of the parts. Faztek accepted our offer to sponsor a portion of the
design and donated the parts requested in the hopes of having a successful design that will give
them the opportunity to possible get a future contract with Fleetwood.




Assembly

The prototype of the sliding bed was completed on Saturday, April 2"%. The team started at 7
a.m. and completed assembly around 11 a.m. The initial testing of the prototype then
commenced. The motor of the slide assembly had no issue with the force required to raise the
head of the bed. Aside from one side of the prototype having a part that was not properly
aligned and causing the binding of one of the sliding blocks, the bed raised effortlessly.

The issue that occurred, which is the focus of redesign is that the force of gravity isn’t great
enough to slide the head of the bed to the down position when the whole sliding assembly is
retracted. Upon testing, it was discovered that at any angle the head is raised over 45° does not
allow the bed to slide back down by the force of gravity.

It was then determined that a method using mechanical means to force the head of the bed
back down was needed. Three methods, one using a spring, one using a gas strut, and one using
the motion of the slider assembly were then discussed amongst the team. Upon presenting the
3 options to the engineering staff at Fleetwood, it was determined that spring would be a
liability do to it wearing out and failing. It was then determined that the gas strut idea would be
too costly given out budget. The Fleetwood fab shop is currently in possession of drawings for
the design to use the motion of the slider assembly. The redesigned parts are to be fabricated
and installed this week.

The updated prints for the new parts were fabricated over week of April 4™ — 8" The team met
on April 8" to examine the new design and test it.

Testing Procedures

All testing will be performed by Fleetwood’s proto shop. A mocked up slide-out bed on an
actual ram system will simulate the movement. It will include 4,500 cycle of the tilt bed in the
up and down position. This amount has been determined to stimulate usage of normal wear
and tear by end user. In, addition we’ll be also checking the amperage draw of the ram system
in the up and down positions. This is necessary because the ram system has a maximum amp
draw before the motor shuts off. See attached drawing from Power Gear section “OPERATION
CONDITIONS”




Prints & Drawings

Attached are a print of the assembly we designed, the parts obtained from Faztek, the custom
parts we designed, the bed ram motor and some illustrations of the assembly with the existing
bed.

Photographs of Components:

Attached are photographs of each part of the design along with a photograph of the whole
assembly.
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Corner Bracket




Slider Track

Slider




Top Plate

Link Assembly




il

2
1ies

RS
i i

R

Arm Assembly

Floor Mount / Arm Guide Assembly




Testing

Testing of the assembly was started on April 11", The assembly was cycled 900 times when
failure occurred. The bolt connecting the two sliding links came out on one side of the

assembly.

The result of the bolt coming out was the breaking of the tubes that guide the arms at the
welds.




It was decided to replace all of the bolts used as pivot points were to be replaced with socket
head shoulder bolts. The new bolts were installed and the broken parts re-welded and testing
was resumed with the cycling count started over at zero.

The cycle test was completed on April 18, 2016. The assembly continued cycling past the 4500
cycle test and the testing was completed at 4900 cycles.

Budget

The current design the RV manufacturer installs has an approximate cost of $350.00 just for the
motor and wiring. Fleetwood ask us to aim for a $220 budget which would be a savings of 37%.

The current team design includes:

The parts that were used from Faztek were quoted for a total of $162.76 per assembly with a
5-7% discount if ordered in bulk. (See attached Bill of Materials).

The price for the nuts, bolts and washers were obtained from McMaster Carr and came to a
total of $21.85 per assembly.

The costs for the remaining parts were quoted by Whitley Welding and Fabrication per phone
conversation. These parts came in at $210 per assembly.

The total cost of our assembly came to $386.47. This was $36.47 above budget. Given time to
get quotes from other suppliers, the project could be feasible in the future.




Fleetwood Bed Folding Project budget Numbers
# Required

Part Supplier

Custom Corner Faztek

T-Slot Faztek

Linear Bearing Faztek
5/16-18 x 1" SHCS McMaster-Carr
3/8 x 5/16 SHSS McMaster-Carr
#14 Steel Drilling Screw McMaster-Carr
Nylon Locknut McMaster-Carr
3/8" UHMW Washer McMaster-Carr
Link-2 Whitley Welding
Top Plate Whitley Welding

Floor Post Guide Arm Whitley Welding
Floor Post Mount Whitley Welding
Link-1 Whitley Welding

Ownership

2

00NN

N NN NN

Price per Part

$27.15
$21.66
$32.57
$0.21
$2.27
$0.17
$0.18
$0.31
$17.00
$15.00
$24.00
$32.00
$17.00

The results of this project will be the sole property of Fleetwood RV.

Conclusion

Qty. Discount
5%
5%
5%

Grand Total

The design teams was tasked with replacing a two motor RV slider/bed lifter design and
eliminate the motor that raised the head of the bed when the slider was retracted back into the

RV for travel mode. The design parameters given by the commissioning company stated that

we use no springs, chains, rack and pinions. A mechanical linkage was the only option

presented.

Total
$51.59
$41.15
$61.88

$1.69
$13.62

$1.69
$1.10
$3.75
$34.00
$30.00
$48.00
$64.00
$34.00

$386.47

When the design was done, failure was experience during testing. After changing out the bolts

at the pivot points with shoulder bolts, the design completed the testing cycle. Actually, the

design survived 4900 cycles, 400 over the testing specification of 4500 cycles.

When the budget numbers were received, the costs came in at $30-5$50 OVER the cost of using

two motors.

So, while the design was successful in function, it did not meet the desired budget.




Gantt Chart

See attached
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Calculations Sheet #1

1-81/2"

0-51/8" 1'-33/8"

3 et B — i L

R1

92LB
{M(A) = 0 = (5.125°2) - (R2*20.5) AY
{M(A} = 0 = 471.5 - 20.5*R2
R2=4715/205 9218
R2=231b
R1=921b-231b »
R1=691b A
AX
TAN 5° = 92 1b / AX
AX=921b I TAN5®
AX = 1052 Ib
42"
c
HINGE
ROLLER
1831B

Total Force = (1052 LB+ 183 LB + 175 LB{1}) * 1.2 (Friction Factor) = 1692 LB
Total Force / 2 (1692 LB / 2 = 846 LB) Represents (2) assemblies.
{1} = 175 LB is the additional weight from the slide out that motor has to move.

R2




Radians
0.0872
0.1047
0.1221
0.1396
0.1570
0.1744
0.1919
0.2093
0.2268
0.2442
0.2617
0.2791
0.2966
0.3140
0.3314
0.3489
0.3663
0.3838
0.4012
0.4187
0.4361

Tan
0.0874
0.1051
0.1227
0.1405
0.1583
0.1762
0.1943
0.2124
0.2307
0.2492
0.2678
0.2866
0.3056
0.3247
0.3441
0.3638
0.3837
0.4038
0.4242
0.4450
0.4660

Calculations (Page 2)

Force to Raise Head of Bed From 5° to 25°

Weight (Lifted
Portion)
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92

Force
1052
876
750
655
581
522
474
433
399
369
344
321
301
283
267
253
240
228
217
207
197

Friction

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Weight

(Remainder

of Bed)
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183
183

Total
1482
1271
1119
1006
917
846
788
739
698
663
632
605
581
560
540
523
507
493
480
468
456




Calculations Sheet #3

0 - 112" -
o
Q
s B
' b ’L
© 1
S ; I=(BDA3 - bd*3) / 12
= . o 1= (1.5"4 - 1.32'%4) [ 12
2 " 1=2.02"4 /12
1=0.16833"4
d
846#
MATERIAL: AL6063 T-5
E=10 X 10%6 PSI
1=0.16833"4
g
&
8464
\ ( MY M(D) = 0.9583 FT X 846#
i M(D) = 810.724F T
E D r RD = 846#
9583 FT
—— V
810.724

- M
810.724FT

Reaction at A=810.72 b

Moments atA: Ma=-Fa=-810.72 b * 11.5" = -9323.30" Ib

Max Deflection @ Load: [(F * (a*3)} / (3 * E* 1)} =[(810.72 LB * (11.5"A3)) / (3 * (10106 psi) * 0.16833in"4)} = 0.244164"

Max Deflection @ end: [(F * (a*3)) / (3* E* )] * [(1 +3*b) /(2 * a)] = {(810.72 LB * (11.5"3)) / (3 * (10*10%6 psi) * 0.16833in*4)] * [(1 + 3*1") / (2 * 11.5")] = 0.286227"
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Task

Form Team

Select Project

Write Proposal

Initial Design

Write Report #1

Initial Calculations

Design Analysis

Revised Calculations

Parts Aquired

Mock-Up Ready

Build 3-D Model

Drawings

Photos of Components

Assembled Prototype

Testing & Re-Design

Diagrams & Eng. Drawings

Photo's Complete

Fabrication Procedure

Test Results

Costing

Conclusions

Presentation Rehearsal

Poster Design

Plan

Actual

10-Jan

17-Jan

24-Jan

31-Jan

7-Feb

14-Feb

21-Feb

28-Feb

6-Mar

13-Mar 20-Mar 27-Mar! 3-Apr

10-Apr

17-Apr 24-Apr
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