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ABSTRACT

This senior project highlights the design process, fabrication, testing, and evaluation of a
set of stands used to support the midsection of a 1950’s Minneapolis Moline GB tractor
in order to separate the engine from the transmission for clutch repairs. This design
consists of a stationary rear leg that bolts to the bottom of the transmission and a wheeled
dolly that bolts to the engine frame rails. The stands are constructed of steel for strength
and durability and fully adjustable to accommodate changing variables.
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Objective

The objective was to design, fabricate, test, and evaluate a safe and reliable ground based
solution regarding the need to separate an early 1950’s Minneapolis Moline GB tractor
for clutch repair. After meeting with the tractor’s current owner, previous users who had
performed clutch repairs, and project advisor, the following design criteria were
established:

The front engine section must be mobile, although the rear section could be
stationary.

The dolly for the front engine section must have a wide stance to prevent the
engine from tipping about the pivoting front axle.

Direct steering control needed on the front dolly in order to easily line up the
tractor when re-mating the engine and transmission.

Both front and rear stands must have an adjustable height.

The front dolly must be able to adjust the side to side tilt of the forward section.
The engine must have an adjustable height independent from that of the engine
frame rails.

Both stands must be able to handle all shock and unforeseen load scenarios
including horizontal side loading without danger of failing.

Stands must be simple and durable enough to sit for long periods of time without
significant detrimental effects.

Front dolly should bolt to existing holes in the engine frame rails and support the
bottom of the engine.

Rear stand should bolt to existing holes in the bottom of the transmission housing.










easier to attach. Since the early 1970’s the basic functionality of tractors has remained
the same, although it has seen the introduction of many new safety, ergonomic, and
performance improvements. Safety improvements include things such as PTO guards
and rollover protective structures (ROPS). ROPS can be a roll bar, a structurally rigid
cab, or any other structure that prevents the operator station from becoming crushed in a
rollover accident. Ergonomic improvements include air-conditioned cabs and air ride
seats allowing the operator to stay out of the dust and have to absorb much less jarring.
Performance innovations include the advent of four wheel drive, front wheel assist, and
GPS interfacing. Four wheel drive and front wheel assist are essentially the same thing.
They both apply tractive force to the front wheels allowing tractors to pull larger
implements. GPS interfacing allows tractors to create much straighter rows and
continuously vary application rates to maximize productivity. As a result of over 100
years of development, the modern farm tractor has become an engineering feat that
allows one farmer to perform the work that historically required many men (Goering
2008).

High Cost of Modern Tractors

Modern farm tractors have become a technological marvel. However, this means that
they tend to be rather expensive. A new mid-size utility tractor, such as the John Deere
S085E (Figure 5) typically costs around $45,000 for the base model (John Deere 2013).

Figure 5: John Deere SO85E utility tractor (John Deere 2013).

A farmer who will use this tractor on a daily basis can likely justify this cost and may
even pay extra for some upgrades. However, for someone who does not have a constant
need for a tractor, such as a rancher or small landowner, this is not a justifiable
investment. Instead, these people are likely to look at significantly older equipment since
a decent, running 30-40 year old tractors can be found for around $12,000 (Ag Source
2013). However, these older tractors tend to require more maintenance than modern ones,
especially in heavy wear components such as the clutch (Brake and Clutch Supply 2001).

Farm Tractor Clutches

A clutch is a device that engages/disengages the engine from the drive train and allows
for smooth starts, stops, and gear changes (Thakur 1975). Since clutches are a high wear



point in the drive train, they require periodic maintenance and replacement (Brake and
Clutch Supply 2001). There are many possible causes for a clutch to not function
properly. Some of the most common problems are chattering, dragging, finicky
engagement, slippage, and vibration. Chattering can be caused by misalignment, a bent
clutch shaft, unequal or broken springs, warped or cracked pressure plates or disks, and
contaminated friction surfaces. Dragging can be caused by misalignment, poor engine
tuning, dirt accumulation, or damaged pressure plates. Finicky grabbing and releasing is
likely due to oily, greasy, glazed, or worn out friction surfaces, or misalignment.
Slippage can be caused by worn or greasy friction surfaces, weak or broken springs, or
improper adjustment. Vibration is commonly caused by a bent clutch shaft, defective
disk, or flywheel misalignment. Proper adjustment and maintenance are crucial to
maximizing the life of a clutch and prevent unnecessary damage. As a rule of thumb,
when adjusting a clutch, there should be a 2-3 mm gap between the thrust ring and
release mechanism and the dead travel should be 20-30 mm (Thakur 1975). Additionally,
symmetrically acting components such as springs and weights should all be replaced at
the same time to maintain uniformity.

There are two main types of clutches: over-centering and spring loaded which can be
classified as either wet or dry and single or multi disk. Over-centering clutches (Figure
6) have a driving plates attached to the flywheel with friction discs attached to the front
and rear faces. The driving plates are sandwiched between two driven plates that are
connected to an output shaft. This type of clutch is operated by a hand lever which
engages or disengages the driven plates from the driving plate. This type of clutch is
common on non-mobile industrial applications and tractor PTOs (power take off) since it
will stay engaged or disengaged without input. These clutches were also used on some
older tractors; however, all newer tractors utilize spring loaded clutches (Goering and
Hansen 2004).

Figure o: uver center clutch (Goering and Hansen 2004).



A spring-loaded clutch (Figure 7) consists of a pressure plate, friction disk, springs, and a
throw-out, or release bearing and is typically operated by a foot pedal. The pressure plate
housing is connected directly to the engine flywheel. The friction disk is between the
flywheel and pressure plate and connected to a splined output shaft. Without operator
input, the springs will keep the friction plate engaged against the pressure plate. When
the clutch is disengage, the throw-out bearing is pushed into the spring arms forcing them
to rotate away from the clutch which pulls the pressure plate back and allows the friction
plate to disengage. Since these clutches are spring operated, they are always in the
engaged position unless the operator is pushing the release pedal (Goering and Hansen
2004).

Figure /: d>pring loaded clutch (Goering and Hansen 2004).

Specs for a 1950’s Minneapolis Moline Model GB

Early 1950’s Minneapolis Moline GB tractors such as the one in Figure 8 utilized an
over-center style clutch.
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Adjustment. In order to ensure that the stands will be exactly the right height initially
and when re-mating the tractor, both front and rear components will have vertical

adjustment so that varying tire pressures or sizes can be easily accounted for. The height
of the front dolly has a 17-8 lead screw controlled by a hand crank (Figure 13) on each
side that will provide 8” of vertical adjustment.

Figure 13: Lead screw and nana crank controt height adjustment on front dolly

The rear component sits on top of an 8 ton bottle jack that sits captive inside the bottom
of the stand (Figure 14) that provides 6.25” of vertical adjustment.

Figure 14: Adjusiiucin sor 1var stanu accompusnea using a bottle jack
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Maneuverability. Splitting the tractor requires at least one section to move away from
the other; however, one section can remain stationary. In order to simplify the design, the
rear portion will remain stationary while the front portion can roll away. The main
reason for choosing to make the front mobile was because the front tractor wheels were
free turning without the added resistance of the transmission and final drive making the
front it easier to move. Additionally, the front wheels do not have weights in them and
the Nebraska tractor test indicates that the front 1s lighter than the rear meaning that there
is less inertia to contend with when moving the front portion.

In order to have precise directional control over the front section when moving it, it was
desired to have direct steering input to the dolly wheels. Therefore, instead of using

swivel casters, rigid casters were affixed to the height adjustment portion of the vertical
legs as shown in Figure 17.

Figure 17: All thread rigia1y connectea 1o casters via the male tube

This way, the angle of the wheels can be directly controlled by turning the handle used to
control the height screw. This does require the legs to be slightly raised or lowered to
change the wheel angle. However, the screw being used has eight threads per inch so
straightening the wheels from perpendicular to parallel with direction of travel (90 degree
rotation) only changes the height by 0.063 inches which is within the tolerances of re-
mating the tractor so it should not present an issue. Additionally, in order to minimize
added rolling resistance, steel wheels were used to make separation as easy as possible.
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possible. Additionally, it was not practical to split the tractor before the due date due
which limited what could be done for a final evaluation.

Simulated Shop Testing. It would be highly unfortunate to discover a critical design
flaw or fabrication error once the weight of the tractor was placed on the stands. In order
to prevent this from happening, a tractor pull sled weight weighing approximately 4500
1b. was placed on top of the front dolly as shown in Figure 27.

Figure 27: A wractor puu siea weignt was usea ror tesung witn a simulated load

Unfortunately, since much of the stability of the dolly comes as a result of being bolted
to the frame rails, stability during simulated testing was a significant issue. Due to the
lack of independent stability, 4500 1b. was the most weight that could be safely applied
without serious danger of tipping...

Unfortunately, the rear stand is not independently stable enough to safely place large
simulated loads on. However, there are no moving parts (aside from the 8 ton bottle jack)
and it has a high degree of structural integrity so there should be little possibility of its
failure.

Final Testing. Unfortunately, it was not feasible to utilize the stands for a full tractor
split prior to the project due date. Therefore, final evaluation will only consist of an
installation on the tractor as shown in Figure 28 and Figure 29.
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RESULTS

Simulated Shop Testing

During the simulated shop testing, 4500 Ib. was successfully placed on the dolly (Figure
30) everything functioned as desired under loaded conditions and there were no issues
that arose.

r1gure Ju. JSImuldied testig

It was somewhat difficult to raise the height but the required force was reasonable given
the weight, and theoretically, there should not need to be much height adjustment under
loaded conditions.

Final Design and Testing

A dolly for the front half and stand for the rear half were successfully designed, built, and
installed on the tractor. The components bolted on and functioned as desired as shown in
Figure 31.
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RECOMMENDATIONS

The stands work well as built. However, there are a couple of improvements that could
have been made. The first improvement would be to use locking swivel casters rather
than rigid ones.

Figure 42: Locking swiver casters wouta oe a good improvement

This way the height could be raised or lowered without the added friction of having to
twist the wheel, but the wheel direction could still be locked to the handles to provide
directional control when separating and re-mating the tractor. Additionally, the use of
fine thread for the height adjustment in the front dolly would help make it easier to raise
and lower. Additionally, the incorporation of an electric motor and brake on the front
dolly to assist with movement would be nice. However, given that the project will likely
be used very infrequently after the initial repair, the added cost and upkeep could not be
justified for this particular project.
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Major Design Experience.
The BRAE senior project must incorporate a major design experience. Design is the

process of devising a system, component, or process to meet specific needs. The design
Process typically includes fundamental elements as outlined below. This project
addresses these issues as follows.

Establishment of Objectives and Criteria. Project objectives & criteria are established
to meet the needs and expectations of the sponsor who will be performing the work. See
Design Parameters and Constraints below for specific design parameters for the project.

Synthesis and Analysis. The project incorporates bending stress calculations and
evaluates the stands’ functionality and effectiveness.

Construction, Testing and Evaluation. The stands were designed, constructed, tested
by splitting the tractor, and evaluated.

Incorporation of Applicable Engineering Standards. The project utilizes AISC
standards for allowable bending stresses and SAE standards for allowable fastener

stresses.

Capstone Design Experience
The BRAE senior project is an engineering design project based on the knowledge and

skills acquired in earlier coursework (Major, Support and/or GE courses). This project
incorporates knowledge/ skills from key courses.

Design Parameters and Constraints
This project addresses a significant number of the categories of constraints listed below.

Physical. The front engine section must be mobile, although the rear section could be
stationary. The dolly for the front engine section must have a wide stance to prevent the
engine from tipping about the pivoting front axle. Direct steering control is needed on
the front dolly in order to easily line up the tractor when re-mating the engine and
transmission.

Adjustability. Both front and rear stands must have an adjustable height. The front
dolly must be able to adjust the side-to-side tilt of the forward section. The engine must
have an adjustable height independent from that of the engine frame rails.

Safety. Both stands must be able to handle all shock and unforeseen load scenarios
without danger of failing including horizontal side loading.

Economic. An effort must be made to utilize pre-existing materials and otherwise
minimize costs.

Durability. Stands must be simple and durable enough to sit for long periods without
significant detrimental effects.
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Front Main Cross member.

Giv'n:

Req'd:

FBD:

A HSS rectangle steel tube spans the distance between the vertical legs. Legs are
rigidly connected with support braces in all axis creating fixed-fixed end conditions

member size = 2in X 6in X 0.188 in

L= 50 in

W= 9.42 Ib/ft = 0.785 1b/ft (AISC 1-86)
P= 3500 1b

k= 18 in

Sy (yield strength) = 46000 psi

[ 10.5 in”4 (AISC 1-86)

E= 29000000 psi

A= 2.58 in”2 (AISC 1-86)

a) max applied bending moment Mmax

b) max applied shear Vmax

¢) max stress 01 using Mohr's circle

d) choose worst case and determine beam adequacy
e) deflection

case 1:

A

v
v

I 0 '.

P P

shear diagram

moment diagram

case 2 FBD's to follow



case 2:
m J
< » —

P ;
P

shear diagram

Pl

Z

moment diagram

[ ANANAN]

[
—— —

S
Sol'n: case 1: static loading
a)j=(L-k)/2= 16 in
Mmax =[P *j] +[w* L"2/8] = 56245 in-lb

**no derived equations for equal loads symmetrically placed for
fixed/fixed ends so beam was treated as pinned/pinned to simplify math
resulting in a conservative answer.

b) Vmax = [P] + [w * L /2] = 3520 1b



c)o=M*c/l= 5357 psi

T=V/A= 1364 psi
y x =(o, -1)
y=(-0,17)
X
ol =r=(o"2+1t"2)A5= 5528 psi
callow = Sy * .60 = 27600 psi
case 2: all weight concentrated on one side
aym=L-j= 34 in
Mmax= [2P * m"2 *j/L"2] + [w * L"2/ 12]= 51952 ft-1b

b) Vmax = [(2P * m"2 /L3) * (m + 3*j)] + [w* L /2] =

5328 1b
C)G=M*c/l= 4948 psi
T=V/A= 2065 psi
y x = (0, -1)
y = (-0, 1)
ol
r
X
ol =r=(o"2+1"2)A5= 5362 psi
callow = Sy * .60 = 27600 psi
d) case 1 is the worst case since it results in a higher stress
S.F.=ocallow /ol = 5.0

¢) Amax = [(4*2P * m"3 * j"2)/(3*E*[*(3*m+j))] + (w * L"4)/(348*E*]) =
2.61 in



o~

Front Male Tube Sizing.

Giv'n:

Req'd:

FBD:

P is the static weight on the leg and Fs is the max potential bending moment applied
by sliding the wheel while it is turned the wrong direction. Assume the legs are fully
extended maximizing e. Member is constructed of 2-7/8" grade J55 oil pipe.
P= 3500 1b
e= 15 in
u, (steel on concrete) = 0.40
final tube size = 2.88in x 0.203 in
ID = 247 in
Sy (yield strength) = 55000 psi (Anson Steel)
E= 29000000 psi
a) max friction force Fs

b) moment M and sheer force V applied by Fs
¢) max stress ol
d) member adequacy

P LV

M — rs*e



omin P/Al omax P/Al

M*c/l T M*c/Il

| I
T T

Sol'n: a)Fs=p,*P= 1400 1b
b)M=Fs*e= 21000 in-1b
V=Fs= 1400 1b

c¢) worst case due to compression + bending

[=pi*(0d"4-1d"4)/ 64 = 1.53 in™4

A=pi*(0d"2-1d"2)/4 = 1.70 sq.in

ocmax=M*c/I+P/A= 21790 psi

omin=-M*c/I[+P/A= -17682 psi

T=V/A= 822 psi
X

X = (omax, -tmax)
y = (-omax, Tmax)
1




cavg (omax + omin)/ 2 =

r = (omax - gavg)"2 + TA2)A.5 =
6l =cavg+r=

d) callow =Sy * .60 =

actual S.F. = gallow/ ol =

2054 psi
19753 psi
21807 psi
33000

1.5



Front All-thread Sizing.

Giv'n: A force H is applied to the handle to turn the lead screw to raise the leg. Assume
legs are fully retracted to maximize b. No grade markings present on lead screw so
assume grade 1.

a= 6 in

= 14 in

= 100 Ib
Sy = 36000 psi (Shigley table 8-9 p433)
all thread size = 1.00 in

Req'd: a) moment M and torque T applied by H
b) max stress ol
¢) adequacy

FBD: / H
H —
—
t
T
<=
M*c/Il
.[ L *r/]

Sol'n: a) equivalent shaft size = dm = 0.944 in

Mmax=b*H= 1400 in-lb

T=H*a= 600 in-1b



b)J=pi*r4/2= 0.078 in™4

[=pi*d™4/64= 0.05 in"4
A=pi*d2/4= 0.74 sq.in
c=M*c/l= 10186 psi
tmax=V/A+T*r/)= 3762 psi

y
x = (omax, -tmax)
r y = (-omax, tmax)
ol

X

ol =r=(0"2 + tmax"2)A.5 = 10858 psi
c¢) callow =Sy * .60 = 21600

S.F. =ocallow/ ol = 2.0



Rear Main Post.

Giv'n:

Req'd:

FBD:

A rectangular tube is used as a vertical leg and loaded as shown. The leg is fully
extended maximizing b and d. Determine member adequacy. Assume the gusset
provides adequate reinforced in member's the weak direction.

pP= 7000 Ib

a= 7.00 in

b= 20.38 in

d= 27.38 in

1, (steel on concrete) = 0.4

tube size = 4in  x 3in x 0.375 in
ID = 325in  x 2.25in

Sy 46000 psi

E= 29000000 pst

[= 5.01 in”4 (AISC 1-88)

A= 4.09 in”2 (AISC 1-88)

a) max friction force Fs
b) moment M and shear force V applied by Fs
¢) max stress ol and adequacy

M
e
P

P/,

—Es M*c/ll

*1/]



— Sol'n: a)Fs=P* p = 2800 Ib
b)M=Fs*b= 57058 in-lb
V=Fs= 2800 Ib

¢) worst case due to compression + bending

omax =[M*c/I]+[P/A]= 18795 psi

omin=-[M*c/I]+[P/A]= -15372 psi

T=V/A= 685 psi
Yy

X = (omax, -Tmax)
y = (-omax, Tmax)

L~
a

o~

X

cavg (omax + omin) /2 = 1711 pst
r = ((omax - cavg)"2 + TA2)A5 = 17097 psi
ol =cavg+r= 18809 psi
callow = Sy * .60 = 27600 psi
S.F. =gcallow /ol = 1.5
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