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INTRODUCTION

The purpose of this report is to discuss the durability and reliability
of the Brady Crop Cooker #206. In actual use, the Brady cooker has clearly
demonstrated its capability to produce the kind and quality of products
desired. However, several questions have been raised concerning its
suitability and adaptability for continuous operation.

The Brady is one component of a materials handling and processing
system. Reliability and maintenance requirements of the Brady must there-
fore be considered in view of similar criteria for other components which
are also commonly used in the system. To secure neceded data, a survey wan
conducted of manufacturers and suppliera of various components, Information
on the useful 1ife, maintenance and repair conta were obtained, and are
diacuassed in the last section of this report.

Obviously, any machine can have infinfte life {f preventative and
required maintenance are performed when neaded, and the contn are economi-

cally and/or legally justified. A claasnic example of this sftuation in the



commercial airliner. In a more practical senae, however, repaira, maintenance,
etc., must be considered in terms of costs, expected economic life and ti{meli-
neas required for functional performance of the machine. In other words, the
costa ot maintaining an operational machine must be conaidered in terms of

its coat per unit output or pound «f product produced, the value added to the
product, and the cost of not having the process available for certain time
periods. Data contained in the survey section of this report can be used to
estimate operating and maintenance costs for extruders and related equipment.

From the maintenance point of view, durability and reliability and/or
the life of the machine are considered in three categories. They are:

1. Routine or preventative maintenance.--This normally includes
lubrication and minor adjustments to components for wear. Tt {a
usually done by the machine operator cevery few hours,

2. Minor overhaul.--Thins includes cleaning, replacement of expendable
parts and adjuatments for wear, This 1o usually done by the machine
operator or a mechanic at 1,000 to 2,000 hour {ntervaln.

3. Major overhaul.--Thin {ncluden complete dinasnembly and replacement
of major componenta {ncluding bearingn, 1t {o usually performed by
a al.’led mechanic at 10,000 hour or greater intervaln,

Moat cengincers consider routine maintenance the mont critical of the
above three categorien. It {a normally performed by a peraon having limited
akillu, and who may, due to boredom or for other reanonn, not perform
required tankn unlean clonely nupervined, Therefore, any machine mod{f{ca-
tion that can be mado to reduce routine matutenance {n uvaually cont

effective,



The durability of a machine must also be considered in terms of its
intended purpose and the user community. This particular polnt explains
the present design and maintenance achedule for the Brady cooker. For
example, the Brady was designed for use on an Amerfcan farm. 1In this appli-
cation, the Brady would be operated by an individual who was very familiar
with machinery and extremely conacious of the need for routine maintenance,
Further, the operator would also be the owner in most situations. Another
feature, in this regard, {8 that the Brady would seldom be run for more than
a few hours; {.e., three or four since this {s actual time available bhetween
the farmer's meals. Routine maintenance would be performed each time the
machine was operated.

In summary, the Brady cooker, as with any machine, can be made to have
an {nfinfte life. The {mportant point, however, is to conaider the specific
application for the machine, and determine a reasonable time interval for
specific maintenance or minor modiffcations that can be made to reduce
maintenance. In the jJudgment of the authora, reasonable maintenance for use
of the Brady cooker to proceas food products in developing countrien would
be an follows:

]. Routine maintenance.--Rout ine maintenance should be eliminated or

reduced. Automatic lubrication should bhe provided, {f ponnible,

2, Minor overhaul.--Minor overhaul should be limfted to thorough
cleaning, tightening of all boltae and clamping devicen and pownibly
ropurfacing of wear nurfacen auch an the nerew.  Thin malntenance
ahould be accompliashed at {ntervala of 1,500 to 2,000 hourn,

3. Major overhaul.--Major overhaul should be accomplinhed at fntervalu
of approximately 10,000 hourn, The machine ahould bhe completely
dimamnembled, major componentm, such an the acrew, cone and bearingn,

should be replaced 1f roquired.



LOW-COST COOKER EXTRUDER DESIGN

Cooker-exti.aders are relatively aimple machines. They consist of a
power train, barrel, screw, die, feed mechanism and control mechanism.
Design details of each of these components are discussed in the following
section along with recommendations for minor modifications, where applicab.e.
The analysis can he divided into two general categories. First, there
are modiff{cations which should be made of the machine for all potentfal uses.
Thene include hardening of the screw flights, selection of different material
for the cone and the changes in the hydraulic system. The decond category
includes parts or components that could be improved with minor modifications
and would thereby improve the reliability of the machine for use in developing
countries. These include the following:
1. Eliminate all 1/2-inch bolts to prevent an accidental replacement
with 13-mm bolts.
2. Redeaign or eliminate the hydraulic system and replace with
alternative conveyors and an alternative feed mechanism.
3. Redeaign the bearing and bearing housing weldment. This
modification will facilitate improved or automatic lubricetion.
4, Provide a safcty device to prevent damage to the rachine 1if
plugging occurs.
5. Relocate components in the drive train to reduce loads on
univeraal jaints.
6. Replace the temperatute measuring device and add a temperature
gennor in the acrew feed section to detect {mpending plugging.
7. Redenign the frame.
It munat bhe emphanized that the suggented modificationn oare relatively
minor and Inexpennive. 1If all augreated changen wore made, cont of the
machine would fncreane no more than a few hundred dollars.  Thin would be

more than offmset by reduced maintenance and increaned rolfability,



DISCUSSION OF SUGGESTED MODIFICATIONS

Hardness of Wear Surfaces

Wear surfaces on the screw were checked for hardnens using a Rockwell
"C" test device. Several hardness tests were made along the axial length
of the screw at locations on both the helix and root as shown in Figure 1.
Tests were conducted on both a new rotor and a rotor with approximately 150

hours of use. Average values are summarized in Table 1.

Table 1. Rotor Hardness

Rotor Root Hardness Helix Hardness
New 16.2 32.6
0l1d 21.0 42.7

Specifications for surface conditions and their correlation to the

Rockwell scale are Riven below.

Moderate abrasion =~ Severe impact Rc 44-50c
Severe ubrasfon - Moderate impact Rc 58-60c
Severe abrasion -~ Moderate impact Rc 63-68c

A comparison of the measured values of Table 1 with the above data
indicated that the factory-bullt screw was too soft to fit into the clasgsi-
fication of moderate abrasion. 1In order for the extruder screw to have a
1,500-2,000 hour life as stated earlier, {t was decided that a severe
abrasfon-moderate impact hardness would be necenaary (Rc 58 or higher).
Teats in Sri{ Lanka, extruding CSB-type products, indicated that a rotor

rebuilt with a Rc 60 hard-surface welding rod lasted several thousand houra.
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Two extruder cones were also examined for hardness: one cone with a
minimum of 100 hours, and one with a minimum of 5 hours. Tests locations

are shown in Figure 2 and results are given in Table 2.

Table 2. Cone Hardness

New cone 01d cone
Point number Rec no. Rec no.
1 59 51
2 59 48
3 58 47
4 55 54
5 62 45
6 64 44
7 49 32
8 45 41
9 60 43
10 58 41
11 60 24
12 60 28
Ave. 57.5 41.5

Comparison of the results indicated that the cone annealed with time
due to long term heat exposure. Since resistance to wear is directly related
to the hardness of the material, the annealing affect caused an acceleration
of wear with time.

The solution to the problem of insufficient surface hardness would be
proper material selection and treatment at the time of manufacturing. A

higher alloy stael such as 4140 or 4350 could be selected. Special hardening

techniques could be used if a greater surface hardness was required.

Hydraulics of Brady

The hydraulic system of the Brady was designed for usc in arcan where

external power is not available (other than diesel engine or farm tractor).



Figure 2. Vortex ond view of the extruder cone, ahowing the hardnenn
teat locations from the centor bolt hole to the amall perimetoer
of the cone murface.
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Automatic lubricators are pressure operated systems with control
circuits that can be adjusted to lubricate specific points at selected
intervals. Automatic lubrication is impossible with current design, as
Lthe weldment must be rotated to adjust the discharge orifice opening.
Modification or removal of the front panel of the cowling may also be neces-
sary for automatic lubrication. The present bearing housing design with
modification of the front bearing for lubrication and regular maintenance
is a reasonable compromise. However, redesign of the housing to accommodate
heavier bearings and automatic lubrication would probably be cost effective

for continuous operation in developing nations.

Cone Bolts

The present design utilizes 1/2 inch, Grade 5 machine bolts to attach
the cone to the rotor. These bolts have adequate strength; however, they
physically resemble 13-mm bolts and accidental use of a 13-mm bolt would
damage the threads in the rotor. The problem can be remedied by increasing

the bolt size to 9/16 inch, a size which does not have a metric equivalent.

Drive System

The drive train supplied with the Brady consists ot one double univer-
sal PTO shaft designed to carry a maximum of 100 hp at 540 rpm or 150 hp at
1,000 rpm. The shaft was designed for agricultural applications where the
machine runs intermittently and maintenance 1s performed between runs.
Disadvantages of the present drive train are listed below.
1. The universal joints cannot be automatically lubricated during operation.
2. The universal joints are susceptible to continuous and peak loadings
which reduce the life of the bearings in them.
3. A safety device to protect the extruder from excessive loadings is

not included in the drive train.



-13-

Two immediate changes which could be made are:

1. Interchange the double universal PTO shaft and gear reduction

unit in the drive train sequence,

2. Replace the double universal PTO shaft with a heavier duty

shaft.

Replacing the PTO shaft to incorporate heavier components has been
investigated. However, this method 1s costly and does not provide overload
protection.

Interchanging the PTO shaft and gear reduction unit offers a potential
solution. 1In the present drive train, illustrated in Figure 4, the speed
is reduced with a corresponding increase in torque before the power 1is
delivered to the PTO drive shaft. Wear of components is primarily related
to torque; therefore, interchanging the location of the drive shaft and
gear reduction units would, by increasing rotational speed and .2ducing
torque, reduce wear. In the proposed design, the gear reduction would
become a part of the Brady as shown in Figure 5. Although this solution
does not incorporate a safety device, the rapid fall-off of torque with
speed reduction provides abuilt-in safety feature. It would also be posr-
sible to attach the motor to the gear reduction unit using a flexible
coupling. This would reduce space requirements and eliminate the PTO,
However, more precise location of the motor relative to the gear box
would be required.

A safety device could be added by attaching the gear reduction to the
Brady as described previously, and connecting the engine drive shaft to
the reduction unit vith a multiple "V" belt drive, This modification 1s
shown in Figure 6. The "V" belts would provide a built-in safety feature

due to their tendency to slip at high torques,
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Figure 6. Drive train for Brady 206 extruder with a multiple V-belt arrangement
used to transmit power to the gear reduction unit at the input to the
extruder.



Temperature Sensors

A capillary-type temperature probe and gauge is furnished with the
Brady. There are several problems associated with this gauge.

1. The gauge does not have capability to read above 325°F.

2. The sensitivity of the gauge is low and considerahle lag

time occurs between adjustment of the extruder and changes
in the gauge reading.

3. Accuracy 1is low.

A surface-type thermometer has been used to overcome some of the
problems mentioned above. Although this sensor has sufficient accuracy,
foreign material lodges in the sensor coils with time, causing erroneous
readings.

Two solutions can be considered:

1. Thermocouples.

2. A more durable thermometer.

A standard bimetallic thermometer would be an improvement, however,
the location of the sensor on the barrel is critical. If not placed
properly, the temperaturea would be read incorrectly.

A copper-constantan thermocouple with sensing device could be
installed at minimal coat. High senaitivity and accuracy would be
possible, thuas rcducing operational problemn.

The temperature nenaor should be retained in the feed section of
the screw. Location of a temperature aensor in this region allows detec-
tion of {mpending plugglog and permits stopping the flow of input material
or the extruder before it becomes plugged. The mensor could be connected

to an alarm system to alert the operator and/or directly to the controls



on the power source to automatically stop operation. A standard

bimetallic thermometer would be suitable for the detector system sensor.

Frame

Acsthetically, the Brady could be improved with more rigid framework
to support the extruder in a manner similar to more expensive models.
Use of larger structural members would provide a sturdier supporting
framework, easier Installation, and give the appearance of a more durable

machine.

Design Summary

Various components crucial to continuous operation of the Brady have
been examined. Without minor alternations, the Brady is not suitable for
continuous operation. The required components can be altered simply to
make the extruder suitable for continuous operation; however, some changes
would require reviaifon of the current machine.

In aummary, the main factors which 1imit capability of the Brady to
nperate continuously are lubrication, bearings and the bearing housing
weldment. By altering the lubrication and with regular routine maintenance,
the Brady could be expected to perform satisfactorily in continuous operation.

The following modifications, although not required, are recommended for
future development of the Brady low-cost extrusion cooker.

l. The complete cowling ashould be removed from the machine, and a
special hopper designed to accommodate a vibratory feeder. This
would eliminate the hydraulics.

2. The bearing housing weldment should be redesigned to accommodate
heavier bearinges and the automatic lubrication and the rotor.

Modification of the method of orifice adjustment could also then
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SURVEY OF LEC SYSTEM COMPONENTS

be reviewed. The purpose of the later modification would be to

provide finer adjustment than is currently possible and wider

orifice opening tn facilitate cleaning.

not related to durability.

These suggestions are

The drive train snould include a multiple "V" belt to transmit

power from the engine drive shaft to the gear reduction unit.

The reduction unit should be coupled directly to the Brady. The

multiple "V" belt would absorb shock loading transmitted from

the extruder and could be designed to provide overload protection.

Temperature sensors should be replaced with more reliable components

and/or added to detect impending plugging.

Manufacturers and users were surveyed to determine reasonable estimates

of equipment reliability and maintenance costs.

components that are or could be used in a LEC system.

in the survey were:

1.

Bucket elevators
Screw conveyors
Belt conveyors
Feeders

Vibratory screens
Decordicators
Extruders

Milling machines
Dust colleciors

Blenders

The survey included all

Components included
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Selection of manufacturers was based on the reputation of their
equipment., Emphasis was placed on manufacturers who produce continuous
duty type equipment, but the survey included a broad spectrum of equip-
ment quality. Manufacturers and users selected were asked to respond to
the following questions based on 24-hour, continuous operation of their
equipment.

1. What is the expected useful life of the equipment?

2. What time period will be machine operate before a major overhaul

is required?

3. What would be the cost of a major overhaul as a percentage of

capital cost?

4. What are the annual maintenance costs as a part of capital costs?

All responses were carefully examined to insure that reasonable values
wvere obtained from the analysis. The following guidelines were used:

1. Any response of "infinite'" was discarded as unrealistic.

2. Extremely low responses were discarded based on experience.

3. Average values were weighted more heavily to reflect a group of

similar responses.

Average resuits of the survey are shown in Table 3 along with the
range of responses. The large variation reflected in the range of responses
was expected due to the sample selected.

Experience with and/or projections from LEC systems in current use
are compared with average survey values in Table 4. In most cases, the
LEC equipment is near the average value, and falls within the range of
values given in Table 3. The major exception is the low-cost Brady

extruder Model #206.



Table 3. Survey Summary of Manufacturers Contacted Regarding Equipment Durability

Normal lifs Time for major Cost of major Annual maint.
expectancy , overhaul, overhaul, % cost, %
Number yrs. yrs. capital invest. capital costs
of Wt. Wt. Wt. Wt .

Equipment item responses Min. Max. Ave. Min, Max., Ave. Min. Max. Ave. Min. Max. Ave.
Bucket elevators 3 20 @ 20 5 8 S 15 35 30 2 10 5
Screw conveyors 8 5 25 10 5 25 10 20 50 50 5 16 10
Belt conveyors 7 10 25 10 1 4 2 20 80 40 1 25 S
Feeders

a. Vibratory 2 15 15 3 15 10 NR NR 10 5 S S

b. Screw 3 18 ® 30 2 10 10 10 10 20 1 10 10
Vibratory screens

(grain cleaners) S 8 50 15 5 10 5 26 100 30 5 10 5
Decordicators 3 15 30 20 5 5 5 15 50 15 2.5 20 10
Extruders 7 10 @ 10 1 2 1 10 33 25 5 100 40
Milling

a. Pin 3 20 50 40 2 50 5 10 50 15 3 5 10

b. Hammer 5 10 50 15 1 10 5 4 40 20 5 10 16
Dust collectors

(pulsing bag

filters) 3 15 20 15 15 20 15 100 100 100+ 1 5 2
Blenders

(horizontal

batch mixer) 4 20 30 20 20 30 20 60 100 100 2 S 5

*
24 hour continuous operation

-Oz—



Table 4. Comparison of LEC System with Manufacturers' Estimate

Normal lifs Time for major Cost of major Annual maint.
expectancy overhaul, overhaul, Z cost, Z
yrSs. yrs. -k capital invest. capital costs
Equipment item Survey LEP** Survey LEP Survey LEP** Survey LEP™*
Bucket elevators 20 25 5 8 30 30 5 5
Screw conveyors 10 5 10 5 50 50 10 5
Belt conveyors 10 10 2 2 4) 50 5 5
Yeeders
a. Vibratory 15 15 10 15 10 10 5 5
b. Screw 30 &40 10 10 20 20 10 10
Vibratory screens 15 20 5 5 30 25 5 5
Decordicators 20 15 5 5 15 15 10 2.5
Extruders 10 5 1 1 25 33 40 60
Milling
a. Pin 40 40 5 2 15 10 5 3
b. Hammer 15 10 5 10 20 40 10 10
Dust collector
(pulsing bag) 15 15 15 15 100 100 2 2
Blender
(horizontal
batch mixer) 20 25 20 25 100 70 5 5

N
24 hour continuous operation

AR

LEP = low-cost extrusion plant

-IZf
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The LEC, Brady Model {206, compares more favorably with industrial
models based on actual annual costs per ton of capacity. These are shown
in Table 5 along with values obtained from the survey. Both extruder
types have similar annual maintenance costs, but the LEC has a much lower
initial cost. It mnst be noted, however, that the percentage of down time
and the cost of down time is not included in the analysis. Increased down
time would increase maintenance costs per ton of output. On the basis of
the available information and survey data, it can be concluded that the
LEC is more appropriate than the industrial type for the proposed uses to
manufacture low-cost nutritious foods in developing countries. Minor
modifications of the LEC, as discussed previously, should result in addi-
tional cost savings and further in:rease its reliability. The purpose of
those suggestions was to reduce maintenance costs and reduce down time.

It 18 the opinion of the authors that the few hundred dollars in capital
cost required for the modifications would be more than compensated by

reduced maintenance costs.
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Table 5. Comparison of the Brady Extruder and an Industrial Extruder

Extruder
Criteria Low-cosat Industrial
Initial cost (USS) 10,000 ‘ 80,000
Capacity (tons/hr) 0.5 1.5
Life (years) 5 10
Major overhaul period (years) 1.3 2
Approximate ccst of overhaul (US$) 1,125 14,000
Approximatc mnnual maintenance (US$) 2,400 3,000
Approximate maintenance cosat over
10 years (US$) 32,600 100,000
Approximate average yearly cost (US$) 3,260 10,000

Approximate average yearly cost (US$/ton
capacity) 6,530 6,600




