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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 needed data, a survey wan 

conducted of manufacturers and suppliers of various components. Information 

on the useful life, maintenance and repair conts were obtained, nnd are 

discussed In the last section of this report. 

Obviously, any machine can have infinite life If preventative and
 

required maintenance are performed when needed, and the cont. 
nrwreconomi

cally and/or legally justified. A classic example of thin situati I" the 
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commercial airliner. In a more practical sense, however, repairs, maintenance, 

etc., must be considered in terms of costs, expected economic life and timeli

ness required for functional performance of the machine. In other words, tile 

costs ot maintaining an operational machine must be considered in terms of 

its cost per unit output or pound ( f product produced, the value added to the 

product, and the cost of not having tile 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, durabil ity 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. It is 

usually done by tile machine operator every few hours. 

2. 	 Minor overhaul .-- Thin includes cleaning, replacement of expendable 

parts and adjustments for wear. Thin is unually done by the machine 

operator or a mechanic at 1,000 to 2,000 hour intervals. 

3. 	 Major overhaul.--This includea complete disassembly and replacement 

of major components including hearings. It is usually performed by 

a nil.°led mechanic tit 10,000 hour or greater intervalti. 

Hont engineern consider routine maintenance tite motst critical of the 

above three categorie.i. It Ito normally ptrformed by a persnon having limited 

skills,.and who may, title to boredom or for ot he r reanonn, not perftIrm 

required tank" unlens clopiely nttpervioed. Therefore, any machline tmu)dIIca

tion that can be made to reduce routino malitenanco is usutilly cost 

effect lvo.
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The durability of a machine must also be considered in terms of Its 

intended purpose and the user community. This particular point explains 

the present design and maintenance schedule for the Brady cooker. For 

example, the Brady was designed for use on an American farm. In this appli

cation, the Brady would be operated by an individual who was very familiar 

with machinery and extremely conscious of the need for routine maintenance. 

Further, the operator would also be the owner in moat situations. Another 

feature, in this regard, is that the Brady would seldom be run for more than 

a few hours; i.e., three or four since this is actual time available between 

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 infinite life. The important point, however, is to consider the specific 

application for the machine, and determine a reasonable time interval for 

specific maintenance or minor modifications that can be made to reduce 

maintenance. In the judgment of the authors, reasonable maintenance for use 

of the Brady cooker to process food products in developing countrlet, would 

be as follows: 

1. Routine maintenance.--Routine maintenance should be elimilated or 

reduced. Automattc lubrication shiould be provided, If pon iible. 

2. 	 Minor overhaul.--Minor overhaull should he limited to tho rough 

cleaning, tightening of sall bolt" and clamping devices and posaslbly 

remurfacitng of wear surftcen stch a the ti'rew. Th in maintenance 

should be ac complished at interval, of 1,500 to 2,000 holr.. 

3. 	 MaJor overhaul.-Major overhaul nhocld be, nccomplinhed at t11,'r"alis 

of approximately 10.000 hours. Tlhe machine houuld be c-ompl t ely 

diaamsembled, major compotnentu, auch a" the ac'rew , cone and bearings. 

should be replacod If raquired. 
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LOW-COST COOKER EXTRUDER DESIGN
 

Cooker-extiaders are relatively simple machines. They consist of a 

power train, barrel, screw, die, feed mechanism and control mechanism. 

Des'gn details of each of these components are discussed in the following 

section along with recommendations for minor modifications, where applicabe. 

The analysis can be divided into two general categories. First, there 

are modifications which should be made of the machine for all potential uses. 

These include hardening of the screw flights, selection of different material 

for the cone and the changes in the hydrnulic sytstem. The second category 

includes parts or components that could he 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 peevent an accidental replacement
 

with 13-amm bolts.
 

2. 	Redesign or eliminate the hydraulic system and replace with
 

alternative conveyors and an alternative feed mzchanism.
 

3. 	Redesign the bearing and bearing housing weldment. This
 

modification wtll facilitate Improved or automatic lubricetion.
 

4. 	Provide a safety device to prevent damage to the trachine if
 

plugging occurs. 

5. 	Relocate components In the drive train to reduce loads on
 

universal jorintu. 

6. Replace the temperatute measuring device and add a temperature 

sensor In the ncrew feed section to detect Impending plugging.
 

7. 	Redesign the frame.
 

It must be emphasized that the suggested modifications are relatively 

minor and Inexpensive. If all suggested changes were made, coat of the 

machine would increase no more tlan a few hundred dollarrs. "rhil would be 

more than offset by reduced maintenance and increased reliability. 
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DISCUSSION OF SUGGESTED MODIFICATIONS
 

Hardness of Wear Surfaces
 

Wear surfaces on the screw were checked for hardness 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
 

Old 21.0 42.7
 

Specifications for surface conditions and their correlation to the
 

Rockwell scale are given below.
 

Moderate abrasion - Severe impact Rc 44-50c
 

Severe abrasion - 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-built screw wan too soft to fit into the classi

fication of moderate abrasion. In order for the extruder screw to have a 

1,500-2,000 hour life as stated earlier, it wan decided that a severe 

abrasion-moderate impact hardness would be necessary (Re 58 or higher). 

Tests in Sri Lanka, extruding CSB-type products, indicated that a rotor 

rebuilt with a Rc 60 hard-surface welding rod lasted several thousand hours. 
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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 Old cone
 
Point number Rc no. Rc 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 heac 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 steel 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 use in arenn where
 

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



1000 045
 

o o 	7 

Figure 2. 	 Vortex end view of the extrutier cone, ahoving the, hnrdne i 
text locntlona from the center bolt holt, to tite mrll i p.'rlmeter 
of tho cone surfaco. 
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Hydraulics are used to power three components: 

1. 	 Output auger 

2. 	Injector suger
". 

3. 	 Hopper foed auger. 

When using the Brady for remote demonstration 9ite., all three components 
are useful due to the lack of other facilities. Conversely, the only component 

needed for In-plant use Isthe Injector auger which feeds the extruder screw. 
The 	 hydraulic system on the Brady has several Items requiring modification. 

V 1. The output auger Is coupled to the system by quick disconnects. 

Incorrect uncoupling could cause fluid contanation which would 
accelerate the wear of all components, 

2. The flow control valve (controlling the Injector auger) is over
sized for the application resulting In low sensitivity. The valve 
can be opened to a marking of 10 on the control pan el hwever, 

maximum flow Is reached at the number 3 on the panel. 

3. 	 The hydraulic circuit should be redesigned to incorporate a 

priority valve to divide flow between the feed and output auger 

motor.. This would provide hydraulic fluid at full system pressure 
to both motorso thereby assuring more continuous operation under 

varying loads. The priority flow would be directed to the output 

motor. In this modes flow would be directed to the output auger 
motor at the expense of flow to the feed auger to extreme load 

situations,, 

*The components were "elected for Intermittmnt duty. The pump and 
motor should be replaced with components rated for continuous 
operation.
 

It would be beneficial toeliate the hydraulic system completely for 
, , a continuous, operation. This could be accomplished by substtuting an electrical 

.. 	 I 
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vibratory feeder forthe present Injector ugers. A new hopper would also 

have to be de:signed to acrommodate te vibratory feed er. This design change 

That Lot transition plugging could be eaoily overcome by making the transi

tion between hopper and screw accessible for manual cleaning with a pliable 

tools 

haring Housint WoIdmtn 

The bearing housing veldment is the total support for the rotor on 

the Irady. The bearing moust be capable of vithtanding radial loads and 

resisting the maImm thrust load applied by the screw during operation, 

Current life expectancy for the veldmee is approximately 1,500 hours 
prior to a major ovsrhaul A direct compario can be made vith other 

extrusion equipment in the last section of this report where bearing life 

expectancy is genetally the life of the extruder. 

The bearLn houiAte vas designd so the lubrication point does not 

permit adequate application to the front bearing (which is subjected to 

heat during extrusion). ror this reasou, an additional grease passage 
was drilled Into the housing so that adequate lubrication could be 

provided to the bearing. Th modification io show. in Figure 3. 

Other modifications te could be made to this assaly are to replace 

present bearings with heavier duty bearings and/or Install an automatic 
lubriation systems Th changes my require other modifications to the 

machine because of apace limitations. 
Replacing the present bearings with heavier duty bearings would be 

limited by space"lte more In the present housing. Neavier duty bearings wouldInternal #e to support ad house them than Is available 

to the preset housi., 



,.Original Grease 
Fitting 

Seal 

soBearing Inner 
Housing 

Bearing Cone 

Bearing Cup 

/8" \. Snap Ring 

New Grease Channel 

Grease 
Fitting Sprocket 

Fligure 3. Brady extruder front bearing, ahowing the 41ow grease channel 
and fitting added an a modification. 
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Automatic lubricators are pressure operated systems with concrol
 

circuits that can be adjusted to lubricate specific points at selected
 

intervals. Automatic lubrication is impossible with current design, as
 

Lhe 	weldment must be rotated to adjust the discharge orifice opening.
 

Modification or removal of the front pan,.l 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 woulJ 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 ol 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 agricultiral applications where the
 

machine runs intermittently and maintenance Is 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.
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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 is costly and does not provide overload
 

protection.
 

Interchanging the PTO shaft and gear reduction unit offers a potential
 

solution. In the present drive train, illustrated in Figure 4, the speed
 

is reduced with a corresponding increase in torque before the power is
 

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 Liducing
 

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 pop

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 ith a multiple "V" belt drive, This modification in
 

shown in Figure 6. The "V" belts would provide a built-in safety feature
 

due 	to their tendency to slip at high torques,
 



0 

Brady 206 
E xtruder ;oReutn 

["tor
T ftUnitI xrdr 

Figure 4. Drive train used with Brady 206 extruder in current installations.
 

Brady 206 Extruder Gear Reduction 
, ~Unit FrTo Shaft (-oo 

Figure 5. Drive train for Brady 206 extruder with gear reduction unit installed at
 
the input to the extruder.
 



MotorBrady 206 Extruder 

,Gear Reduction
 

Unit 

Multiple V-Belt Drive 

Figure 6. 	Drive train for Brady 206 extruder vith a multiple V-belt arrangement
 
used to transmit power to the gear reduction unit at the input to the
 
extruder. 
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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 3250F.
 

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

time occurs between adjustment of the extruder and changes
 

in the gauge reading.
 

3. 	Accuracy is 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 temperatures would be read incorrectly.
 

A copper-constantan thermocouple with sensing device could be
 

Installed at minimal coat. High sensitivity and accuracy would be
 

possible, thus reducing operational problems.
 

The temperature sensor should be retained in the feed section of
 

the screw. Location of a temperature sensor in this region allows detec

tion of Impending plugglig and permits stopping the flow of input material
 

or the extruder before it becomes plugged. The sensor could be connected
 

to an alarm system to alert the operator and/or directly to the controls
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on 	the power source to automatically stop operation. A standard
 

bimetallic thermometer would be suitable for the detector system sensor.
 

Frame
 

Aesthetically, 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 revision of the current machine.
 

In summary, the main factors which limit capability of the Brady to
 

•perate 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.
 

1. 	The complete cowling should 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 bearings and the automatic lubrication and the rotor. 

Modification of the method of orifice adjustment could alno than 
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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. These suggestions are
 

not related to durability.
 

3. 	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.
 

4. 	Temperature sensors should be replaced with more reliable components
 

and/or added to detect impending plugging.
 

SURVEY OF LEC SYSTEM COMPONENTS
 

Manufacturers and users were surveyed to determine reasonable estimates
 

of equipment reliability and maintenance costs. The survey included all
 

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

in the survey were:
 

1. 	Bucket elevators
 

2. 	Screw conveyors
 

3. 	Belt conveyors
 

4. 	Feeders
 

5. 	Vibratory screens
 

6. 	Decordicators
 

7. 	Extruders
 

8. 	Milling machines
 

9. 	Dust collect'ors
 

10. 	 Blenders
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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
 

were 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 resLits 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 Sumary of Manufacturers Contacted Regarding Equipment Durability
 

Normal liff Time for major Cost of major Annual maint. 
expectancy , overhaul, overhaul, Z cost, Z 

Number yrs. yrs. capital invest, capital costs 
of Wt. Wt. . wt. 

Equipment item responses Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. 

Bucket elevators 3 20 CD 20 5 8 5 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 5 

Feeders 

a. Vibratory 2 15 a) 15 3 15 10 NR NR 10 5 5 5 1 

b. Screw 3 18 (D 30 2 10 10 10 10 20 1 10 10 
0
1 

Vibratory screens 
(grain cleaners) 5 8 50 15 5 10 5 20 100 30 5 10 5 

Decordicators 3 15 30 20 5 5 5 15 50 15 2.5 20 10 

Extruders 7 10 OD 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 5 5 

24 hour continuous operation
 



Table 4. Coparison of LEC 

Equipment item 

Bucket elevators 

Screw conveyors 


Belt conveyors 


Feeders 

a. Vibratory 


b. Screw 


Vibratory screens 


Decordicators 


Extruders 


Milling
 

a. Pin 

b. Hamer 


Dust collector
 
(pulsing bag) 

Blender 
(horizontal
 
batch mixer) 


System with Manufacturers' Estimate 

Normal lift Time for major 
expectancy overhaul, 

yrs".LE2 yrs.iL 
Survey * Survey LEP 

20 25 5 8 

10 5 10 5 

10 10 2 2 

15 15 10 15 


30 40 10 10 


15 20 5 5 


20 15 5 5 


10 5 1 1 


40 40 5 2 


15 10 5 10 


15 15 15 15 

20 25 20 25 


Cost of major 
overhaul, Z 


capital invest. 

Survey LEP** 

30 30 

50 50 


43 50 


10 10 


20 20 


30 25 


15 15 


25 33 


15 10 


20 40 


100 100 

100 70 


Annual saint. 
cost, Z
 

capital costs
 
Survey 

5 5 

10 5 

5 5 

5 5
 

10 10
 

5 5
 

10 2.5
 

40 60
 

5 3
 

10 10
 

2 2 

5 5
 

24 hour continuous operation
 

LEP - lov-cost extrusion plant 
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The LEC, Brady Model #206, compares mora 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 must 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 is 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-cost Industrial
 

Initial cost (US$) 10,000 80,000
 

Capacity (tons/hr) 0.5 1.5
 

Life (years) 5 10
 

Hajor overhaul period (years) 1.3 2
 

Approximate cost of overhaul (US$) 1,125 14,000
 

Approximatc Pnnual maintenance (US$) 2.400 3,000
 

Approximate maintenance cost 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
 


