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In today’s markets, you need to respond quickly to 
customer needs. In a batching operation, this can 
mean modifying key dry ingredients in your 
blended formulas on a monthly, weekly, or even 
daily basis. An equipment vendor may suggest in- 
stalling a few new machines to handle your new re- 
quirements, but often the best solution is to consider 
every piece of equipment and component in your 
existing system before replacing or adding any- 
thing. This kind of total system approach can help 
you ensure that all the equipment works together to 
provide the process performance and efficiency you 
need. This two-part article uses the example of a fic- 
tional snack food producer’s search for a multi-in- 
gredient weighbatching solution to explain how you 
can take a comprehensive system approach to solv- 
ing complex handling problems. Details are based 
on the author’s experience designing weighbatching 
and other systems for dry bulk materials producers 
in several industries. 

Part I of this article, which appeared in September 
1999, includes information on searching for a sys- 
tem solution, establishing system parameters, and 
developing and examining the system design. The 
redesigned system’s weighbatching subsystems are 
described and illustrated in detail. Part II describes 
and illustrates the redesigned system’s remaining 
subsystems and concludes with information on 
preparing for system installation, installing and 
starting up the system, and providing support after 
startup. 

Dust collection subsystem 
In this example scenario, the dust collection subsystem 
provides a much-needed benefit: Incorporating effective 
dust collection into the entire weighbatching system pre- 
vents maintenance and operating problems and protects 
workers’ health in the snack food producer’s plant. 

You’ll see in this section how taking a total system approach 
to designing a dust collection subsystem can not only elimi- 
nate problems capturing the dust at a new machine, but 
make it easier to run a cleaner, safer plant. In particular, 
you’ll see how the system provider’s special attention to 
dust hood design provides maximum dust control. 

In our example, the subsystem consists of equipment that 
controls dust at 21 sources in the system. As shown in Fig- 
ure 1, the subsystem includes hoods for each bin vent, 
combination hoods for dump station discharge access port 
and bin vent connections, hoods at two minor ingredient 
bag dump stations, and hoods for each LIW batch feeder 
and net weight batcher. The subsystem has an oversized 
fan that pulls dust-laden air through ductwork to a central 
cartridge dust collector with an automatic pulse-cleaning 
system. A high-efficiency particulate arrestor (HEPA) fil- 
ter is located at the fan’s exhaust. 

Hoods at dust sources. Each bin vent on storage bins and 
other vessels in the weighbatching system has a similarin- 
tegral shroud-like hood, rather than a more typical direct 
duct connection. A direct connection can disrupt a dust 
collection system’s airflow balance because once air is 
evacuated through the bin vent, no air flows into the ves- 
sel. In contrast, the shroud contains the dust while main- 
taining constant airflow and minimizing the subsystem’s 
required air volume. 

Dust collection at each LIW batch feeder and net weight 
batcher is also provided by a shroud that’s integral to the 
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unit and covers the feeder discharges above it. This shroud 
contains the dust while maintaining constant airflow and 
minimizing the air volume required for dust collection. 
After installation, the shroud can be moved by a worker to 
improve dust control without impairing batching accuracy. 
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In the bulk bag handling areas, one combination hood at each 
dump station captures dust from the station’s discharge access 
port and simultaneously provides bin venting for the station. 
The manually operated material flow-control valve on the 
discharge access port must be open during dust collection; 
when the valve is closed, the bag or bulk bag can’t be emptied. 

When updating a weighbatching system, you need to 
look at the big picture. 

At the two minor ingredient bag dump stations, conven- 
tional compound slot hoods capture the dust. Each slot 
hood is one large hood with multiple slots to distribute air- 
flow evenly for effective dust collection at different points. 

Ductwork. In our scenario, the system provider has de- 
signed the ductwork based on the equivalent foothelocity 
pressure method.’ This eliminates any need for using 
“blast gates” (inexpensive slide gates used to manually ad- 
just airflow at various points in a dust collection system) or 
other devices to balance the airflow. 

The ductwork handles a 3,900-fpm minimum duct veloc- 
ity and, for airflow balancing, up to a 5,500-fpm maxi- 
mum. Because the subsystem handles relatively light dust 
loading and will sustain minimal abrasion damage, the 
ductwork is constructed of lightweight (1 6-gauge) steel. 

Dust collector. The cartridge dust collector, which has a 
side entry and easy-to-replace filters, provides high filtra- 
tion efficiency. The collector has an automatic pulse- 
cleaning system and a conservative air-to-media ratio so 
the producer can add more dust sources in the future to 
handle increased production capacity. 

Fun. The fan’s performance curve must accommodate the 
plant’s current and future needs without modifying the fan, 
and the fan is located in the weighbatching area rather than 
outdoors, so it must operate quietly. For these reasons, the 
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system provider specifies an oversized fan that can be op- 
erated at low speed. 
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The fan has a manual inlet damper so the operator can ad- 
just the airflow during startup. The HEPA filter at the fan’s 
exhaust allows the filtered air to be returned to the work- 
place, which meets applicable OSHA standards. 

The dust collection subsystem can handle 10,700 cfm of 
air at a static pressure of 14 inches water gauge. If the fan’s 
sheaves and belts are changed, the fan and dust collector 
can handle up to 14,000 cfm of air at a static pressure of 16 
inches water gauge. 

Central vacuum cleaning subsystem 
This subsystem keeps the weighbatching area clean, which 
is critical not only in this example scenario but in any food 
plant. The central vacuum cleaning subsystem uses a strong 
airflow to pick up powder and dust from spills and then 
move the material to a central location. The subsystem re- 
quires far less labor than manual sweeping does, and it con- 
tains the powder and dust rather than blows them around as 
compressed-air cleaning does. (Using compressed air to 
clean work areas also violates OSHA standards.) 

The central vacuum cleaning subsystem, as shown in Fig- 
ure 2, includes lines, hoses, and fittings; a filter-receiver; a 
rotary airlock valve; and a centrifugal exhauster. 

Lines, hoses, andfittings. The subsystem has three con- 
veying lines, one for each plant floor level. Each line can 
be operated simultaneously by up to two workers, so the 
entire subsystem can be operated by up to six workers at 
once. Hoses can be easily connected to any of several in- 
expensive, self-closing inlet valves, called hose connec- 
tion stutiuns, on each level. The stations are relatively easy 
to install and provide cleaning flexibility. 

Each hose is 1.5 inches in diameter because the system 
provider’s experience indicates that a 2-inch-diameter 
hose isn’t well-suited to this type of vacuum cleaning. 
Each hose is 25 feet long or less to control the high pres- 
sure loss associated with conveying air and material 
through a long hose. A hose longer than 25 feet is also too 
heavy and awkward for a smaller worker to control. 

The minimum velocity at any time through the conveying 
lines is 4,000 fpm (for best-case conditions, including 
when the subsystem is used by one worker and the filters 
are clean), and the maximum is 7,000 fpm (to handle 
worst-case conditions, such as when the subsystem is used 
by several workers and dust has accumulated on the fil- 
ters). While these velocities may seem excessive, they’re 
necessary to control the material entering the hoses. Be- 
cause the subsystem uses a centrifugal exhauster rather 
than a positive displacement device, the air volume can 
vary to match the number of workers while air pressure re- 
mains relatively constant. Although the high velocities 



44 Powder and Bulk Engineering, October 1999 

will wear the hoses and fittings over time, replacing them 
shouldn’t be a problem because they’re relatively inex- 
pensive and easy to obtain. However, one problem that can 
occur due to the high velocities is hose plugging from 
picking up a foreign object, such as arag. 

Filter-receiver, The filter-receiver separates the collected 
powder and dust from the air, and the material drops into 
its hopper section. The unit, which is equipped with car- 
tridge filters and an automatic pulse-cleaning system, has 
a conservative air-to-media ratio and is designed for high 
differential pressure. It has several tangential inlets with a 
heavy-duty, replaceable internal cone baffle to help parti- 
cles drop out of the air. The system provider has specified a 
75-degree slope for the filter-receiver’s hopper section to 
promote discharge of the powder and dust. 

Rotary airlock valve. The powder and dust discharge from 
the filter-receiver hopper through the oversized, heavy-duty 
rotary airlock valve. The valve provides differential isola- 
tion and constant discharge of the powder and dust through 
a flexible connection to a large, covered waste container. 
The valve, equipped with a direct drive to eliminate the need 
for a drive chain or sprocket, has food-grade construction 
and a close vane-tip-to-housing tolerance. The vanes also 
have beveled tips so they can shear oversize materials. 

Taking a total system approach to designing a dust 
collection subsystem can make it easier to run a 
cleaner, safer plant. 

Centriyugal exhauster, The system provider has specified 
the cast iron centrifugal exhauster because it can automati- 
cally adjust to the subsystem’s variable air volume needs, 
within certain limits, and maintain a reasonably consistent 
differential pressure so that the subsystem works equally 
well whether one or six workers are using it. In contrast, a 
positive displacement blower would require a variable- 
speed drive to accommodate these operating differences. 

To adjust to the changing airflow requirements, the exhauster 
uses a modulating automatic bleed-in system. This system 
increases airflow to the exhauster when only one or a few 
workers are using the subsystem and automatically stops 
adding air when more are using it. The bleed-in system acti- 
vates by detecting changes in the drive’s amperage draw. 

The exhauster has a direct drive, outlet silencer, and in-line fil- 
ter. It can handle 980 icfm at a vacuum of 12 inches mercury 
(or 163+ inches water gauge). To ensure top performance, the 
exhauster is designed to provide 100 scfm of airflow into the 
hose at the location farthest from the exhauster. 

Controls subsystem 
In our weighbatching scenario, the system provider has 
designed a controls subsystem to provide the control the 
producer needs to ensure that the weighbatching system 
performs as required. The subsystem’s automatic opera- 
tion is controlled by a programmable logic controller 
(PLC), which eliminates much operator involvement and 
allows flexible, reliable, high-level system control at rela- 
tively low cost. One operator is stationed at the PLC, and 
only one or two other workers are required to empty bags 
and handle other duties during system operation. A simpli- 
fied block diagram representing the PLC main control 
panel is shown in Figure 3. 

While the controls subsystem in this scenario may be less 
complex than that required for your weighbatching sys- 
tem, the following information can give you an idea of the 
range of unit operations and individual equipment controls 
and other components to consider when designing con- 
trols for the system. 

In addition to the PLC, the controls subsystem includes the 
controllers that are integral to various equipment in the 
weighbatching system: the automatic pulse-cleaning con- 
troller for the filter-receivers and dust collectors, the operat- 
ing controller for the bin dischargers, each LIW batch feeder 
controller, each net weight batcher controller, and controls 
for the AC motors on equipment in the system. The subsys- 
tem also includes many pressure switches and monitors. 

PLC. The PLC receives or creates batch formulas, moni- 
tors all system operations, and allows the operator to ac- 
cess information on the performance of each major 
equipment item, the subsystems, and the system as a 
whole. The operator interfaces with the PLC via a touch 
screen main control panel (shown in simplified form in 
Figure 3). The touch screen is large enough for the opera- 
tor to view easily from a short distance. 

The PLC can handle significant system expansion without 
major modification in case the producer’s batching needs 
expand in the future. 

The main control items, such as the PLC, LIW batch 
feeder controllers, and net weight batcher controllers, are 
in stand-alone panels in an environmentally controlled 
nonhazardous area of the plant. 

Integral equipment controllers. The controllers that are 
integral to various equipment in the system include the au- 
tomatic pulse-cleaning controller for each filter-receiver 
and dust collector and the operating controller for each bin 
discharger. 

In addition, each LIW batch feeder has an integral con- 
troller that governs the feeder’s weighing, feeding, cali- 
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brating, and alarm functions. This controller is linked to 
the PLC by network logic that allows the two controllers 
to talk directly to each other. Using an integral controller 
for each LIW batch feeder costs far less than providing 
separate PLC programming for each of the batch feeders. 
However, the operator can access each LlW batch feeder’s 
controls, alarms, and other items through the touch screen 
main control panel. 
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Each net weight batcher also has an integral controller. 
However, the PLC controls and monitors the net weight 
batcher’s bulk and dribble feedrate, batch weight, batch 
discharge, and alarm functions. The net weight batcher’s 
integral controller provides a pathway for the information 
the PLC needs to control and monitor these functions and 
to periodically calibrate the batcher’s electronic scales. 

The controls for the AC motors on various equipment in 
the system are used to start and stop the motors. 

Other controls: 

Screw feeder 
controllers 

Net weight batch 
controller 

Combinotion 
controller for 
LIW batch 
feeders 

Flour weighbatching subsystem 

Integral controllers: 

Controller for first filter-receiver‘s 
pulsecleaning system 

Controller for second filter-receiver‘s 
pulsecleaning system 

Motor controls: 

Two rotary airlock 
valves 

Sanitary gyratory 
screener 

Two screw feeders 

Variablespeed 
rotary airlock 
volve 

Other controls: 

Net weight botcher 
controller 

Variablespeed 
rotary oirlock 
valve controller 

Pressure switches and monitors. Various pressure 
switches and monitors throughout the system are linked to 
the PLC so it can evaluate the system’s performance and in- 
dicate when and where preventive maintenance is needed. 

The operator interfaces with the PLC via a touch screen 
main control panel. 

Differential pressure switches on the filter-receivers and 
dust collectors detect pressure drop changes that indicate 
problems with this equipment, such as ductwork block- 
ages and material backups. Another differential pressure 
switch indicates when the positive displacement exhauster 
for the powdered egg pneumatic conveying system is prcr 
ducing too high a vacuum. Differential pressure sensors 

Minor ingredient 
weighbatching subsystem 

integral controllers: 

Pulsecleaning system controller for 
cocoa dust collector 

Pulsecleaning system controller for 
corn starch dust collector 

Motor controls: 

Two fans 

Other controls: 

Screw feeder 
controllers 

Net weight botcher 
controller 

Motor control center 

Motor controls: 

Two ribbon blenders 
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Preparing for system installation 
In this and the following sections, you’ll see how the system 

system installation, startup, and post-startup support. 

Now that the snack food producer has approved the final 
weighbatching system design, the system provider recom- 

cilities to observe tests of the system’s feeders with each 

to help the producer become familiar with the feeders and 
their operation and gain confidence that the equipment 

visits the facilities to witness the tests. 
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ingredient that will be used in the batches. The purpose is 
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2. 
The test results confirm that the feeders can effectively 
handle the ingredients and perform as desired. The results 
also help the system provider size the equipment. Based 
on the test results, the provider orders the equipment. 

monitor the condition of inline filters and HEPA filters in 
the dust collection and central vacuum cleaning subsys- 
tems and can detect a failure in the vacuum producer. 

Monitors also track the amperage draw on the central vac- 
uum cleaning subsystem’s centrifugal exhauster and the 
dust collection subsystem’s dust collector fan to ensure air 
volume through these subsystems is adequate? 

How controls for one subsystem work. For a detailed idea 
of how the controls subsystem works, let’s take a look at 
controls for one weighbatching subsystem in this exam- 
ple: major nonflour ingredients (at left on Figure 3). In this 
subsystem, the following items are linked to the main con- 
trol panel: 

Nine level probes. 

W Ten aeration systems (pulse aeration discs or other com- 
ponents) for storage bins, net weight batcher, and auto- 
matic diverter valve. 

W Two automatic slide gates. 

W Automatic diverter valve. 

W Differential pressure sensor for centrifugal exhauster, 
inline filter differential pressure sensor, and motor am- 
perage monitor. 

W Alarms. 

The operator can control the operation of these items fkom 
the main control panel: 

W Vacuum pneumatic conveying system. 

Sanitary gyratory screener. 

W Ingredient levels in all bins and hoppers. 

W Air pulsing in aeration systems. 

W LIW batch feeders. 

W Ingredient throughput totals. 

W Net weight batcher (and, if an upset condition occurs, 
the controls subsystem makes batching corrections). 

At this point, the system provider plans the weighbatching 
system installation with careful attention to detail. During 
this stage, rather than simply waiting for the equipment to ar- 
rive and assuming that all will go well, the system provider: 

W Inspects the construction of major equipment items, in- 
cluding LIW batch feeders, net weight batchers, and all 
fabricated equipment, such as storage bins, ductwork, 
support steel, and platforms. 

Expedites equipment shipments to the producer’s 
plant, which is large enough to store the equipment be- 
fore installation. 

W Checks and rechecks equipment lists for the system. 

W Consults the installers (contracted by the system 
provider) and plans and coordinates the installation 
with them. 

W Inspects equipment after all items have arrived at the 
producer’s plant. 

With this level of preinstallation preparation, the system 
provider can assure its installers that they can install the 
system, both mechanically and electrically, without inter- 
ruption. This minimizes the installation cost and the pro- 
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ducer’s downtime. You should expect the same degree of 
preparation from your weighbatching system provider. 
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Installing and starting up the system 
As a result of the provider’s total system approach, with 
comprehensive engineering design, preparation, and plan- 
ning, the installation in our scenario goes virtually as 
planned. The installers encounter a few problems com- 
mon with any large system installation, but they’re quickly 
solved without added time or cost due to the system 
provider’s preparation. For instance, some additional vac- 
uum cleaning hose connection stations are installed at the 
producer’s request. Thanks to the system provider’s fore- 
sight, the extra fittings are on hand at installation. 

After installation, many of the system provider’s duties are 
just starting. The system provider and the producer’s 
safety officer now check the completed system installation 
for safety. This includes inspecting equipment grounding 
and safety labeling. 

Next, the system provider determines whether the system 
is ready for startup. To avoid the Keystone Cops situation 
common with some system startups, the system provider 
has developed a detailed plan for this process that includes 
thorough system testing. Two types of testing are used, 
called dry and wet. 

Dry testing. Dry testing is running the system equipment, 
including that in the dust collection and vacuum cleaning 
subsystems, without ingredients. Any system of this size 
has equipment problems at startup. This critical step al- 
lows the system provider to troubleshoot equipment oper- 
ation before the system handles ingredients. As the system 
provider runs this test, the producer’s operators observe. 

In wet testing, the system provider adds ingredients to 
the weigh batching system. 

Before the dry testing begins, the system provider checks 
the equipment both mechanically and electrically. Me- 
chanical items include checking and rechecking the rota- 
tion, lubrication, and related conditions of all drives; 
checking compressed-air connections and fixing leaks; 
and checking nuts, bolts, seals, and other connections. 
Electrical items include checking power sources; check- 
ing electrical inputs and outputs of all equipment; check- 
ing the PLC’s operation; and verifying that all alarms 
function properly. 

Next, the system provider runs the entire weighbatching sys- 
tem before the batch ingredients are added. Steps include: 

1. 
Activating each piece of equipment and checking it for 5 
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Checking and presetting the bin discharger’s operation 
(subject to later adjustment). 

Presetting aeration levels on all pulse aeration discs and 
related equipment (although the levels will most likely 
have to be adjusted during wet testing). 

Using manual input to run the entire system and simu- 7 i  
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late a batch operation, but without ingredients. 

H Presetting the LIW batch feeder and screw feeder bulk 2. and dribble rates (also subject to later adjustment). 

Checkmg and verifying the LIW batch feeder controls 
and calibration. 

Calibrating and checking the LIW batch feeders and net 
weight batchers for mechanical restrictions, hysteresis 
(an inability to return to the original weighing condi- 
tions), and other problems. 

The system provider corrects any problems encountered 
during these steps before moving on to wet testing. 

Wet testing. In wet testing, the system provider adds ingre- 
dients to the weighbatching system, but not all at once. 
Each ingredient is added and tested individually as thor- 
oughly as possible in the appropriate portion of the system 
so the provider can check the pneumatic conveying sys- 
tem performance, adjust the aeration and bin discharger 
settings, adjust the feeders’ bulk and dribble rates, and 
check the performance of level probes in the equipment. 
The dust collection and central vacuum cleaning subsys- 
tems are also tested. 

Then the system provider verifies each subsystem’s per- 
formance by evaluating it in relation to the entire system 
and makes any required final equipment adjustments. 

Now the system provider runs all the ingredients for actual 
batch formulas through the system. The provider handles 
the first several runs while the producer’s operators observe. 

Several runs are made with varying sets of ingredients and 
batch sizes to verify the system’s fd l  range of operation. 
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cally contacts the producer, by phone or in person, to an- 

minor problems before they become major ones, and pro- 
vide a reasonable amount of additional training. This pre- 
vents the problems that commonly result from a lack of 
communication between the system provider and a system 

tionship with your weighbatching system provider. 
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So what’s the end result of the total system approach demon- 
strated in this example? The producer has a smoothly running 
weighbatching system that creates more batches, satisfies 
changing market demands, and produces greater profits. 

When you need to upgrade your weighbatching system, 
take a look at the big picture. The total system approach 
can help you get a system that really works. 
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The system provider documents all performance results 
and compares them with the producer’s requirements. This 
determines that the system is operating at acceptable levels, 
so the provider trains the producer’s operators to take over 
the system operation (discussed in the next section). 

Providing support after startup 
Even after the successful wet testing in our scenario, the sys- 
tem provider is far from ready to leave the producer’s plant. 
Other steps in the system provider’s total system approach 
must still be completed. These include supplying operations 
and maintenance manuals and training operators and main- 
tenance workers. After leaving the plant, the system 
provider will also maintain contact with the producer. 

Supplying operations and maintenance manuals. The 
system provider distributes several copies of the complete 
operations and maintenance manual to the producer’s op- 
erators and maintenance  worker^.^ This critical resource 
provides both mechanical and electrical information. Your 
workers should receive this resource from your weigh- 
batching system provider as well. 

Mechanical items include system specifications, a list of 
equipment (including descriptions and expected perfor- 
mance), the expected system design performance, preven- 
tive maintenance procedures (both short and long term), 
troubleshooting steps, a reduced set of the system draw- 
ings, operations and maintenance manuals for major 
equipment items, vendor drawings of major equipment 
items, and a list of spare parts. 

Electrical items in the manual include system specifica- 
tions, a list of equipment items (especially for the main 
control panel), preventive maintenance steps, trou- 
bleshooting steps, PLC programming information, opera- 
tion and maintenance manuals for major equipment items, 
and a list of spare parts. 

Training operators and maintenance workers. In our 
scenario, the system provider trains the producer’s opera- 
tors and maintenance workers so they’re comfortable with 
the weighbatching system and regard it as “theirs.” This 
will ensure that they can keep the system running success- 
fully over the long term. The on-site training that began 
with the dry testing and was carried through the wet test- 
ing will now continue - with all workers from all shifts 
-with additional on-site work and classroom instruction. 
The training covers both mechanical and electrical main- 
tenance and relies heavily on using the system provider’s 
complete operations and maintenance manual. 

For further reading 
Find more information on weighing and batching equip- 
ment in articles listed under “Weighing and batching” in 
Powder and Bulk Engineering’s comprehensive “Index to 
articles” (in the December 1998 issue and on PBE‘s Web 
site, www.powderbulk.com). You can also find informa- 
tion on other equipment described in this article - pneu- 
matic conveying systems, storage bins, feeders, magnetic 
separators, dust collectors, and process controls - in arti- 
cles listed in the index under related headings. 
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Maintaining contact with the producer. The system 
provider knows that some system problems can occur 
even after a successful startup. So the provider periodi- 




