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FOREWORD 

This r e port wa s pre pared by The Bendi x Corpora t io n, Enviro nmenta l a nd Process 
Inst ruments Divisi on , 140 0 Tay l or Avenue , Baltimore, Maryland 21204 , unde r USBM 
Contract Number H0166 186. The contra ct was i ni t i a ted by the Pit t s bur gh fvli ning & 

Safety Research Center . It wa s admi ni stered under the techni cal di recti on of 
PMSRC wi th Dr. W. Court ney a cting as t he Te chnical Project Offi cer. Ms. 
Eliz abeth Rexroad was t h e Contr act Adm i ni s tr ator f or t he Bureau. 

Thi s report i s a summary of the work compl e te d as part of t his contra ct during 
the period June 1976 t o March 1978. Thi s r e port was su bmitted by t he authors on 
fvlarch 31, 1978 . 
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I. INTRODUCTION AN D SUMMARY 

A. I ntroduction 

Phase II of t he Machine Haunted Respirable Dust Moni tor (HNRDM) 
contract inc l uded the f abrication of one prot otype r es pirable dust sampl er/ 
detector assembly , (See Figure 1 and Figur e 2), th e design and f abricati on of 
support electroni cs , (See Fi gure 3), a nd t he l abor atory t e s t i ng of the Vw.ffiDM in 
accordance wi th the Phase I s pec i fica t i on , ( Secti on 1 . 4 of t he cont ract). The 
prot ot ype ~~DM design f r om Phase I required al l hardware to be mou nt e d on a 
common baseplate whi ch would be housed and protect ed by a fi nal a ssembl y con­
tainer (See Figure 4) s ui ta bl e for e nvironmental t es t i ng . The bas i c hardwar e 
incl uded in this r ugged cont a i ner is as f ol lows: 

• Jl_ir Mover 
• Part i cle s ize selector 
• Filter 
• Beta absor pt ion de t ec t ion syst em 
• Comp l imentary har dware s upp orti ng t he above 

The support e l ectronics was de signed t o give maximum f l exi bi li t y for 
controlling the MMRDM within a rea sona bl e co s t. The sel f-contai ned support 
electronics is hardwi red in a separate cons ol e f or convenie nce when in use. It s 
purpose is to power, time, and control all fun c t i ons i ni t i a ted i n t he ~~DM ; to 
ta l ly the beta absorption coun t s; and to di spl ay t he count s a nd the curr ent time 
of each cycle both the l ong t er m (eight hour col l ection) and t he s hort t erm (up 
to a f i fteen mi nute col l ection ) . A mi croprocessor was used f or impl ement i ng the 
controlling functions i n the support electro nics. The requireme nts for t he 
support electronics did not spe ci fy env i ronment a l testi ng. 

All testing was conducted at Bendix except for t he s hock tes t whic h 
was accomplished at a testing l aboratory in Massa chusetts . Res ul ts of t he 
testing indicate that the ~WffiDM is operational f or t he i mpo sed limi ts of ±15% 
for the eight hour l ong term collectio n and ±25% for the fif t ee n mi nute short 
term collection. 

B. Summary 

1. Mecha nica l Har dware 

All mechani cal hardware was mounted on a ba se pl ate securel y 
posi tioned in an armor clad ho using and seal ed wi th a cov er of compara ble 
strength and integrity . The hous i ng and basepl a t e were nece ssa ry for test ing 
the system as a unit and not as individual compone nt s. I n missile environments, 
components that function very wel l indi v i dual ly occassionally fa il as compone nts 
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in a system. The interactions of components and mounti ng structure can amplify 
the driving acceleration inputs to the individual components by many factors. 
For this reason it was believed necessary to investigate the compatibility of 
all the components when married as a common unit. The environmental testing 
results proved the hardware to be not only functional after many hours of test­
ing, but also to be functiona l during testing. 

All components were hard-mounted to a supporting structure. The 
mounting structural design philosophy can be approached from two different 
directions - one being a very soft-mounting system where the natural frequency 
of the loaded system is lower than the vibratory frequency - therefore, the 
structure will not follow the input. The second approach is where the loaded 
system natural frequency is above the vibratory frequency where attenuation or 
amplification is unlikely. 

The desi gn approach selected a stiff mounting system that would 
possess a natur al frequency hi gh enough not to affect the integrity of the 
mounted components. 

The mechani cal hardware fabricated for the l-1!1RDr1 successfully met 
contract requirements. The contract stated that the hardware to be fabricated 
would consist of an air mover, a particle size selector, a filter, and a beta 
absorption detection system. The detailed mecha nical hardware to satisfy this 
requirement consisted of the following: 

• air mover 
pump assemblies 
f luidic capacitor (tank ) 
f low meters 
f luidic flow controls 
upper transitional head assembly 
lower transitional head assemby 
pneumatic system 
upper head assembly lift mechanism (powered and manual) 

• particle size selector 
inlet tube 
inlet plenum 
two 10 mm *Dorr-Oliver nylon cyclones with oversized 
grit pots 
lilounting plate 

heated pneumatic lines 

*Reference to specific company names , products, or services is for information 
purposes only and does not constit ute endorsement by the Bureau of Mines. 
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• filter 
filter media 
filter media drive, indexing, supply and take-up syst em 

filter media dust spot punch and dust spot contai ner 
filter media dust encapsul ation 

2. Electronic Hardware 

The electronic hardware consists of the beta absorption detecti on 
system anG the e lectronic flow controller. The beta a bsorpt i on detection system 
incl udes the follow ing hardware: 

hardware: 

• detectors (Geiger-Muller (G-M) tubes) 

• high voltage power supplies 
~ solid state preamplifiers 

beta sources 

The electronic flow contro l system encompasses t he foll owing 

o motor control circuits 
different i a l pressure swi tch 

• doubl e diaphragm sampling pump 
pulsation dampener 

o di fferential pressure inducer 

Th e function of beta absorption detection system is to detect 

changes in the mass between the beta source and the window (se nsor) of the G-M 
tube. The G-M t ube output i s a function of the beta radiation penetrat i ng the 
mass between the G-M tube and beta source. Since the penetration of beta 

radiation decreases with an increase in mass in the path of the radiation, the 
beta a bsorpti on detection system is a satisfactory sensor for de t ermini ng dust 

mass and it is not sensitive t o composition or particle s ize, at least for those 
materials found in underground coal mines. 

The electronic flow control system monitors the action of a 
differential pressure switch and a djusts the pump motor to keep the swi tch 
action nearly constant. The differential pressure switch i s connected 
pneumatically across a differe ntial pressure inducer and i s located in the inlet 
side of the pump. 

14 





3. Support Electronics 

The support electronics for the MHRDM provides the vital 
functions listed below: 

• +12V to the unit. 
• Control signals to the motors that advance the tape. 
• Control signals to the head lift mechanisms. 
• Stable time base for exposure and counting. 
• Display and hold the count data. 
• Safety interlock functions. 
• Allow for operator time interval selection. 
• Allow for manual period termination and tape advance. 

All the necessary support electronics was built into a desk top 
control console. It contains the system power suppl ies; one for the HMRDM and 
another to power the microprocessor control electronics. Six multifunction 
counters-timers are used. Four counters are used for, short term-clean tape 
count, short terQ-dirty tape count, long term-clean tape count, long terQ-dirty 
tape count, and two counters provide short term clock and long term clock 
functions. 

Thumb wheel switches permit the operator to se l ect the short term 
time interval (where both the tape reading time and sample collection time are 
the same), the long term sample time, and the long term tape reading times. 

Since the short term counters are in al most constant use, a 
display module was added to hold the count between tape advance interval s. The 
long term counters are programmed to store the count during the long term sample 
exposure time since the counters are not operational during this time. 

A microprocessor was programmed to control the operation of the 
MHRDJ.I-1. The sequence of operations is basi cally as follows: 

o Sense the need for advancing tape ei ther from the termination 
of the time interval or the manual switch. 

• Stop the clock and counter, holding the count. 
• Start the head lift motor and run until the head is up. 
• Start the tape advance motor and run the tape forward the 

proper amount. 
e Let the head return to the fully down position. 

o Transfer or store the count. 
o Zero the clock and counter if required. 

• Restart clock and counter if required. 
o Return to wait s t ate f or next c,ommand. 

15 





A more detailed discussion of the support el ectronics is 

contained in the section on support electronics. 

4. Testing 

Testing of the ~ffiDM was grouped into functional testing , and 

environmental testi ng. 

Functional tes t ing and investigation of a ll components of the 

!1MRDM wer e made to insure that the: 

• Filter Lledia will index accurately. 

• Fi lter medi a will withstand being dr i ven with a cogged drum • 

• Filter media spool diameter changi ng wil l not be a probl em • 

• Inlet heater s will produce enough heat for evaporating water, 

etc. 

Environmental test ing consist ed of onl y th ose test s spe cif i ed i n 

the co ntract such as: 

• Temperature extremes (32°F to 120°F) 

• Relative humidi ty extremes (10% RH t o 95% RH) 

• Vibration (4g 's , up to 500 Hz, for 10.5 hours) 

• Shock (20g's, 11ms, and 18 shocks ) 

Results of the environmental test s indicate that the !1MRDM 

remained functional throughout th e tests, was ruggedl y desi gned, and ref i nements 

should be made in a succeeding phase. 
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II. AIR HOVER AND PNEUMATIC SYSTEMS 

A. Introduction 

The ~ffiDM contains two pneumatic systems: one for the long term 
sampling and one for the short term sampling. The air mover for both systems 
uses the Bendix double diaphragm pump, whi ch is employed in the MESA-approved 
*Bendix Super Sampler Permissible Air Sampling Pump. 

The pneumatic system of the ~ffi DM was changed during the environ­
mental testing phase , when a contract modification required that an electronic 
flow controller be i ncorporated. See Figure 5 for Pneumatic System Block Dia­
grams. 

Prior to this requirement both long and short term pneumatic systems 

used a fluidic fl ow control based on a highly resistive system, where variations 
i n the filter media resistances (clean filter versus maximum dust loaded filter) 

affect the flow less than 2. 1% (See Ap pendix A). Both systems were fabricated 

and tested, and both systems will satisfy the flow control requirements. 

The Phase I pneuma ti c system, which was first fabricated and tested, 
employed two double diaphragm pumps. Both pumps were connected pneumatically in 

series. The inlet of the second pump in the circuit was connected to the outlet 

of the first pump. Therefore, both pumps passed an equal volume of air. The 
second pump exhausted into the housing of the ~ffiDM. The f i rst pump was 

connected on the inlet side to the flui di c capacitor (vacuum storage tank and 
system time constant). A pul sa tion dampener was not necessary because of the 

long system time constant. The fluidic capacitor was the common vacuum power 
source for both long and short term pneumatic systems. Cross talk was not 
experienced between the two systems; therefore, the two systems were compatible 
even though the transitional heads, where the dust spots are generated, are 
different iL diame ters. 

Two pneumatic lines came from the fluidic capacitor - one for the 
long term and one for the short term. The design of each system is essentially 
the same and are connected a t the inlet plenum where they both use the same 

inlet tube. 

lfRefer ence to specific company names, products or services is for information 

purpose s only and does not constitute endorsement by the Bureau of Mines. 
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The phase I flow control system advantages are the following: 

• No moving part controller 
• Fewer parts 
• Rugged mechanical system - shock and vibration resistant 
• Will not cause electrical interference or electrical line 

transients 

• Smooth air flow 
• Not subject to electrical pulses 
• Requires less skill to maintain or repair 
• Reliable 

The Phase II modification changed the pneumatic system as follows: 

• Removed the long term in-line pneumatic resistor 
• Removed the long term connection from the pneumatic capacitor 
• Added to the long term pneumatic 

a *Bendi x double diaphragm pump 
a pressure differenti al inducer 
an electronic controller module 
a pneumatic connection from the f low meter to the pressure 
differential i nducer 

The long term electronic flow controlled pneumatic system is well 
within the required flow of 2 ± 0.1 liters per minute, even when the inlet 
resistance increases ten times the resistance (less than 0.8 inches H2o) of a 
maximum dust collection of 5 rugs. The electronic f low control l ed approach wi ll 
increase the life of the pump motor and wil l use less electrical power to 
operate. 

Anticipated future r equirements wil l make the e l ectronic flow control 
the best approach since the MMRDM will be required to operate for a number of 
hours on the self-contai ned rechargeable battery. Since space on mining 
equipment is at a premium, the required battery volume will be of great concern 
and power justifications will be scrutinized. Therefore, it is anticipated that 
future phases of the long term and short term pneumati c systems will be 
iaentical. 

*Reference to specific company names, products, or service is for information 
purposes only and does not constitute endorsement by the Bureau of Mines. 
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B. Air Moyer 

The air mover is a double diaphragm pump that is used in approved 
mine sampling equipment. The pump has proven to be reliable, and yet is easily 
repairable when necessary. The double diaphragm pump is a four-piece molded, 
high-impact plastic assembly containing a connecting rod, two diaphragms, and 
four f lap valves, and is mechanically fastened with self-threading screws. 

The pump mo tor powers the connecting rod through a low friction ball 
bearing/crank eccentric. The diaphragms are attached to the end of the 
connecting rod. As the connecting rod moves, one diaphragm pulls air into its 
chamber through two flap val ves while the other diaphragm i s expelling air from 
the opposite chamber through two other flap valves into an exhaust chamber. The 
pump exhausts i nto the MMRDM housing creating a slight positive pressure inside 
the assembly, thus, reducing the likelihood of external dust entering . 

C. Pneumatic Capacitor 

The pneumatic capacitor is an aluminum fabricated tank containing 
provisions for mounting a nd for attaching four pneumatic connections. The tank 
served two functions: first, as a fluidic capacitor which increases the 
pneuma tic system time constant, and second as a continuous vacuum power source. 
It functioned as it was planned i n Phase I. The pneumatic capacitor will be 
deleted i n future designs whe n both channels use electronic flow controllers. 

D. Fluidic Resistor 

The flu i di c resistor was ne cessary in the Phase I design and remains 
i n the short term pneumati c sytstem of Phase II, but it is not required with the 
electroni c flow contr oller . The fluidic resistor is located in the bottom part 
of the short term f low me t er. I t functioned well in both the long term and the 
short term resistive capacitance fluidic network. 

It serves the f ollowing function: 

• Produces a significantly high resistive pneumatic circuit 
• Reduces pump pressure ripples 
• Minimizes t he effect of pump speed variati on 
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E. Flowmeter 

The flowmeter used i s a commercially available, *Dwyer VFA-23-55V. 
The scale is expanded so that a one liter-per-mi nute change is equal to a change 
in bead location on one half inch. The flowmeter was calibrated using a two 
liter bubble meter. 

F. Transitional Plenums 

Two sets of upper and lower stainless steel transitional plenums are 
used in the MMRDM. One set is for the long term pneumatic system and one set is 
for the short term pneumatic system. The upper and lower transitional plenums 
provide the necessary configuration to achieve a uniform dust deposition and not 
a center impact loader. The uniform deposition is very critical for accuracy 
since the Geiger-Muller (G-M ) tube is smaller in diameter than the spot. There­
fore, it is assumed in the mathematic ratio between the spot area and window 
area that the dust collected is of constant density throughout the spot. 

The transitional plenums permit a 13-millimeter diameter spot t o be 
deposited on the short term filter media and a 25-millimeter spot on the long 
term filter media. 

G. Heated Pneumatic Lines 

The heated inlet lines are teflon wrapped with *Clayborn heater tape, 
B-14-4, and insulated with an asbe s tos wrap covered with a reflective aluminum 
tape. The heater tape will raise the air temperature to more than 250°F during 
an air flow of 2 liters per minute. The air temperature varies depending on the 
location in the heated pneumatic lines. Temperatures were recorded from 150°F 
(3 inches into the heated l i nes) to 280°F (10 inches into the heated lines ) . 
The highest temperature recorded was 325°F at the end of the heated pneumati c 
line, yet the lines on the outside were not hot enough to be a hazard to per­
sonnel. 

The heated inlet lines were needed to address the Phase I requirement of 
paragraph 1.4.1 " .•. contractor's design ••• shall consider the effect of 
liquid water in the collected sample on the accuracy and performance of the 
sampler/detector assembly". The major concern was to ensure that the water will 
pass through the filter media. If it were to collect on the filter media along 

*Reference to specific company names, products, or services is for information 
purposes only and does not constitu te endorsement by the Bureau of Mines. 
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with the dust, the beta absorption detection system is unable to discriminate 

which part of the total mass i s dust. The mass of the water droplets influence 

the total calculated mass. The Bendix approach i s to heat the air sampl e to a 

temperature where the water ha s to change i n state from a l iquid to a gas in a 

short time period. 

Water in the gaseous s t ate will pass through the filter media, there­

fore, not contributing to the total recorded dust mass. The reason for not just 

changing the relative humidity slightly so that the water droplets could more 

readily evaporate is that the time for the water to change state is short. The 

heat is also required since the transitional heads are effective heat sinks, 

thus, reduci ng the temperature considerably as the sample reaches the filter 

media. The sample temperature at ti1e fil ter media should be kept as high as 

possible, but not hi gher than a safe temperature for the *Delnet backup membrane 

structure, a polypropylene scrim, when exposed for a total of eight hours. 

*Reference to specific company names, products, or services is for information 

purposes only and does not constitute endorsement by the Bureau of Mines. 
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III. PARTICLE SIZE SELECTOR ASSE~lliLY 

A. Introduction 

The contractual scope of work requires that the respirable fraction 
of the airborne dust shall be determined by one of the following methods: 

• A 10 mm *Dorr-Oliver nylon cyclone operated at 2 liters/mi nute. 
• A MRE elutriator operated at 2.5 liters/minute. 
• A size classifier operated at some other flow rate but having 

penetration characteristics comparable to the MRE elutriator. 

It also require s the design to consider the effect of liquid water in the 
collected sample and its effect on the accuracy and performance of the sampler/ 
detector assembly. 

The Bendix MHRDM employs the following features to meet the require­
ments as stated: 

• A 10 mm *Dorr-Oliver nylon cyclone is used. 
• A chamber traps the liquid water if present with the sample. 
• Pneumatic inlets minimize accepting liquid water. 
• Heated pneumatic lines prior to the filter media but ins ide the 

sample/detector assembly vaporize water droplets when present. 

B. Particle Size Se lector Assembly 

The particle size selector (Figure 6) is as close to the filter medi a 
as possible in order to mini mize the possibility of res i dual dust dislodging and 
settling on the filter media. Whenever a remote pneumatic inlet is required, 
obstruction to the operators vision will be minimized by installing a simple 
protected tube. The simplicity of installation for remote i nlets greatly in­
creases the flexibility of the design from one mining mach i ne to another. 

The particle size selector assembly consists of the following: 

• Two 10 n® *Dorr-Oliver nylon cyclones wi th modified traps 
• Mounti ng plate 
• Sealing cover 
• Inlets 

*Reference to specific company names, products, or services is for infor mation 
purposes only and does not constitute endorsement by the Bureau of ~lines. 
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Figure 6 . Particle Size Selector Assembl y 
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Two 10 mm *Dorr-Oliver nylon cyclones are used to separate there­
spirable dust from the airborne dust. The cyclones are proven products and 
enhance the confidence level that only respirable dust will be collected and 
moni tore d . Both cyclones extract re spirable dust from the sensing volume 
which i s crea ted by t he sealing cover. The cyclone inlets are adjacent t o each 
other for increasing the correlation be tween the short term sampling and the 
l ong term sampling. The sensing volume serves as a liquid water separator and a 
collector of dirt mischievous ly induced into the sensing inlet. 

A volumetric modification to the cyclone dust traps entailed replace­
ment of the current trap with a bushing and a cup. The size of the cup is 
adequate for a two month operation and was scaled from the existing t r ap. 

The base plate contains t he cyclones and the sealing cover and is 
secured to the MMRDM housing . The cyclone assemblies are well protected with a 
rugged sealing cover and shoul d provide adequate service without malfunctioning. 

The sealing cov er contains a pneumatic fitting which serves as an 
i nle t to the sensing chamber or a s a connector for remote pneumatic inlets. A 
t ypi cal remote pneumatic inlet is shown in Figure 7. The recommended orienta­
tion of all inlets is typi cal of a man breathing air with the flow in an upward 
direction at an i nle t velocity tha t is comparable to man. A single i nlet dia­
me ter of 1.4 ems simul ates t his condition for t he proposed dual channel system. 

*Refere nce to specific compa ny names, products, or services is for information 
purposes only and does not constitute endorsement by the Bureau of Mines. 

25 





SAMPLE 
DETECTOR 
ASSEMBLY 

Figure 7. Remote Inlet Location 

26 

REMOTE 
INLET 

~ 
== " :::::-





IV. FILTER MEDIA 

A. Introduction 

During Phase I a search was conducted for filter media candidates 
that would satisfy the following requirements: 

candidates: 

• Nonhygroscopic 
• A membrane filter 
• Retains 99 percent of one micron and larger dust particles 
• Alpha quartz content of less than five micrograms per 1,000 

square millimeters of filter area. 
• An infrared window with respect to transparency at the 800 

reciprocal centimeter region 
• High heat resistance 
• Suitable structural durability 
• Available in tape form 

Of the many vendors searched, only three materials found became 

• A polycarbonate membrane, N500C PR203-01, from *Nuclepore, Inc. 

• A polyvinylchloride (PVC) membrane, 50-50 PVC, from the *Amicon 
Corp. 

• A teflon/polypropylene membrane, L10475, from *Gore, Inc • 

A variety of filter sizes of the three candidate filter media was 
subjected to a maximum dust loading to determine the optimum operational filter 
parameters such as: 

• Filter size 
• Pressure drop 
• Dust retentive characteristics 

After the above was investigated, only two candidates remained; 
*Amicon and *Gore. The *Gore filter media was selected for the long term system 
since it was structurally more durable and could withstand a large unsupported 
area, which was required for the long term media. The short term system 
required a low mass filter but a strong filter media. The *Amicon media appear­
ed to be a good choice. Low mass was needed to develop better discrimination 
between the mass of very light dust deposits and the mass of the filter media. 

*Reference to specific company names, products, or services is for information 
purposes only and does not constitute endorsement by the Bureau of Hines. 
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The light dust loadings range from 60 micrograms to 625 micrograms distributed 
uniformly across a 13-millimeter diameter dust spot. 

Phase II started with the filter media candidates being: 

• A teflon/polypropyle ne membrane, L10475, *(Gore, Inc.) for the 
long term filter. 

• A polyvinylchloride membrane, 50-50 PVC, *(Amicon Corp.) for 
the short term filte r. 

B. Phase II Status at the Beginning 

During a 7 March 1977 meeting with the Techni cal Project Officer, 
it became apparent that the *Gore filter media did not possess an adequate 
infrared (IR ) window even though the vendor had indicated that it was obtain­
able through two methods: 

• A hot press treatment of the dust spot filter media (See 
Ap pendix B) or 

• By adding Nujol to the support side of the filter media. 

The above methods of obtaining acceptable results became less satis­

factory . The problem was serious since the success of the HMR DM depended on 
obtaining an acceptable customer-appproved filter media. 

C. Meeting with t he Two Vendors 

Bendix met with t wo vendors and shared the problem with them and 
asked for suggestions. There was a strong feeling the the *Gore material pos­
sessed a satisfactory IR window when processed by one of the two methods. The 
only recommendation at this time was to continue with the existing material. 

When talking with *Amicon, another concern arose and that was whether 
or not the material could be powered via a cogged drum and t he fact that the 

material was not readily available in tape form. 

D. New Fil ter Media Search 

1. Vendor Search 

Although not part of this Phase II contract, Bendix pursued a 

filter media search. Approximately sixty vendors were solicited for candidate 

*Reference to specific company names, products, or services is for informat1on 
purposes only and does not constit ute endorsement by the Bureau of Hines. 
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filter media. The list of contacts was established from the Thomas Register and 

from filter media vendors. 

2. Functional Tests Conducted on Sample Specimens 

Thirty-one different kinds of filter media from twelve vendors 

were tested for compliance with the follow i ng specifications: 

• The material shall not dissolve or decompose when emerged in ethyl or 

isopropyl alcohol. 

• The flow resistance through a filter area of 1 . 3 square inches shal l 

not be more than 1 inch-of-water at an airflovr rate of 2 liters-per­

minute. 

• The strength and s urface characteristics of the filter shall be such 

that dust deposited on its surface may be removed ultrasonically 

without tearing or degrading of the filter medi a. 

• The f ilter me dia shall be a self-supporting membrane type. 

• The f ilter media shall be ultrasonically weldabl e to polyethylene. 

• The f ilter media shall be capable of being pulled with a cogged drum. 

3. Filter Media That Met Bendix Requirements 

Thirteen of the best candidates were selected and sent to MESA for 

further testing. 

4. Results of the MESA Tests 

MESA tested each specimen for the following: 

• Dust Penetration 

• Hygroscopic property of the media 

• Flow resistance 

• Solubility 
• Possibility of degradation of the media by ul trasoni c activit y 

Only two filter media were acceptable. Both are products from the 

same vendor, *Hollingswor t h and Vose Company. The remaini ng eleven specimens 

failed one t o three of the tests. See Appendix C for the test results. 

The *Gore-Tex plus *Delnet failed only the penetration test. The 

vendor was contacted, and it was believed that the material should have passed 

the penetration test if the mater i al was of the quality the vendor believed that 

*Reference to specific company names, products, or services is for information 

purposes only and does not consti tute endorsement by t he Bureau of Mines. 
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it was and assuming that the ma terial was not damaged between the vendor, Bendi x 

and MESA. 

A new lot of material was procured from *Gore Associates and a 

sample was sent to MESA requesting another set of penetration tests. The tes t 

results were favorable. 

5. ~ted Candidate 

The selected candidate was the *Gore-Tex laminated with *Delnet. 

The density of this filter is less than the original *Gore-Tex used for the long 

term channel. Therefore, the filter media may be used for both the long term 

and short term channels. There has been preliminary infrared testing conducted 

at t he U.S. Bureau of Mines and these results indicate that the filter med i a has 

an adequate infrared window. 

*Reference to specific company names, products, or services is for information 

purposes only and does not constitute endorsement by the Bureau of Mines. 
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V. BETA ABSORPTION DETECTI ON SYSTEM 

A. Introduction 

The beta absor ption detection system consists of a beta source, a G-M 

tube, a high voltage supply for the tu be, and a solid state preamplifier. The 
dus t monitor operation requi r es the use of four beta sources and four G-M tubes. 
In t he s hort term sampling system, one beta source and one G-M tube read the 
clean tape and a second source and tube r ead the dust sample after th e collect­
ion cycle has been completed. In the long term sampling sy s tem, a beta source 

and G-M tube read the clean t ape and a second source and tube read the dust 
sample after the collection cycle has been completed. 

B. Detector 

The detector G-M tube s ize was chosen to be compatible with t he spot 
size which was deposited. The spot size was chosen by computer analys is . For 
the long term sample, an end window G-M tube with an effecti ve window diameter 

of 1 . 98 em was used. For the short term sample, an end window G-M tube with an 
effective wi ndow di ameter of 0 .917 em was procured. 

The main objective of t he detect or selection was to obt ain an effect­
ive wi ndow di ameter that approached th e diameter of the spot to be measured. 

La bor atory test s on an experimental detection system showe d t hat 
mea surement accuracy by the beta absorption technique i mproved as the total area 
of t he de posit s ensed by the G-M t u be increased . 

*LND, Inc. , 3230 Lawson Bl vd., Oceansi de, NY 11572, tu be type 7242 
was used for the long term sampl i ng system and the tube type 71 1 was used for 
the short term s ampling system. 

C. Beta Source 

The primary consi derations in the selection of t he beta source were 
areas of the source, activ i t y of the source, and source material. The ar ea of 
t he source was selected to be greater than the effective window size so that 
source and tu be alignme nt would not be cri tica l . A gap spaci ng of 0.08 inch 
be twee n the source and the tube was selected to minimize the effects of air 
density changes a nd fo cusing effects. 

*Reference to s pecific com pa ny names, produc t s, or s ervices i s for information 
pur poses onl y and does not constitute endorsement by the Bureau of Mines . 
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In t he short t erm measurement system, a nickel 63 sour ce of approx­
i mately 0.8 cm2 was used for th e clean tape and the sampled tape sources. 
The specified activity was 80000 $/mi n/cm2 • The short term source is 
supplied by *Monsanto Nuc l ear Products, Dayton, Ohio 45407. The source i s 
mounted on a nickel foil strip. 

The long term measurement system utilized a carbon 14 source of 
approximately 5.06 cm2 . The specified activity was 1.8x106 ~/min/cm2 • The 
l ong term source is supplied by *Amersham/Searle, Arlington Heights, IL. The 
be ta source is mounted on a po l ymer film which is bonded to a holding fixture. 

D. Hi~h Volta~e Source 

Each of the four G-M tubes is powered by separate power supply 
modules which conver t the 12 volt de to 700 volt de. Individual supplies are 
used to prevent cross talk between channels and to ensure that th e c urrent 
levels are low e nough t o pre clu de spark hazards. The 700 volt de sources have a 
potentiometer so the output count f rom the clean tape source can be adjusted to 
equal t he output count from the sampl e counter t ube when no dust sample is 
present by adjusting the voltage supplied to the tube and the tube to source 
spacing. 

Many manufac turers of power supplies were investi gated a nd it was 
found that the requirements could be satisfied by several. The (power supply) 
PN C-8T was procured from *Venus Sci entific , Inc., Farmingdale, NY 11735. 

E. Solid State Preamplifier 

Due to the high impedance circuitry associated with a G-M tube, care 
was exer ci sed in the circuitry layou t and i n the choice of i nput circuits. To 
provide counting accuracy and t o limit s tray capacitances and parasitic effects, 
the i nput r e s istors for ea ch G-M t ube are mounted close to each tube and the 
anode of each resis t or is physi cally mounted on the tube. The output from each 
G-H t ube is fed to a f ield effect t ransistor (FET) connected as a source follow­
er. The output of the source fo llower is of a sufficiently low impedance that 
the output s i gnal can be dis t r ibuted by shielded wire to the s i gnal conditioning 
and count i P-g circui try. 

*Reference to specific company names, products, or services is for infor mation 
purposes on l y a nd does not constitute end orsement by the Bur eau of Mines. 
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VI. ELECTRONIC FLOW CONTROL 

In the long term dust collection system, air flow through the collecting 
media is maintained constant by using an electronic flow control system to 
regulate the sample pump speed. 

The main elements of the control system are: 

• Differential pressure inducer 
• Pressure switch 
• Pulsation dampener 
• Double diaphragm sampling pump 
• Motor control circuits 

The theory behind the electronic flow control states that by using a 
differential pressure inducer with a constant flow through the inducer, a con­
stant differential pressure will be produced on each side of the inducer. If 
the flow changes, this pressure will change. Using this principle and a dif­
ferential pressure switch connect ed across the inducer, an electronic flow 
control system may be made. A schematic of the electronic flow control is shown 
in Fi~ure 8. 

The opening and cl osing of the pressure switch contacts impress a voltage 
on an i ntegrating capacitor. This voltage is sensed by a high input impedance 
FET amplifier stage which controls a series pass regulator circuit that supplies 
power to the pump motor . 

As the flow attempts to change, the pressure switch detects the resulti ng 
pressure change and the voltage on the integrating capacitor is shifted. This 
voltage change is amplified causing the series regulator to supply more or less 
power to the motor as required to correct the air flow and return it to its 
preset value. Circuit values are chosen to provide smooth operation and not 
respond to pump pulsation . Tests have shown that the flow rate remains in 
tolerance while operating even with a varying inlet fluidic resistance. 

To improve reliability and reduce dissipation in the pump motor pass 
transistor, a regulated voltage is supplied t o the electroni c flow control . 
This also helps reduce interac t ion with the rest of the system electronics. 
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Figure 8. Electro ni c Flow Control Schematic 

34 





VII. SUPPORT ELECTRONICS 

A. Control System 

The approach to the control system design began as a study effort to 
i dentify the t asks that must be ac complished. This effort also provided neces­
sary information to perform effective comparison among three methods. One 
system used motor driven cam switches. Another system used discreet electronic 
components. The third system incorporated a microprocessor. 

The system using a microprocessor was selected. A simplified block 
diagram is shown in Figure 9. 

A one card syst em , *Pro-Log Corporation, PLS-881, usi ng the 8080A 
micro processor was selected. A relay interface card controls the motors, and 
another card contains miscellaneous buffers and interface circuits. 

Two sets of digital display modules were added for the short term 
tape counters, since t he data is held on the counters for only a few seconds 
while the tape is advancing . The additional display modules hold the count of 
the last per iod during t he current counting period. 

B. Counters 

The *Data Preci s ion Corporation, Model 5740 counter was selected for 
each G- M t ube to allow maximum f le xi bility and simplicity of operation. The 
major features in the clock/counter are: 

• Readable display 
• Event range of 9,999 , 999 plus overflow 
• Remote control of operation 
• Parallel data outputs 
• TTL compatibility 

c. .Ql..Q..Q.k 

A separate *Data Precisi on Corporation, Model 5740 Multifunction 
Counter is used as the system clock for each tape channel. These instruments, 
the same as used for the frequency counters, provide a time r ange of 0 to 
99,999.99 seconds (27.77 hours). 

*Reference to specifi c company names, products, or services is for information 
purposes only and does not consti t ute endorsement by the Bureau of Nines. 
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D. Internal Timing 

To allow maximum f l exibility in test and o per a ti on , the operator 
sel ects t he time period used for dust collection and tape reading. 

In the case of the short term s ample, sampl e collect ion and s ampl e 
readout times are the same. As each sampl e i s being collected, a sectio n of 
olea n media is being read and the previousl y collected sample i s being r ead. A 
thumbwheel switch on the control panel allows interval selection from 10 t o 990 
seconds ( 16.5 minutes). 

The l ong term channel has two sets of thumbwheel switches allowing 
readout times from 10 to 990 seconds (16.5 minutes) and exposure times from 100 
to 99,900 seconds (27.75 hours). 

The desired times are dialed in seconds x 10 for reading time a nd 
seconds x 100 for long term exposure time. 

Thr ee sets of bit comparators are used to combine the clock out put 
data with the time desired. 

The resu l t is a group of 3 lines to the micro pr ocessor that re pre­
sents (1) the short term clock star t signal, (2) the long t erm clock signal for 
start of exposure, (3) the long term clock signal for start of the readi ng 
period. 

In each case, after the start signal has been recognized and pro­
cessed, the clock is reset to zero by the microprocessor before the next se­
quence is started. 

E. Manual Switch 

A manual switch initiates tape movement cycl es for the short term 
tape and the long term tape on both the chassis of the dust monitor and the 
contr ol console. 

Operation of any manual switch will cause the operating channel to be 
termina ted, the tape to advance and a new period t o s t art. If there is a ta pe 
adv ance cycle in progress, it must be completed befor e t he switch s i gna l wi l l be 
accepted. 
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F. System Power Supplies 

The dust monitor system is operated from standard 115V 60Hz power. 
The contr ol chassis contains the main system power supplies . 

A +12V supply fur ni shes power to the dust monitor chassis for ~e 
pumps, heaters, mo tors a nd G-M tube power supplies. 

A triple output power suppl y f urnishes +12V, +5V, - 5V to t he mi cro­
processor and its asso ciated circuits. 

Separate G-M tube power supplies were used to reduce i nteraction 
between t he system elements and for transient protection. 

A s i ngl e circui t breaker switch on the control chassis applies power 
t o the system. 

G. Int er lock Action 

Removal of the dust monitor case cover causes the i nter lock switch 
t o operate. Thi s switch controls a relay that turns off the +12V power 
supply that feeds the dust moni tor. The removal of the 12V will turn off the 
G-M tube source, and shut down the motors and heaters . 

The unit will no t operate until the cover has been repl a ced or the 
i nterlock overri de switch on the control console is operated. When either 
conditi on has been satisfied, all ci rcuits will be reset to zero awaiting a 
new manual start . 

H. Indicators 

To assist in fo l l owing th e system operation, several indicator 
lamps are provi ded. 

The short term s ystem has a reset and hold indicator over th e short 
ter m interval t humb wheel switches. The reset lamp is on when the r eset to zero 
signal is supplied to the counters. The hold lamp indicates that the values on 
the clocks a nd counter s are being held. When both lamps are out, the clock is 
running a nd the counters a re opera t i ng . Data from the short term counters is 
transferred to the data storage displays at the end of each interval and held 
unti l the end of the next int er val t o allow for manual copying of the exposure 
data. 
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The long term reset and hold indicator operates in the same manner, 
except there are separate reset and hold lines for the clock and counters. This 
allows the count to be held and displayed during the time a sample is being 
exposed to the air flow. 

There are indicators in the card cage (Figure 3). On board 1, the 
interface board, there are four lamps that light when a switch closure is made. 
The top lamp is the long term tape head switch that operates when the modified 
head is in the up position. The second lamp is the long term tape drive switch 
which lights once for each increment of tape moti on. The third lamp is the 
short term tape head position and the bottom lamp is the short term tape drive. 
They are operated the same as i n the long term channel. 

The #4 card (Figure 3) is the relay interface card between the micro­
processor and the motors. A light on indicates that power is being fed to the 
motor. The lights and their function are listed from top to bottom. 

1. Long Term Tape Head Motor 
2. Long Term Tape Drive Motor 
3. Not Used 

4. Short TerrJ Tape Head !1otor 
5. Short Term Tape Drive Motor 
6. Interlock Relay Operated 
7. Not Used 
8. Not Used 

I . Operating Sequence 

1. General 

The microprocessor, after the power on sequence which resets the 
clocks and counters, looks for start signals from either the clocks or the 
manual switches. Since the clocks have been reset to zero, the manual start 
must be used for initial operation. 

As soon as the start signal is received, data in the clock and 
counters is held and the tape head motor is started. This l ifts the head until 
the limit switch showing the head is up has been actuated. The head motor turns 
off and the tape drive motor is started. The tape is pulled forward until the 
tape drive limit switch is actuated by the Geneva drive indicating the tape has 
advanced the proper amount. The drive motor turns off and the head motor is 
restarted. The head lowers and when it is down, the head motor is stopped and 
the clocks and counters are reset and started. 
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The microprocessor searches for the next start signal from either 
the clocks or manual switches. 

There are a few minor differences between the channels. The 
short term program stores the counter data in the display before resetting and 
starti ng a new time interval. 

In the long term channel, the microprocessor is programmed to 
alternate between two programs; one moves the tape one increment, and the other 
moves the tape two increments. Also, the counted exposure data is held in the 
counter display while the next air sample is being taken. 

2. Long Term Tape Movement SeQuence 

• Recognize start s ignal, either clock or manual switch 
• Determi ne if tape is to be moved 1 positi on or 2 positions 
• Stop cl ock and counters 

• Hold data 
• Raise tape head 
• When head is up, start tape drive 
• Advance tape the correct amount 
• Lower tape head when t ape drive is turned off 

• Rese t cl ock to zero 
• Reset counters to zero if required to start count sequence 

next 
• If exposure sequence next - hold counter data 
• Start clocks 
• Start counters if count interval is next 
• Await ne xt star t signal 

3. Short Term Tape Movement SeQuence 

• Recognize start s ignal either manual or clock 
• Stop clock and counters 

• Hold data 
• Latch da ta in display module 
• Raise tape head 
• When head is up s tart tape drive motor 
• Index tape 1 position and stop drive motor 

• Lower tape head 
• Reset clock and counters to zero 
• Start clock a nd counters 
• Await ne xt start signal 
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J. Mi croprocessor System 

1. General 

To implement the control functions, a single card microprocessor 
system was chosen. It has more than adequate memory, speed, and input-output 
capability. The re lay interface card takes the low level microprocessor signals 
and uses them to control the relays to turn the motors in the MMRDM on or off. 

A listing of the input-output port assignments for th e logic 

system follows. 

2 . Input Assignment 

Por t 0 

1. Long Ter m Manual Switches 

2. Long Term Exposure Clock Signal 

3. Long Term Read Clock Signal 
4. Short Term Manual Switches 

5. Short Term Clock Signal 

6. Not Used 

7. Not Used 
8. Not Used 

Port 1 

1. Long Term Head Position Switch 
2. Long Term Tape Drive Switch 
3. Short Term Head Position Switch 
4. Short Term Tape Drive Switch 
5. Not Used 
6. Not Used 
7. Not Used 
8. No t Used 

3. Output Assignment 

Port 0 

1. Long Term Clock Reset Line to Buffer 

2. Long Term Clock Hold Line to Buffer 

3. Long Term Tape Head Motor to Relay 

4. Long Term Tape Drive Mo tor to Relay 
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5. Not Used 

6. Long Term Counter Reset Line to Buffer 

7. Long Term Counter Hold Line to Buffer 

8. Not Used 

Port 1 

1. Short Term Clock Reset Line to Buffer 

2. Short Term Clock Hold Line to Buffer 

3. Short Term Tape Head Motor to Relay 

4. Short Term Tape Drive Motor to Relay 

5. Data Transfer to Buffer 

6. Not Used 

7. Not Used 
8. Not Used 

Port 2 

1. Interlock Relay to Relay 

2. Not Used 

3. Not Used 

4. Not Used 

5. Not Used 

6. Not Used 

7. Not Used 

8. Not Used 

4. Program 

The processor program is arranged in f unctional groups: 

1. System Initialization 

2. Interlock Program 

3. System Reset 

Ll. Main Scan 
5. Long Term Manual Switch or exposure clock- 1 step 

6. Long Term Read Clock - 2 step 

7. Short Term 
8. Three Second Delay 

Room has been l eft in the microprocessor to allow growth poten­

tial. Room for expansion is also present since only one PROM has been used. As 

an example, only one-quarter of the PROM has been utilized . Further, ther e is 

space for three additional PROMS on the single microprocessor board. A copy of 

the program used may be found in Appendix D. 
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VIII. TESTING 

A. Introduction 

Two types of testing were conducted. First the MMRDM was function­

ally tested under room env i ronment to determine whether or not the mechanical 

and electrical hardware functioned in accordance with the design intent. 

Second, the MMRDM was fun ctionally tested while exposed to environmental condi­

tions s i mil ar to mine environments . 

B. Func tional Testing 

The ~ffiDM was functionally tested as each component was assembled. 

It was found tha t modifications were required in some areas before continuing. 

Thi s critical i nvestigation of components, interfaces and i nteractions of this 

multi-component system was necessary to ensure a higher probability of success 

dur i ng the envir onmental t est i ng phase. The following major assemblies were 

evaluated for adequacy of design and operation. 

• Air mover and pneumatic system 

• Part icle size selector assembly 

• Fi lter media 
• Beta absorption detection system 

• Supp ort elec tronics 
• Electronic flow controller 

The f ollowing are problem areas that arose during funct ional test­

ing the defective unit. 

• The 12 volt power supply failed; vendor replaced the defective 

unit. 
• The tape drive and t ransistional head lift motors were under­

powered for the tasks requ i red. It appears that the motor 

a s sembly was overrated. A gear pressed onto a shaft inside the 

motor assembly would slip causing a malfunction. Vendor stated 

that it would take a minimum of four months for another ship­

ment and none were available from off-the-shelf. Bendix re­

covered by adding a speed reducer to develop the necessary 

torque for reliable operation. 

• The material for Phase I long term filter media required a 

change since it possessed a customer unacceptable inf rared win­

dow (not required by contract). Another filter media was found 

aft er a lengthy search which may be used for either t he short 

term or long term channel. 
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• An unpredictable problem occurred with the coal dust that was 

used in the airborne dust generator. The problem caused con­

siderable delay since it was assumed to be a hardware problem. 

The coal dust was oily, and airborne dust was difficult to 

generate and control . Once the cause of the problem was recog­

nized, a new supply of coal dust was obtained, and the opera­

t ion was back to normal. 

• A contract modification required the flow to be electronically 

controlled and not mechanically controlled. Bendix proposed 

us ing a thermal type of flow sensor for this modification, but 

before ordering the hardware for the MMRDM, Bendix experienced 

malfunctions with the thermal type flow indicator used in lab­

oratory test equipment. The thermal sensor(s) is very sensitive 

t o the cleanliness of the air flowing through the sensor. Ben­

di x changed its approach by utilizing a differential pressure 

i nducer monitored by a differential pressure switch. The 

pr essure switch duty cycle is monitored and controlled by an 

e l ectroni c package t hat controls the pump motor speed. 

• The Scotch Tape roller bracket pivot point was rede s igned to 

obtain more contact force when rolling the Scotch Tape onto the 

f i lter media. 

• Punch structure was reinforced to prevent binding, and the fil­

t er material slot was increased to preve nt the filter material 

f rom getting caught in the die, 

• The manual and powered head lifting mechanism was modified to 

function eas ier. 

• Excessive cross-coupling and erroneous counting were found when 

using a single high voltage power supply and amplifier circuits. 

The problem was corrected by using separate power supplies and 

separate shielded amplifiers. 

C. Environmental Testing 

The environmental test plan was designed to conduct one environ­

ment a t t r ibute a t a time for those environments specified in paragraph 1.4.1 

of the Phase I Scope of Work. The environments considered were as follows: 

• Temperature (32, 70 , 120°F) 

• Relative humidity ( 10 to 95%) 
• Dust conce ntrations : (Long term: 0.2 to 5 mg/m3) 

(Short term: 2 to 20 mg/m3) 

o Type of dust (coal, limestone, Arizona road) 
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• Vibration [MIL-STD-810B, METHOD 514, Procedure 1, Part 3, 
Curve W(4g)] 

• Shock [MIL-STD-810B, METHOD 516, Procedure 1, saw tooth shock 
pulse amplitude (20g's), time duration-C (11 min)] 

The environment test plan is located in Appendix F. 

Environmental test data may be found in Appendix G. The recorded 
raw data was taken from the supporting electronic counters. The "clean tube 
count" is that data recorded for the clean filter media where the dust is 
about to be deposited. The "dirty tube count" is that data recorded for both 
the filter media and a percentage of the dust spot. 

D. Dust Mass Calculations 

The dust mass concentration is calculated by using the following 
formula and assuming the flow rate of the collected sample is 2 liters/minute 

Where: MC = dust mass concentration in mg!m3 

N1 = clean filter media beta count 

N2 = dirty filter media beta count 

M = beta source mass absorption coefficient 

Dd = diameter of the dust spot in em. 

T = dust collection time in seconds s 

The "factor to be multiplied by the log of the count ratio" is 
developed from the following factors: 

• GM tube window area 
• Dust spot area 
• Mass absorption coefficient 
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The factor varies as the dust spot area varies or when the mass 

absorption coeff icient changes, i.e. nicke163 for the short term and carbon14 
for the long term. The long term calculation based on a handbook mass 

absorption coefficient val ue and verified i n the laboratory is reasonably 

accurate. The shor t term calculation was in error about +90% based on a 

handbook mass absorption coefficient. 

It can be noticed that the values in "factor to be multiplied by the 

Log of the Ratio" column change for both long and short term. The changes 

refl ect t he dust spot area changes. 

At one of the meetings with the Technical Project Officer (TPO) 

duri ng Phase II, there was an expression of great desire that Bendix conduct a 

mathematical study of the data for determining whether or not the Phase II data 

is in tol erance with confidence level of 95 percent (not required by contract). 

Bendix conducted a study and the results are as follows: 

• Long Term: 

Data used may be found in Appendix G 

The average of all data is -2.202% (See Appendix H) 

There is a 95% confidence level that all data will be within 

+13.05% and - 17. 46% 
There is a 97.28% confidence level that all data will be 

+15% or less 

There is a 90% confidence level that all data will be -15% or 

more 
If the average had been zero and the constant factor adjust­

ed to create a normal distribution about zero, then a 95% 

confidence level will i ndi cate all data would be encompassed 

between ±15.25%. 

• Short Term: 

Data use d may be found in Appendix G 

The average of all data is -5.2664% 

There is a 95% confidence level that all data will be within 

+13.32% and -23. 86% 
There is a 99.84% confidence level that all data will be +25% 

or less 
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There is a 96.25% confidence level that all data will be -25% 

or more 
If the aver age had been zero and the constant factor adjusted 

to create a normal distribution about zero, all data would be 

within ±18.59% with a 95% confidence level. 

See Appendix H for data study computer program. 

See Appendix I for Shock Test Report from Associated Testing Labora­

t ories , I nc . 
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IX. CONCLUSIONS AND RECOMMENDATIONS 

A. Conclusions 

The Phase II MMRDM hardware was fabricated in accordance with the 

Phase I design with improvements. The equipment described in this report meets 

the Phase I req irement for measuring variable level s of airborne respirable 

dust concentrations while exposed to laboratory simulated mining environmental 

conditions. 

B. Recommendations 

Recommendations listed below are based on the fact that the proto­

type hardware functioned as originally proposed. 

• Another phase should be initiated to design machine-mounted elect­

ronic hardware that will meet the mining environment described in 

Phase I and the refinement of the prototype design. 

• Packaging approach should be a modular concept instead of one 

container housing all hardware. 

• Short term G-M tubes and long term G-M tubes should be the same to 

aid in logistics and to be more cost effective. 

• Short term filter media and long term filter media should be the 

same width to ai d in logistics and to be more cost effective. 

• Short term and long t erm pneumatic systems should be the same. 

• Short term and long term monitoring systems should be independent 

modules. 

• The G-M window area and the dust spot area should be approximately 

the same in s ize to increase accuracy of dust deposi t ion. 

• The material used for the upper transitional heads should be 

investigated to reduce the heat sink effect. 

48 





APPENDIX A 

TEST DATA OF THE ORIGINAL 

FLOW CONTROL SYSTEM 
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Test Data of t he Original Flow Control System 

(A Highly Resistive Fluidic System) 

Started Conditions: 

Filter resistance Actual Flow 

1.7 inches of H2o 2.01 1/m long term 

2.03 1 /m short term 

2nd Reading: 

1.9 inches of H2o 2.00 1/m long term 

2.02 1 /IIi short term 

3rd Reading: 

2.18 inches of H20 1.98 1/m long term 

2.03 1/m short term 

4th Readi ng: 

2.27 i nches of H20 1.98 1/m long term 

2.02 1/m short term 

5th Reading: 
2.42 i nches of H2o 1.99 1/m long term 

2.03 1/m short term 

6th Reading : 

2.6 inches of H2o 1.99 1/m long term 

2.04 1 /m short term 

7th Reading: 

2.7 inches of H20 1.97 1/m long terra 

2.04 1/m short term 

8th Reading: 

2.75 i nches of H20 1.97 1/m long term 

2.03 1/m short term 

9th Reading: 

2.94 inches of H20 1.97 1 ILl long terra 

2.01 1/m short terra 

The long term flow changed less than 2.1% when collecting more than 5 mgs of 

dust. During tnis time the short term varies less than 1%. Therefore, the 

resistive fluidic system can maint ain the flow for each channel, long and 

short term, well within t he 5% variation that is permitted even though both 

channels use the same common vacuum source. 
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APPENDIX B 

FILTER IVJ.EDIA 

INFRARED SCAN PREPARATION 
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IR SCAN SAMPLE PREPARATION - GORE-TEX LAMINATE 110475 

MATERIALS REQUIRED: (1) Carver Press (temperature-controlled 
platens) 

PROCEDURE: 

(2) Heavy Aluminum Foil 

(3) 211 x 2" polished metal plates 
(2 required) 

(1) A "sandwich" is prepared as follows: 

211 x 211 plate 
foil 

Laminate 1 10475 
foil 
2" x 211 plate 

(2) The "sandwich" is placed between the Carver 
Press Platens (preheated to 350°F), and 

allowed to heat 3-4 minutes. 

(3) 5000 - 10000 lbs. pressure is applied to the 
laminate for 1 minute. (This is gage press­
ure; effective pressure depends upon the 
surface area of the ram in the cylinder). 

(4) Release pressure, remove sample, let coo l 
and remove metal plates and foil. 
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APPENDI X C 

MESA FILTER MEDIA TEST DATA 
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RESULTS OF THE FILTER MEDIA TESTING CONDUCTED AT MESA 

Material 1:!2..._ . _p_j_N_. ManuLaD_t ure.r Press._ DroP. Weldabilitv MESA Test Result_s 

Strips 11 - Pall flex 0.2" of H2o Excellent Failed: Penetration 
and Degradation 

Zitex 13 H66 2-123 Chempl ast 1 .0" of H2o Excellent Failed: Penetration 
Solubility and Degradation 

Rmuay 16 2470 DuPont 0.2" of H2o Good Failed: Penetration 
Solubility and Degradation 

P10FEJOH 21 77386 Pall flex 0.5" of H20 Excellent Failed: Solubility 

TX40A30 23 3389A Pall flex 0.6" of H2o Fair Failed; Hygroscopi c 
and Degradation 

E70-2075W 24 3353B Pall flex 0 .8" of H2o Good+ Failed: Solubility 

IJl 
.t= Glass & 25 LD-2131 Hollingsworth 0.5" of H2o Good PASSED 

Polyester & Vose 

Glass & 26 HD-21-41 Hollingsworth 0.5" of H2o Good Failed: Solubility 

Polyester & Vose 

Glass & 27 LD-2 151 Hollingsworth 0 .5" of H2o Good Failed: Solubility 

Polyester & Vose 

Glass & 28 LD-2161 Hollingsworth 0.5" of H2o Good PASSED 

Polyester & Vose 

Glass & 29 LB-5211 Hollingsworth 1 .0" of H2o Good Failed: Solubility 

Polyester & Vose 

Nuclepore 30 N500CPR Nuclepore 0 .8" of H2o Fair Failed: Penetration 

Gore-Tex plus 35 RB07 07 Gore 0.2" of H2o Very Good Failed: Penetration 

Del net 
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MMRDM COMPUTER PROGRAM 

55 





Gl 
,:, 

G1 
,:, 

~nec .·,A-;l-
Pt>,G f: LIN " 
AO R ADA INS TR 

0 0 0 () 0 

1 3 J 
2 t- O 
J 12 
4 1-'(3 
5 <) 
6 'i o 
7 0 0 

8 

9 

A 

B 

c 
0 

E 

F ---
0 L O 

1 

2 

3 --
4 

5 

6 

7 

8 

9 

A 

8 

c 
0 

E 

F 

H [ X A O EC IMAL 

PA(.J E LI NE 
AO R A O H lNS TA 

0 zo 
1 

2 

3 

4 

5 

6 

7 

B 

9 

A 

B 

c 
0 

E 

F 

0 '3 0 

1 

2 

J 

4 

5 

6 

7 

8 F3 
9 3t:f" 
A FP 
B DJ 
c oz.. 
0 C.] 
E oo 
F OD 

MMRDM COMP UTE R P R OGRAM 

PR O-LOG CORPO RATION PROG RAM ASS EM BLY FOR M 

M ~;( MQ N IC TIT LE I"\ "" 'V""" DAT E / 0 - '1- 11 
INST n i]Ci'i7)N 

LAOE L 6P EAATII1N · OPenAN L' COMMEN TS 

rtv/ T L : rvot:> 

i.. l't TIV I T1 "/ ~ I ~t ~·'I ~ >< Pat"'.rr e- a 11 ;>. """ 

-- -- --
~=-.r L-"1!1-<l l\L ~ .rtvTt:-fl f? u.PT 

J M ;:> .\ "',...,, -r~ i! - c=- --
-
- RE~ t:- T : 

-- r-- --
r- .. 

------· 

100001 1174 

PRO-LOG CORPORATION PROGRAM ASS EMBLY FORM 

M N(MONIC TIT LE M..,_'\)t"'\. DATE 10- .. - ''"1 .! 
INS !IIllf: TION --

LAill L OPEHA TI ON Oj.>I: II AN L' COMMEN TS 

r,..oL ~ . Ot N \1 ':. T "J:.v /bl2 ~L< P< ADR · 

M VI (J ">c + "" lu c.J.. !l.e \~' 

~ 

ouT 2. 
-

J M I> JIA.t-"\~ • U -r. ' -
- :rr-.J IT~ '• . 10000 1/74 

56 





lVIMRDlVI COMP UTER PROGRAM 

PRO-L OG CORPORATI ON PROGRAM ASSEM BLY FOR M 

'l(XA DE C IMAL •.1N(t.\0 NIC TI TL E M M l)"""" DATE I0-'-1 - 77 
I'AGI:: u~•£ tt l !\ IH UCT IOrl 
AOR AOR H.J5 1R LADE L Of' l:flATION Of' t iiANL~ COMMENTS 

0 ..qo o o RI:'>I;T ~ IVOP 
1 F-(3 t=I e"'4~L L' :I"-v Tt-72P wi' T 
2 3 t: .. MV\ ( -l 0 I'E-v r ,_,..,.., oc.k ~-.= ,Av 
3 f::"lf" -
4 I .D ? O~ T ;> 

5 o2 -
6 3 e- MVI Q Sf ~.-<n 1. \ '-• (. ~t:'>\0 1 ''-' 0 

7 A I -
8 P1 our 0 

9 oo -
A 3 £" r"\v \ ~ '?o -r lAP s ' < ·H. f'l.t") ,~T T 0 

a ~---/ -
c 0 7 Ou\ I 

D 0 1 -
E c. J JM~ jUM(> T v 'S' ,q,.; · -
F &. o -
0 00 - 5 CA-v ; 
1 () Q 

2 

3 

4 

5 

G 

7 

8 

9 

A 

n 
c 
D 

E 

F 
10000 1 11 74 

PI1 0 -L OG CO RPOI1 ATI ON PROGRAM ASSEMBLY FORM 

H Ot "' 0 fC IM/ L .0.'.NE,.,10NI C T ITLE l'v\M.\:l""'- OATE ,o-'-1-l'l 
I' AGE LIN ( 

I NST fl L A ti EL 
I N:i iHU-CTI0"1 

A O R A0 11 (Jf'l!tAli (J N Ql' (llANP 
COMME N rs 

0 60 or; ')(AN : T -v 0 Pv rt < o -'t A 
1 oo 
2 ZF CMA eo ..... ,.. (.l .v'f t;:',.,_, , 

~ 1-·3 '77 l.OA-~ t> ...... T H A M OV i) A 

4 '7&' M V V AI!. l. OA-1'> A I-VITI+ ~-

5 t-6 /WI MA'>'1' - ~~ , J-O lt 1"-JAA) SL ~r-

6 o I -
7 c:.z . l ~i: j u ...._ l\ "' 1...,<41";:- 0 ::- t "/?Lit: 

8 (fo -
9 oo - L I A¥'E' --t------;- '7 & ~0 1.) A (I, ~oA~ B "'""'' t:l: 0 
8 o F RRc. k'o.,...,. 7, - SH tl ="'t" c, r_ ,_,..-
c F 6 ANI M 14<, K ~~') / ,::r,, -;- E'!JP . Ll.oc.J. 

D 0/ -
E cz .l Mf> 

F l .tfo -
o17 o 00 - L. 'TR '?" 

1 1 8 Muu Pt l> 
2 oP R lt t 

3 o~· i<ll.C. 
4 C:6 Avl MA ~I'\ It::> • -4.., Kl"Au C~rt · 

5 0 1 --- ----
6 c:.z Jto~ ··---

7 e o -
8 0 0 - 1- L A?f • 
9 ?11 MOIJ A t> 

A o F RR( 
B o F Rl\<. 
c oF R~C 
D E6 (-'\VI f'1AV't T<=ST ,::;,(1 <. h <'IN _,, <.J 

E 0 / -
F cz \~ .l u ... -..(:> :=,-r,.,flt= l'- 1 '/2ww 

\00001 ,,. 

57 





lVIMRDM C OMPUT ER PROGRAM 

PRO-LOG CO RPORATI ON PROGRAM ASSEMBLY FOAM 

HEXADEC I MAL MNEMONI C TITLE MM.\)1-'\ DATE t o- 4 - 1-, 
Pf,GE l1 NI: IN:>TAUCl iON 

AOR ADR INS Tn LABEL OP ERATION orenANC' COMM ENTS 

0 l( 0 L/0 -
1 CJ / - S T.<!Pt: 
2 78 n ou A'i'J 
3 0 1-- Ri<:c 
4 O F RR< 
5 OF eR < 
6 OF 1\.Rc 
7 E6 1=\Ni MA-\1-r- tc) 1 ~~ C.[.Jr 

B 01 -
9 c.z ..JMe 
1\ LjO -
0 0 / - ST4 Pt"" _: 
c c ; J t'\ P 
D {:,O - ,_. 
E oo - S <"vV : -
F 

0 9 0 
1 

2 

3 

4 

5 

6 

7 

0 

9 --
A 

B 

c 
D 

E 

F 

PRO-LOG CORPOR ATION PROGRAM ASSEMOL Y FORM 

HEXAO fCIM A L MNEMOtli C -- TIT LE tv\1-.'\)t'\_ DATE /0- 'f · I--, 
f't~,GE Li t.£: 11\l~ ll lUCTION 

A On ,\Oil INS T I1 LAB EL OI'EriA TION OPEIIA NL' COMMENTS 

0 (.1 0 lJE L"TR'?E' t M ll l 8 \-1 0L i) C ->C 

1 c. z -
2 DJ 0'--<, 0 
3 00 
4 Jp ,._.,., •'::1 c, M < H l> >-'\ U'T O'!l_ 

5 C6 -
6 OJ o u-r 0 

7 0() -
8 L)(J IIV I l O(J " r:v._ s .... Clo -'< ( h-._J _.,') 

9 0 / -
A 31-- CMC. 

B t: 6 ANI 

c 0 1 -
D c.. z ,)OJ .. 

E 118 -
F 00 -

0 /3 0 3E M v I .::,- ,;> l ~ c- s ]i'lrl7 U1Z u li-" 

1 C-4 -
2 OJ O ll1' 

3 00 -
4 C\) <:: .:lLI. l.uAJ 'T , SE" c.. 
5 .10 - -
6 0 / I"Pi't..A't· 

7 PG :r-v L cJ O"\ ,:;,It ~ ...., "~ De•<.Jl= 

8 OJ -
9 J F CI"'\C. 

A o F R.Kc. 
0 t:6 f\ 1\..11 

c 0 1 -
D cz .)Ill~ 

E G? -
F oa 

' 100001 " ' 

58 
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MMRDM Drift Data 

LONG TERM: 

llilJ& Clean Tube Dirty Tube 

Nov. 3 3015828 > 30181395 3002542 > 3005166.5 (Hin.) 
3020451 avg. 3007791 avg. 

Nov. 9 3020173 3020571 

Nov. 11 3011 801 Hin. -0.21% 3017 848 

Nov. 17 3027836 3017577 

Nov. 18 3031239 3022575 

Nov. 28 3032759 3013903 

Dec. 2 3033208 Max. +0.499% 3011147 

Dec. 8 3026573 3025491 

Jan. 3' 197 8 301646 9 > 3019700.5 avg. 3042908 > 3037755 avg. (Hax.) 
3022932 +0.052% 3032602 +1 .08% 

SHORT TERM: 

Nov. 3 46 921 > 467794 avg. 46610 > 46541 avg. 
46667 46472 

Nov. 5 47050 46825 

Nov. 8 46870 46688 

Nov. 9 47356 47459 Max. +1.97% 

Nov. 11 45968 46200 

Nov. 17 47394 Max. +1 .28% 47373 

Nov. 18 46445 46732 

Nov. 28 44993 Min. -3.85% 45241 Min. -2.79% 

Dec. 2 46386 45330 

Dec. 19 45849 45782 

Jan. 3 ' 1978 46041 46115 

46078 46061 

Feb. 14 46950 +0.33% 46727 +0.399% 
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ENVIRONMENTAL TEST PLAN 

for the 

Hachine Moun ted Respirable Dus t Honitor (Ht1RDM ) 

A. Room Temperature and Room Relative Humidity 

B. 

c. 

Long Term Correlation 

Short Term Correla t ion 

Long Term Correlation 

Short Term Corr elation 

Long Te rm Correlation 

Sh ort Term Correlation 

[5.0 mgs (coal dust)] 

[0.2 mgs (coal dust)] 

[0. 625 mg (coal dust) equivalent to 20 mg/m3 ] 

[0. 0625 mg (coal dust) equivalent to 2 mg/m3 ] 

[Between 0.2 and 5.0 mgs-limestone dust] 

[Between 0.0625 mg and 0.625 mg-limestone dust] 

[Between 0.2 and 5.0 mgs- Arizona Road Dust] 

[Between 0.0625 mgs and 0.625 Arizona Road Dust] 

0 120 F and Tempera tur e Box Relative Humidity 

Long Term Correl ation 

Short Tero Correlation 
[Between 0.2 mg and 5.0 mgs-coal dust] 

[Between 0.0625 and 0.625 mg-coal dus t] 

0 32 F and Temperature Box Rel ative Humi dity 

Long Term Correlation 

Short Term Correlation 
[Between 0.2 mg and 5.0 mgs-coal du st] 

[Between 0 .0625 mg and 0.625 mg-coal dust] 

D. Room Temperature and 10% Relative Humi dity 

Long Term Correlation 

Short Term Correlation 
[Between 0. 2 mg and 5.0 mgs-coal dust] 

[Between 0.0625 and 0.625 mg-coal dust] 

E. Room Temperature and 95% Rela tiv e Humi dity 

Lo ng Term Correlation 

Short Term Corre l ation 
[Betwee n 0 .2 mg and 5.0 mgs-coal dust] 

[Between 0 .0625 mg and 0.625 mg-coal dust ] 

F. Vibration Test at Room Temperature and Room Relative Humidity 

Vibratory Spe ctrum: 5 t o 500 to 5 hertz 

Acceleration 4 g's 

Duration 3 hours each axis 
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Long Term Correlation 
Short Term Correlation 

[Between 0.2 mg and 5.0 mgs-coal dust] 

[Between 0.0625 mg and 0.625 mg-coal dust] 

Dust determination shall be recorded before, during, and after 

the vibratory input to the MMRDM. 

Comparisons shall be made. 

G. Shock Test at Room Temperature and Room Relative Humidity 

Acceleration 20 g's 

Duration 11 ms 

Number of Shocks: 3 shocks per axis - total of 18 shocks 

Long Term Correlation 
Short Term Correlation 

[Between 0.2 mg and 5.0 mgs-coal dust] 

[Between 0.0625 mg and 0.625 mg-coal dust] 

Dust determination shall be recorded before and after the shock 

input to the MMRDM. Comparison shall be made. 
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Raw Test Data and Calculated Dust Levels 

Factor to be 
Multiplied Clean Dirty Weighed Calculated % 
by the Log Tube Tube Dust Dust Of 

of the Ratio Count Count (mg) (mg) ERROR Channel 

A. Room Temperature and Room Relative Humidity 

19 ·339396 3011395 2766392 1. 721 1 .6 41 -4.65% Long 

19.339396 2999981 2572351 3.396 2.974 -12 4% Long 

19.339396 3137759 2999985 0.885 0.868 -1 .89% Long 

19.339396 2963431 2882056 0.455 0.5383 +18.3% Long 

19.339396 3026871 3008016 0.122 0.1208 -0.95% Long 

19.339396 3108847 3039234 0.441 0.438 -0.686% Long 

19 ·339396 3117077 2489128 4.638 4.351 -6.19% Long 

0.8491633 17858 16836 0.047 0.050 +6.47% Short 

0.8491633 17646 13069 0.259 0.225 -1.55% Short 

0.8491633 17731 5086 0. 966 1 .060 +9. 78% Short 

0.8491633 16303 15533 0.050 0.0411 -17.83% Short 

0. 8481633 15638 8828 0.502 0.4856 -3.28% Short 

0.8481633 17 434 14690 0. 119 0.145 +22.2% Short 

0.8481633 15953 15001 0.055 0.0523 -4.96% Short 

30% Relative Humidity - Room Temperature 

19.339693 3160026 2400155 5.189 5 .3193 +2.55 Long 

CHANGE SPOT SIZE 

1.05766822 43141 30912 0.359 0.353 -1 .80% Short 

1.05766822 44703 30913 0.383 0.390 +1.86% Short 

1.05766822 42444 27404 0.467 0.463 -0.92% Short 

1.05766822 45849 29274 0.501 0.475 -5.28% Short 

1.05766822 42522 34136 0.259 0.232 -10.29% Short 

1.05766822 43234 34009 0.280 0.254 -9.34% Short 

24.632542 7623711 7365284 0.822 0.849 +3.34% Long 

24.632542 7617642 7421802 0.655 0.642 -2.05% Long 
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Raw Test Data and Calculated Dust Levels 

Factor to be 
Multiplied Clean Dirty Weighed Calculated % 

by the Log Tube Tube Dust Dust Of 

of the Ratio Count Count (rng) (mg) ERROR Channel 

A. Room Temperature and Room Relative Humidity 

Ariz. Road Dust 

24.632542 7777310 7542903 0.738 0.754 +2.14% Long 

24.632542 7617807 6867875 2. 41 2.553 +5.9% Long 

1.05766822 43236 32973 0.340 0.287 -15.7% Short 

1 .05766822 44988 23093 0.851 0.7053 -17.12% Short 

Limestone Dust 

24.632542 7883134 7729138 0.504 0.486 -3.58% Long 

1 .05766822 41083 33438 0.231 0.218 -5.63% Short 

1 .05766822 40578 37436 0.099 0.085 -14.14% Short 

After Vib & Before Shock 

24.632542 7638752 7466256 0.535 0.562 +5.0% Long 

1.05766822 41223 31207 0.328 0.294 -10.4% Short 

After Shock 

1.05766822 43398 33595 0.305 0.271 -11.21% Short 

After Shock 

24.632542 7678150 7515850 0.555 0.526 -5.2% Long 

After Shock 

1 .05766822 44511 36307 0.275 0.216 -21.6% Short 

24.632542 7508229 7247089 0.972 0.872 -10.3% Long 

1.05766822 44442 38851 0.17 9 0.142 -20.9% Short 

24.632542 7697476 7447361 0. 821 o. 813 -0.09% Long 
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Raw Test Data and Calculated Dust Levels 

Factor to be 
Hultiplied Clean Dirty Weighed Calculated % 

by the Log Tube Tube Dust Dust Of 

of the Ratio Count Count (mg) (mg) ERROR Channel 

B. Temperature: 120°F and Temperature Box Relative Humidity 

19.339693 296 9089 2820075 1 I 213 0 I 996 -17.89% Long 

0.8491633 42813 31456 0.294 0.262 -10.97% Short 

19.339693 3079608 2946624 0.900 0.8537 -5 I 15% Long 

0.8491633 43699 26578 0.404 0.422 +4.52% Short 

C. Temperature: 32°F and Temperature Box Relative Humidity 

19.339693 2969540 2784887 1 I 441 1 .242 -13.84% Long 

0.8491633 34468 17176 0.601 0.5915 -1.59% Short 

19.33 96 93 3042936 2837822 1 .234 1 I 3496 +9.37% Long 

D. 12% Relative Humidity - Room Temperature 

19.3396 93 7676267 6711793 2.688 2.597 -3.4% Long 

0.8491633 42746 17976 0.834 0.73553 -11.81% Short 

E. 95+% Relative Humidity - Room Temperature 

0.8491633 46722 336 91 0.283 0. 278 -1 • 77% Short 

19.339693 7326188 7012760 0.929 0.8456 -8.98% Long 
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Raw Test Data and Calculated Dust Levels 

F. Vibration Test Data 

Room Temperature and Room Relative Humidity 

Long Term Short Term 

Clean Tube Dirty Tube Clean Tube Dirty Tube 

Before: 7428369 7455842 39427 39447 

During: 7381367 7443714 39322 39583 

7419089 7450462 39483 39518 

7341105 7419132 38162 38679 

7361776 7418771 38420 38865 

7391093 7 433945 39264 39147 

7401766 7434062 41893 39197 

7405772 7433378 44301 39267 

7418525 7 445291 44157 39433 

7345373 7415560 38978 38851 

7346040 7429830 38445 38643 
38594 39318 

After: 7396851 7439041 39003 38984 

7 404394 7 432953 39064 38986 

7375061 7447245 39079 39196 

7 409469 7464052 39663 40015 

7422138 7 464316 39649 40068 

7392016 7439831 38842 39695 

Before Vibration 

Limestone Dust 

24.632542 7 883134 7729138 0.504 0.486 -3.58% Long 

1 .05766822 41083 33438 0.231 0. 218 -5.63% Short 

1.05766822 40578 37436 0.099 0.085 -14.14% Short 

After Vibration 

24.632542 7638752 7466256 0.535 0.562 +5.0% Long 

1 .05766822 41223 31207 0.328 0.294 -10.4% Short 
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Raw Test Data and Calculated Dust Levels 

G. Shock Test Data 

Room Temperature and Room Relative Humidity 

Clean Tube Dirty Tube Clean Tube Dirty Tube 

Before 
Readings: 7421839 7508368 38928 44862 

.3.am. ill-2.2. 

77121 89757 

Avg. 38560.5 Avg. 44878.5 

After 

BSla!lJ.ngs< 7381924 7524493 38618 45154 

7400171 7534559 38699 45434 

7435469 7553179 39062 45477 

7440617 7551840 39039 45540 

Avg. 7414545 7541018 38855 45401 

Ll7294 Ll32650 Ll295 Ll522 

Percentage 
Chang§ -0.098% +0.434% +0.765% +1 .16% 

Before Shock 

24.632542 7638752 7466256 0.535 0.562 +5.0% Long 

1 .05766822 41223 31207 0.328 0.294 -10.4% Short 

After Shock 

1.05766822 43398 33595 0.305 0.271 -11 .21% Short 

24.632542 7678150 7515850 0.555 0.526 -5.2% Long 

1.05766822 44511 36307 0.275 0.216 -21.6% Short 

.632542 7508229 7247089 0-972 0.872 -10.3% Long 

.05766822 44442 38851 0.179 0.142 -20.9% Short 

24.632542 7697 476 7447361 0.821 0. 813 -0.09% Long 
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MMRDM DATA STUDY - COMPUTER PROGRAM 

100 OPEN 'LP:' FOR OUTPUT AS FILE tl 

:1. 1 0 I=< Ef~ [I N 1 
:l ;;20 S=::O 
130 FOR N=l TO Nl 
140 F<E~1D E 
:l !'.'i 0 ~; =" S + E 
160 NEXT N 
:1. 7 0 A"" S / N 1 
180 PRINT t1:'AVERAGE IS'A 
:1.90 F~ESTDr<E 

200 F~E:r~D N1 
::210 V:::O 
220 FOR N=l TO Nl 
230 F.:EAD E 
240 D==E-f~ 

2!~i0 V=::V+D*D 
::260 NEXT N 
270 F<::"Scm<VIN1) 
280 PRINT t1:' RMS IS 'R 
~.??0 STOP 
1000 DATA 23,-4.65,-12.4,-1.89,18.3 

1010 DATA -.95,-.686,-6.19,-17.89,-5.15 

1020 DATA -13.84,9.37,2.55,-3.4,-8.98 

1030 DATA 3.34,-2.05,2.14,5.9,-3.58 

1040 DATA 5,-5.2,-1o.3,-.o9 
2000 END 

AVFRAGE IS-2.202 
F\i"'S IS -/.7805 

1000 DAl'A 25,6.47,-1.55,9.78,-17.83 

1010 DATA -3.28,22.2v-4.96,-10.97,4.52 

1020 DATA -1.59,-11.81,-1.77,-·1.8,1.86 

1030 DATA -.92,-5.28,-10.29v-9.34,-15.7 

1040 DATA -17.12,-5.63r-14.14,-lo.4,-11.21 

10:50 Dtllr:~ -.. 20.9 
2000 END 

(ll.)[h:f'tC![ 

F<tiS IS 
rs .. s • .::.:664 

9.48463 

Reproduced from 
best available copy. 
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Test Report No. _T_-_6_.;;.3_6_0-_1_1 __ No. of Pages_-"5 __ _ 

Report of Test on 

for 

RENDIX CORPORA~TON 

Associated Testing La bora tori es, Inc. 

Oa~ February 13. 1978 

Prepared Checked Approved 

By H . Linszne r E. Kulcsar D. Jarmv 
Signed 'j!t. ~- ...... I~ ~LtJJt'L ~),5----- j 

Date 2j,'f/7f:? / 
j -1~~-l>; :t/~t/7S 
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Administrative Data 

1.0 Purpose of Test: 

~o deterMine tbe effects unon the submitted Dust 
~onitor when sub~ecterl to the shoe~ test sneci~iect 

in t""d s renort. 

2 .0 Manufacturer: Bendix rornorPt~on 
Environ~ental ~ciences Division 
lll()n '~'Pvlor Roari 
Raltinore, ~arylanrl 21201 

3 .0 Manufacturer's Type of Model No.: HTV!RDM 

4.0 Drawing, Specification or Exhibit: \1Tri tten and verbal 
instructions from a 
representative of 
Bendix Corporation 

5.0 Quantity of Items Tested: One ( 1) 

6 .0 Security Classifcat ion of Items: Unclassified 

7.0 Date Test Completed: Ji'lnuarv 2F, 1 078 

a.o Test Conducted By: Associated Testing Laboratories, Inc. 

9 .0 Disposition of Specimens: P.eturJ'"'erl to nenrliy rornoration 

1 0.0 Abstract: 

~he submitted Dust Monitor was suh1ectect to shoe~ 
testinr in accordance with the written and verbal 
instructions form the Bendix Cornoration renresentative. 
No damage was incurred to the Dust Monito r as a result 
of this test. The unit was returned to Bendix for 
further evaluation. 

T-6360-11 Report No. _______ _ 1 
Page'----

Associated Testing Laboratories, Inc. 
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SHOCK ':'EST 

TES'r PROCF.:DURF 

~he Dust Monitor waR suhiec t ert to a sho c k test in 
acco r rl2nce "'ith custol"1er i_nstructions , as f'oJ1o'l'rs , 

m~P unit w:1s nountert to tf\e shocJr JT!R ch i ne . 'T'he shocv 
r?.chine N2s n:reviouslv cr>lihratPrl to nrod uce P shocJr 
nulse of' 20;r nea~r 8mnlitudP ann 11 millis eco nos time 
c'lura_tion. ml-)e s'hock nu1se W8Ve f'o:rT'1 annr oxirnat e c1 
trat of' a sa_wtooth. ~he Dust Moni t or was suh.ie c ted 
to a total of 18 hJows, thre P in eac h rtirection of 
three J"1utua1ly nernerdicula:r ?xes. 

Followin~ the test, the uni t was removed fr om the 
~ixture and exaJTli ned for evidence of nhysical damare. 

'I'ES'l' RESULTS 

There was no vi s i b le damage incurr ed to t he un it a s 
a result of t he s hock t est. The Dust Moni t o r was 
returned to Bendix Corporation fo r further e va l uatio n . 

Report No._----=T'-- ---"6'-3._6"--0:o...-_ l= l - Page---"'-3 __ 

Associated Testing Laboratories , Inc. 
Wayne , New Jersey 07470 

Burl ington , Massachusetts 01 803 





a: 
0 
t-..... 
z 
0 
~ 

t-
ll) 
:J c 

X ..... 
a 
z 
1.11 
IQ 

ID ,... 
' r.o 
1\.1 

' -1 l'J 

0' -

I 

I 
I 
0 

I 

0 0 

Report No . _ _ T.::.._-..::.6.c..!.j -=6-=0'----=l:..:l=---

" 

0 . .... 

~ 1 

~v 

~ 

0 

~ 

0 . .... 
I 

0 

tli 
I 

0 

Hi 
I 

I 

0 

.; 
I 

0 

u) 
I 

0 

0 
l\1 

0 
ID 
-1 

0 
Ul .... 

0 
0 
ID 

0 
0 
Ul 

0 
0 
q-

oU 
o iU 
ruUl 

q-

1 
00 .... 

Page--11~- --

Associated Testing Laboratories, Inc. 

81 

Wayne, New Jersey 07470 

Burlington , Massachusetts 0 180 3 





a: 
0 
1-... 
z 
~ 
t­
It) 
;:J 
a 

X ..... 
0 z 
[Q 

II) 

(' 

Ul 
tu 

..... [j 

.... o 

Oul .... 

-..... 

0 0 0 

..; Hi ru 

m- h l 60-l l Report No. ___ _____ _ 

~ 

0 0 . ... 
0 0 0 . tU wi .... 
I I I 

0 0 

.; ui 
I I 

0 
0 
0 
ru 

0 
0 
II) -
0 
0 
Ul 
..... 

... ... 
o'-' 
00 
ocu ..... 

0 
0 
en 

0 
0 
Ul 

0 
0 
l:f' 

oU 
oUJ 
rulll 

_,. 
I 

00 
..... 

5 Page·-----

Associated Testing Laboratories, Inc. 

82 

Wayne, New Jersey 07470 

Burlington, Massachusetts 01803 




	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018
	00019
	00020
	00021
	00022
	00023
	00024
	00025
	00026
	00027
	00028
	00029
	00030
	00031
	00032
	00033
	00034
	00035
	00036
	00037
	00038
	00039
	00040
	00041
	00042
	00043
	00044
	00045
	00046
	00047
	00048
	00049
	00050
	00051
	00052
	00053
	00054
	00055
	00056
	00057
	00058
	00059
	00060
	00061
	00062
	00063
	00064
	00065
	00066
	00067
	00068
	00069
	00070
	00071
	00072
	00073
	00074
	00075
	00076
	00077
	00078
	00079
	00080
	00081
	00082
	00083
	00084
	00085
	00086
	00087
	00088
	00089
	00090
	00091
	00092
	00093
	00094
	00095
	00096
	00097
	00098
	00099
	00100
	00101
	00102
	00103
	00104
	00105
	00106
	00107
	00108
	00109
	00110
	00111
	00112
	00113
	00114
	00115
	00116
	00117
	00118
	00119
	00120
	00121
	00122
	00123
	00124
	00125
	00126
	00127
	00128
	00129
	00130
	00131
	00132
	00133
	00134
	00135
	00136
	00137
	00138
	00139
	00140
	00141
	00142
	00143
	00144
	00145
	00146
	00147
	00148
	00149
	00150
	00151
	00152
	00153
	00154
	00155
	00156
	00157
	00158
	00159
	00160
	00161
	00162
	00163
	00164
	00165
	00166
	00167
	00168
	00169
	00170

