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FOREWARD 

This report was prepared by The Bendix Corporation, 
Environmental and Process Instruments Division, 
1400 Taylor Avenue, Baltimore, Maryland 21204, under 
USBM Contract Number S0366041. The contract was 
initiated under the Pittsburgh Mining and Safety Research 
Center Program. It was administered under the technical 
direction of PM&SRC with Dr. H. K. Sacks and 
Mr. R. C. Bartholomae acting as the Technical Project Officers. 
Mr. Dani.el B. Dawkins was the contract administrator for the 
Bureau of Mines. 

This report is a summary of the work recently completed as 
part of this contract during the period June 1976 to December 
1977. This report was submitted by the authors in January 1978. 
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I. INTRODUCTION: 

In the continuing Bureau of Mines program of noise control in 1mtlerground mines, 
the Bureau developed the Time Resolved Audio Dosimeter System. The Bureau, in its 
development of the Time Resolved System, produced working models of both the. Dosimete 
and Readout units and had proven the concept of time resolved noise exposure measure­
ments. In an effort to gain further field experience with the system, and to bring the 
Bureau developed system closer to a commercially manufacturable item, the Bureau 
contracted for the construction of five additional dosimeter 1mits and one additional 
readout device. These were to be manufactured according to Bureau of Mines approved 
drawings of the system. The contract was divided into three separate efforts. 

The first contract phase was the design effort, in which approved packaging and 
detailed mechanical design drawings were generated covering the time resolved system. 
During the Bureau development of the system, the dosimeter 1mit design had been virtu­
ally completed. The electronic design of the 1·eadout unit had also been completed, 
however, the readout mecanical design and packaging had nat progressed beyond the 
prototype stage. All design drawings produced had to be approved by the Bureau prior 
to construction of the first system. 

The next phase of the contract was the initial construction phase and consisted 
of the production of one time resolved dosimeter system from the Bureau approved 
drawing·s. The first system construction was to be approved by the Bureau prior to 
beginning the final phase of construction. 

The final phase of the contract was the construction of additional dosimeter 
units. These were to be-constructed in accordance with the approved drawing package. 

II. DESIGN PHASE: 

A. Dosimeter Unit Design: 

The design of the Time Resolved Dosimeter unit, as developed by the 
Bureau, was virtually complete. The Bureau design included the electronics design, 
printed circuit card layouts, and packaging designs as shown on the Bureau of Mines 
Drawing No. C-6881 dated January 30, 1976. The primary dosimeter design effort 
under this contract was the production of several piece-part drawings to facilitate 
fabrication of individual dosimeter parts per the basic Bureau design. Several 
modifications to Bureau designed parts were made at this tinrn in an effort to 
reduce manufacturing costs for individual items. The major changes to the Bureau 
design are summarized below with final approved drawings appearing in the drawing 
section of this report. 
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Drawing No. 2419643, Case 

The dosimeter case was constructed from a single section of standard 
extruded aluminum tube which was cust, capped and welded to the required dimen­
sions. In addition, the belt clip, mounting holes, and hardware were changed to a 
standard Bendix clip of similar design. 

Drawing No. 2419644, Dosimeter Assembly 

This assembly drawing details the mechanical assembly of the dosim­
eter tmit including the printed circuit card guides and the internal support structure 
for the switches mounted on the interconnected frame (connector bracket). This 
detail was not present on the original Bureau Drawing No. C-6881. 

Drawing No. 2419609, Cable Assembly 

This drawing details the cable assembly used to interconnect the 
dosimeter and readout units. This assembly did not appear in the original Bureau 
drawing package of the system. 

Drawings Nos. 2419611, 35, 36, 37, 38, 39, 40, 41, 42, 45 and 
2419763 

These drawings are all detail drawings of individual piece parts 
within the dosimeter unit. They were generated to facilitate manufacture of these 
parts by expanding upon the information available from Bureau of Mines Drawing 
C-6881. 

All the above noted drawings were submitted to the Bureau for approval 
on August 27, 1976. Approval was received on September 9, 1976. 

B. Readout Unit Design: 

The Bureau of Mines design documentation covering the readout 
unit consisted primarily of electrical schematics with parts lists. This informa­
tion is contained in Bureau Drawings C-6878, C-6879 and C-6880. The primary 
readout design effort under this contract was directed at the mechanical design 
required to package the readout unit into a fieldable system suitable for Bureau 
of Mines usage. The design drawings covering the Time Resolved Readout unit 
are summarized below. 
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Drawing No. 2419601, Panel Assembly 

This two sheet drawing covers the entire readout electronics assembly 
with the exception of the plug-in circuit cards. It consolidates all of the power supply, 
panel wiring, and card rack wiring information contained in Bureau drawings C-6879 
and C-6880. The design philosophy was to have all circuitry, except the four plug-in 
circuit cards, on one assembly with all interconnections easily traceable on one 
drawing. 

Drawing No. 2419698 and 2419700 

These drawings cover the power supply chassis and regulator mechanical 
assemblies. The wiring of these assemblies is integrated with that of the rest of the 
panel assembly and schematic information appears on Sheet 2 of Drawing 2419601. 

Drawing No. 2419608, Readout Assembly 

This drawing covers the overall readout unit assembly. It includes the 
complete panel assembly mounted in a waterproof carrying case. 

The remainder of the drawings included in the system design package are 
individual piece-part drawings made in support of the major assemblies. Table I lists 
all of the Bendix-developed drawings pertaining to the Time Resolved Audio Dosimeter 
System. The list includes only those drawings developed by Bendix under this contract. 
It is understood that the complete Time Resolved Audio Dosimeter System design 
package includes these drawings, as well as several Bureau of Mines original drawings 
and parts lists, covering such items as printed circuit card artwork and assembly 

· drawings, which remain under the control of the Bureau of Mines. 

The readout unit drawings were submitted to Dr. Sacks of the Bureau 
for review on July 22, 1976, After several additions and corrections, the readout 
drawing package was formally submitted to the Bureau for approval on August 27, 1976. 
Approval of the drawing package was received on September 9, 1976. 

III. CONSTRUCTION PHASE: 

The construction phases of the contract began on September 9, 1976 with the 
approval of the TRA Dosimeter System drawing package. The first phase consisted of 
the construction of the readout unit and one dosimeter tmit. Following; Bureau approval 
of the first system, three additional dosimeter tmits were constructed. 

The difficulties encountered in the construction of the first readout and dosimeter 
units were markedly different. It is for this reason that this report of construction, 
problems encountered, and recommendations will be separated with respect to readout 
and dosimeter tmits. 
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A. Dosimeter Construction Summary: 

The first Time Resolved Audio Dosimeter unit construction began on 
September 9, 1976, with the Bureau's approval of the drawing package. Mechanical 
fabrication, of piece parts for all five required dosimeters began on that date. Procure­
ment of all purchased parts also began on the approval date. Some problems developed 
in ordering electronics parts for the dosimeter unit as many component part numbers 
were missing, incomplete, or the specified component was obsolete and unavailable. 
The Bureau was notified of the problems encountered, and it was decided to resolve all 
component problems at the time of first system approval submission. Dr. Sacks of the 
Bureau loaned Bendix etched printed circuit card blanks in an effort to help relieve the 
long lead times associated with new printed circuit card orders. Delivery of the first 
Time Resolved Audio Dosimeter and Readout units was made during January 1977. 
At this time, a meeting with Bureau personnel was held to review system construction. 
The meeting was held at Bruceton on February 15, 1977. The various problem areas 
discussed at that meeting are summarized in the Problems and Recommendations 
Sections of this report. 

On September 20, 1977, approval of the first TRA Dosimeter system 
was received and construction pegan on the remaining units. On October 21, 1977, 
all remaining circuit card assemblies were shipped to the Bureau. On November 15, 
1977, the final hardware shipment of dosimeter mainframes was made to the Bureau. 

B. Readout Construction Summary: 

The readout unit construction phase began on September 9, 1976, with 
the Bureau approval of the system drawing package. Parts procurement and mechanical 
fabrication began immediately. Fabrication of all mechanical parts for the readout unit 
was completed during October of 1976. However, delivery problems with key electronic 
components delayed final readout completion until early December 1976. The readout 
unit was shipped to the Bureau on January 26, 1977. The readout construction was 
reviewed and electrical checks performed by the Bureau and on February 15, 1977, 
a meeting was held at Bruceton to review system construction. The various problem 
areas discussed at that meeting are summarized in the Problems and Recommendations 
Sections of this report. By letter dated October 11, 1977, the readout unit was approved. 

IV. PROBLEMS AND RECOMMENDATIONS, DOSIMETER: 

This section of the report presents the major problems encountered in the con­
struction of the Time Resolved Audio Dosimeter System. Where many individual 
problems were closely related, only the overall problem area and resultant recom­
mendations are presented. The aim of this area of the report is to recommend those 
general changes required to transform the TRA Dosimeter design into a commercially 
manufacturable item. 
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A. Problem - Component Part Numbers and Parts Lists: 

The greatest problems encotmtered with the initial construction of the 
first TRA Dosimeter system were centered in the area of parts definition. Part numbers 
of numerous electronic components as they appeared on the original Bureau drawings 
and parts lists were incomplete, and in some cases missing or in conflict with other 
parts lists covering the same assembly. This was brought to the Bureau' s attention at 
the initial system review meeting held on February 15, 1977. As a result of this, the 
Bureau later issued updated drawings and parts lists which corrected many of the in­
complete or conflicting part designations. This action, however, is not yet complete 
and many components are still incorrectly designated. 

B. Recommendations - Part Numbers and Parts Lists: 

Parts Lists - For all assemblies, duplicate parts lists should be elimi­
nated and one controlling parts list established for each assembly. This controlling 
parts list should be a separate document and not included on assembly drawings. In no 
case should two different parts lists cover the same assembly as is currently the case 
with the dosimeter plug-in circuit cards. 

Part Numbers - Controlling parts lists should contain only the most 
general and complete part number possible. A manufacturer's name should only be 
included where the part number or drawing number given applies to only one specific 
supplier. As an example, where possible, capacitors and resistors should be specified 
by the appropriate general military designation (such as RN60D1."J,,,.7XXFM) which 
completely specifies the components including value, tolerance, size, temperature 
coefficient, etc. This method of parts designation allows many parts suppliers to quote 
each item and avoids the problems associated with sole source pricing and availability. 
Semiconductors should be specified using the EIA or JEDEC registered numbers 
(lNXXA'"X and 2NX1..7XX designations) without reference to specific manufacturers. 

c. Problem - Assembly Drawings: 

There are no assembly drawings covering the dosimeter plug-in circuit 
cards. These drawings are required to define these assemblies as a great deal of 
required information is not available from the Bureau's current drawings, schematics, 
and parts lists. As an example, current drawings and parts lists covering circuit 
card no.1Al0A4 list only 37 items for this assembly. They totally fail to mention or 
include the location of approxirn.ately 100 separate wire jumper wires necessary to 
build this assembly. Also not mentioned are artwork designations and machining 
drawings covering the etched circuit card itself. This is typical of all circuit card 
assemblies in the system. 
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D. Recommendations - Assembly Drawings: 

It must be realized that every separate piece comprising an assembly 
must be included and documented in the system drawings. Assembly drawings must be 
made for each circuit card which show the location of each component on the c2.rd. Each 
jumper wire must be treated as a separate component and its location clearly documented. 
Printed circuit artwork and machining masters now under the control of the Bureau 
should be included in the definition of the circuit cards, which must then be given their 
own part numbers to be included in the assembly parts lists as separate components. 

The materials and assembly recommendations made by the Bureau during · 
the course of this contract should also be added to the dosimeter mainframe assembly 
drawings. Such items as wire designations and insulation sleeving are still missing 
from these assembly drawings. 

E. Problem - Jumper Wire Locations: 

There are a very large number of separate jumper wires used in the 
assembly of the dosimeter plug-in circuit cards. Many of these connect printed circuit 
paths which show no circuit pad or other visible component location indicator to aid in 
proper jumper location. These wires are merely layed along, and soldered to, a 
section of otherwise continuous circuit track. Due to the very large number of jumper 
wires and dense packing on some boards, errors in jumper positioning are likely. 

F. Recommendation - Jumper Wires: 

The printed circuit artwork for the dosimeter plug-in cards should have 
some location designation for each end of every jumper wire. This may take the form 
of a drilled or undrilled pad marker which will be visible on assembly drawings of the 
card. This pad would then be referenced in the assembly drawings of the card indicating 
the proper connection points for each jumber wire. Assembly drawings would also 
show the preferred routing of each wire as required to avoid assembly problems. 

G. Problem - Checkout Procedures: 

No formal electrical checkout procedures are currently available from 
the Bureau for the overall TRA Dosimeter System, or for individual subassemblies 
such as the system plug-in circuit cards. Units constructed lmder this contract were 
built and shipped with no electrical checkout whatever, with all troubleshooting left 
to the Bureau of Mines. This resulted in a large number of subassembly manufacturing 
errors going undetected until final system checkout. 

Simple visual inspections proved totally inadequate to discover all 
possible problems in the densely packaged dosimeter and readout units. 
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H. Recommendation - Checkout Procedures: 

It is recommended that separate electrical checkout procedures be 
developed for each plug-in circuit card, the dosimeter mainframe assembly wiring 
and switching, and for the entire dosimeter and readout assemblies. Without these, 
any assurance of error-free construction of dosimeter units would be impossible and 
the Bureau would again be left with the entire troubleshooting burden. 

I. Problem - Critical Parts Designation: 

Certain components used in the 'TRA Dosimeter System are critical to 
the proper functioning of the system, and the accuracy of the results obtained. An 
example of these are the temperature stable capacitors specified for use on the RMS 
plug-in circuit board. Such components are usually expensive, low production volume 
components, which can be difficult to locate and/ or require extremely long lead time 
for purchase. This was the case with the capacitors used on this contract. Sole source 
specification of such components is a serious problem. 

J. Reconnnendation - Critical Components: 

It is recommended that individual drawings be generated covering each 
specialized component in the 'TRA Dosimeter System and a general part number assigned. 
Each drawing should contain information as to maximum size, general.class of 
component, and all critical component performance specifications applicable to the 'TRA 
Dosimeter System design. Also included in each drawing could be a 11 suggested source of 
supply" listing the manufacturer and part number of at least one commercially available 
component meeting the drawing specifications. 'This drawing would document only those 

1 

characteristics of special components which are critical to 'TRA System performance. 
It also allows for choice of less expensive or otherwise more desirable components 
which meet or exceed all performance requirements for use in the 'TRA Dosimeter 
System without the sole source restriction. 

V. PROBLEMS AND RECOMMENDATIONS, READOUT 

There were few serious problems encountered in the construction of the TR.A 
Dosimeter System readout tmit. Most of the readout problems were in the area of 
electrical wiring er i·ors which were not detected prior to shipment. Several of the 
problem areas noted with the dosimeter unit apply equally to the readout unit and will 
not be repeated. 'These include the Checkout Procedures Problems and Recommendations 
and the Critical Components Problems and Recommendations. The only problem unique 
to the readout unit is centered in the area of the plug-in circuit cards. 

A. Problem - Readout Plug-In Circuit Cards: 

Readout plug--in circuit cards are now hand wired units. Hand wiring of 
plug-in circuit boards is not recommended for future units as it is time consumming 
and expensive~ 
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B. Recommendations - Readout Plug-In Circuit Cards: 

It is recommended that printed circuit artwork and assembly drawings be 
developed covering the readout unit plug-in circuit cards. If any quantity of readout 
tmits are produced, the printed cards will provide a significant savings in construction 
labor and expense. 

VI. GENERAL CONCLUSIONS: 

The current intent of the Bureau of Mines is to use the TRA Dosimeter System 
as a precision research tool in its continuing program of noise control in underground 
mines. As such, high volume production of the unit is unlikely and some degree of 
complexity and individual unit tailoring can be tolerated in the desire for measurement 
precision. During the course of this contract, the circuitry of commercial sound level 
meters and dosimeters were evaluated by Bendix in an effort to recommend less complex 
(and lower cost) circuitry for the dosimeter tmit. The Bureau indicated during this 
investigation that any replacement circuitry must be consisten with ANSI-S 1.4-1971 
TYPE I accuracy in order to be acceptable. No suitable substitute circuitry was 
available as most commercial offerings are specified as ANSI-TYPE II accuracy while 
current commercial TYPE I circuitry offers little or no real cost and complexity 
advantages for low production numbers over the current TRA Dosimeter design. The 
effort was discontinued. 

As an instrument designed for precision specialized monitoring of noise in 
underground mines, with very low unit production volume intended, the TRA Dosimeter 
System can function quite effectively as presently designed. Any effort to produce the 
TRA Dosimeter System in high volumes by a commercial manufacturing facility should 
include major design effort to incorporate the latest circuitry and labor saving 
construction techniques such as ribbon cable and connectors. In any event, it is highly 
recommended that advantage be ta.ken of the lessons learned and the recommendations 
made in response to first system construction problems before any further construction 
takes place. 

VII DRAWINGS AND PARTS LISTS: ✓ 

This section of the report presents all of the drawings and parts lists produced 
by Bendix in the course of this contract. This in no way represents the complete TRA 
Dosimeter System drawing package as many of the control of the Bureau of Mines. 
Table I lists all Bendix produced drawings pertaining to the Time Resolved Audio 
Dosimeter System, separated with respect to the major system assemblies. 
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DOS I METER UNIT 

2419635 
2419636 
2419637 
2419638 
2419639 
2419640 
2419641 
2419642 
2419643 
2419644 

PL2419644 
2419645 
2419763 

INTERCONNECTING CABLE 

2419609 
PL2419609 

2419611 

REI\DOUT UN IT 

2419601 
PL241960·1 

2419602 
2419603 
2419604 
2419608 

PL2419608 
2419698 

PL2419698 
2419699 
2419700 

PL2419700 
2419701 
2419864 
2419867 

TABLE I 
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Board, Component 
Rack, P.C. Board 
Track, Card 
Cap, Connector 
Screw, Captive 
Receptacle, Cable 
Cover 
Bracket, Connector 
Case 
Dosimeter Assembly 
Dosimeter Assembly 
Clip 
Cap, Microphone 

Cable Assembly 
Cable Assembly 
Cover 

Panel Assembly 
Panel Assembly 
Panel 
Rack Modified, Card 
Case, Carrying 
Readout Assembly 
Readout Assembly 
Regulator Ass~mbly 
Regulator Assembly 
Board, Component 
Power Supply Assembly 
Power Supply Assembly 
Plate, Power Supply 
Board Modified, Vector 
Bracket, Connector 
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