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GUIDE FOR THE DEVELOPMERT OF
SAFETY ASSESSMENT REPORT (SAR)

\<E>Thil report was developed by the R&D subcommittee of the AMC action
committee for system safety and is intended to provide researcher, combat
developers, program managers, contractors, testers, and =sers, guidance to
develop a comprehensive and effective safety sssessment report (SAR). The SAR
is a formal, comprehensive safety report that summarizes the safety data that
has been collected and evaluated during the life cycle of an item (ref 1). 1It
expresse® the considered judgement of the contractor or developing agency
regarding the hazard potential of the item and any actions or precautions that
are recommended to minimize these hazards and to reduce the exposure of

personnel and equipment to them. &

II1. RESPONSIBILITIES:

a. Materiel Commanders: AR 385-16 (ref 2) requires that an SAR will be
provided to the combat developer and the operational tester, development test
agency, and other testing agencies at least 60 days before the start of their
respective tests.

b. Heads of operational test (OT) and development test (DT) and
evaluation agencies, activities and commands:

l. Use the SAR information to integrate safety into test planning and
procedures anrd for shipping and handling of the system.

2. Ensure that developmental testing will not begin until an SAR has been
received, reviewed, and accepted by tle test agency.

I1I. SAFETY ASSESSMENT REPORT FOR FORMAT GUIDE:

The SAR is a formal summary of the safety data, collected during the
4esigu and development of the system, which provides a comprehensive evaluation
of safety risks being assumed prior to test or operation of a system or at
contract completion. In it, the contractor or material developer summarizes
the hazard potential of the item, provides a risk assessment and recommends
procedures or other corrective actions to reduce these hazards to an acceptable
level.

. 1. IRTRODUCTION:
SIATE THE PURPOSE OF THE SAFETY ASSESSMENT REPORT.

The purpose of the SAR is to provide a comprehensive evaluation of the
safety risks being assumed prior to test or operation of the system or at
contract completion. It should identify all safety features of the hardware
and system design and procedural hazards that may be present in the system
being acquired. It  should include, specific procedural controls and
precautions that should be followed.
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2. SISXEN DESCRIPTION. Develop by reference other program specifications such
as techaical wmanuals, system safety program plans, spe:ifications, etc., as
applicablie and:

8., Btate purpose and intended use of item.

The description of the system should begin with its intended use and the’
missiom that it is required to accomplish.

b. Give background information on development of item.
Provide an historical summary of the system's development.
c. Describe the item fully,

Include name, type, model number, presence of any radioactive source,
general physical features including size. weight, payload, and specific
operational features. Describe major subsysteme and components.

4. Describe fully and system that will be tested glong with the item.

For example, a wveapons system may need to be tested while mounted on a
epecific vehicle. While the wvehicle may already be a fielded item, its
interface with the weapons system needs to be evaluated.

e. Provide photos, charts, flow diagrams, or schematics to support the
system description, teat or operation.

3. SYSTEM OPERATIONS:

a. Present a complete sequence of system operations and emphasize the
safety features.

A system is designed, manufactured, and maintained to accomplish a
specific wission. It has certuin characteristics and limitations within which
it will function properly. Procedures which should be followed in sequence for
safe operation should be spelled out so that important steps are not by-passed.
Hazardous operations should be conducted only in designated areas. Only
essential personnel should be permitted within the hazard area during a
specific operation. Personnel and organizations should be notified before the
operation is begun. Escape routes should be clearly designated.

b. List and describe fully any special procedures needed to assure safe
operatirns, iacluding emergency procedures.

For example, misfire/hangfire/cook-off procedures or warnings should be
emphasized for all weapons, as well as load/stow/reload procedures for the
smoke grenade and associated launchers.

¢. Describe operating environments and specific skills for safe
operation, maintenance, or disposal.




d. Describe special facility requirements or personal equipment to
support/operate the system.

For exsmple, fire suppression system, climate cont.ol, ventilation, ear or
eye protection, gloves, clothing, etc,

4. SAYETY ENGIMEERING:

a. Include all system seiety data and include contractor safety data
developed during design and development phases.

The system safety engineering process may begin with known previous
experience and knowledge. The lessons learned from previous system
developments should be made available for the bhazard analysis. Other data
available from common resource banks such as government defense and industry
should be considered. Accident and incident data should be surveyed for common
types of safety hazards.

As long as hasards exist, there is the possibility, no watter how
improbable, that an accident will occur. Accidents are possible when the
system oOr its cumponents ave being tested during development. However, tests
are usually carried out by highly trained personnel who are alert to the
possibility that failures at that stage are likely. But wnen the system
becomes operational, the operational personnel may be less askilled,
knovledgeable, or capable of meeting emergencies. Designers must therefore
assume that in the hands of the ultimate user, the probability of accidents is
greater,

b. Show analyses and tests performed to point out hazardous conditioms in
the item.

Hazard analyses are the heart of the system safety evaluation. The types
of analyses that vere performed must be stated in this sectiop and the purpose
must be clearly defined. Since there are many types of hazard analyses, a
specific attempt to understand the system and the need to perform unique types
of analyses should be made.

An  explanation and instru.tions on the development of hazard analyses are
included in Appendix C of this report. They ‘nclude preliminary hazard
analysis (PHA), subsystenm hazard analysis (SSHA), and fault tree
analysis (FTA).

(1) Show hazard severity and the effect of hazards on system operation
and mission,

Hazard severity and probability of occurrence should be categorized in
accordance with procedures in paragraphs 4.5.1 and 4.5.2 of MIL-STD-882B. A
reproduction of these tables are included in Appendix C of this report.

(2) Explain system interfaces and associated safety implications.

The human/machine/hazards need to be examined and all of the system's
interfaces should be pointed out. Understanding the need for a complete




evaluation of hasards to assure that controls are considered in the PHA, iu
vital, 3ystem definition will initialy result in a suitable general design.
It is understood that sll hasards may not be recognized at this time. However,
this analysis should be continuously upgraded as the development phase
progresses. Catastrophic haszards should be considered as a source of fault
tree analysis so that the events leading to tae undesired event can be traced.

(3) B8how the results of hazard analysis validation tests.

. The wmethod by which safety controls are brought into existence must be
stated in a clear, positive policy. It will be necessary to verify that the
particular design meets the safety requirements specified. A safety test
matrix which identifies the particular areas that were tested, along with the
results and actions to abate the hazards should be present.

¢. Include surface danger sone data and other range safety data for
veapons or explosive items and sources of mnonioniging/ionizing radiation.

This section encompasses a wide variety of possible safety hazards which
may or may not be an integral part of the system. If the system relates to any
of the above, the information must be included. The following data needs to be
considered:

(1) General range control precautions, instructions, and danger zones
necessary in the firing and other use of ammunition and explosives in all types
of test operations utilizing water, airspace, and assigned land areas.

(2) Lasers are an example of nonioniszingy vadiation. Three aspects of
laser application which influence the total hazard evaluation are the laser
system capability of injuring personnel, the environment in which the laser is
used, and the personnel who operate the laser and the personnel who may be
exposed,

- . -

(3) Any ioniziug radiation hazards that may be present within the system
or as the result of operating or maintaining the system, must be identified.
Methods of safe guards need to be communicated.

d. When the developer states that the test presents no hazard, include
the basis for this decision and suprorting evidence.

In most cases some form of hazard analysis should be performed before
determining ¢hat no hazards exist. It is not enough to compare the aystem in
question to some other system that was previously €ielded. Copies of all
analyses and test reports should be included as evidence.

e. Health hazards (per AMC Suppl 1 to AR 385-16)

(1) Addres: any known or potential health hazards to test participants as
a result of the design or use of the system,

T I ER ey

(2) 1Include results (attach if available) of m-nda*ory health hazards
studies made by medical agencies (AR 40-10). Also include results of medical
research or consultations made to clarify the nature and degree of the hazard
to user personnel.




Exaaples would include tests for toxic gas concentrations, noise levels
(including impulse as well as steady state), and radiation measuzements,

. ¢c. Indicate whether the restrictions for human use volunteers (AR 70-35)
apply.

5. QOMCLUSIONS AND RECOMMENDATIONS:

s. State whether the system is completely safe for testing or whether it
is safe for testing with exceptions,

It should be remembered that test personnel, both during development
testing and operational testing, wmust operate, fire, evaluate, etc., the
materiel to be tested and it is necessary for their sefety and the safety of
military personnel who will later use the systems, that they understand all of
the peculiarities of the system. It is in this section that all known or
suspected hasards need to be summarized along with safe guards needed to
protect users against serious injury or loss of the system.

b. List exceptions for all real and potential haszards that may be
encountered. Make specific safety recommendations to ensnre the safety of
personnel and preservation of materiel and property.

(1) Related hazards should be classed as expected to occur under normal
or abnormal operating conditions.

(2) Explosive, electrical, mechanical, bh2oslth, radiological, and
compovite hazards should be covered.

¢. Highlight anv known safety or health problems that will require
further investigation during testing.
6. REFERENCES:

List references such as test reports, preliminary operating manuals,
maintenance manuals, and health hazard studies.
7. SIGNATURE BLOCKS:

The SAR should be signed as stated below:

Prepared by: Date
Concurred by: Late
Approved by: Date

N

(Page 6 Blank)
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1. DA Pamphlet 385-16 (draft), System Safety Management Guide, 1 January 1986.

1 2. AR 385-16, System Safety Engineering and Management, 3 Scptember 1985.
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APPENDIX B - SAFETY ASSESSMENT REPORT (D1-~SAFT-80102)

l. Intzoduction.

a. State purpose of the safety assessment report.

b. Give short summary.

¢. Provide an operational scenario description and ava.iysis of hazards
feceliar to the operational enviromment.

2, System description.
a. State purpose and intended use of item.
b, Give backgrouni information on development of item.

¢, Describe the item fully., include name, type, wodel number, presence of
any radioactive source, general physical features, and specifice operational
features.

d. Describe fully any system that will be tested along with the item.

3. Systeam operations.

a, Present a complete sequence of system operations. Euphasirze the safety
features.

b. Lest and describe fully and speciasl procedures needed to assure safe
operations.

4, Safety engineering.

a. Include all system safety data and include contractor safety data
developed during design and development phases.

b. Show analyses and tests performed to point out hazardous conditions in
the item.

(1) show hazard severity and probability of occurrence (MIL STD 882), if
applicable, and the effect of hazards on system operation and wission.

(2) Explain system interface and associated safety implications.
(3) Show results of hazard analysis validation tests.

¢. Include surface danger zone data and other range safety data for
weapor 3 or explosive items and sources of nonionizing/ionizing radiation.

d. When the developer states that the test presents no hazard, include the
basis for this decision and the supporting evidence.

B-1
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e. Address any known or potential health hazards to test participants as a
result of the design or use of the system. Attach OTSG Health Hazard
Assessment (AR 40-10).

5. Conclusions and -ecommendations.

a. State whethur cthe system is completely safe for testing or whether it
ie safe for testing with exceptions. o

b. List exceptions f{or all rcal and potential hazards that may be
encountered., Make specific safety recommendations to insure the safety of
personnel and preservation of materiel and property.

(1) Related hazards should be classed as expected to occur under normal or
abnormal operating conditions.

(2) Explosive, electrical, wechanical, health, radiological, and
composite-type hazards should also be covered.

¢. Highlight any known safety or health problems that will require further
investigation during testing.

6. References. List references such as test reports, preliminary over:*ing
manuals, maintenance manuals, and health hazard studies.

Prepared by: Date

Concurred in by: Date

Approved by: Date
B-2




APPENDIX C - SYSTEM SAFETY ARALYSIS

Sterting in basic research (6.1) the developer and contractor should

‘perform various factory, laboratory, and proving ground tests of par:s,

composeats, and subsystems, using "breadboard" or "brassboard" configuration.

Prom the begining, the system shall be designed, in a timely and cost
effective manner, to eliminate all potential and actual safety and health
hazards. These hazards shall be identified and evaluated in accordance with
hazards evaluatior techniques as spelled out in MIL-8TD-882B. These techniques
shall imclude, but not be limited to the following:




Preliminary Hazard Anslysis (PHA)

A Preliminary Hazard Anlysis 1s an dnductive process which
should be conducted early in the design phase of the system life
cycle to identify in broad or gross terms the potential hazards
associated with the postuiated operational concept. Ths analysis
is a comprehensive, qualitative, evaluation of the system which
considers the system from the viewpoint of {ts operational
envi. ument. As potentially hazardous operations, materials, and

‘design are {dentified, this information should be used in the

developmant of safety criteria to be dmposed 1in the
performance/design specificatfons. The Preliminary Hazard
Analysis, therefore, becomes & necessary system safety program
element to provide assurance that the system safety requirements
hecome an integral part of the overall technical design
requirements,

The Preliminary Hazard Analysis should dnclude, but not be
Yimited to, the following activities:

® A review of pertinent historical safety experience data.

] A categorized 1isting of basic hazard scurces including ar
{dentification of possible causes in 2ach category.

® An {nvestigation of the varfous sources to determine the
jrovisions which have been developed for their control.

° ldentificstion of hazards sources for which inadequate
control has been provided in the proposed design/procedures.

(] The provision of specific safety requirements/criteria which
should be {incorporated into the program documentation to
assure control of the sources which present unacceptable
hazard levels.

The following activities, areas, conditions should be considered
when performing the PHA:

1) Hazardous components

® Hazardous materials
® Energy sources -
9 Fluids and oils
® Off-property sources
° Pressure systems
2) Safety related interface considerations among various
elements
° EMI

(] Inadvertent activation
° Fire/explosive initiation and propagation



3)

4)

5)

6)

7)

Environmental constraints

¢ Temperature extremes

° Shock
) Noise and health hazards
e  X-Rays

Construction constraints

In adlition to many of the environmental constrainté.arQ

e Transportation

(] Installation

o Utilities

o OSHA

e Laser radiation

Operating, test and maintenance procedures

e Layout and lighting
o Crash safety
o  Egress and rescue

Facilities, support equipment and training

[ Codes and standards
® Certification
) Storage, assembly and checkout

Safety related equipment, safeguards

Interlocks

Redundancy

fail safe design

Fire supgression systems
Personnel protective equipment

Cc-3
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PREL IMINARY H ANALYSIS (PHA) - -
tructions for Completin

In Contract No. + enter the contract number for which PHA s
d*ing performed.

In Contimctofr T . anter the name of the Cuntractor
responsidbie for the PHA.

In PHA Nc. » encer the FHA Number whica shall be coded and

sequentially ‘numbered by each Contractor for each: system. This coding
sequence wili be utﬂiuq for a1l related analysis.

In Revision No. o, enter the revision number to findicate the
Tatest status.

In Subsystem » eonter the nomenclature of the subsystem
as broken out Trom the system.

In System + enter the nomenclature of the applicable
system.

In Drawing No. » enter the drawing number of the drawing on which
the subsystem is indicated.

In Prepared by Date the preparer will sign

and enter the date of issue or completion on each 'shut of the analysis.

In Reviewed by Date + the reviewer will sign
and enter the date of review on each sheet of the analysis.

In Approved by Date , the Contractor'x Project
H:nage{ w:n s{gn to approve and enter the date of approval on ssch sheet
of »=alysis, .

In (1) Function Description & No., enter the reference number and a brief
functional description of the subsystem under analysis.

In (2) System Mode, enter the state of the system, at the time of the
failure mode or condition.

In  (3) Hazard Description, enter the nature of hazard condition
{ntroduced by the failure of the subsystem. .

In  (4) Potential Cause, enter the most likely primary and secondary
causes of the hazard condition.

"In (5) Effect on Subsystem/lnterfacini )Subsystems. enter a brief
s

description of the hazard condition effect

on the subsystem and other
interfacing subsystems.
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PREL IMINARY HAZARD ANALYSIS (PHA) (cont'd)

Instructions {or Completing

In (§) Hazard Category, enter the h.jhest applicable hazard class in
accordance with MIL-STD-8828.

In (7) Redesign/Contro) Remarks, enter a brief description of the
redesign/control/corrective action(s) necessary for the hazard condition
being analyzed. Enter name(s) cf related analysis and reference number(s)
and which approach is being proposed - Design Change, Procedures, Special
Training, etc. ' .
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SYSTEM HAZARD ANALYSIS (SHA)
Instructions for completin

In Contract No. » enter the contract number for which SHA is being
performed.

In Contractor + @nter the name of the Contractor responsible
for the SHA,

In SHA No. » enter the SHA number which shall be coded and
soqutntiall{ numbered by each Contractor for each system. This coding
sequence will be utilized for all related predictions and analysis.

In Revision No. v enter the revision number to indicate the
Jatest status.

In Systerm + enter the nomenclature of the applicable system.

In Drawing No. enter the draﬁing number of the drawing on which
the subfunction 1s 1n31c;ted.

In Interfacing System ’ tﬁter' the nomenclature of the
spplicable interfacing system.

In Prepared by Date + the preparer will sign and
enter the date of issue or completfon on each sheet of the analysis.

In Reviewed by Date » the reviewer will siyn and enter
the date of issue cr completion on each sheet of the analysis.

In Approved by Date » the Contractor's Project
!¥n¢c~{ u:ll sign to approve and enter the date of approval on each sheet
of analysis.

In (1) Hazard bescription. .enter the nature of hazard condition
{ntroduced by the failure of the system.

In (2) System Mode, enter the state of the system, instance before the
failure mode or condition.

In (3) Potential Cause, enter the most likely primary and secondary
causes of the hazard condition.

In (4) Effect(s; on System, enter a brief description of the hazard
condition effect(s) on the system.

In (5) Effect(s) on Interfacing System(s), enter a brief description of
the hazard condition effect(s) on the interfacing system(s).

Cc-8




YST ANALYS! HA {cont'd)
Ingtructions f r Tetin

In (6) Interfacing Paramsters, enter the parameters responsidle for the
interfaction of the systen with other systess,

In (7) Hazard Cat enter the highest applicadble hazard cI.ass in
accordance with HIL-S.‘ET:B'ZB

In (8) Redesign/Control Actions, enter a brief description of the
redecign/control/corrective action(s) necessary for the hazard condition
being analyzed. Enter name(s) of related analysis and reference number(s).
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Operating & Support Hazard Analysis [(0 & S) HA

The purpose of the (0 & S) HA 15 to {dentify and analyze bPazards
assocfated with personnel and procedures during production,
testing, fnstallation, tratning, escape and operations.

The (0 & C) HA is nrormally conducted on all ddentified hazards
{nvolved with tasks with man/machine interfaces. When the (0 &
S) HA indicates a potential problem, it should be make known to
the responsible engineer in order to initiate & design review or
8 system safety working group actfon item. The (0 & S) HA should
be reviewed on a continuous basis to ensure that design
lod;n?ations. procedures, testing, etc., do not creaty hazardous
conditions.

The (0 & S) HA helps ensure that corrective or preventive

-measures will be taken to minimize the possibility that any human

error procedure will result in injury or system damage. The
(0 &8 S) HA provides inputs for recommendations for changes or
improvements in design or procedures to improve efficiency and
safety, development of warning and cautfon notes to be included
in manuals and procedures, and the requirement of special
training of personnel who carry out the operation and maintenance
of the system. ‘

A well-documented analysis shows compliance with the specified
system safety and operational requirements.

C-11
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Subsystem Hazard Analysis (SSHA)

The SSHA 1s an tnductive process which, in effect, 1s an
expansion of, with incressed complexity over, the Preliminary
Hazard Analysis. The completion of this analysis will normally
occur during the design phase and prior to the design freeze (in
2 system development, prior to CDR). This occurs when the actua!
systum design has been refined to the point where the detafled
informtion 13 avatlable. However, it can be used effectively
duriug operations as part of an investigation to establish cause
and effect relationships and probadbilities.

There are several types of SSHA's:

o  Fault Hazard Analysis (FHA)
° Sneak Circuit Amalysis
o  Fault Tree Amalysis (FTA)

However, only the FHA and FTA are discussed herein,

An SSHA/FHA {1s conducted on identified failure modes, and will be
qualitative to a quantitative analysis as the design develops.
When the analysis {indicates a potential problem, it should be
made known to the reiponsible Engineer {n order to initiate
proper action. An FHA should be reviewed on a continuous basis
to ensure that design modifications do not add hazards to the
azg:m The FHA should be developed in conjunction with the

It provides information to evaluste identified hazards, identify
safety critical areas and provide inputs to safety design
criteria and procedures with provisionr L(ad altermatives to
eliminate or control all category ! and ii hazards, to minimize
?r control category lII and IV hazards, and to identify critical
tems.

c-12
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FAULT HAZARD ANALYSIS (FHA)

Instructions for Completing

In Contract No. . enter the coniract number for which FHA is
being performed. -

In Contractor » enter the name of the Contractor
responsible for the .

In FHA No. » enter the FHA number which shall be coded and
sequentially numbered by each Contractor for each system. This coding
sequence will be utilized for all related predictions and analysis.

In Revision No. ,» enter the revision number to indicate the
Tatest status.

In Subsystem » enter the nomenclature of the subsystem as
broken out from the system and which includes the item undergoing FHA.

In System » enter the nomenclature of the applicable
system. :

In Drawing No. » enter the drawing number of the drawing on

which the LRU is Indicated.

In Prepared by + Date » the preparer will sign
and enter the date of issue or completfon on each sheet of the analysis,

In Reviewed by » Date » the reviewer will sign
and enter the date of review on each sheet of the analysis.

In Approved by . » Date » the Contractor's Project
Hanage; w:ll sign to approve and enter the date of approval in each sheet
of analysis. :

In (1) LRU No & Description, enter the reference number nomenclature and
brief functional description of the component/assembly.

In (2) Failure Mode, enter a brief description of the failure or
condition that is being analyzed.

In (3) Failure Rate. enter the probability of occurrence of failure mode
or condition. Give data source, such as experience, GIDEP, MIL HBK 217,

In {4) System Mode, enter the state of the system when the failure mode
or condition occurs.

In (5) Cause, enter the most l1ikely primary and secondary causes of the
failure mode or condition,

c-13
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OPERATING & SUPPORT HAZARD ANALYSIS [(0 & S) MA] |

Instructions for Completing Form 004:

In Contract No. + enter the contract number for which (0 & S) HA
i3 being performed. -

In Contractor + enter the name of the Contractor rnspoﬁsib\e
for the (0 & S} KA,
In (0 & S) HA No. » enter the (0 & S) HA n..ber which shall be

coded and sequentially numbered by each Contractor for each system. This
coding sequence will be utilized for all related analyses.

In Revision No. o enter the revision number to indicate the latest
status.

In Subsystem Function » enter the nomenclature "and function of
the subsystem as broken out from the system,

In System » enter the nomenclature of the applicable system.

‘In Facility , enter the description of the facility which
includes the system.

In Drawing No. + enter the drawing number of the drawing on which
the subfunction {s Indicated.

In Prepared by » Date » the preparer will sign and
enter the date of review on each sheel of the analysis.

In Reviewed by » Date » the reviewer will sign and
enter the date of review on each sheet of the analysis.

In Approved by » Date » the Contractor's Project

Manager will sign to approve and enter the date of approval on each sheet
of analysis.

In (1) Task or Operation, enter a brief descri?tion of the task or
operation for which the hazard condition is being analyzed.

In (2) Potential Cause, enter the most likely primary and secondary
causes of the hazard condition.

In (3) Effect(s) on Personnel System, enter a brief description of the
hazard condition effect(s) related to personnel and/or system(s).

c-14
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OPERATING & SUPMORT HAZARD ANALYSIS [(0 & S) HA] (cont'd)
Instructions for Completing

In (5) Hazard Category, enter the highest applicable hazard class in
accordance with MIL STD 8828B. -

In {6) Redesign/Control Actions, enter a brief description of the
redesign/control/corrective action(s) necessary for the hazard condition
b::sg (l;\a'lyzed. Enter name(s) of related analysis and reference
number(s).

C-15
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SUPPORT ACTIVITIES

. General

\thoughout a systam's life cycle there must be a continuing flow
of information between disciplines. This is especially trye for
the safsty &nd assurance disciplines.  “Next to design
inadequacies and defictiencies, the principal causes of equipment
and system failure and accidents are errors made during
manufscturing and maintenance”. ' )

‘Much of the amalytic work is complementary, and data developed
for reliability purposes can be used in safety analyses. There

is a continuous tinterplay that must be recognized during the
analytic and investigatory processes.

Some of these analyses are: )

1) Failure Modes and Effects Analysis (FMEA)

2) Failure Modes, Effects and Criticality Analysis (FMECA)

3) Maintenance Engineering Analysis {MEA)

4) Predicted Mean Time to Repa.r

The FMECA and the PMTTR are discussed herein.

In addition it {s essential that the system safety engineer be
able to track category 1 & 11 hazards and the verification of the
eventual "fix", whether it be a

] Design/hardware change,

) Procedural change, or

] Training requirement.

The critical Items List. (CIL) enables the engineer to do this.

c-ié6




Critical Items List (CIL)

The purpose of the CIL 1s to compile all the identified
safety-critical {tems to provide visibility for immediate
corrective action to prevent persomal injury or system damage
when a category I or 1l hazard {is d{dentified. The CIL also
provides a control technique for relfability when a category 1
and 2 criticality 1tem 1s {dentified. The CIL should be reviewed
on a continuous basis until all items are resolved. -

The CIL helps ensure that corrective action or preventive
measures are teken to optimize system safety, reliability and
maintainability by minimizing the magnitude and seriousness of
those itams which could result in personal injury, System damage
and loss of operation, but which cannot be completely eliminated.
The CIL provides {inputs for recommendations for: changes or
improvements in design; procedures to {improve efficiency and
safety; development of warning and caution notes to be included
in manuals and procedures; requirements for special training,
and; management informatior. for the operation and maintenance of
the system. Those corrected CIL {tems should be incorporated
into test program to verify effectiveness of corrective
measure(s). :

Complete documentation shows compliance with the specified system
safety and operational requirements.
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CRITICAL ITEMS LIST -

Instructions for Completing

In Contract No. » enter the contract number for which CIL is being
prepared. -

In Contractor ", enter the name of the Contractor responsible
for the CIL.
In CIL No. » entar the CIL number which shall be coded and

sequentially numbered by each Contractor. This coding sequence will be
utilized for all related predictions and analysis. '

In Revision No. » enter the revision number to indicate the latest
status.

in Prepared by Date » the preparer will sign and
enter the dete of Tssue of completion on each sheet, )

In Reviewed by Date s . the reviewer will sign and
enter the date of review on each sheet. '

In Approved by Date » the Contractor's Project
Manager will sign to approve and enter the dute of approval on each sheet.

In (1) LRU Description, enter nom:nclature and brief functional
description of the lowest replaceable unit.

In (2) Failure leference Analysis, enter the applicable analysis name
and number performed.

In (3) Failure Criteria Category, enter the highest zpplicable critical-
fty category in accordance with the description in the Glossary of Terms.

in ]4) Hazard Reference Analysis, enter the appiicable hazard analysis
name and number perfcrmed.

In (5) Hazard Category, enter the highest applicable hazard class in
accordance with MIL-STD-882B and the description of the corrective
action(s) or procedures which can be adopted to eliminate or minimize the
effects or failure condition being analyzed.

In (6) Requirement, enter the specified safety and/or reliability
guidelines.

In (7) Corrective Action, enter a brief description of the corrective
actions necessary for the hazard condition analyzed,

c-18
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CRITICAL ITEMS LIST - (cont'd)

Instructions for Completing

In (8) Resolution, enter a brief description of final action taken to
eliminate or control the hazard(s).

In (9) Retention Rationale, state the reasons for retaining the category
I end I1 hazards as critical items 1 & 2.°
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Fajlyre Modes, Effects and Criticality Analysis (FMEr+}

The purpose of the FMECA is to {dentify and analyze possible
fatlure as early as possible during the design phases so that
appropriate actions are takan to eliminate minimize or control
the fdentified LRUs classified in criticality categories 1, 2 &

The FMECA fs normally conducted down to the lowest replaceable
unit (LRU) of each of its systems and subsystems to determine the
cause and effect of a single primary mode of failure. When the
FMECA indicates a hazard the engineer should conduct a Fault
Hazard Analysis (FHA). When the FMECA indicates a potential
problem, it should be made known to the responsidle engineer in
order to initiate a design review. The FMECA should be reviewed
on a continuous basis to ensure that design modifications do not
add critical failurc modes to the System.

FMECA helps ensure that all faflure rﬁlated information f{s
traceable to an tidentified piece of hardware. The effects of
faflure are determined in a single analysis, which avoids
duplication of effort for other system assurance activities. It
provides inputs to the following:

1) Dasign Reviews

2) Maintainability Baseline

3) Reliability Baseline

4) System Safety Baseline

§) System Operation

6) Dempqstration Test Plan and Procedures

7) ldentify Hardware Requiring Close Control

8) Critical Hardware and Quantities to be Tested

A well-documented analysis shows compliance with specified
safery, reliability and maintainability requirements.
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. Hazard Severity. Hazard severity categories are )
quatitative measure o¥ the worst credible mishap results g vivm , v

error; environmental conditions; design inadequacies; procedural deficiencies;
or system, subsystem or component failure or malfunction as follows:

Description Category “Mishap Definition
CATASTROPHIC I Death or system loss.
CRITICAL 11 Severe injury, severe oc&upational

i11ness, or major system damage.

MARGINAL I11 Minor injury, minor occupational
f1iness, or minor system damage.

NEGLIGIBLE Iv Less than minor injury, occupational
il1ness, or system damage.

These hazard severity categories provide guidance to a wide variety of
programs. However, adaptation to a particular program is generally required
to provide a mutual understanding between the MA and the contractors as to the
meaning of the terms used in the category definitions. The adaptation must
define what constitutes system loss, major or minor system damage, and severe
and minor injury and occupational illness. '

Hazard Probability. The probability that a hazard will be created
during the planned life expectancy of the system can be described in potentfial
occurrences per unit of time, events, population, ftems, or activity.
Assigning a quantitative hazard probability to a potential design or
procedural hazard is generally not possible early in the design process. A
qualjtative hazard probability may be derived from research, analysis, and
evaluation of historical safety data from similar systems. Supporting
rationale for assigning a hazard probability shall be documented in hazard
analysis reports. An example of a qualitative hazard probability ranking ¢s:

Description* Leve!l Specific Individual Item Fleet or Inventory**
FREQUENT A Likely to occur frequently Continuously experienced
PRNBABLE B Will occur several times in Will occur frequently
1ife of an item
OCCASIONAL C Likely to occur sometime Will occur several times
in 1ife of an item
REMOTE D Unlikely but possible to Unlikely but can reascnably
occur in life of an item be expected to occur
JVFROBABLE E So unlikely, it can be Unlikely to occur, but
assumed occurence may not possible

be experienced
*Definitions of descriptive woras may have to be modified based on quantity
involved.
**The size of the fleet or inventcry should be defined.
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SAFETY ASSESSMENT REPORT

FOR THE

XM52 SMOKE GENERATOR

MAY 1984
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SUBJECf: Safety Assessment Report for M52 Smoke Generator

1.0 INTRODUCTION.

1.1 Purpose. The purpose of this Safety Assessment Report s to provide the
test agency with the minimum protective measures, safety features of the system
and the specific safety procedural controls and precautions to be followed
during development testing IAW the requirements of AR 385-16 and AMC Reg 385-12.

1.2 Summary. The XM52 Smoke Generator has been designed to include provisions
for safeguarding personnel. Safety precautions have been located on the equip-

ment where necessary and are included within the operating maintenance manual
applicable to the system.

1.3 Content. Tha safety features included in the XM52 design are identified.
These Teatures in.inde potential hazard controls in the form of hardware; system
parameter moniters which provide input to the turbine engine's Electronic
Sequencing Unit which contains the logic to shut down the XM52 in the event of
out-of-tolerance conditions which may result in a hazardous condition if left:
unchecked; provision of DANGER and CAUTION labels on the unit to apprise
operating personne! of potential hazards; establishment of proper operating pro-
cedures to minimize hazard potentials resulting from operator error; and, speci-
fication of support equipment and/or procedures to suppress or control a hazard

should it develop.
2.0 SYSTEM DESCRIPTION.

¢.1 Purpose and Intended Use,

2.1.1 Purpose. The XM52 Smoke Generator is to provide a large area smoke
screen which will provide protection from both visual and IR detection devices.

2.1,2 Intended Use. The XM52 Smoke Generator has been configured for
deployment on the bed of the HMMWV, a trailer towed by the HMMVW or two units
mounted on the roof of a M113 APC (XM1059El Smoke Carrier) with the IR material
and fog oil supplies mounted inside the M113.

2.2 Historical Summary of System Development.

2.2.1 A predecessor to the XM52 program was the XM49 Smoke Generator.. The XM49
was to replace the current M3A3 Smoke Generator. While in Advanced Development,
the XM49 project was terminated primarily because it had no potential for pro-

viding IR screening and had operational problems which showed up during develop-

ment testing.
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2.2.2 The current XM52 Smoke Geserator program has been to develop a smoke
generator which provides improvements over the M3A3, including the capability of
dispensing IR defeating smoke material and the capability of being mounted on
and operated from fast moving wheeled and tracked vehicles.

2.2.3 The XM52 was to be developed around a lightweight turbine engine and meet
the following performance requirements: .

- after starting, the XM52 shall not require tending except to replenish .
both smoke material and fuel,

- operate continuously for one hour without replenishment,

- produce good quality (dry) smoke from fog oil at the rate of 60 gallons
per hour,

- provide IR screening protection by dispensing IR material EAS5763 in a
cloud at the rate of 600 1bs per hour. :
4

- be operated from the intended mounting vehicles while on the move, ]

- there shall be consideration given to fire/flame suppression for. tracked

and wheeled vehicle application. §
o

- fuel/smoke material spillage and unvaporized visual smoke material are
unacceptable. i

- torching at any time is unacceptable.

2.3 System Description.

2.3.1 Graphics. Figures 1 and 2 present the various deployment configurations
and Figures 3 ;hru 5 are detailed illustrations of the HMMWV/trailer mountable

XM52 system,

2.3.2 Subsystems, The following list presents the major subsystems and com-
ponents of the XM52 Smoke Generator. While there are some differences between
the XM52 for the HMMWV/trailer application and the M113 application, these dif-
ferences do not affect subsystem functions, only the provisions for mounting,
length of cables and fluid lines and configuration and placement of fluid tanks
The 1ist pertains to any XM52 system regardless of its application,

p o Pl oo e N W

a, Frame structure

b, Turbine (Turbomach Titan Model T-627-20)
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¢. Starter/Generator

d. Air Filter System

e. Storage batteries (not on M113)

f. IR dispenser w/electric motor

g. Diesel fuel tank with electric fuel pump

h. Fog oil tank with electric fog oil pump

{. Operator's control panel

j. Electrical and fuel lines
3.0 SYSTEM OPERATIONS.

The XM52 Smoke Generator System can be operated locally in the static mode
or remotely (i.e. centrol box inside a vehicle and connected to the unit by
cable) while the vehicle is on the move.

Once the system is supplied with diesel fuel, fog ofl and IR material, all
operation is conducted from the control box which is located at the opposite end
of the unit 'way from the hot exhaust tube. (See Figures 1 thru 5 to review
various vehicle applications, component locations and control panel layout.)

3.1 OQperating Procedures.

3.1.1 Turbine Starting and Smoke Generation.

‘ 3.1.2 To start the turbine engine and generate smoke, the operator must perform
| the following sequence.of actions:

a. Verify the GEN switch is in the OFF position. -

b. Set BATT PWR switch to ON position.

c. Move TURBINE switch to START position and r2lease. This action causes
the START circuit to be energized, i.e. spinning up the rotor, initiating fuel

flow and initiating the ignition spark when the rotor has achieved the required
RPM.

‘ d. When the turbine reaches 1UO percent RPM, the READY TO LOAD indicator
) illuminates. Move the GIN switch to the RESET position and release the switch.

1 NOTE: The RESET position has been incorporated to prevent possible damage
! to the turbine from premature loading. Therefore, even the GEN RESET position

1 is not enabled until the READY TO LOAD criterion has been met and the indicator
! illumirates.
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€. Set GEN switch to RUN position. Observe: GEN ON indicator illuminates,
f. For fog ofl smoke, set VISUAL SMOKE switch to ON position,
g. For IR screening, set IR SMOKE switch to ON position,
. 3.1.3 Since visual smoke quality is dependent on atmospheric conditions, the
- operator can improve smoke quality by adjusting the exhaust temperature with £GT

INCR/DECR control.

3.2 Special Operating Procedures. A number of system parameters are monitored

electronically and result in a system shutdown, warning or a no start condition.

They are:

Processor Failure - Shutdown*

Overspeed - Shutdown

Underspeed - Shutdown

Overtemperature Probe 1 - Shutdown

Open Probe 2 - Warning

No temp data Card 1 - Warning

Both probes open - No start

Low 011 pressure - Shutdown

Power Latch transistor failed - Shutdown
Temperature Circuit Calibration required - Warning
No temp data card 2 - Warning

Shorted Probe 1 - Shutdown

Over Temp Probe 2 - Shutdown

Open Probe 1 - Warning

Falure to accelerate (approx 90 sec) - Shutdown
Data circuit test failure - Shutdownt*

RAM test failure - Shutdown

Failure to accelerate (approx 15 sec) - Shutdown

4

D-11

it YRV VAW VI SR ~ - AW VL -—m n Ll N AnNecam
[¥ E iV "I W AN AN My TEmAmN e .y L LN TSN n
; -

© M et ey e




Bleed valve not closed - No start

Shorted Probe 2 - Shutdown

Overtemperature (av) - Shutdown

Shorted or failed ofl press SW - Shutdown

Flame out Deccel N 98% - Shutdown

High ofl temp - Shutdown

No speed data - Shutdown

Seq. Fail - Shutdown

Both Probes skorted - Shutdown

*Internal failure, no external test possible,

These malfunctions are indicated to the operator through the BITE indica-
tors. In the event the operator should notice a system problem which does not
result in a system shutdown, the EMERGENCY STOP switch can be activated which
removes all electrical power and shuts down the system. Following an EMERGENCY
STOP and alleviation of the problem, all switches must be returned to their
NEUTRAL or OFF position before the unit can be restarted.

3.3 Operating Environment. The XM52 Smoke Generator has been designed for
operafgon Tn amblent temperature ranging from -259F to 1200F. No procedural

differences have been identified for safe operation throughout this temperature
range.

3.4 Support Equipment.

3.4.1 When the XM52 Smoke Generator is operating the turbine emits high inten-
sity noise, even though sound absorbing panels surround the turbine.
Preliminary noise measurement readings taken at various locations within two
feet of the unit produced the following:

a. At the control panel - 102 dBA.

b. At the diesel fuel and fog oil fill ports - 120 dBA.

Cc. At rear of unit near bleed air overboard duct - 132 dBA.

It s obvious from these initial readings that personnel must be required to

wear hearing protection. Oue to the very high noise levels at some locations’
(132 dBA), douhle hearing protection should be used when working around the

generator. A CAUTION placard concerning the requirement for hearing protection
has been affixed to the unit.
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2,.4.2 When replenishing the IR material, personnel will be required to wear o
particulate filter mask and eye protection. The IR material EAS5763 s a skin
frritant and should be washed from the skin with soap and water should personnel
become exposed.

3.4.3 While the unit has been designed to shutdown should the turbine .
experience overtemperature or overspeed conditions, a fire extinguisher has been
mounted on the unit to be used in the extremely unlikely event of a fire. When
the unit s shutdown, either manually or automatically, the volatile diesel fyel
and fog ofl cannot fuel a fire since the electric pumps which supply these
substances are deenergized.

3.5 Safety Design Features, For the safety features contained in the system,
refer to I*l Report No. ER-12871A, “Operating and Support Hazard Analysis
Report®” (enclosure 1) and AAl Report No. ER-12555A, "System Hazard Analysis
Report (enclosure 2).

3.6 Special Procedures Needed To Assure Safe Operations.

8. Assure that ear protection is worn by all personnel conducting and wit-
nessing tests.

b. Acsure that ear plugs and ear muffs are worn by personnel within 23 feet
of the system while in operation. )

c. Assure that noise hazard signs are located in accordance with para 4.3
of MIL-STD-1474B(MI).

d. Monitor exposure times for all personnel for dBA(s) as required by TB
MED 501. For example 122 dBA - less than & hrs, 126 dBA - less than 2 hrs, 130
dBA - less than 1 hr, etc. ' :

e. Assure that fire extinguishers are available on-site and are
operable/charged prior to testing.

f. Assure that all personnel conducting/witnessing tests have M9/M17 masks
fn slung position.

g. Personnel should wear masks when handling the IR material or when expo-
sure to the IR smoke cloud appears likely.

h. Personnel must stay clear of the hot exhaust area at the rear of the
XM52 during operation. '

4.0 SYSTEM SAFETY ENGINEERING.

4.1 The methodology of MIL-STD-882A and AR 385-10 was used to identify and rank
potential hazards associated with the XM52 Smoke Generator.
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4.2 During the deveiopment of the XM52 Smoke Generator, a System Hazard
Analysis and an Operating & Support Hazard Analysis were conducted. These ana-
1yses were based upon review of design drawings, exfisting documentation on the
unmodified Titan Model T-62T-2A1 turbine engine (the eading model employed is a
T-627-20 which is a modification of the aforementioned engine) and odservation
of the initial test runs of the XM52, Hazardous conditions and their respective
hazard severity levels, probability levels and control measures are identified
in the following:

a. AAl Report No. ER-12871A, Operating and Support Hazard A:alysis Report
(enclosure 1).

b. AAI Report No. ER-12555A, System Hazard Analysis Report (enclosure 2).

5.0 HEALTH HAZARD ASSESSMINT. No Health Hazard Assessment (HHA) Report has
been performed to date. Upon completion of the HHA Report, this paragraph will
be updated/amended to include the report.

6.0 CONCLUSIONS AND RECOMMENDATIONS,

6.1 A1l known safety hazards have been evaluated throughout the design of the
XMS2. The system is considered to be safe to operate and test as long as the-
procedures stated in paragraph 3.6 are followed. For information on environmen-
tal conditions, demilitarization, disposal, etc., refer to ARCSL-EA-83005
“Programmatic Life Cycle Environmental Assessment of Smoke Obscurants, vol. 3 of
5, dated Jul 83, and "Life Cycle Envirnmental Assessment, XM52 Gas Turbine
Smoke Generator, dated Jan 83.

6.2 The intended obscuration function of a smoke generating device necessitates
Tocalized air pollution, therefore the appropriate environmental permits must be
obtained prior to testing. The XM52 utilizes materials currently in the Army
inv- tory, i.e. diesel fuel and fog ofl. The established handling procedures
£- .hese substances apply to the XM52 Smoke Generator.

The handiing procedures for handling the IR screening material EAS763
established during the XM49 Smoke Generator program also apply to the current
XM52 Smoke Generator projram,

7.0 REFERENCES.

7.1 MIL-STD-1478 (MI).

1.9 T M 1.

7.3 ARCSL-EA-83005, Vol 3, dated Jul 83,

7.4 ARCSL-TR-82065, dated Jun 83, “"Life Cycle Environmental Assessment XM52
Gas Turbine ‘:--*e Generator", dated Jan 83.
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1.0 INTRODUCTION

This System Hazard Analysis (SHA) Report, is submitted in accor-
dance vith the requirements.of Line Item AOOT of the DD1423, Contract Data
Requirements List, for Contract No. DAAK 11-82-C-0126, Advanced Development
of the Large Area Smokw Generator, XM52. This report meets the requirements
of Data Item Description (DID) DI-H-7048, System Safety Hazard Analysis .
Report.

2.0 GENERAL

. The scope of this SHA is the systematic assessment of real and
potential hazards associated with the subsystems of the XM52 Smoke Generator.
This SHA vas conducted on the available system concept data in an attempt to
identify hazards and then direct design efforts toward the elimination or
control of the f{dentified hazards.

Vhen the XM52 is vieved as a system, with the turbine engine being
a subsystem thereof, the number of subsystems are relatively few as indicated
in the accompanying figures and system description.

| 3.0 SYSTEM DESCRIPTION

The XM52 Smoke Generator is used to provide a large area smoke screen
vhich will provide protection from both visual and IR detection devices.

The X252 Smoke Cenerator is being designad to provide large area
obscuration capability to minimize detection by the enemy through either
visual or infrared means. To accomplish this goal, the XM52 uses a
slightly modified Turbomach turbine engine (Titan Model T-62T-2A1 which is to
be designated as Model T-62T-2D) as a heat and pover source. By introducing
fog oil into the hot turbine exhaust, the unit will be able to produce good
quelity smoke for protection from visual detection. Also, by using turbine
bleed air and an electrically drive IR dispenser system, the XM52 will be
‘ able to introduce air-entrained IR material into the exhaust stream to
| provide protection from detection by IR devices.

3 Major Subsystems and Components

The following list presents the major subsystems and components
of the XM52 Smoke Generator. While there are some differences between the
X152 for the HMMWV/Trailer application and the M113 application, these
differences do not affect subsystes functions, only the provisions for T
mounting, length of cables and fluid lines and configuration and placement
of fluid tanks. The list pertains to any XM52 system regardless of its
“application.
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1. .Frame structure
2. Turbine, (Turbomach Titan Model T-62T-2Al -

slightly modified which i{s to be designated as
Model T-62T-2D)
3. Starter/Cenerator
4. Air Filter System
5. Storage batteries (not on M113)
6. 1R dispenser w/electric motor
7. Diesel fuel tank with electric fuel pump
8. Fog oil tank with electric fog oil pump
9. Operator's control panel
10, Fluid lines
11. 1R lines

Figures 1, 2 and 3 depict conceptually the interfaces l:tween the
najor assenblies of the XM52 in voth the HMMWV/Trailer and M113 izplications.

&.0 ANALYSIS SWNMMARY

The analysis results presented on the following pages uidress the
hazard potential to the system should there be a failure in any ¢ the sub-
systems. Since the Turbomach engine (Titan Model T-62T-2Al) is cuirrently
in the Army = ventory, only the interfaces between the turbine aid the other
subsystems oi the XM52 have been examined. The safety features ¢ the turbine
and its subsystem are already well documented in TM 55-2835-203-1., "Organiz-
ational, DS and GS Maintenance Manual." Even so, the major safe: concems
with any turbine are sdequate protection from overheating and ovespeeding
conditions and the above turbine incorporates safety switches which shut
down the turbine should either condition occur. Another concern sith turbines
is the potential for the turbine vheel to disintegrate from overmeed or
material defect. This concern is alleviated by the turbine vheel employed
which is designed to shed the vanes gradually rather than burstiig catastro-
phically. 1In addition, the turbine vheel housing is designed to :ontain the
vane fragments if the wheel fails. Also, in the XM52 applicatior there is the
added protection of the removable access panels which enclose the entire turbin

The remaining concern with turbines is the possitility >f a "hot
start” or 'wvet start"” resulting from fuel left in the combustion :hanber from
a previous start attempt in which ignition did not occur. The 'mciified
turbine incorporates provisions to expel the fuel from a false suirt out
through the turbines exhaust pipe. The small amount of fuel (5-7c) remaining
from a false start presents no hazard when 1t is expelled to the stmosphere

and ground.

Regarding electrical hazards, the XM52 uses a 28 volt v~er supply

wvhich is considered intrinsically safe, although injury could reslt from
an involuntary surprise reacticn if an individual comes in contac vith the

circuit.
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4.1 Assignment of Risk Assessment Codes

‘ The accompanying analysis sheets contain hazard scverity levels,
hazard probability levels and Risk Assessment Codes (RAC). The hazard
probability levels and RAC are from AR 385-10 Interim Change No. 101. The -
hazard severity levels asre from MIL-STD-882A so that system damage, as well
as, personnel injury can be included in the definition and reflected in the
hazard assessment.

HAZARD SEVERITY

a. Category 1 - Catastrophic. May cause death or system loss.

: b. Cateogry Il - Critical. May cause severe injury, severe
occupatioral illness, or major system damage.

c. Category 111 - Margingl. May cause minor injury, minor
occupational {llness, or minor system damage.

d. Category IV - Negligible. Will not result in injury,
occupational illness, or system damage.

HAZARD PROBABILITY

A - Likely to occur immediately

B - Probably will occur in time

C - Possible to occur in time

D - Unlikely to occur ]

f RISK ASSESSMENT CODES

1 - Critical

j 2 - Serious
} 3 - Moderate
4 - Minor
S5 - Negligible
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FOREWORD

Included herein ar; the results of the Operating and Support
Razard Analysis (O&SRA) conducted by AAI's system safety personnel on the
entire XM52 Smoke Generator system. In the body of the AAl report, there
are several references to the turbine engine as a "wodified Turbomach
Model T-62T-2A1 turbine engine.” Since this engine is in the Army inventory,
these references have been retained so that reviewing personnel may refer to
existing documentation to gain an understanding of the basic turbine cap-
abilities. However, the modifications made to Model T-62T-2A1 were of
sufficient scope that a nev model number (T-62T-2D) has been assigned :o.tho
turbine engine to be used in the XM52 Smoke Generator applicationm.

Included as the Attachment is the O&SHA report prepared by
Turbomach personnel on the turbine engine, Model T-62T-2D. In the interest
of clarity, the Turbomach report has been appended in its entirety.

This upd;tcd O&4SHA Report incorporates the changes and corrections
suggested by the Chemical Research and Development Center Safety Office’
letter dated August 23, 1983.

| Of particular concern to the Safety Office was the possibility of
IR material being blown back through the line which supplies atmospheric
air to the venturi assembly. This potential hazard was recognized some
months ago and an antiblowback valve has been incorporated in this line,

A request was also made by the Safety Office to analyze the hazarxd

potential of either the fog oil tank or IR dispenser breaking free from

their mounts in the M113 during an accident. The responsibility for the
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XMS52 installation in the M113 has been contracted with FMC Corporation for

anslysis to determine component locations and providing mount requirements.

The shock and ~ibration testing requirements of MIL-STD-810 should be the

guidelines to drive the design of the mounting provisions in the M113,
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1.0 INTRODUETION

This Operating and Support Hazard Analysis (O8SHA) Report, ‘is
submitted in accordance with the requirements of Line Item AOOU of the
DD1423, Contract Data Requirements List, for Contract No. DAAK 11-82-C-0126,
Advanced Developrent of the Large Area Smoke Generator, XM52. This report
meets the requirements of Data Item Description (DID) DI-H-7048, Svstem

Safety Hazard Analysis Report.

2.0 GENERAL

The scope of this 04SI is the systematic assessment of real and
potential hazards associated with the operating and support tasks for the
XM52 Smoke Generator. This O&SHA was conducted on the available system
concept data and engineering drawings in an attempt to identify hazards and
then direct design efforts toward the elimination or control of the identi-

fied hazards.
3.0 SYSTEM DESCRIPTION

The XM52 Smoke Generator is to provide a large area smoke screen
vhich will provide protection from both visual and IR detection devices.

The XM52 Smoke Generator is being designed to provide large area
obscuration capability to minimize detection by the enmemy through either
visual or infrared means. To accomplish this goal, the XM52 uses a
slightly wodified Turbomach turbine engine (Titan Model T-62T-2Al) as a
heat and power source. By introducing fog oil into the hot turbine ex-
haust, the unit will be able to produce good quality swoke for protection
from visual detection. Also, by using turbine bleed air and an electrically
driven IR dispenser system, the XM52 will be able to introduce air-entrained
IR material into the exhaust stream to provide protection from detection by

IR devices.

3.1 Major Subsystem and Components

The following list presents the major subsystems and components
of the XM52 Smoke Generator. While there are some differences between the
XM52 for the HMMWV/Trailer applicatiou and the M113 application, these
differences do not affect subsystem functions, only the provisions for
mounting, length of cables and fluid lines and configuration and placement
of fluid tanks. The list pertains to any XM52 system regardiess of its

application.
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4
-1, Frame structure
k 2, Turbine, (Tntbonnch ,Titan Model T-62T-2A1 slightly modified)
e 3. ,Starter/Generator?
&, “air Filter Systen
- 5. Storage batteries (not on M113)
. 6. IR dispenser w/electric motor .
- 7. Diesel fuel tank with electric fuel pump
8. Fog oil tank with electric fog o1l pump
. 9. Operator's control panel_ §
10, "Electrical and fuel lines

4.0 ANALYSIS SUMMARY

ey o ag

The analysis results presented on the following pages address the
hazard potential inherent in operating and support personnel tasks, Major b
concerns from the inception of the XM52 program have been the following:

1. Control of excessive noise.
2., Provisions of safe techniques for the replenishment of diesel )
fuel, fog oil and IR material. g
3. Protection from inadvertent contact with hot surfaces and
compconents,
4. Assurance of sound footing for naintenance tasks.
S. Avoidance of perscnnel contact with IR material,
6. Provision of guards around moving components.
7. Control (i.e. minimization) of possible fire conditions.
Fire potential is impossible to eliminate vhere fuels are used,
8. Elimination of sharp edges, protrusions and pinch points.

As evidenced in the "Corrective Action/Minimizing Provisions" column of the
analysis data sheets, the design incorporates provisions to address the
concerns enumerated above.

Potential hazards associated with the maintenance of the turbine engine
(i.a., use of cleaning agents) are not addressed .in. the accompanying analysis

. sheets. These hazards have been addressed in the technical manual (T™
3-1040-274-12&P) for the maintenance of the turbine engine,

el I XK A S WY N

. 4.1 The accompanying analysis sheets contain hazard severity levels,
f hazard probability levels and Risk Assessument Codes (RAC), The hazard

‘ probability levels and RAC are from AR 385-10 Interim Change No. 101, The °
: hazard severity levels are from MIL-STD-882A so that system damage, as well
| as, personnel injury can be included in the definition and reflected in the

hazard assessment.
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HAZARD SEVERITY -

a. Category I - Catastrophic. May cause death or system loss.

b. Category Il - Critical. May cause severe injury, scvere
occupational illness, or major system damage.

¢. Category III - Mareinal. May cause minor injury, ninor
occupational illness, or minor system damage.

d. Category IV - Negligible. Will not result in injury,
occupational illness or system damage.

HAZARD PROBABILITY

A - Likely to occur immediately
B - Probably will occur in time
C - Possible to occur in time
D - Unlikely to occur

RISK ASSESSMENT CODES

l - Critical

2 - Serious’
3 - Moderate
4 - Minor
S5 - Negligidble
5.0 PROPOSED DEPLOYMENT CONFIGURATION‘PF XM52 SMOKE GENERATOR

The XM52 Smoke Generator has been designed for deployment on the
bed of the HMMWV, a towable trailer or on top of a M1l3 Armored Personnel
Carrier (APC). The artist's conceptions of these three configurations are
presented in the following figures. These figures are presented to aid
the reader in understanding the details of the hazard analysis data sheets.
It should be noted that the HMMWV and trailer configurations are identical
with the entire systen mounted on a subframe structure. The M113 configura-
tion has only the generator units mounted on the top exterior, while the
diesel fuel, fog oil and IR raterial supplies are located inside the vehicle.
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FIGURE 1

HIGH MOBILTY MULTIPURPOSE WHEEL VEHICLE, (HMMWYV) AND
3/4 TON TRAILER WITH 1 XM52 SMOKE GENERATOR SYSTEM EACH

D-41 - 1
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OPERATING AND SUPPORT HAZARD ANALYSIS FOR
_THE MODEL T-62T-2D ENGINE FOR THE XM52 SMOKE GENERATCR PROGRAM
. 'SDRL 1TEM AUOB

INTRODUCTION - . -

This report contains the 0 8§ S (Operating and Support) Analysis for the Model
7-62T-20 engine to be used in the XME2 Smoke Gen~rator Program. This report is
{ntended to satisfy the reouirements of AA] SDRL ftem AUOE as described in
SD1-0126-8. The scope of aralysis was further defined and clariffed by 2Al
personnel during the 5 May 1583 coordfnatfon meeting held at Turborach. The
report contains a description of the major engfne components and thefr func-
tion, statements regarding design considerations affecting safety, faflure
modes, control measures in effect to minimize fafiure effects, and assessrents
of hazird severity and probability fn accordance with MIL-STD-EE2A,

DESCRIPTION

General

The major comporents of the T-62T-2D are a turbine engine and electrical con-
trol devices. The turbine engine consists of a powerplant, accessorfes, 2and
assocfated plumbing and wiring. The pcwerplant {s divided into four main as-
semblies; turbine, combustor, reduction drive, and accessory drive.

The turbine engine incorporates an integral lubrfcation system. The lubricat-
ing of1 supply is contained 1n an oil sump on the bottom of the reduction
drive housing. A fuel supply must be connected to the unit, but a1l fuel sys-

te? components necessary for operating the turbine engine are {nstalled on th
unit.

.

An Blectronic Sequence Unit (ESU) §s provided to secuence the functions during
start. In addition, safety circuits are provided to shut down the unit in
cases of failure to sequence, overspeed, overitemperature, or low ofl pressure
conditions, and processor failure. Speed is sensed from a signal generated by
a magnetic pfckup installed on the accessory drive. Exhaust gas temperature
(E6T) 1s sensed by a thermocouple mounted on the exhiust end of the combustor
with its probe extending into the exhaust ga: stream. :

Engine speed is controlled by a droop-type flyweight governor that delivers
the correct amount of fuel regardless of the ambient conditions or load
requi rements within the specified 1imits. .
Starting is initiated by energizing-a starter-generator. During cranking; air-
§s drawn into the compressor portion of the turbine where the afi s .com-
pressed and then directed into the combustor. Fuel entering the combustor from
a single start fuel nozzle and a fuel manifold containing three main fuel in-
jectors s mixed with conpressed air and fgnited by the fgniter plug. The
resultant hot gases flow through the turbine nozzle and impinge on the blades
of the turbine wheel. Potatfon of the turbine rotor shaft provides the power
to drive the compressor and output shaft of the turtine engine. The corpres-
sor wheel, mounted on the same shaft as the turbine wheel, continues to draw
air into the compressor. Jgnitfon and start fuel are cut off at 2 predeter-
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mined pofnt. Al1 fuel 1s then supplfed through the thiee main fuel {njecters.
Combustion s a self-sustatining continuous cycle of intake, compression, com-
bustion, and exhaust and {s mafntafned within the engine.

Poweralant Assembly .

Tha powerplant aisemb'ly consists of a turbine assembly, combustor, reduction

drive assembly, and an accessory drive assembly., The forward end of the afr
inlet portior of the turbine assembly {s bolted to the reductfon drive assem-

bly. The combustor assembly fs clamped to a flange on the aft end of the air

fnlet housing. The accessory drive assembly is bolted to the tcp of the reduc-
tfon crive assembly. .

Jurbine Assembly

T.. main components of the turbine assembly are an afr inlet housing, rotor
assemdly, diffuser, turbine nozzle assembly, and an {nput pinfon.

The air inlat housing fs a contoured, cylindrical casting with forward and aft
openings. The flanged forward end of the afr inlet housing 1s bolted to the
aft end of the reduction drive housfng. The aft end of the afr inlet housing
is externally flanged to permit attachment of the combustor assembly. The

housfng thus serves as a rigid member between the reduction drive assembly and
the combustor assembly.

The rotor assembly consists of a rotor shaft, single-stage centrifugal com-
pressor wheel, radfal-inflow turbine wheel, bearing retafner and oil slinger
nut, spacer, forward ball bearing and aft roller bearing. The rotor shaft {s
nounted In bearings within a sleeve in the bore of the afr inlet housing; the
forward b2l dearing carries thrust and radial loads; the aft roller bearing
carries radia’ Yoads only. Three balls retain the input pinfon In the forward
ernd of the rotor shaft. The forward ball bearing fs held in position by a
bearing retainer plate. and an o1l slinger nut.

The compressor wheel shoulders against a8 flange on the aft end of the rotor
shaft. Threaded compressor bolts are {nserted through the flange i{nto the com-
pressor wheel. These bolts maintain the aligrment of the compressor wheel and
secure 1t to the rotor shaft. The turdine whee) is pressed onto the aft end of
the rotor shaft and aligned by dowels. i threaded bolt fastens the turbine
wheel to an internally threaded plug in the aft end of the ro%or shaft.

A circular, compressor-to-turbine afr seal separates the compressor section
from the turbine section. The seal s radially positioned by a pifloting dia-

meter on the nozzle assembly. Axfal position of the seal on the rotor shaft is

nafntained by compressor pressure which forces the seal against a shoulder on
the turdine nozzle. : :

The cantilevered arrangement of the rotor assembly in the air fnlet housing
places both the forward and aft bearings in areas of minimum lemperature.
Cooling and lubrication of the rotor shaft bearings fs accomplished by a flow
of afr-ofl mist from the reduction drive housing, through the fnput pinfon

(within the rotor shaft), through the aft and forward bearings, and back {nto
the reduction drive housing.
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The diffuser 1s 8 clicular casting consisting of veres on the outer perfphery
and on the forward face. The turbine nozzle s 8 brazed, matched assemdly con-
sisting of & formard circular plate and an aft circular plate. The dfffuser {s
secured in the aft portion of the air fnlet housing bty threaded noizzle retain-
ing pins. These pins pass through the diffuser and also secure the turbine
nozzle assembly concentric with the rotor assembly. The turbine nozzle assem-
M,g1 s;;t)s against &8 mating surface of the diffuser (fore and aft only, not
radially).

Combustor Asserbly

The combustor assembly fs an annular afr 2torizing type 2and consists of a com-
bustor hcusing, combustor 1iner, and nozzle shield. The combustor 1lner {s
secured in the combustor housing by three locating pins. The nozzle shield is
secured to the combustor liner with six, self-tapping, screws. An exterra)
flanoe at the forward end of the combustor housfng rmates with an exterral
flange on the aft end of the turbine assembly. The combustor §s secured tc the
turdfne assembly by a quick-release, V-type clamp that fits cver the flanges.
A ring on the outer wall of the ccmbustor liner fits snugly uncer the inner
aft edge of the turbine nozzle assembly. The mating of the combustor housing
{nner wall with the aft end of the turbine nozzle assembly forms a circular
exhaust duct for the flow of exhaust gas as it passes through the rotor 2ssem-
bly and flows out of the engine.

Intake afr passes through the vares of the diffuser, flows between the walls
of the combustor housing and 1iner, and reverses cirection to enter the burmer
section of the combustor. This flow of air cools the combustor housing and
Tiner. Afr is also directed between the {nner walls of the combustor housing ‘
and liner, passes through cooling holes immediately aft of the screws that |
secure the nozzle shield to the combustor liner and fliows up between the ({
nozzle shield and the aft surface of the turbine nczzle assembly. Additicnal

couling of the turbine nozzle is accomplished by a flow of cooling air that is ]
forced around the aft, internal edge of the diffuser, through equally sraced |
holes in the ring on the combustor 1iner assembly, and cver the aft side of |
the forward plate of the nczzle assembly.

M ot o ey S F o el e e A 8 err»;’_zl-’cm‘

An fgniter plug, which {¢ mounted in a boss at the aft, left side of the com-
bustor housing, ifgnites the fuel-air mixture supplied by the start fuel ncz2le
during starting.

Fuel to the combustor {s suppifed through an external fuel manifold {nto three
main fuel injectors that are egually spaced on the combustor housing. The rain
fuel injectors provide a stream of fuel fnto three venturi tubes which atom-

-~ {ze and direct the fuel into the internal chamber of the combustor liner for
burning. A port in the lowest position of the combustor housing, provides for
a drain for fuel that may accumulate in the combustor.

A combustor shroud assembly completely encloses the rombuster hcusing end
provides a safety barrier for fsolation and cortainment {n the event cof
tur¥ine wheel failure.
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Reduction Drive Assemdly

The reduction drive assembly reduces the output rotatfcral speed of the tur-
bine assembly rotor to the speeds necessary to pcwer the engfne driven equip-
ment. The reductfon drive housing, mach'ned from a ragnesium casting and
coated with fire retardant paint, contains the engine lubricating-system con-
sisting of an oil pump, ofl filter, pressure relfef valve, filter bypass
rel{ef valve, oi1 Jets, ofl sump, and connecting passages.

An {nput pfnfon Crives three planetary gears that in turn drive an {nternally
splined ring gear within the reduction drive, The ring gear f{s centrally
splined to a short output shaft. An external gear which s {ntegral to the
output shaft drives the oil pump drive gear. Also futegral in the output shaft
1s an fnternal spline to which the driven equipment 1s coupled. The output
shaft is supported at both ends by ball bearfngs. Axial positioning of the
shaft is provided by the front bearing in addition to carrying mcst of the
applied Toads.

To prevent foaming, a deflector shield is installed between the sump and gear
gortfons of the reductfon drive assembly to minim{ze directed contact of the
ubricating o1l in the sump and the rotating gears. lLubrication of the gears

and bearings 1s by ofl jet stream and splash oil. .

The oil filler cap ‘s located on the reduction drive housing. The oil filler
cap incorporates a chain to prevent its loss during servicing.

Accessory Drive Assembly

The accessory drive assembly contains a cover plate, an accessor*h drive gear,
two oi1 separator plates, two ball bearings, and two seals. e accessory
drive housing 1s boited to the top of the reduction drive assembly. The
intermediate accessory drive gear which converts the reduction drive output
:peag (60)00 rpm) to the speed required to drive the fuel control assembly
4200 rpm).

The accessory drive gear has an internally serrated shaft supported by ball
bearings within the housing. The o011 separator plates are mounted on the gear
shaft at each side of the accessory drive gear.

The accessory drive gear and bearings are Yubricated by splash ofl from the
;ed:ction drive assembly. Seals, mounted fn the housing and cover, prevent ofl
eakage.

Bleed Air Valve

An electro-pneumatic servo actuated bleed afr valve consists of a piston-oper-
ated valve dfsk and an electro-pneumatic torque motor. Operating air pressure
for the butterfly valve piston is obtained from compressor discharge air
pressure through a port in the valve body.

The air pressure is controlled by the electro-pneumatic torque motor, which
regulates the pneumatic pressure to the piston in the bleed air valve, thereby
positioning the valve disk. The valve {s closed during ergine start 2nd is
activated prior to smoke generatfon by a switch mounted on the control panel

assembly.
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Fuel System

The fuel system consfsts of components that functicn automatically to provide

proper engine acceleraticn and maintain a8 near corstant cperating speed under

a1l operating coenditfors. These components are the fuel control assembly, fuel

purp, start, main, "and raxfimum fuel sclenoid valves, start fuel nozzle, main

fuel injectors, and fuel ranifold. Fuel 1s supplied to the engine frcm the
Co M52 fuel system.

The wain, start, and raxirum fuel solenoid valves arc hermetically sealed
valves installed on the fuel control assembly and are cperated by an elec-
trical input.

The start fuel soleroid valve is a nocmally closed valve, energized to the
open pesition at 5 percent rated speed to supply fuel to the start fuel
nozzle. At 90 percent rated speed, the valve fs deenergized 2nd shuts off the

fuel flow to the start fuel nozzle.

The rafn fue) solenoid valve is a normally clcsed valve, energized to the open
position at 9C percent rated sp-ed. When open, the valve allows fuel to flow
to the main fuel injectors. Ceeriergizing this valve produces a3 nomal shutdown

of the engine.

Y

L
»

The waximum fuel solenoid valve is a normally closed valve that 13 energized
during engine starting to minimize the time required to reach 100 percent
operating speed.

The start fuel nozzle, ccntained in a special fitting, 1s Yocated on the left
sfde of the combustor. Fuel to the nozzle {s controlled by the start fuel
solenofd valve. Fuel atomized by the nozzle {s fgnited by the {gniter plug,
located on the combustor close to, and directly in 1ine with, the start fuel

noz2le.

A start fuel nozzle purge system prevents buildup of varnish due to fuel evap-
oration during the period that fuel is not flowing through the start fuel noz-
Zle while the engine is in operation. The purge system consists of & small
restrictor orifice &nd a drain 1ine in parallel with the start fuel nozzle.

2% S S X MR A LA A A
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; During acceleration, when the start fuel solenoid valve is energized, fuel

[ flows through the start fuel nozzle &nd also through the smal) restrictor ori-

o fice. The very small quantity of fuel flowing through the orifice is directec

fnto a drain in the combustor shroud. At 90 percent speed the start fuel sole-.
noid valve is deenergized and compressor discharge a3ir flows through the start

fuel nozzle, in reverse direction of fuel flow, through the orifice, and out
the drain. This airflow cools the nozzle tip and purves residual fuel from the

tip and th: .art fuel nozzle line assembly.

Three nmafn fuel irjector assemblies are intercennected and equally speced
around the circunference of the combustor. Each injector incorpcrates an in-
tegral filter that prcvides filtration to 15 micrors. Fuel {s supplied to the
i ain fuel {rjectors through the main fuel solencid valve and the fuel manifold.
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The fuel pump fs 8 positive-displacement, gear-type pump. The unft s ncunted
on the Teft output pad of the accessory drive assenbly {nsfide the fuel control

assembly. The fuel pump splfne adapter fits into an eight-point square drive

in the shaft portfon of the accessory drive gear. The cther end of the fue)
pump drive shaft 1s spiine coupled to the govermor drivehead assemdly {n the
governor. A drafn port in the pump housing drains fuel that might leak past
the pump drive seal or past the pressure drop regulating valve pin. .

The acceleration control assembly consists of the governor housing, the fuel
control housing, and t'2 bellows cover assembly.

The gcvernor housing includes a pressure relfef valve, a3 governor contro!
spring, a flyweight assembly mounted in a drivehead assembly, and a ratched
ball bearing -set which supports the internally splined shaft end of the
drivehead assembly,

The flyweight assembly, located between the bearing valve assembly and the
governor drivehead assembly, 1s pivot-mounted against the governor drivehead
assembly and the bearing plate of the bearing and valve assembly.

The fuel control housing, which {s secured to the forward face of the governor

housing, contains a minimum fuel flow orifice, an acceleration needle adjust-.

ment, & ported fuel metering valve assembly, a governor adjusting plunger, a
governor tension lever, a bearirg and valve assembly, and an outlet port.

The aft end of the fuel metering valve extends into the fuel control housing.
The spring retainer, which fits over the end of the fuel metering valve, f{s
held in position around the metering valve by flanges on the spring retainer
and the bearing and valve assembly. The piston of the bearing and valve assem-
bly fits into the center of the fuel metering valve assembly.

The bellows cover assembly is secured to the top of the governor hou ‘ng and
consists of two interconnected sections. These sections are the dfaphragm and
bellows housing, and a lever housing. A diaphragm is installea between the

pressure sensing portion of the belows cover assembly and the lever housing
which, through mechanical connection, operates on the differential pressure

. requlating valve in the gcvernor housing. A dfaphragm adjusting screw {is in-

stalled in the pressure sensing portion of the bellews cover assemdly.

The turbine engine fuel system plumbing connections are all located on the
fuel control assembly and combustor assembly.

Lubrication System

The lubrication system provides lubrication to the high-speed input pinion,

reducifon and accessory gears, and bearings. The lubricat{on system consists.

of the ofl pump, ofl filter, pressure relief wvalve, filter bypass relief
valve, ofl pressure switch, ofl jet ring, centrifugal oil separator plates,
ol passages, and ofl sump.

The ofl pump consists of two gears pinned on shafts mourted inside a two-plfece

housing, which s secured to the reduction drive housing. One ofl pump gear
driver gear) is pinned to the ofl purp drive shaft. The other gear (driven

-

X? DOC N 0021p

L Al A

Laadhd

wienEs




geary 1s pinned to the ofl pump driven shaft. A third geadr, the oY pump drive
gear, 1s pinned and secured with 8 nut to the ¢nd of the pump drive shaft just
outsfde the oi1 pump housfng, and {s driven by the reduction gear train,

The 011 filter consists of a filter housing in the reduction drive, 3 neeiral
10-atcron dispossble filter element, and a bypass relfef-valve housing trat
sarves ‘as a cap for the filter element. The cap (relief valve lousing) Incor-
porates a spring-loaded, ball-type, bypass relief valve.

The ¢f1 pressure switch {ncorporates normally clcsed contacts that actuate at
6 +1 psig of) pressure. After the engine is operating at or above 90 percent
rated speed, ofl pressure telow 6 + 1 psig closes the contacts in the switch
and {nitiates a low cil pressure engine shutdown, Visual f{ndication fs pro-
vided to note this occurrence.

The pressure relfef valve {s a spring-lcaced, ball-type rlief valve, inter-
rally rounted in the main ofl gallery. The valve regulé :$ the system ofl
pressure at 15 to 40 psig by bypassing a portion of the pump output to the

sump.,

Two centrifugal oil separator plates are mounted on the sfides of the accessory
drive gear fn the top of thte reductfon drive housing. The plates remove the
oil from the afr-oil mist in the recuction cearbex before the afr is vented to
attosptere.

The of)! jet ring {s located In the bearing carrier assembly for the planetary
gear system. The jet ring encircles the high-speed 1nput pinfon and provides
three jets of oil that are directed at the mesh points of the input pinfon and
planetary gears.

Electrical System

The engine-mounted corponents of the electrical system are the thermoccuple,
ignftion exciter, dgnition cable, spark plug, hourmeter, start counter,
magnetic pfckup, oi) pressure switch, and three fuel solenoid valves. Descrip-
tions of the oi) pressure switch and fuel solenoid valves are included with
the tubricatfon and fuel systems, respectively. Other electrical system com-
ponents, 1ights, switches, etc. are mourited on the control panel assembly.

A single element, chromel/alumel thermocouple extends into the exhaust stream
and senses engine exhaust gas termperature. The output signal of the thermo-
couple 1s transmitted to the ESU. If overtemperature fs sensed the ESU will
shut d1o\m the engine. The thermoccuple is a component of the engine harness
assembly. ‘

The fgnitfon exciter is bolted to the turtine assembly housing. This capacitor
discharge-type exciter converts direct current input to & high-energy charge
which 1s supplied to the spark plug for fuel ignition,

The ignitfon cable connects the fgnitfon exciter to the spark plug. The high-

energy pulse from the exciter to the plug is supplied through the {gnition
cable. The cable : . protected by a flexible metal shielding.
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A shunted-gap type spark plug s threaded ‘rto 2 btzss fn the Jeft-rang, aft
sectfon of thé combustor, The plug provides the s;ark recessary for {nitial
fgnition of fuel during the starting phase of enjfne eperation,

The hourmeter indicates total accurulated hours of crjine coeratfcn, This
reter {s fnstalled on the bcurreter and electrical correcter rounting fracket,
Yocated on the upper left sfide of the resuction drive and cperates on 14 to 30
volts dc.

The start counter fndicates the accuruleted rumbter of starts racde ¢n the en-
gine. The ccunter 1s mounted on the sare bracket as the hcurmeter.

The ragnetic pickup s fnstalled on the accesscry drive assembly, The r:gretic
pickup generates a frequency output 2s the accessory drive gear passes throush
the r:gretic field surrounding the pole piece at <he sersing end of tFe
pickup. The frequency output fs then trzrsmitted to the ESU. An underspced or
overspeed conditicon detected by the ESU wil) result In an engine shutlown.

The ESU 1s a microprocessor that {s programmed to control and {nftiate a sequ-
ence of events necessary for the satisfuctory operation of the engfne. Control
fs achieved by continuous monftoring of engfne speed and exhaust gas
terperature by the microprocessor. :

Before the microprocessor fnstru:ts the ESU to inftiate a required event, 1t
compares fnput data just received against programmed data representing 1imit
conditions for the required event. From the izsult of this comparison and
progran logfc, the ESU will {nftfate the rext event or a malfunctfon shutdzwn.

Functions controlled by this logic are engine start sequence to operation,
malfunction indicatfon and shutdcwn during start and engine operation. The
logic also sequences ftself to restart ccndition on reapplication of pewer to
the system after shutdown. In addition to sequencing and protecting the
engine, the ESU provides engine condition monitoring for fault {solaticn.

The BITE 1indicators {incorporated 1n the panel assembly provide 8 visu2l

{ndication of the malfunction that occurred at the time of unscheculed
shutdown.

An RPM meter is furnfshed to fndfcate ergine speed, expressed {n percent rpm
from 0 to 120. The meter s a long-scale instrument, having minor graduation

of two percent. At rated engine speed, and with load, the pointer {ndicates
100 percent.

The EGT (exFaust gas temperature) meter furnished with the engfne is a stan-
dard thermocouple-type temperature incdicator graduated from zero to 15C0°F.
Its fnput signal §s recefved from the same the:mocouple as the temerature
sensor.

HAZARD CONTPOL CONSIDERATICONS

The T-62T-20 engine system designated fcr use in the X¥52 Smoke Generetor pro-
grar was desfgned to provide bleed afr and to ojerate at speed and terperature
rances well within th2 capabiiity of the unit. The combination of a conseérva-
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tive design 2pproach, ouality control, selectfon of waterfals, ind Incorpers-
tion of engine condition sensing devices which inftfate cogine :hytZ2cwm for
out of tolerance condftions render hazard severities of potential hazsrds te
Category I1I1 - margfnal or Category IV - minor designrations 1m ecccriance with
MIL-STD-882A. Hazard prodabilities assocfated with this engime fall fstp
efther tevel € - occasicoral or level D - remote. This means L even potes-
tial hazard {tems having t—othfhazard probability C and hazard severity 111
will fall. into a regfon of acceptadility n requird 1
consideration. Table lgcontafns a furrr.avy yof gﬁe fﬁllunnlo‘!w ammyh:
regarding possidble hazards, Including frkerent faflure rites, control seassres
to minimize faflure effects, and 2ssessments of PFazard Severities ang
probadilities.

The conclusfon reached at Turbomech based upon analysis of the T-€2T-20 en?in
design and uzon field service data, test and operating experience on similar
Titan encines is that the T-£2T7-2D engfne can be operated safely for the X¥52
woke Gernerator application.

A1l k own hazards associated with the T-627-20 engine operation Fave been
considered and the prodadility of their occurrence and of their severity hawe
been essentially eliminated through the aprplication of a ccunservative Cesign
appma:h ané the use of safety devices to protect the engine from unsafe
operation.

The conservative cesfign approach is to keep operating stre-ses to a minfrum

for a1l engine components ccntaining fuel, Tube o0il, or combustion gases uncer
pressure.

Hazards assocfated with high speed rotating machinery are minimized by~

applying a very conservat.ve rotor design. The success of this approach s
documented in a Solar (Turbomach) engineering report. With respect to the
T-62T-2D engine a two-pfece combustor shroud s used to provice an additional
containment barrier {in the event of turbine faflure. Cverspeed and
overtemperature safety devices are provided to sense out of tolerance
conditicns which may be caused by a rotating part fajlure.

The ESU §s a microprocessor unit that {s programmed to control and monitor the
engine. ESU control functions 9{nclude engine start sequence through to
operaticn, and malfunction fndfcation and shutdown curing start, and during
operation. The BITE indicators {incorporated into the Control Panel Assembly
provides a visual indication of the malfunction that occurred at the time of
an unscheduled shutdown. These {ndications include overspeed, overtemperature
(high EGT), and Tow of) pressure conditions. In addition, indications of.t me
out ggt;n sequence faflure) and processor failure (ESU internal failure) are
provided.

HAZARD CONTROL SUMMARY

Power Section

Th» T-€2T-2D power section {s prcvided with an overspeed sensing device which
{nitfates automatic engine shutdcwn before it can achieve destructive speed
levels. COverterperature and low ofl pressure sensors are also provided to
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cause automatic engine shutdzwn for out of t:l.i:we cenciticns. Turdine . lce)
contaiment {s achieved bty the selectfon of r:terfals with plysical prezertios
conducive to high margins of safety &t engfre ::crating conditions. Etmctural
Cetadls of the turbine nozzle asse-bly, ccobustor Virer, cubustor housing,
and combustor shroud provide a series of comentric tarrfers for the
contaiment of fragments which ray result from a failed wheel and -for {he
disstpation of the kinetic energy from such a failure. :

A csbustor drain {s provided to cermit drafning of 2ny urburned fuel during i
en;ine shutdcwn.

. A %yel draln tark assenmbly {s provided to collect any resicual fuel, Tube oil,
or water cordernsation accunulated during engine operation. These residuals are
aspirated from the drafe tank to the engfne exhaust using X¥E2 system equip-
remt.

The reduction Crive and eccessciy drive housings are designed to contafn all
comporents 1n the event of 3 ralfunction of the 1uhe oil pump or pcssible
gede, bearing, or shaft failures,

Fuel System

Cracked or breken fuel lines ray allow fuel to leak. Periodfc {nspection {s’
recavendel to check for the occurrence of this Pazard. Should a major lesk
acur during operatfon the engine will shutdcwn due to fuel starvation (flame
out), or by the action of the speed sensing devica detecting an underspeed
congGition. .

Lubrication System '

A cracked or broken of1 drain 1ine may allow lube ofl to escape. Periodic in-
spection {s recormended to check for this occurrence. Less of oil due to this
conditfon or due to a malfunctioning of1 pump, cracked ofl passages, or breaks
{n the reduction drive housing will cause an automatic engine shutdown due to
a Tow 01 pressure conditfon detected by the oil pressure sensor.

Electrical System

A single element themocouple euxtends into the exhaust gas st.:am and senses
the engine exhaust gas temperature. An overtemperature condition sensed by the
thermocouple will fnitfate an automatic engine shutcown. .he thermocouple s a
component of the engine harness assembdly.

The ignition exciter 1s designed to safely bleed off internal bhigh vo"ltages.
Personnel shock hazard is avoided by elimirating stored high voltage electri-
cal potential form the ignition system. :

EYectronic Seouence Unit (ESU)

The heart of the ESU s a cicroprocessor that s preg.ared to control and
initiate ¥ sequence of events necessary for engine cperation. The ESU contin-
uously monitors engine conditions such as speed, EGT, and ofl pressure.
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Befosre the microprocessor fnstructs the ESU to {nitfate 3 required event, the
microprocessor compares {iput data Just receTved :jefnst progreied data
representing 1imit conditions for the required ev:nt. From the result of this
coarison and progrem logie, the FSU will dnitiste tle noxt ewant or a ral-
function shutdcwn, The FSU w111 also initiate a shutccn In the event of an

{nternal processor failure.

Fatlyrel Modes Analysis

Table 1 shows a surmary of failure mcdes which may bear upon possidble hazard
conditions. Designations for hazard prosabiiities and hazard severities are in

accordence with MIL-STD-882A.
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