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ABSTRACT

Spacecraft components are expected to withstamshgive launch loads and withstand adverse envirotahe
conditions that are encountered during the spacsiom. These components are tested rigorously arfdrpance test
procedures are used to evaluate the componenggifdification and acceptance decisions. The wopked in this paper
demonstrates the development of FMECA analysistHerstringent performance standards that is expeatehe DC
brush motors, which are used to power the deploymeichanism of the unfurlable antenna in a spatfteditae DC Brush

motors are one of the critical components in trecegmodule.

The rigorous testing of the DC brush motors yieldrge number of failures occurring during the .t@stis paper
highlights the analysis of failure events observe®C brush motors using the FMECA Technique. Mnisk adds value
to the decision making process in the organisétipanalysing the performance failures using the EMEnethodology.
The corrective measures suggested through thesasiahelps the decision makers in qualifying thenponents based on

the performance tests.
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INTRODUCTION

DC brush motors must withstand vibration and exeréemperatures during launch and on orbit. DC bmstor
undergoes various types of testing to find outdbmponents which are malfunctioning and in turnseauthe system
failure. The motor undergoes testing like thermauaa, thermal cycling, electrical, vibration test.eThrough the
scrutiny of the results of the component testiagufes have been identified and correction meashiaee been suggested.
Since the brush motor is used for the space apiolicduring the deployment of unfurlable antennd solar array, even a
single component failure event in the DC brush mosmnot be tolerated , which is a stringent penoice standard. This
is since failure of DC Brush motors, will resultfailure of antenna deployment mission activity axadise delay of the

launch of the spacecraft mission.

The brush motors has been tested for launch loadsriing during the spacecraft mission. Since thpe tof
component failure are not able to be observed loth@lmotors. Detection of the failure is diagnosed detected by the
operator using Built in Test equipments (BITES) @decorded. Objective of these tests are to chiselperformance of

the motors against the launch loads and harsh atedienvironments.
Literature Review

The open literature reports a number of publicatibighlighting the FMECA analysis. A few of the eeant

literature has been briefly reviewed herein.
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S. Satishaet. al outlines the quality management for space systé&tis.paper is useful in understanding process
of inculcating good practises in spacecraft. Thapgr also outlines the activities of the reliapilirogramme as part of
qualification and acceptance for space moduless Pphper also dwells on components derating methedréical tools

reported in the work [1].

MA Cunbao et. al presented safety analysis of airborne weatherrrbdaed on Failure Mode, Effects and
Criticality Analysis. This work assures importarafesafety of the Airborne Weather Radar (WXR) tiliaéctly affects the
safety of the whole aircraft and the flight. Thelli@ Modes, the Effect and the Criticality AnalygFMECA) methods in
the safety analysis of system are firstly invesédaand then the criticality matrix is generatedc@dly, the criticality

matrix is applied to classify the failure modes [2]

Noordwijk explains The failure modes, effects analysis otufai modes effects and criticality analysis
(FMEA/FMECA) process provided is a timely, iteraiactivity, is an effective tool in the decision kimg process.
Initiation of the FMEA/FMECA is actioned as prelimairy information is available at high level andesded to lower

levels are available [3].

Li Jun et al explains the reliability of aircraft equipment. Agting the FMECA Analysis to aircraft during the
flight operation will result in flight safe. In oed to make the equipment work normally, FMECA iplagd in an aircraft
equipment to analyze its reliability and improveengtional reliability of the product. According the process of

reliability theory in enlisting all kinds of theifare mode, reasons, effects and criticality of pneducts to be determined
[4].

W.Century Blvd.Suite et al explains the Failure Modes, Effects and Critigalibr the Battery Charger.
The FMECA analysis consists of outlining all possiBailure Modes of elements and then determinatifotine Effects
and Criticality of the failure modes. The analysiscluded that the battery charger board was deditm prevent single
point failure. The analysis suggests there werers¢gingle point failure modes that can inhibitestrain operation of the

board. There are no failures that are classifieseasre or catastrophic [5].
FMECA ANALYSIS ON DC BRUSH MOTOR

The procedures to carry out FMECA are as follows:
Description of the Product / Process of the System

Failure mode effect and criticality analysis isr@d out to identify the failure mode, effect arauses for the
failures. The entity analysed is the DC Brush moEWECA is carried to know which the elements o fAC Brush
motors are causing failure of the component in tiausing the system failure. A systematic analysibe systems to the
level of detail is required is required to demoatgrthat no single failure will cause an undeseeent. DC Brush motor is
used for the deployment of Unfurlable Antenna, éimel various components which are connected to thenaa for

deployment are items like Kevlar cable spool, beeslr etc.
Construction of Functional Block Diagram

A block diagram of the deployment of DC brush masoinitially created, Figure 2: Shows the main goments
of the product, as also the process steps as blomksected according to relations between them. AM&A Table
worksheet is prepared from the relationship of kldéagram. Around these relations the FMEA can beetbped.
Figure 1 shows the Hierarchical representation hef DC brush motor. The components assembled and fase

deployment of Unfurlable Antenna are representdtiimdiagram.
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Figure 1: Reliability Design Process
Listing of Components and Functions
The Components are listed with their functions @ble 1 Below.

Table 1: Components and Functions of the DC Brush lgtor Assembly

Components Functions
A metal case to house the magnets and bearingfixatite endcap. It
Metal Housing | is also responsible for producing a magnetic fiedthg the magnets t
chart the flow of magnetic force.

This component supports the shaft that is pamefarmature assembly
and also provides lubrication for the shaft to twith less friction.
The permanent magnet is the key component in pinguc magnetio
field which in turn produces torque or the turnfogce of the motor.
Spring Holder | This component fixes the magnet &hbusing

The commutator commonly uses copper segments ame raoently,
graphite. This component comes in contact with lihesh to allow|

O

Bearing

Magnet

Commutator current to flow through the armature and is resjidador the direction
of the current to shift as it spins and slidesantact with the brushes.

Lamination Composed of stamped sheet metal called laminatibies|amination

Stack stack has slots for the magnet wire windings witereent can flow.

Magnet Wire Magnet wires are used as windingsHerarmature.

The shaft is where the mechanical output charatiesi of the motof
Shaft are measured such as speed and torque. The weal®fidhe motor ig
to provide rotational motion to the shaft.

This component holds the brush in place and previdkectrical
insulation from the metal housing.

The end cap is a stamped metal part that holdbehgng in place and

Brush Holder

End cap strengthens the plastic brush holder. The termimalgude through the
end cap.

Terminals Usually in pairs, the terminals are the electricgiut contacts of the
motor.
The brush, usually composed of carbon materialblesaelectrical

Brush current to flow from the terminal to the armatuseitaslides in contact

with the commutator while the armature assembiyptating.
This component holds the brush and enables thehhusslide and
come in contact with the commutator at just thatrgmount pressure)

Brush Leaf




172 Shwetha K, N. S. Narahari & Chandra Shekar Prasad

T

D2 Erush mete nBlain O
Eadmmdant metk)

A

r D Erush racts mBain ]

OF_Eodwurd st e
£
f [ t
Ihiotor Honsive Armatare Sccembly Erd cap
Sesembbr (stater) [rotor) Aesembly
1 3 »

Erach Holder

Erash Leaf

i

Terminals
(Electrical
Corxuechior )

Figure 2: Hierarchical Representation of DC Brush Motor
Identification of Potential Failure Modes
The failure modes on DC brush motor are identiisdollows:
Failure Modes

The predictable failure modes at each systems lisvahalysed and identified. Potential failure noadell be
determined by the examination of components outpntsfunctional outputs identified in applicabledk diagrams and

schematics.
Failure modes found in DC Brush motor are shownhabhle 2.

Table 2: Failure Modes on DC Brush Motor

Electrical Failure Mode

Mechanical Failure Mode

Winding Failure in short mode

Breaking, Yieldingggling

Winding Failure in open mode

Shear

Jamming of gears, improper
backlash, Non-coplanar hinge line

Insulation failure

Bond failure in shear due to
thermal fatigue

Failures are listed in technical terms for each poment as also the process step, as a failure nmodee

component or process step may become a causduréfaiode in another.

Determination of Failure Effects and Causes
Failure Effects

The consequences of failure mode on component tigeréunction or status identified, evaluated, aadorded.
The Failure Effects are shown in Table 3. The failunder consideration may affect several systewsld in addition to

the systems level under analysis.
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Table 3: Failure Effects on DC Brush Motor

Electrical Failure Mode Effects | Mechanical Failure Effects

Reduction in torque

No drive force

No Current, no torque

High friction force
Structural instability

Increase in current

No spring kick off torque/
less torque

Identification of Failure Causes

A failure cause is a design weakness that resultsfailure, the Failure Causes shown in Tabler#tic@lity is the

measure of effect of a malfunction of an item oa plerformance of a system. This assessment redqra@sg the causes.

A Cause is the means by which a particular eleroktite design or process results in a Failure Mode.

Table 4: Failure Causes on DC Brush Motor

Electrical Failure Cause

Mechanical Failure Cause

Excessive Current

Excessive shear load

No Current

Excessive load, wear

Failure of insulating material| Less backlash, misalignment pf
grounding failure gears, temperature excursion

Ranking the Components According to Criticality andCalculation of RPN

The items are ranked from possibility of failurecoaing based on the probability of the Occurrerebability

of Detection, Severity. It is measured on a scale.
The Probability of the Occurrence

The probability of the Occurrence of the causesihbe ranked, again in some chosen scale. Prdtyathit the

mode of failure will happen by considering the nedancies and safety margins
Scale:1 to 5, with 5 being the highest possibility andeing the lowest possibility of occurrence.
The Probability of Detection

The probability of Detection should be determinad aanked. This should reflect the likelihood ttiet Current
Controls is designed for detecting the Failure @aursthe Failure Mode itself.

Probability that the probable mode of failure, vl detected during testing/ inspection on ground.
Scale:1 to 5, with 5 being the least possibility of deime whereas 1 being the highest possibility oedaon.

Severity

Severity is an assessment of how serious the Edfebtie potential Failure Mode on the overall sgst& process.

The Scale for severity is defined as follows:-
* 5: Mission failure
e 4: Major impact on mission performance
« 3: Deterioration in mission performance
*  2: Minor impact on mission performance

» 1: No effect on mission performance
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Risk Priority Number (RPN)

Risk Priority Number is an alternate evaluation rapph to Criticality Analysis. The risk priority mber

provides a qualitative numerical estimate of degigk. RPN is defined as the product of three imaglently assessed
factors: Severity(S), Occurrence (O) and Detection

RPN = (S) * (O) * (D)

RPN= (severity)*(occurrence)*(detection)

Recommended Actions

To improve the system and its design should be deth@ddressing the most important potential pnoisle

according to the failures caused. These includeeiction, testing, redesigning of the product/precesplacing individual

components, adding redundancy to the system ooitgonents, scheduling preventive maintenance etc.

RESULTS

FMECA analysis is demonstrated as an useful mefbiochnking the failures based on the system faoeat®n,

frequency of occurrence of failures and the seyefitfailures. FMECA is carried out on the elemeautsl the components

of the DC brush motor. The criticality has beereased for reducing the risk of failures.

The following major risk assessments were derivethfFMECA analysis:-

Failure component leading to high failure basedtlom frequency of occurrence is identified in thtady.
The possibility to perpetuate the mission failunésystem in these cases is high. Since one offdgikores often

occur leading to system failure this must be préagn

The detection in some cases is ranked as 1 anes2 thads to high failures. These failures affeetspacecraft

mission.
The severity with respect to some failure events raaked as 4 and 5.
The severity and detection ratings for some faikwents are listed as follows:-

Motor interface bracket detection as 1, observaienl and severity as 5. Kevlar drive cable deincés 1,
observation as 2 and severity as 5. Spool interdi@tection as 1, observation as 3 and severity 8g¥%el gears
detection as 1, observation as 2 and severity K&k.off springs detection as 1, observation and severity as
4. Spring anchor pins detection as 1, observatioh and severity as 4. Bonded joints detection, ab&ervation

as 2 and severity as 5.

Based on the risk priority number. Spring anchaisgias RPN of 4, Motor interface bracket has RPH, @nd
Kevlar drive cable and Bevel gears has RPN of J@oSinterface 15, Kick off springs and bonded jsihas
RPN of 20. These elements have high risk of fadueading to the failure of DC brush motor while-anbit.
Hence corrective measure has been suggested soeakite risk of failures.

CONCLUSIONS
FMECA on DC Brush Motor

are:

The dominant failure modes identified from the parfance test data and FMECA analysis on DC brustermo
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Electrical Failures
The Dominant failure modes in the Electrical sifi¢he DC Brush motors are:-

Winding Failure in short mode, Winding Failure ipem mode, Insulation failure, Reduction in torquetease in

current, No Current, Failure of insulating materg@bunding failure.
Mechanical Failures
The Dominant Failure modes on the Mechanical side a

Breaking, yielding, bending, shear, jamming of geanproper backlash, non-coplanar hinge line, bfaildre in
shear due to thermal fatigue, no drive force, Higttion force, no spring kick off torque/ less ¢ue, less backlash,

misalignment of gears, temperature excursion, ekeeshear load, excessive load and wear.
The Corrective Actions Suggested for Reducing theiBk DC Brush Motor Failures are

* Motor has to be separately qualified for all theiesnments and loads.

* A separate document should exist for qualificatiod acceptance.

» Performance test in IST mode to be added, a culireittcircuit to be introduced in the circuit. Regdant motor

or redundant winding to be introduced.

» Insulation check at high voltage under extreme &natpire in vacuum to be carried out. Grounding ofanbody
to be carried out.

» Methods must be explored for having sufficient nmaxf safety for all components.

» Sufficient design margin of 2.54 available and Blitnardness is 500 BHN for the bevel gear.

» Sufficient clearance to be ensured in temperatxiremes to avoid jamming of gears.
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APPENDICES

Table 5: FMECA Worksheets

Sl Part 8 Failure A Immediat System Level ; . .
No Description Part Function Mode Failure Causes e Effect Effect D RPN Prevention/Correction Action
Motor has to be Separately qualified for all the
Windin Reduction environments and loads. A separate document
Failuregln Excessive In torque/ Reduction In ) 10 should exist for qualification and acceptange.
short Mode Current Increase in | torque Margin Performance test in IST mode to be added,
Provides Dri Current current limit circuit to be introduced. Redundapt
TL?VL(S?:OF”VE motor or redundant winding to be introduced.
DC Brush a Motor has to be separately qualified for all the
deployment .
1 Motor for Windin No environments and loads. A separate document
! DRT Failuregln No Current Current. no | No Deployment 2 10 should exist for qualification and acceptande.
Deployment open mode toraue ’ ploy Performance test in IST mode to be added,
P q current limit circuit to be introduced. Redundapt
motor is there.
Full deployment Failure of Reduction Full deployment Insulation check at high voltage under extrerpe
ploy Insulation insulating in ploy temperature in vacuum will be carried oyt.
may not take fai N may not take 2 10 . . y
lace ailure matena_l, ) torque/No place Grounding of motor body W_|II be carried ouf.
P grounding failure | torque No redundancy, life test required.
Motor Provides support| . . .
2. interface for motor Bending Excessive load No drive No deployment 1 5 Avallab!e_ margin of safety to be checked and fo
N force be qualified through tests.
bracket mounting
Transfer drive
Kelvar drive force from . - No drive . - .
3. motor to Breaking Excessive load No deployment 1 10 Having sufficient margin of safety.
cable : force
deploying
member
Spool Provide support Excessive shear | No drive Available margin of safety to be checked and fo
4 interface for spool Shear load force No deployment ! 5 be qualified through tests.
May slow
It converts Failure ldue to Excessive load, ?.'gh ;jo"vgn/p:'event the Sufficient design margin of 2.54 available and
multi-degree of excessive wear riction ull deployment ! 10 Brinell Hardness is 500 BHN
stress or wear force of the antenna .
freedom to
N and latch up
5 Bevel gears- | single-degree of Samming of
! 1&2 freedom and ears 9 Less backlash, May slow
provide a co- g ’ misalignment of | High down/prevent the Sufficient clearance to be ensured in
) improper S >0 .
ordinated backlash gears, friction full deployment 2 20 temperature extremes to avoid jamming of
deployment y temperature force of the antenna gears.
Non-coplanar ]
. " excursion and latch up
hinge line
Kick off To provide
springs initigl statin Excessive load, No spring
6. (torsion torque for k?ck- Yielding temperature kick off No kick off force | 1 4 Adequate safety margin of 0.317 exists.
springs LH Offq excursion torque
& RH)
. No spring .
! Shear, Excessive load, 5 No kick off force
7. Spring . Anchor lh.e ends bending temperature kick off / reduction in 1 4 Sufficient margin of safety to be ensured.
anchor pins | of the spring L ] torque/
(Yielding) excursion I force
ess torque
. Due to structural
Join the CFRP Bond failure gijlzgen;ifrtfl instabilty, Bonds need to be qualified in temperature
8 Bonded tubes to the in shear due e load Structural stiffness and d qu f riveti p ! ith
. ioints hinge tube to thermal excessive load or instability required aperture 2 20 extremes and provision of riveting along wit
) N N temperature y adhesive bonding should be studied.
location fatigue - dia. May not be
excursion .
achieved




