LOGO/NTNU

Component
Self made

HSI platform

Platform bracket

(grating) casette front

grating casette back

clamp bracket

shroud front

shroud back

Quantity Component main function

Gives rigid copling for all
connected systems, and
keeps subsytems(camera) in
correct position, radiation
shielding for camera, leading
surfaces for all optical parts

Keeping the objectives
correct position and angle

w

Keeping grating in correct
1 place

Keeping grating in correct
1 place

keeping grating in correct
place

1 Keeping light out of(skal bort)

1 Keeping light out of(skal bort)

Failure-Mode-Effects-Criticality-Analysis

Type:

Failure mode

Optical parts in
incorrect position

Star tracker in
incorrect position

RGB in incorrect pos

IMU in incorrect
position

Defracted light from
grating sent out in
wrong direction

objectives out of
position

Does not keep
grating in correct
position

Does not keep
grating in correct
position

Does not keep
grating in correct
place

Does not keep light
out

does not keep light ¢

Hardware

Failure
mode nr.

ME1
ME2
ME3

ME4

ME6

ME7
ME8
ME9

ME10
ME11

ME12
ME13

ME14

ME15
ME16

ME17

ME18

ME19

ME20

ME21

ME22

ME23

ME24

ME25

ME26
ME27

ME28
ME29

Effect on other
units

OPEN

Startracker gives
wrong data

RGB gives wrong
data

Gyroscope gives
wrong data

Optical parts
cannot preform

Optical parts
cannot preform

Grating cannot
preform correct
function

Grating cannot
preform correct
function

grating cannot
preform correct
function

Disturbs grating
function

Disturbs grating
function

Effect on main
function

No picture

Fake positioin/does
not know true
position

Georefrencing not
possible

False angling

Bad/no picture

Bad image

Unclear pictures

Unclear pictures

Picture gets wrong
lighting,
background too
bright, picture hard
to read

Picture gets wrong
lighting,
background too
bright, picture hard
to read

Cause

Thermal shifting
shock
fatigue

Shock
Thermal shifting
fatigue

Fatigue
Thermal shifting
shock

Thermal shifting
Shock

Shock
Thermal shifting

bad
fit/unprecise
manufactoring

damage to
brackets due to
load or wear, or
shock

Thermal shifting

Displacement
due to
vibrations

Breaks due to
shock

Thermal shifting

Displacement
due to
vibrations

Breaks due to
shock

Thermal shifting

Displacement
due to
vibrations

Shock

Thermal shifting
shock

Thermal shifting
shock

System: Mechanics/op! Phase: late desi¢c Date:05.04.19

Subsystem: Last change date:03.05.19
Current state Improved State
Severity Probability Recommended counter Responsibility/da
(S) (P) RPN=S*P measures te otes Changes
3 9
4 2 8
3 1 3
3 2 6
2 2 4
3 1 3
1 1 1
1 2 2
1 2 2
3[1] 0
2 0
5 1 5
2 2 4
2 1 2
5 2 10
2 2 4
3 1 3
5 1 5
1 2 2
2 1 2
4 1 4
1 1 1
1 1 1
1 1 1
1 1 1
2 1 2
1 1 1
2 1 2

date 'S P ‘RPN‘

Participants

Field of
expertise



LOGO/NTNU

Component

shroud top

shroud side

Not self made

50mm VIS-NIR objective x3

Slit tube

Retaining ring

Slit

Grating

Quantity

1

2

3

Component main function

Keeping light out of(skal bort)

keeping light out of(skal bort)

Collects and focuses light
sufficiently

Keeps slit dof at 0

Keeps slit in place(at the right
distance)

Forms lightray that is let
through into the camerahead

Break light into different
wavelengths

Failure-Mode-Effects-Criticality-Analysis

Type: Hardware
Failure
Failure mode mode nr.

does not keep light
out ME30

ME31

does not keep light
out ME32

ME33
ME34

Does not collect
light ME35

Does not focus light ME36

Does not collect

enough light ME37

ME38

ME39

ME40

ME41
ME42
ME43

Slit has some

degree of freedom ME44
ME45
ME46

Does not keep slit

in place ME47

OPEN ME48
ME49

Refracts light

incorrectly MES50

refracts light
incorrectly ME51

ME52

Effect on other
units

Disturbs grating
function

Disturbs grating
function

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

All subsequent
optical equipment
gets wrong lighting
and camera head
gets worng
information

Slit cannot do
function

Slit cannot do
function

slit cannot do
function

No picture
Camera head gets
wrong lightinh

camera head gets
wrong lightinh

Effect on main

function Cause
Picture gets wrong

lighting,

background too

bright, picture hard

to read Thermal shifting
shock

Picture gets wrong

lighting,

background too
bright, picture hard
to read Thermal shifting

shock

Does not take
picture Objectives break

Darkens due to
Some wavelenghts c radiation

Blurres pictures, substance
will get artifacts in  condensation
picture, total on lens
blackout (outgassing)

Less light will pass  Anti reflective
through, darker Coating loosens
picture or erodes

Artifacts, blurres,

changes optical

properties Front lens reacts
Light focues

differently, focus on

picture differes.

Changes how the

spectrum hits the ~ Thermal

sensor, false expantion in
readings in picture. objectives

Unfocues due

to launch
contitions(altsa
Unclear image innstillingen)
Spectrogram gets
unfocused(unclear
picture) Shock

Thermal shifting

Vibrations
same issue as with
slit Vibrations
Glass breaks
No picture (shock)
Thermal shifting
Spikes on
bad picture, wrong  grating breaks
wavelenghts due to shock
Darkened
bad picture, wrong  because of
wavelenghts radiation

System: Mechanics/op! Phase: late desi¢c Date:05.04.19

Subsystem: Last change date:03.05.19
Current state Improved State
Severity Probability Recommended counter Responsibility/da
(S) (P) RPN=S*P measures te otes Changes date S P RPN
1 1 1
2 1 2
1 1 1
2 1 2
dampener systems on
entire payload.Shock
testing, make platform and
objectives withstand
5 3 15 expected environment
Dimensjonere for at linsen
skal tale. Radiation
hardened glasses, shielde
3 5 15 alu rundt linsa
Use materials that are
approved for no outgassing
5 2 10 on all components.
3 2 6
2 5 10
3 2 6
4 2 8
0
0
4 2 8
1 2 2
2 2 4
5 1 5
5 1 5
1 2 2
4 2 8
1 4 4
0

‘ Participants

Field of
expertise



LOGO/NTNU

Component

UI-5261SE-M-GL

Socket head cap screw

M2*8 CH

M4*10 CH

M4*12 CH (IMU)

Countersunk torx

M2*4 CSK

M2*8 CSK

M2.5*6 CSK

M3*8 CSK (noen i
dampener)

M2*6 set

M2*3 set

1

(X

=)

o

~

o

Quantity Component main function

Produces picture from light

Stops shroud top from
moving

Holds shroud side in place

Holds shroud back in place

Keeps platform brackets from

moving

Keeps brackets in correct
position

hold in place

Keeps casette back from
moving

Keeps shroud front from
moving

Keeps casette front from
moving

Applies force in +z and -x
direction

Applies force in -y and -x
direction

Keeps casette front from
moving

keeps casette and grating
from moving

Keeps focus and aperture
ring from moving

Keeps focus and aperture
ring in correct position

Failure-Mode-Effects-Criticality-Analysis

Type:
Failure mode

OPEN

does not hold
shroud top in place

does not hold
shroud side in
place

does not hold
shroud back in
place

Bracket moves

Bracket in incorrect
position

does not hold imu
in place

Casette back
moves

Casette back in
incorrect position

Shroud front moves

Shroud front in
incorrect position

Casette front
moves

Casette front in
incorrect position

Does not apply
required force

Does not apply
requied force

Casette front
moves

Casette and grating
moves

Objectives move

Objectives in
incorrect position

Hardware
Failure
mode nr.
MES53
MES54
MES55
MES6
MES57

ME58

ME59

ME60

ME61

ME62

ME63
ME64

ME65
ME66

ME67
ME68
ME69
ME70

ME71
ME72

ME73
ME74

ME75

ME76

ME77

ME78

ME79
ME80

ME81
ME82

ME83
ME84

ME85
ME86

ME87

ME88
ME89

ME90
ME91

ME92

Effect on other
units
none
none

light reaches
grating

light reaches
grating

light reaches
grating
light reaches
grating

light reaches
grating
light reaches
grating

grating moves
grating moves

grating moves
grating moves

grating moves
imu moves

Grating moves
Grating moves

Grating moves
Grating moves
Light reaches
grating

Light reaches
grating

Light reaches
grating

Light reaches
grating

Grating moves
Grating moves

Grating moves
Grating moves

Grating moves
Grating moves

Grating moves
Grating moves

Grating moves

Grating moves

Effect on main
function

no picture
No picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

bad picture

Cause

substance
condensation

Overheating
Loosens due to

the load
conditions

Vibration

Shear force

Vibration

Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force
Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration
Shear force

Vibration

Vibration
shear force

Vibration
shear force

Vibration
shear force

System: Mechanics/op! Phase: late desi¢c Date:05.04.19

Subsystem:
Current state

Severity
(S)

Probability
(P)

RPN=S*P

8
10

a o

o o w w

N

Last change date:03.05.19

Recommended counter
measures

Thermal leaders

Responsibility/da
te

otes

Improved State

Changes

date 'S P ‘RPN‘

‘ Participants

Field of
expertise



LOGO/NTNU Failure-Mode-Effects-Criticality-Analysis System: Mechanics/op! Phase: late desi¢ Date:05.04.19
Subsystem: Last change date:03.05.19
Type: Hardware Current state Improved State

Field of
expertise



LOGO/NTNU Failure-Mode-Effects-Criticality-Analysis System: Phase: Date:

Subsystem: Last change date:
Type: Current state Improved State
IMU
UI-1250SE
no effect on
startracker main function,
Collects and cannot re-read  hsi can still
focuses light Does not collect position if image the
TAMRONO001450(objectiv) ME-F1 sufficiently light disturbed coastline Objectives break 1 3 3
no effect on
startracker main function,
cannot re-read  hsi can still
Does not focus  position if image the Darkens due to
ME-F2 light disturbed coastline radiation 1 5 5
no effect on
startracker MAY main function,  substance
not re read hsi can still condensation
Does not collect position if image the on lens
ME-F3 enough light disturbed coastline (outgassing) 1 2 2
no effect on
startracker MAY main function,
not re read hsi can still Anti reflective
position if image the Coating loosens
ME-F4 disturbed coastline or erodes 1 2 2
no effect on
startracker MAY main function,
not re read hsi can still
position if image the
ME-F5 disturbed coastline Front lens reacts 1 5 5
no effect on
startracker MAY main function,
not re read hsi can still Thermal
position if image the expantion in
ME-F6 disturbed coastline objectives 1 2 2
no effect on
startracker MAY main function,  Unfocues due
not re read hsi can still to launch
position if image the contitions(altsa

ME-F7 disturbed coastline innstillingen) 1 2 2



RPN:

Severity

5: No image

4: Inormation in image not usable

3: Image missing information

2:image missing some data points
1:Missing information in image is negligable



[1] Thermal shifting + inaccuracy in measurements as a function of temperature https://www.sensonor.com/products/gyro-modules/stim210/

[2] Assuming grating is out of position



