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2 O
bjectives of the Study

•
U

nderstand the types of EEEE (electrical, electronic, electrom
echanical, electro-

optical) part requirem
ents that are flow

ed to sub-tier suppliers from
 sm

all satellite 
program

s
–

G
ather data through interview

s and data surveys
–

Exclude C
ubeSats

•
Exam

ine sim
ilarities and differences betw

een part selection and testing practices 
for em

erging “m
id-space” parts vs traditional space-grade parts

–
Identify trends in the perceived “rush to the m

iddle”

•
D

eterm
ine potential effects on the larger space industrial base

–
Enable use of alternate-grade parts w

ithout im
pacting the health of the space-grade 

supply chain
–

R
eiterate that alternate-grade parts are not appropriate for som

e m
issions

•
D

eliverable: Final R
eport

–
Foundational findings to expand upon as a com

m
unity
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Inputs collected from

 selected S
m

allS
at P

arts S
uppliers, S

ubsystem
 B

uilders, 
S

pacecraft B
uilders.  Interview

s w
ith S

m
allS

at procurers under w
ay

•
C

oordinating w
ith JP

L, N
A

S
A

/G
S

F
C

 and leveraging other concurrent initiatives
–

Sm
all Satellite R

eliability Initiative
–

C
ollaborations w

ith academ
ia

–
Feb 2019 Sm

all Satellite Sym
posium

 insights

•
C

om
piling, analyzing, and form

atting  data.  W
hat are w

e trying to say?
–

N
eed a w

ay to effectively interpret and com
m

unicate the qualitative interview
 results

–
D

eterm
ine w

hat is the sam
e and w

hat is different about the m
id-grade offerings

–
Identify them

es and trends
–

R
eiterate that alternate-grade parts are sim

ply not options for som
e m

issions

•
D

raft outline for final report prepared

Status
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Executive Sum

m
ary

•
H

ow
 the study w

as conducted

•
Identify com

m
on them

es in responses regarding

•
Status of traditional satellite industrial base

•
R

ecom
m

endations for the G
overnm

ent and other Sm
allSat procurers

•
C

onclusion and O
ptions for Future W

ork

•
Appendix 
–

Interview
ee responses in raw

 form
 (anonym

ized)

Final R
eport –

D
raft O

utline
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W

hat data do you provide to custom
ers for the various types of parts you supply 

and is there a cost for the data?
–

C
o
m

m
e
rc

ia
l p

ro
d
u
c
t s

h
ip

m
e
n
ts

 re
c
e
iv

e
 n

o
 d

a
ta

. S
ta

n
d
a
rd

 M
ilita

ry
 g

ra
d
e
 p

ro
d
u
c
t 

s
h
ip

m
e
n
ts

 re
c
e
iv

e
 Q

C
I (Q

u
a
lity

 C
o
n
fo

rm
a
n
c
e
 In

s
p
e
c
tio

n
) a

ttrib
u
te

s
 d

a
ta

.  A
e
ro

s
p
a
c
e
 

p
ro

d
u
c
t s

h
ip

m
e
n
ts

 re
c
e
iv

e
 a

n
 e

x
p
a
n
d
e
d
 C

 o
f C

 (C
e
rtific

a
te

 o
f C

o
m

p
lia

n
c
e
 -

w
ith

 w
a
fe

r 

lo
t &

 w
a
fe

r n
o
. ID

) a
n
d
 a

 fu
ll d

a
ta

 p
a
c
k
a
g
e
 is

 a
v
a
ila

b
le

 fo
r a

 p
u
rc

h
a
s
e
 o

rd
e
r u

p
c
h
a
rg

e
.   

If re
q
u
ire

d
 b

y
 th

e
 a

u
to

m
o
tiv

e
 c

u
s
to

m
e
r, a

 P
P

A
P

 (P
ro

d
u
c
tio

n
 P

a
rt A

p
p
ro

v
a
l P

a
c
k
a
g
e
) is

 

g
e
n
e
ra

te
d
 d

o
c
u
m

e
n
tin

g
 th

e
 p

ro
d
u
c
t d

e
s
ig

n
, a

s
s
e
m

b
ly

 a
n
d
 q

u
a
lific

a
tio

n

–
…

n
o
 u

n
it le

v
e
l o

r lo
t le

v
e
l d

a
ta

 to
 a

n
y
 c

u
s
to

m
e
r o

r m
a
rk

e
t a

t th
is

 tim
e
.

F
o
r s

p
a
c
e
 g

ra
d
e
 

d
e
v
ic

e
s
, a

 s
u
m

m
a
ry

 o
f p

ro
c
e
s
s
in

g
 a

ttrib
u
te

s
, 3

rd
 P

a
rty

 D
P

A
 (D

e
s
tru

c
tiv

e
 P

h
y
s
ic

a
l 

A
n
a
ly

s
is

) re
p
o
rt, a

n
d
 T

ID
 (T

o
ta

l Io
n
iz

in
g
 D

o
s
e
)) te

s
t s

u
m

m
a
ry

 a
re

 p
ro

v
id

e
d
…

 a
t n

o
 c

o
s
t

•
W

hat basic requirem
ents do you see flow

ed dow
n to you from

 the contractor 
(technical and quality)?
–

W
e
 p

ro
d
u
c
e
 C

O
T

S
 d

e
v
ic

e
s
, a

n
d
 a

s
 s

u
c
h
 w

e
 ra

re
ly

 a
c
c
e
p
t a

d
d
itio

n
a
l flo

w
 d

o
w

n
s
 th

a
t 

w
o
u
ld

 m
o
d
ify

 o
u
r c

u
rre

n
t p

ro
c
e
s
s
e
s
 o

r c
o
n
tro

ls

–
T

h
a
t is

 d
e
p
e
n
d
e
n
t o

n
 th

e
 c

u
s
to

m
e
r a

n
d
 a

p
p
lic

a
tio

n
.  It in

c
lu

d
e
s
 fu

ll M
IL

-P
R

F
-3

8
5
3
5
 

Q
M

L
 C

la
s
s
 V

, N
A

S
A

 P
E

M
-IN

S
T
-0

0
1
,  s

ta
n
d
a
rd

 a
u
to

m
o
tiv

e
, a

n
d
 c

o
m

m
e
rc

ia
l.  In

 s
o
m

e
 

c
a
s
e
s
 ra

d
ia

tio
n
 p

e
rfo

rm
a
n
c
e
 is

 s
p
e
c
ifie

d
.

Sm
allSat Piece Part Suppliers: 

Selected Interview
 Q

uestions/R
esponses

The com
m

ents expressed here are quotes from
 the Interview

ees
and

do
not 

represent the opinions of The A
erospace C

orporation
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W

hat available inform
ation and m

easures does your organization, 
subcontractors or vendors offer in lieu of the heritage m

anagem
ent approach 

and m
ilitary specifications?

–
It is very custom

er-driven and relies on a detailed agreem
ent betw

een us and the 
custom

er to determ
ine the system

 requirem
ents…

. 
–

Apart from
 space-grade suppliers, w

e base it on experience w
ith the vendor …

If the part 
is not available N

O
W

 for im
m

ediate delivery, w
e w

ill likely not consider it, and strike it 
from

 our list of approved  com
ponents. 

•
H

ow
 does your organization quantify or estim

ate reliability or risk?
–

R
eliability is estim

ated using M
IL-H

D
B

K-217 m
ethods, for lack of a better option. 

Technical and program
m

atic risks are identified using a traditional 5x5 “R
isk-im

pact 
M

atrix”, along w
ith m

itigation plans. Funding is allocated as appropriate to retire [risk] if 
possible.

–
W

e don't, apart from
 our selection process... O

ur 20+ years of flight heritage has 
show

n
thatourapproach

yields
very

reliable
and

long-lived
system

s.

Sm
allSat Sub-system

 Providers: 
Selected Interview

 Q
uestions/R

esponses

The com
m

ents expressed here are quotes from
 the Interview

ees and do not 
represent the opinions of The A

erospace C
orporation
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H

ow
 have you incorporated C

O
TS EEE parts in your vehicle design?

–
O

ur designs are m
ilestone and cost driven.  W

e have a very aggressive schedule to our 
first launch therefore w

e interrogate the use of EEE C
O

TS hardw
are based on a). 

m
eeting perform

ance requirem
ents b). C

ost c). heritage (w
here used) not focused on 

space heritage 

•
W

hat standards do you often reference for inhouse builds or suppliers?
–

PEM
 –

IN
ST001, EC

SS
-Q

ST-6013b, AEC
-Q

101
–

M
IL-STD

 w
ith low

er assurance levels, N
ASA EEE-IN

ST-002

•
W

hat outside-the-box, agile m
easures can the gov’t take to help the C

O
TS 

com
m

unity (i.e., m
anufacturers, providers and parts suppliers) adapt to new

 
dem

ands for satellite system
s and services? 

–
Lots of luck on that.  W

e have lim
ited experience w

ith C
O

TS.  Space is too sm
all a 

buyer to have influence.
–

D
evelop a standard for w

hat a “construction analysis” shall contain
–

D
evelop a standalone reliability docum

ent for autom
otive parts

Sm
allSat Spacecraft / Launch Vehicle B

uilders: 
Selected Interview

 Q
uestions/R

esponses

The com
m

ents expressed here are quotes from
 the Interview

ees and do not 
represent the opinions of The A

erospace C
orporation
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C

ertain D
oD

 and N
ASA standards or test m

ethods, e.g., those for electronic 
parts m

anagem
ent and reliability assessm

ents, are often referenced by the 
Sm

allSat com
m

unity. Som
e standards need to be updated to reflect advanced 

technologies and m
ass production quality im

provem
ents achieved since the 

original docum
ents w

ere published. W
hat approach w

ould you take to do this?

–
T

h
e
 n

o
tio

n
 th

a
t N

A
S

A
 o

r th
e
 D

o
D

 c
a
n
 m

a
tc

h
 th

e
 re

lia
b
ility

 o
f c

o
n
s
u
m

e
r d

e
v
ic

e
s
 (e

.g
. 

2
5
,0

0
0
,0

0
0
 iP

h
o
n
e
s
 p

e
r q

u
a
rte

r) a
t a

 re
a
s
o
n
a
b
le

 c
o
s
t is

 s
im

p
ly

 la
u
g
h
a
b
le

. In
s
te

a
d
, a

 

c
o
m

b
in

a
tio

n
 o

f g
o
o
d
 d

e
s
ig

n
 a

n
d
 u

s
in

g
 th

e
 la

te
s
t, m

a
s
s-p

ro
d
u
c
e
d
 c

o
n
s
u
m

e
r p

a
rts

 in
 

in
d
u
s
tria

l a
n
d
 a

u
to

m
o
tiv

e
 g

ra
d
e
s
 is

 th
e
 k

e
y
 to

 m
in

im
iz

in
g
 c

o
s
t w

h
ile

 p
ig

g
y
b
a
c
k
in

g
 o

n
 a

 

m
u
c
h
 la

rg
e
r m

a
rk

e
t, a

n
d
 th

e
 q

u
a
lity

 p
e
rfo

rm
a
n
c
e
 o

f th
e
 s

u
p
p
lie

rs
 in

 th
a
t m

a
rk

e
t.

–
N

e
e
d
 a

 b
e
tte

r w
a
y
 to

 e
s
tim

a
te

 re
lia

b
ility

. …
U

tiliz
e
 th

e
 m

e
th

o
d
s
 o

f M
IL

-H
D

B
K

-2
1
7
, b

u
t 

w
ith

 th
e
 m

a
n
u
fa

c
tu

re
r’s

 fa
ilu

re
 ra

te
 d

a
ta

. 
(M

o
s
t C

O
T

S
 m

a
n
u
fa

c
tu

re
rs

 d
e
v
e
lo

p
 fa

ilu
re

 

ra
te

 e
s
tim

a
te

s
 b

a
s
e
d
 u

p
o
n
 life

 te
s
tin

g
, a

n
d
 m

a
n
y
 o

f th
e
m

 p
u
b
lis

h
 th

e
 d

a
ta

). 
T

h
is

 

m
e
th

o
d
 n

e
e
d
s
 to

 b
e
 c

o
u
p
le

d
 w

ith
 th

e
rm

a
l m

a
n
a
g
e
m

e
n
t re

q
u
ire

m
e
n
ts

, d
e
ra

tin
g
, a

n
d
 

ra
d
ia

tio
n
 te

s
tin

g
 p

ro
g
ra

m
s
.

H
onorable M

ention

The com
m

ents expressed here are quotes from
 the Interview

ees and do not 
represent the opinions of The A

erospace C
orporation



9 H
eatm

ap Visualization of Q
ualitative Findings 

(N
otional Practices and D

ata –
for illustration purposes only)

A
B

C
D

E
F

Standards 
D

ocum
ents

Q
ualification 

Screening, 
D

erating, 
R

eliability
Insight into 
Supplier 
Processes
C

ustom
er 

Insight 
Provided
Top Priority

C
ost & 

Sched
C

apability
C

ost & 
Sched

R
esiliency

C
apability

C
ost

Respondent
Practices 

Used

Strong
M

oderate
W

eak
M

inim
al
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Signal from

 G
ov’t that C

O
TS can be considered

–
G

eneral feeling that custom
er and Aerospace w

ill not buy off on C
O

TS parts
•

Aerospace publish guidelines for how
 C

O
TS can be accepted for space 

applications 
–

M
inim

um
 requirem

ents, path to use in space applications
•

Standard for w
hat a “construction analysis” shall contain 

•
Standalone reliability docum

ent for autom
otive parts

To m
ake progress, industry requests…



11 •
To Be D

eterm
ined

K
ey M

essages and Them
es



12 •
Share your feedback on our approach

•
Point us to your com

pleted study findings as references
•

R
ecom

m
end PO

C
s w

ithin the Sm
allSat ecosystem

 for interview
s

•
Share your first-hand experiences, lessons learned, and best practices

Invitation to C
ollaborate

Today’s Take-A
w

ays

•
In this period of burgeoning opportunity and transition, norm

s are being 
challenged.  

•
R

equirem
ents flow

ed to suppliers are fragm
ented and are not easily categorized.  

–
W

idely variable and dependent upon w
hat suppliers and procurers at various levels are 

w
illing to agree to, rather than a codified set of standards adopted across the 

ecosystem
.  

•
Study w

ill capture the rich diversity of perspectives and identify com
m

on them
es 

in the hope that they sharpen insight as new
 norm

s are established



13 Q
uestions and D

iscussion



14 B
ackup



15 A
bstract

•
This report docum

ents a study of the Sm
all Satellite (Sm

allSat) related 
industrial base.  The prim

ary objectives are to understand the types of 
requirem

ents flow
ed to tiers of suppliers, explore the em

erging interm
ediate 

grades of electronic parts and exam
ine Sm

allSat program
s’ parts usage to 

determ
ine the potential effects on the traditional space industrial base.  

•
The authors gathered data through w

ritten surveys and interview
s w

ith entities 
that provide electronic piece parts, subsystem

s or entire spacecraft, as w
ell as 

procurers of Sm
allSats.  They also utilized online research, publications on 

Sm
allSat technology, and participation in w

orkshops, focus groups and 
conferences.  

•
In this period of burgeoning opportunity and transition, norm

s are being 
challenged.  The authors found that the requirem

ents flow
ed to suppliers are 

fragm
ented and are not easily categorized.  They vary w

idely and depend 
upon w

hat suppliers and procurers at various levels are w
illing to agree to, 

rather than a codified set of standards adopted across the ecosystem
.  

•
Therefore, the authors have chosen to capture the rich diversity of 
perspectives and identify com

m
on them

es in the hope that they sharpen 
insight as new

 norm
s are established.  



16 Speaker B
io

•
D

r. Allyson Yarbrough is a Principal Engineer at The Aerospace C
orporation in 

El Segundo, C
A, a non-profit, Federally Funded R

esearch and D
evelopm

ent 
C

enter that delivers independent space system
s engineering and technical 

support to diverse governm
ent and civil agencies. 

•
She focuses on innovations for satellite and space-related applications. She 
also researches w

ays to apply space-related technology for the public good 
and enhancing industrial com

petitiveness. She holds five patents and is active 
in outreach and professional activities, a few

 exam
ples of w

hich include 
m

em
bership in the Society of W

om
en Engineers, serving on university 

Industrial Advisory Boards, and advocating for STEAM
 (science, technology, 

engineering, arts, m
ath) excellence in under-served com

m
unities. 

•
D

r. Yarbrough earned the B.S. D
egree in Electrical Engineering at N

ew
 M

exico 
State U

niversity and the M
.S. and PhD

 D
egrees in Electrical Engineering at 

C
ornell U

niversity. 
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H

ow
 the study w

as conducted
–

Literature review, survey of previous, related w
ork

–
Four categories of Entities interview

ed 
–

List of questions posed to Interview
ees 

–
Leverage related concurrent w

ork
•

Identify com
m

on them
es in responses regarding

–
Standards

–
R

equirem
ents flow

–
Approaches to Q

ualification, Screening, D
erating, R

eliability
–

Level of insight
•

Status of traditional satellite industrial base
–

Potential im
pacts of the grow

ing Sm
allSat m

arket, w
ith m

itigation strategies (?)
•

R
ecom

m
endations for the G

overnm
ent and other Sm

allSat procurers
–

Evolve procurem
ent practices to be m

ore flexible
–

Innovative strategies for flexible, agile PM
P (parts, m

aterials, processes) m
anagem

ent
–

D
evelop relationships w

ith m
em

bers of the S
m

allS
at ecosystem

–
C

onsider suggestions and requests from
 industry that w

ould facilitate progress
•

C
onclusion and O

ptions for Future w
ork??

•
Appendix 
–

Interview
ee responses in raw

 form
 (anonym

ized)

Final R
eport –

D
raft O

utline
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R
esults Sum

m
ary

(C
oncept only. U

ses fictitious data. 
This is called a Spectrum

 C
hart.)

D
epending on 

custom
er, flow

-dow
n 

and part grade, 
w

illing to provide up 
to a com

plete data 
package

W
illing to provide up 

to w
afer and lot-

specific data

C
ertificate of 

C
onform

ance 
provided

*Legend for “C
ustom

er Insight”

*N
eed to add legends for the other 

variables.  I’m
 w

orking on a sm
art, 

legible w
ay to add them

 to the chart. 
Any ideas are w

elcom
e!
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“B
uilders” R

esults Sum
m

ary (C
oncept only)

Builder A
Builder B

Builder C

Standards
•PEM

 –
N

ASA EEE 
IN

ST-001
•EC

SS-Q
ST-6013b 

•AEC
-Q

101

•M
IL-STD

 w
ith low

er 
assurance levels 

•N
ASA EEE-IN

ST-002

R
esponsible design 

authority (R
EA) 

engineer

Q
ual, Screening, 

Derating, Reliability
•U

ses few
 C

O
TS 

parts
•U

ses few
 C

O
TS parts

Insight into 
Supplier Processes

•EEE IN
ST-002 

G
rade 1, 2 

•C
O

TS specified by 
custom

er
•Periodic audits, spot 

checks

•C
onservative derating

•U
p-screening

•In-house radiation 
testing

•Study data 
sheets.

Custom
er Insight 

Provided
•C

ustom
er-dependent

•C
ustom

er-dependent
•M

ilestone, cost 
driven

•
Aggressive 
schedule to first 
launch


